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Evaluation of the effectiveness of groundwater reclamation and balancing
plan based on fuzzy-TOPSIS method (Case study: Urmia plain)
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Abstract

Put critical situations. Decline of groundwater level in Urmia plain and declaration of this plain as one of the forbidden plains of West Azerbaijan
province; It has caused the rehabilitation of the aquifer and planning to prevent its decline and increase its level to be among the priorities of the
executive plans of the Ministry of Energy in this area.In this study, in order to rehabilitate the aquifer and in parallel, the effect of annual rainfall
parameters and reduction of groundwater abstraction on changes in the aquifer level of the Urmia plain was investigated using the fuzzy TOPSIS
technique. In this regard, the effectiveness of the measures taken based on 4 management scenarios, a questionnaire with 18 options in the form of
three criteria of implemented measures, short-term proposed measures and long-term proposed measures were prepared. Given the breadth and
multiple interactions between the criteria and the leading measures, the fuzzy method to express the effect of each option quantitatively and the
TOPSIS fuzzy analysis method to analyze the opinions of experts with the aim of ranking the options of each scenario in Problem solving was used.

The results indicate that increasing rainfall and consequently decreasing groundwater abstraction is still the most effective factor in the relative
improvement of the quantitative status of the aquifer. Meanwhile, by examining the amount of rainfall in the last few years in the Urmia plain, it can
be stated that in addition to changing the amount of rainfall as the main factor, the effectiveness options of patrol and inspection groups (Ch6), feeding
the aquifer by releasing water from the dam Tea city (Ch7) and river blockage in non-crop seasons and feeding the aquifer through the main river
(Ch4) are among the measures of the rehabilitation and balancing plan (implemented) in improving the groundwater level.

Keywords: Fuzzy-TOPSIS Method, Management Scenarios, Rehabilitation and Balancing, Urmia Plain Aquifer.
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Figure 1. Location of Urmia plain in relation to Lake Urmia and West Azerbaijan province
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Table 1. Quasion Mark

Rate Option Option Type
1098765432 40% reduction policy of agricultural water volume Chl
1098765432 Usej and replacement of urban and industrial wastewater for Ch2
agricultural water supply
1098765432 installation of smart water contour Ch3
D
1098765432 Traditional canal blockage for supply plain demand by river Ch4 one
1098765432 Patrol group effective for blockage nonlicensed well ChS
1098765432 Patrol group effective for block removal from river Ché6
1098765432 supply palin demand by release water from shaharchay demand Ch7
1098765432 Flood spreading for artificial recharge Ch8 short term suggestion
1098765432 Build Nazlou and Barandouz dam for flood spreading for artifitiol Cho
recharge
1098765432 Complete irrigation and dranaige network for reduce agricalture Ch10 Jong term suggestion
wastet water
1098765432 Climate change adaptation with changing Dominate cultivate and Chil
planet less water demand
1098765432 Well collective and reduce licenced weel destiny for protect of plain ~~ Chl12
S short term suggestion
1098765432 perform of presure and low pressure irrigation in irrigation network Chl3
1098765432 Perform wter delivery poin plan according to the duminate cultivate Chl4
and area under cover
1098765432 Perform water agents plan in wter delivery point Chl5 .
long term suggestion
1098765432 Vitual water plan Chl6
1098765432 Cre'ate employment by industry deveopment without depent of Chl7
agricalture
1098765432 Build greenhouse Chl8 short term suggestion
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Table 2. Analysis of Options for Management Aspect

Criteria Coefficient

Goal i i Scenarios
Suffg;;egrgnf ;on Sufsglf;:qr%gon Completed Option
Total Evaluation 173 173 173 S1
Evaluation of Done Options 0 0 1 S2
Evaluation of Suggested Option (Short Time) 0 1 S3
Evaluation of Suggested Option (Long Time) 1 0 0 S4
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Table 4. The results of the ideal matrix of scenario S2

Rank Rating Options
1 0.817 Ché
2 0.7583 Ch4
3 0.7233 Ch7
4 0.7082 Ch2
5 0.6423 Ch3
6 0.6192 Ch5
7 0.5418 Chl
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Table 3. The results of the ideal matrix of scenario S1

Rank Rating Options Rank Rating Options
10 0.306 Ch8 1 0.3351 Chl8
11 0.3054 Ch4 2 0.3333 Chl10
12 0.2882 Ch7 3 0.3262 Chl4
13 0.2828 Ch2 4 0.3217 Ché
14 0.2789 Chl5 5 0.3213 Chl3
15 0.2601 Ch3 6 0.3134 Chl7
16 0.2521 ChS 7 0313 Chl4
17 0.2497 Ch9 8 0.3119 Chl2
18 0.2263 Chl 9 0.3093 Chll
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Table 6. The results of the ideal matrix of scenario S4

Rank Rating Options
1 0.844 Chl10
2 0.8251 Chl4
3 0.7899 Ch17
4 0.7882 Chl5
5 0.7778 Chll
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Table 5. The results of the ideal matrix of scenario S3

Rank Rating Options
1 0.8486 Ch18
2 0.811 Ch13
3 0.7843 Chl2
4 0.7672 Ch8
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Table 7. Result of Options Analysis for Management
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methods (FANP)
6. Technique for Order Preference by Similarity to
Ideal Solution
7. Fuzzy Logic

ISARE NSNS e

| < ru



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Obdews a5 0 (S gome Joadll gl cosl3@sle Ly (sl ool

Higgins, A., Archer, A., & Hajkowicz, S.
(2008). A Stochastic Non-linear Programming
Model for a Multi-period Water Resource
Allocation with Multiple Objectives. Journal of
Water Resources Management, 22, 1445-1460.
Javidi Sabbaghian, R., Zarghami, M.,
Nejadhashemi, A. Pouyan., Sharifi, M. B.,
Herman, M. R., & Daneshvar, F. (2016).
Application of risk-based multiple criteria
decision analysis for selection of the best
agricultural scenario for effective watershed
management. Journal of  Environmental
Management, 168,260-272.

Jonoubi, R. (2011). Investigation of Modern
Irrigation and Drainage Networks on
Groundwater Resource Model (Case Study:
Urmia Plain), West Azerbaijan United, Thesis,
Urmia University, Iran. 140p. (In Persian)
Kamab Co. (2010). Studies of Review and
Balance of Urmia Plain Water Balance, West
Azerbayjan Regional Water Co. Technical
Report. (In Persian)

Kardan Moghadam, H., Banihabib, M.E., &
Javadi, S. (2018). Evaluation of the effect of
artificial nutrition on aquifer balance using
stability index. Eco-Hydrology, 4(4), 1241-
1253. (In Persian)

McPhee, J., W.-G Yeh, W., & Hon. M. (2004).
Multi-objective Optimization for Sustainable
Groundwater Management in  Semiarid
Regions. Journal of Water Resources Planning
and Management, 130(6), 490-497.

Mian Abadi, H., & Afshar, A. (2010). Making
Decision by Heterogeneous Fuzzy for
Integrated Water Resource Management.
Journal of Civil Engineering Sharif University,
27-2(4), 123-131. (In Persian).

Moradi, M., & Akhtar Kavan, M. (2010).
Methodology of Multi Criteria Decision Making
(MCDM). Journal of ARMANSHAHR, 2(2),
113-125. (In Persian)

Pietersen, K. (2006). Multiple criteria decision
analysis (MCDA): A tool to support sustainable
management of groundwater resources in South
Africa. Water SA.,32(2),119-128.

Quaddusa, M.A., & Siddique, M.A.B. (2001).

/
u’/t S

Ve mbmYoledm VYo,

1A

20.

21.

22.

23.

24.

25.

26.

27.

-

Modelling sustainable development planning: A
multicriteria decision conferencing approach.
Journal of Environment International, 27, 89-95.
Rahmani, H. (2017). Necessities of
Implementation of the Plan for Restoration and
Balancing of Groundwater Resources of the
Country, 6th Iranian National Water Resources
Management Conference, Kordestan
University, Kordestan. (In Persian)
RazaviToosi, S.L., & Samani, J.M.V. (2016).
Evaluating water management strategies in
watersheds by new hybrid Fuzzy Analytical
Network Process (FANP) Methods. Journal of
Hydrology, 534, 364-376.

Rikhtegar, N., Mansouri, N., Ahadi Oroumieh,
A., & Yazdani-Chamzini, A. (2014).
Environmental impact assessment based on
group decision-making methods in mining
projects. Economic Research- Ekonomska
Istrazivanja, 27 (1), 378-392.

Safari, N., & Zarghami, M. (2014). Allocating
the Surface Water Resources of the Urmia Lake
Basin to the Stakeholder Provinces by Distance
Based Decision Making Methods. Water and
Soil Science, 23(1), pp. 135-149. (In Persian)
Shahraki, A.S., Shahraki, J, & Hashemi
Monfared, S.A. (2018). Application of Fuzzy
Technique for Order-Preference by Similarity to
Ideal Solution (FTOPSIS) to Prioritize Water
Resource Development Economic Scenarios in
Pishin  Catchment. International ~ Journal — of
Business and Development Studies, 10(1), 77-94.
Stewart, Theodor J., Scott, Leanne. (1995). A
scenario-based framework for multicriteria
decision analysis in water resources planning.
Journal of water resources research, 31(11),
2835-2843.

Xevi, E., & Khan, S. (2005). A multi-objective
optimisation approach to water management.
Journal of Environmental Management, 77,
269-2717.

Zarghami, M., & Ehsani, A. (2011). Evaluation of
different Group Multi-Criteria Decision Making
Methods in Selection of Water Transfer Projects
to Urmia Lake Basin. [ran-Water Resources
Research, 7(2), 1-14. (In Persian)

| < ru



