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Abstract

Water pricing is recognized as an effective tool in reducing demand
and achieving the goals of productivity, sustainability and managing
the costs of water resources management. Here the positive
mathematical programming method has been used for evaluating the
various effects of water pricing, with an emphasis on Urmia Lake
basin. The complex social, economic and political dimensions of
increasing the water tariffs and the challenges the policy
implementation faces, are acknowledged and by analyzing the
mechanisms governing the system and feedback relationships, the
pricing policy in conjunction with irrigation system
modifications have been analyzed for water consumption efficiency
and resource sustainability. Any constructive change must be
determined and implemented through affecting the loops constituting
the system behavior. The findings indicated the significant impact of
water subsidies on agricultural profits and the obligation to increase
water tariffs taking into account also the rebound effect and water
crisis. While increasing irrigation efficiency is among the selected
scenarios of the mathematical modeling, it can trigger the behavioral
pattern of fixes that fail and alongside the limit to growth pattern,
contributes to the worsening of water scarcity. The results provide
insight to avoid reliance on short-term solutions and promotes deeper
understanding of the resource sustainability. To avoid the tensions of
abrupt increases in water tariffs, selecting the appropriate strategies
mentioned in this study, along with a gradual increase in water prices,
should be implemented to balance the benefits and costs of this policy
to move towards social and economic efficiency and water resource
sustainability in the region.
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Table 1- Dominant agricultural products in the Urmia Lake Watershed
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Barley Alfalfa Potato Sugar Beet Wheat Crop

Production Area Production Area Production  Area Production Area Production Area Region

West

21171 15450 847398 86173 45200 1440 1666193 32260 112954 70775 ..
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East

18849 22340 302252 51589 152103 4579 7402 163 69054 55187 ..
Azerbaijan
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Fig. 3- Changes in agricultural profit corresponding to management scenarios in the study area
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Table 2- Input values for modeling of examined products per unit area in the study area
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Table 4- Output data and level of agricultural profit analyzed in the study area
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Scenario Scenario Scenario Scenario Scenario 3 Scenario Scenario Current
7 6 5 4 cenario 2 1 Status
Scenario Scenario  Efficiency  Efficiency x 2000 x 1000 x 100 Flood
35 2,4 Increase Increase tariff tariff tariff Irrigation
Efficiency
50 30 50 30 0 0 0
Increase (%)
Water Tariff
600000 30000 300 300 600000 300000 30000 300 orer an
(Rials)
Agricultural
467.19865 467.19975 467.2023 467.20231 467.19499  467.19865 467.20195 467.2023 Profit (1013
Rials)
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Table 5- Governing variables in the studied system and in Causal Loop Diagrams

(CLDs)
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Variable Dimension Variable Dimension
Water Stress Dmnl Supply Augmentation MCM
Available Water MCM Farmers' Water Cost Rials
Irrigation Water Use MCM Unregulated Irrigation Water Use MCM
Demand Management Dmnl Tariff Hike Acceptance Dmnl
Irrigation Efficiency Dmnl Cultivated Area ha
Irrigation Water Demand MCM Arable Area ha
Irrigation Water Tariff Rials Budget Shortfall Rials
Regulation and Enforcement Dmnl Pressure to Increase Water Supply Dmnl
Total Water Supply MCM Irrigation Use Revenue Rials
Investment in Efficient Irrigation Technologies Rials Public Water Use Saving Incentive Dmnl
Agricultural Production ton Pressure to Decrease Water Use Dmnl
Agricultural Income Rials Possible Water Service Gains Dmnl
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Fig. 4- Causal loops governing the studied system; impact of water tariffs on water resource sustainability
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1- Positive Mathematical Programming (PMP)
2- System Dynamics (SD)

3- Causal Loop Diagram (CLD)

4- Reinforcing Loops

5- Balancing Loops

6- Fixes that Fail

7- Limit to Growth

8- Oscillating Overshoot

9- Archetypes

10- Rebound Effect
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