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EXTENDED ABSTRACT

Introduction

The evaluation of irrigation networks shows that due to poor design and operation, lack
of sufficient maintenance and poor management, their utility is decreasing from the
expected value according to the systemic archetype of "Eroding Goals". The rehabilitation of
irrigation networks is usually carried out based on the lack of integration between the
effective factors in this project, and therefore it cannot be expected to achieve a
comprehensive improvement in the infrastructure of the network through this approach.
The involvement of many components in a complex model such as the rehabilitation of
irrigation networks and their complex interactive relationship of the performance of the
water, food and energy system (Nexus) in the long term makes the use of the system
dynamics approach inevitable; and the application of the used approach should realistically
explain the simulation of the system in addition to integration. Using the strategy of systemic
thinking, this article conceptualizes the dynamics governing major structural and non-
structural measures in the direction of rehabilitation of irrigation networks with the aim of
improving the utility of the network by providing the nexus index.

Methodology

Due to the necessity of quantifying the conceptual models, the developed model should
be changed into a stock-flow model, the stock variables (integral variables) and the flow
variables corresponding to the defined stock variables should be defined, and finally
auxiliary variables should be added. Then, the relationships equation for each of them
should be developed. Considering the importance of monitoring the variables of the Nexus
index, network utility index, physical rehabilitation, managerial rehabilitation and
rehabilitation development in the presented subsystem, the stock-flow model was
developed according to Figure 1. Since the property of integration in monitoring physical
rehabilitation measures, managerial rehabilitation and finally the expected utility of the
irrigation network was also considered to introduce the development of rehabilitation, the
three variables mentioned in the model were also used as the stock variable.

Figure 1. Stock-Flow model of the Rehabilitation-Nexus dynamics system.
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Results and Discussion

Development of equation

This mechanism corresponds to the dynamics of the implementation of rehabilitation
project and agricultural development plans, and in it, the gap created between the existing
utility and the expected utility according to relation 1,2 and 3, will be the motivation for
investing in rehabilitation project, the implementation of rehabilitation plans by improving
the utility indices including efficiency, adequacy, equity, dependability, and flexibility
increase the level of network utility.

Rep., = Improving Struc.Cond. —Deteriorat Struc. Condi. (§Y)]

where Rep,, is rehabilitation development, Improving Struc.Cond. is
improvement of structural conditions in accordance to Equation 3, and
Deteriorat Struc.Condi. is deterioration of structural conditions accordance to
Equation 2.

Deteriorat Struc.Condi.= Rep,,, * Coe.ps,p* Repin (2)

where Coe.,, is coefficient of the annual sublation of network and Reg;,, is investment
for implementation of rehabilitation projects.

Improving Struc.Cond.. 3
= (Reman + Repyy) * Diff(Existing Utility. Expected Utility) )

where Dif f(Existing Utility. Expected Utility is the difference between existing
utility and expected utility, Re,,,, is managerial rehabilitation and, Repy,, is physical
rehabilitation.

Scenarios of 25, 50 and 75% increasing in training (non-structural solution)

By performing a sensitivity analysis on the parameter of education as a managerial (non-
structural) solution in repetitions of increasing 25, 50 and 75%, the trend of decreasing
indicators was moderated. The effectiveness of increasing 25% in education was 0.04% in
the network utility and 4.6% in the Nexus index. The effectiveness of increasing 50% in
training was 0.07% in the network utility and 6.9% in the Nexus index, and the effectiveness
of increasing 75% in training was 0.12% in the network utility and 7.8% in the Nexus index.

Scenarios of 25, 50 and 75% increasing in the rehabilitation budget (structural
solution)

By performing a sensitivity analysis on the parameter of increasing the rehabilitation
budget as a structural solution in repetitions of increasing 25, 50 and 75%, the trend of
decreasing indicators was moderated. The effectiveness of the increasing 25% in
rehabilitation budgets was 0.00% in the network utility and 9.6% in the Nexus index. The
effectiveness of increasing 50% in rehabilitation budgets was 0.015% in the network utility
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and 13.7% in the Nexus index, and the effectiveness of increasing 75% in the rehabilitation
budgets was 0.022% in the network utility and 15.3% in the Nexus index.

Scenarios of 25, 50 and 75% increasing in training and increasing in the
rehabilitation budget (structural and non-structural solutions)

By performing a sensitivity analysis on the parameter of training to employees and
farmers as a non-structural solution and the parameter of the improvement budget as a
structural solution in iterations of increasing 25, 50 and 75 percent, the trend of reducing
the indicators was adjusted to the maximum extent. The effectiveness rate of increasing
25% in structural and non-structural solutions was 0.05% in the network utility and
17.37% in the Nexus index; the effectiveness rate of increasing 50% in structural and non-
structural solutions was 0.09% in the network utility and 23.83% in the Nexus index and
the effectiveness rate of increasing 75% in structural and non-structural solutions was
0.03% in the network utility and 26.89% in the Nexus index.

Conclusion

In previous studies, it was customary to evaluate the performance of irrigation
networks as an objective function from the perspective of improving only the water
source with existing approaches such as integrated water resources management
while the new approach of Nexus, by applying balanced weights to the
sustainability factors of water, food and energy resources, attempts to take a
comprehensive approach to improvement in the security of the three sources.
Based on the results, the downward trend of the Nexus index (as well as the
network utility index) was inevitable in the long term and according to the
prevailing conditions. However, as it is clear from the trend of changes in both
network utility and nexus graphs, the decreasing in the Nexus index better explains
the changes in the development of network rehabilitation.
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