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4 Soft Computing

3 bio-inspired optimization algorithms
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! Soft Computing
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The Use of Soft Computing Techniques for Irrigation Scheduling
during Drought Episode

Sedigheh Anvari'*, Esmat Rashedi", Sedigheh Mohammadi"

Agricultural sector is the main water consumer in our country. So the appropriate decisions for
irrigation scheduling and its optimal allocation is of great importance for an efficient water
management. The aim of the present study is to employ some soft computing techniques, such as
the particle swarm optimization (PSO) and genetic algorithm (GA), and to determine optimal
irrigation scheduling as well as reservoir release for agricultural networks located at downstream
of Zayandeh-Rud dam. In this regard, the crop calendar, total amount of available water as well
as arable land in agricultural sector, the amount of water available at the beginning of water year
and crop water requirements are the most important non-linear constraints of current research.
The results showed the integrated PSO modeling with better distribution of water shortages
among different crop growth stages could significantly increase the net profit of system while
compared to those of traditional irrigation systems. Regarding the time of reaching the
convergence as well as total attainable benefit, the PSO has slightly outperformed the GA.
Consequently, application of soft computing techniques in irrigation scheduling will provide
effective water allocation patterns to save more water in an arid region with limited water
resources.

KeyWords: Irrigation scheduling, optimization, variable agricultural demand, genetic
algorithm, particle swarm optimization.
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Abstract

Agricultural sector is the main water consumer in our country. So the
appropriate decisions for irrigation scheduling and its optimal allocation
is of great importance for an efficient water management. The aim of the
present study is to employ some soft computing techniques, such as the
particle swarm optimization (PSO) and genetic algorithm (GA), and to
determine optimal irrigation scheduling as well as reservoir release for
agricultural networks located at downstream of Zayandeh-Rud dam. In
this regard, the crop calendar, total amount of available water as well as
arable land in agricultural sector, the amount of water available at the
beginning of water year and crop water requirements are the most
important non-linear constraints of current research. The results showed
the integrated PSO modeling with better distribution of water shortages
among different crop growth stages could significantly increase the net
profit of system while compared to those of traditional irrigation systems.
Regarding the time of reaching the convergence as well as total attainable
benefit, the PSO has slightly outperformed the GA. Consequently,
application of soft computing techniques in irrigation scheduling will
provide effective water allocation patterns to save more water in an arid
region with limited water resources.
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1. Introduction

Water scarcity and the increase in demand for water, food and agricultural products are challenging
issues that water resources managers are encountering in Iran, dominated by an arid and semi-arid
climate (Anvari et al., 2014). About 90% of the available water in Iran is used for irrigation purposes
(http://news.moe.gov.ir). Therefore, optimal irrigation scheduling is of utmost importance to cope with
water scarcity and mitigate consequent losses.

In the present paper, an integrated optimization model of Zayandehrood reservoir-farm system (IRFS)
and its downstream agricultural networks has been formulated during the severe drought of 1998-99.

This integrated model was designed for optimal reservoir operation and water allocation. Due to
existing numerous constraints and complexities of this integrated problem, the soft computing
techniques such as genetic algorithm (GA) and particle swarm optimization (PSO) have been used as
the optimization models

2. Materials and Methods

IN this study the metaheuristic models of GA and PSO were applied to maximize the summed benefit
of all cultivated crops in the Zayandehrood irrigation system (Equation 1). Therefore, based on a 10-
day irrigation period that is usual in our case of interest, water is optimally released from the reservoir
and then allocated to different crops according to their water requirements and sensitivity to water stress.

C T ETag,
MaX:Z[l_zKYC,t(l_ )]AchraxcPc
1 ETPct (1)

Following are the main constraints of the IRFS:

St+1 = S¢ + Q¢ — R¢ + Raing — Spill; — e(S¢41,S)  (2)

SMt+1R00tt+1 = SMtROOtt + IRt + Pt - ETAt - DPt + SM, (Roott+1 - ROOtt) (3)

ETM.; = KC_; * ETo, (4)

DP, > IR,(1 — Eff)  (5)

Aminc < Ac < Amaxc (6)

Y IR XA <Ry & Y IR < TAW, (7)

3. Results
Figures 2 shows the operations for determining the best fitness values for the GA model.
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Figure 1 Profit changes relative to the size of the population
in the GA and PSO model

In this regard, out of the total arable land which is equal to 198290 hectares, the total area under
allocated cultivation in PSO and GA models is 197808 and 196763, respectively.

The results of crop lands for the mentioned models showed that both models completely confirm the
restrictions on the maximum arable area. The results showed that the profit from integrated PSO
modeling for the water year 1998-1999 is equal to 3/9x1011 Rials. This amount has significantly
increased compared to the real profit of the region, which has been reported from the method of sealing
equal to 4.53x1011. In fact, the use of PSO and GA metaheuristics approaches was able to better
distribute water shortages among crop growth stages and achieve greater yields and profits.

4. Discussion and Conclusion

The results of the PSO and GA approaches showed that due to better distribution of water shortages
between different stages of crop growth, these metaheuristics approaches could significantly increase
the profitability of the system compared to the actual values obtained from the traditional approach and
scaling.
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