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:‘E [=l water distribution in different growing seasons and under
uncertainty has been used.
._E o Materials and Methods: for this purpos, first hydrometric data

were obtained from Marun Network Station during 2006-2016. Then
based the produced discharge data, the probability of occurrence
inflow intensity of low, moderate and high is defined and the
optimization model has been developed for water allocation and
distribution between different growing seasons.
Findings: The results showed that the average economic
productivity index in the networks for both lower and upper bounds
of the optimization model is 19 and 16 percent respectively higher
than the current level in the current management, while water
consumption management in the lower and upper bounds of the
optimization model is better than the current management due to
34% and 3 % reduction in water consumption.
Conclusion: Applying optimizing model for allocating water
resources as for betterment of water consumption management and
enhancing economic water productivity thatis attained from running
: theses models.
- Amanat.Behbahani L, Moghaddasi M, Ebrahimi H, Babazadeh H. Irrigation Water Optimal
Management with Emphasis on Water Economic Productivity: Case Study: Irrigation and drainage
networks of Marun : Journal of Agricultural Economics Research. 2023; 14 (4):100-117

DOI:
10.30495/]JAE.2023.25199.2175

Keywords:

Economic Productivity. Multi-

Stage Stochastic Programming

Model. Optimal Management
and Allocation.

# Corresponding Author: Mahnoosh.Moghaddasi

Address: Department of Water Science and Engineering, Faculty of Agriculture and Environment, Arak
University, Arak, Iran.

Tell:09166653462

Email: m-moghaddasi@araku.ac.ir



https://portal.issn.org/resource/ISSN/2008-6407
https://portal.issn.org/resource/ISSN/2423-7248

Irrigation Water Optimal Management with Emphasis on Water Economic Productivity...

Extended Abstract
Introduction

Ren et al. (2019) used a fully fuzzy
fractional programming model for optimal
allocation of irrigation water resources,
which aimed at not only optimizing
irrigation but also improving water use
efficiency. The results can be utilized by
decision-makers for the optimal use of
irrigation water resources under multiple
uncertainties.Management of irrigation
water resources in the agricultural sector, as
the most important renewable but limited
resource, has been the most important
challenge of the current century and has
resulted in major concerns around the
world. Therefore, the aim of this study was
to optimal management and allocation
irrigation water under different inflow
scenarios with emphasis on water economic
productivity. In this regard, multi-stage
stochastic programming model with interval
parameters for optimal water distribution in
different growing seasons and under
uncertainty has been used. This study aimed
to bridge existing gaps in the literature by
accounting for the economic water
productivity (EWP) as optimal allocation
indice.

Materials and Methods

The framework of the model used in this
study is presented for a better understanding
of the research methodology (Figure 2). At
first, by using the Thomas-Fiering model,
water flow in different seasons was simulated
and the flow probability was calculated in
three categories of high, medium, and low
intensity. The data obtained from the Thomas-
Fiering model as well as technical,
hydrometric, and economic data were used to
run a multi-stage stochastic model with
interval parameters for the upper and lower
limits. As a result, solution parameters, the
optimal area under cultivation, planned yield
variables, and the volume of consumed water
were obtained. Finally, the comparative
analysis economic water productivity (EWP)
Index were calculated for the upper and lower
limits and compared with the existing figures.
The model for the Marun agricultural water
system involved two separated sub-models
whose initial idea was from (4). One difference
in this paper was that the model was run in

two stages of actual intra-network optimal
management and optimal management of the
reservoir output to the network, and these
two modes were compared with the existing
management. Both of the sub-models of
multistage irrigation water allocation based
on two temporal stages of the interactive
algorithm were divided into two certain sub-
models to obtain the upper and lower bounds
of Z* (i.e, the system’s total benefit). The
upper bound optimization was calculated
through NLP with the CONOPT4 solver used
for solving the problem. LP was used for lower
bound optimization using the same method
and based on the target function and its
conditions. For this purpos, first hydrometric
data were obtained from Marun Network
Station during 2006-2016. Then based the
produced artificial data, the probability of
occurrence inflow intensity of low, moderate
and high is defined and the optimization
model has been developed for water
allocation and distribution between different
growing seasons.

Findings

Based on the mean and the standard
deviation of the produced artificial data, the
flow intensity to irrigation network channels
was divided into three levels of low, moderate,
and high. The results showed that in the
Marun catchment area, the mean probability
of flow intensity to irrigation network
channels was moderate in 60%, high in 20%,
and low in 20% of the cases (Table 4). In this
study, the crop water requirement in
optimization models was calculated using net
irrigation water requirement data obtained
from the NETWA software (tables 5 and 6). By
taking into account the upper and lower limits
of irrigation efficiency in these tables, the
water requirement of the area was considered
as intervals. Considering that the Jayzan
network's weather conditions are different
from those of the North and South networks,
the water requirement was estimated for both
regions. As shown in Table 5, alfalfa required
more water than the other two crop types. The
highest water requirement was in summer for
alfalfa and in winter for wheat and rapeseed,
with wheat requiring more water than
rapeseed (Table 6).The decision variables
were calculated using the relationship a * b *
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]’[S=1 S¢ for seasons 1-4, respectively, at 27-
81-243-243. These results support the
optimal allocation of water for all crops under
different flow scenarios. Considering the
multiplicity of decision variables in this study,
the results were presented in 4 random states
and four growing seasons to better illustrate
the changes. These results proved effective for
the optimal allocation of irrigation water and
the optimal cropping patterns in the irrigation
networks under study. As it was mentioned
previously when Sbepopt approaches zero, if
the irrigation target is provided, there will be
the least benefit, and if not there will be the
least penalty too. In the other words, in this
situation, there will be a low risk. So the
manager will have a conservative view for
available water.The results, indicate that the
cropping pattern area of all crops in all
networks makes itself compatible with the
optimization lower bounds.

Discussion

The results showed that the average
economic productivity index in the networks
for both lower and upper bounds of the
optimization model is 19 and 16 percent
respectively higher than the current level in
the current management, while water
consumption management in the lower and
upper bounds of the optimization model is
better than the current management due to
34% and 3 % reduction in water consumption.

Conclusion

- Applying optimizing model for allocating
water resources as for betterment of water
consumption management and enhancing
economic water productivity that is attained
from running theses models.

-Water releasing management in irrigation
networks according to water requirement of
crops as for influence of lack of enormous
volume of water in increasing function of
crops should be applied.
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