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Abstract

Given the increasing challenges of water scarcity in the central plateau and eastern regions
of Iran, this research aims to dynamically model the impact of water and energy subsidy
reforms in the Persian Gulf water transfer project on the export and added value of Iran’s
economic sectors, with an environmental sustainability approach, up to the horizon of 2046.
The research utilizes Vensim software to simulate three scenarios of water and electricity
subsidy reforms. The results indicate that, in the short term, subsidy reforms lead to a
decrease in added value in the agricultural, industrial, and mining sectors. However, in
the medium and long terms, these changes can result in increased productivity, resource
reallocation, and changes in the production structure, ultimately strengthening exports
and improving Iran’s trade position. The 2046 vision document specifically addresses the
sustainable development of water resources and optimal energy management, with one of
the proposed solutions in the country’s development programs being the reform of water
and energy subsidies to preserve natural resources and enhance productivity. This research
emphasizes that the reform of water and energy pricing policies, along with environmental
considerations and integrated resource management, is a prerequisite for achieving
economic and commercial sustainability by 2046. Ultimately, the research shows that to
achieve the country’s long-term development goals, subsidy reforms and optimal resource
allocation must be carried out simultaneously, considering environmental dimensions,
to manage the economic and commercial impacts of large-scale water transfer projects
effectively.
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Iran, due to its location in a dry and semi-arid region, faces significant challenges in water
resource management, which has impacted key sectors such as industry, agriculture, and

1. Introduction

mining. Over 90% of the country’s water resources are consumed in agriculture, while
industries and mining sectors account for a smaller share. However, the improper location
of industries in water-scarce regions, such as Yazd, Kerman, and Hormozgan, has
exacerbated water supply issues and jeopardized sustainable development in these areas.
Projects such as the transfer of water from the Persian Gulf and the Sea of Oman have
become crucial to meet the water needs of industries and mines in the southeastern part of
the country. However, these projects face challenges, including the high costs of
desalination and water transfer, which are highly sensitive to energy prices. Water and
energy subsidies, which are widely implemented in Iran, impact the costs of these projects
and place additional pressure on the public budget. From an economic perspective, this
project can boost mineral production and exports, strengthening supply chains, particularly
at a time when Iran is looking to increase non-oil revenues. However, the high costs and
inefficient energy subsidies could put additional pressure on the public budget, limiting
resource allocation to other sectors of the economy. This study analyzes the effects of
energy and water subsidy reforms in the Persian Gulf water transfer project, with a long-
term outlook for 2046, and its impact on exports and added value in Iran’s economy. It also
represents the first attempt to analyze the economic and environmental impacts of this
project using a dynamic systems approach.

2. Materials and Methods

In this study, a dynamic systems approach is used to model and simulate the effects of
water and energy subsidy reforms in the Persian Gulf water transfer project on exports and
value-added in Iran's economic sectors, with a long-term outlook. The dynamic systems
methodology includes problem identification, identifying dynamic hypotheses, developing
conceptual models (causal loop diagrams) and quantitative models (stock-flow diagrams),
simulating and validating the model, and finally defining and executing various scenarios.
The data used were collected based on time series from 2005 to 2024, and the simulation
was conducted for the long-term horizon of 2046 using Vensim software. This time frame
was chosen due to the long-term nature of water infrastructure projects and the necessity
of long-term planning in water and energy policies. The main components of the model
include five sectors: population, water transfer, environment, economy, and finance. The
validation results showed that the model's structure, using causal relationships and
feedback loops, aligns well with the real-world system. Additionally, the model's behavior
matches historical data, and the units of the variables in the model are precisely defined,
with their consistency confirmed in the software. Overall, the model demonstrates high
accuracy and reliability, effectively simulating system behavior and providing reliable
results for policy analysis.

3. Data

The data used in this study were collected from reputable databases, including the
Statistical Center of Iran, the World Bank, Customs, the Central Bank, and the Ministry of
Energy, covering the period from 2005 to 2024. The time-series data include Gross
Domestic Product (GDP), value-added in various sectors, exports, water stress, and water
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and electricity consumption, along with other variables relevant to the defined dynamic
system. All data were validated for consistency and accuracy before being used in the
model simulations.

4. Discussion

The sensitivity, data validation, unit consistency, and behavioral validation tests showed
that the model is capable of simulating the real system behavior, and its results are reliable
and valid under different conditions. These tests strengthen the model's credibility and
assist in policymaking decisions regarding water transfer projects and water and energy
resource management for the 2046 horizon. Water transfer projects in Iran, due to their
heavy reliance on energy policies, have a significant impact on the cost of water and,
consequently, on the value-added and exports of various economic sectors. Since these
projects are associated with environmental impacts, the dynamic model is designed to
evaluate and compare three scenarios: a 50% increase in water prices, a 100% increase in
water prices, and the realignment of electricity prices (removal of subsidies for the
electricity sector), with and without environmental impacts. In scenarios without
environmental impacts, the effect of changes in water and electricity prices on the value-
added and exports of agriculture, industry, and mining sectors was examined. To observe
environmental impacts, the model was estimated with new subsystems and causal feedback
loops, and the results were compared with the model estimated without environmental
impacts. As expected, considering the environmental impacts showed that energy policies
should be given serious attention in policymaking. The simulation results of different
scenarios, considering the policies and goals of national documents such as the 2046 Vision
Document and economic development programs, were analyzed. These documents,
particularly in the areas of water and energy resource management, are the basis for key
decisions on long-term projects, including the Persian Gulf and Oman Sea water transfer
projects. Additionally, the water and energy subsidy reforms outlined in the 6th and 7th
development plans and national water and energy resource documents have played a crucial
role in shaping these scenarios. Therefore, scenario analysis, considering the objectives of
these documents, is used to evaluate the economic and environmental impacts in line with
the country’s development goals. This approach helps ensure the alignment of the model
with national and strategic plans and enables more accurate long-term forecasting.

5. Conclusion

This study evaluates how reforming water and energy subsidies—within the context of the
Persian Gulf and Oman Sea water transfer project—shapes value-added and export
performance across Iran’s main economic sectors through 2046. Scenario-based
simulations demonstrate that adjustments in water and electricity prices, as core production
inputs, transmit asymmetrically across sectors. Agriculture, given its high share of national
water consumption and irrigation intensity, is markedly sensitive to water price increases
and to environmental externalities associated with large-scale transfers, leading to sharper
relative declines in value-added when environmental feedbacks are active. Industry, by
contrast, exhibits greater vulnerability to electricity price realignment due to high energy
intensity and scale, resulting in larger absolute losses in output in the short to medium term.
Mining occupies an intermediate position, with outcomes moderated by resource
endowments and export orientation.
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A salient result is that realigning energy prices can, under credible policy settings, raise
exports in agriculture and mining despite contractions in domestic value-added—signaling
a structural shift toward less water-intensive, more efficiency-driven, and export-oriented
activities. This pattern suggests that price signals, when combined with enabling measures,
can catalyze technology upgrading, resource productivity, and competitiveness.

Crucially, the analysis shows that the prospective benefits of the water transfer project—
stable supply for strategic industries and enhanced non-oil trade—are contingent on

integrated environmental management. Without it, cuamulative impacts such as water stress,
pollution, and ecosystem degradation can erode comparative advantages and undermine
long-run sustainability.

Policy implications follow directly: (i) targeted support to agriculture to temper relative
sensitivity and accelerate adoption of water-saving technologies; (ii) energy- and water-
efficiency programs in industry to curb absolute losses and smooth adjustment to cost-
reflective tariffs; (iii) robust governance of transferred resources, including monitoring,
leakage control, and pollution abatement; and (iv) incentives for technological innovation
and circular practices across sectors. Implemented together, these measures can align
subsidy reforms with export competitiveness, value creation, and environmental
stewardship over the 2046 horizon.
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Table 1: Variables of the Dynamic System Model (Research Findings).
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Graph. 1: Causal Loop Diagram (Research Findings).
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Graph. 2: Reinforcing Loop of Sectoral Economic Growth (Research Findings).
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Graph. 3: Reinforcing Loop of Infrastructure Investment (Research Findings).
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Graph. 4: Reinforcing Loop of Oil Revenue and Infrastructure Development (Research
Findings).
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Graph. 5: Reinforcing Loop of Institutional Trust and Trade (Research Findings).
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Graph. 6: Reinforcing Loop of Environmental Quality and Water Resources (Research
Findings).

JGl cgolaidl ¢ Jlo slapium s o bl aS" dad o i |y pous ddls S (V) jo505 > RO dil>
Sl Wl oo 429y (g8 g g (sla sy Gl AR L il yboay |y Cungjlaze o O
sl i Gl T8 ol oo gl 51 (S 0w )8 platlleos 1) Cunjlome slag )b (sl gl g
opl g e diliste o yisu 5 oliely g g g JEalS a4 e oS cal asecian ) bl s s
anlgd (1SS Jlo Mo g ddgy (6 S oS yd g 395 o0 b yiSu oyl jl g sladal s jialS el ol
9 2Bl (59) p o] ite sl &S 29 e jxie Cgume JSow S 2l 4 pad Al cpl uleg)d 48
sl anlgs doldl s jlare



oy g gladpod!

Gy Jrzee g g0 \

g3 SABL) Cum jlame g Cdgd (Hghl dlls Y lages

Graph. 7: Reinforcing Loop of Government and Environment (Research Findings).

Gl S o Jas (o3batil g ) elbptumo o o (G35 il Ky lsicds (A) Jhges ,> Blddls

ol cage o Cundg ol g e 205 ol e 5 ol csdlaidl gla sy by Ol G pas
8IS o gruw Al pl o> D95 o0 ol @lie 1> ol &) (s 9 oo b dxplge pslaieds Of Jlil 4 L
Amd )8 eolaml Calisee (sla oo HLidl ) b jeba |y ST wle g sbey ol a1y Sl cuxsg b

+ -

ol Jts!

MM))J(:")LJ.\JM

‘5.‘. .' \_\.&) t.S"—‘ )st

(i3 LABL) iy Wy g (o LT (JolaT dls A Hlaged
Graph. 8: Balancing Loop of Water Stress and Sectoral Growth (Research Findings).
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Graph. 9: Balancing Loop of Energy Subsidy and Environment (Research Findings).
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Table 2: Subsystems and Main Equations of the Dynamic Model (Research Findings).
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Graph. 10: Stock-Flow Diagram (Research Findings).
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Graph. 11: Sensitivity Analysis of 50% Water Price Increase on Value-Added in Economic
Sectors (Research Findings).
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Graph. 12: Sensitivity Analysis of 100% Water Price Increase on Value-Added in Economic
Sectors (Research Findings).
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Graph. 13: Sensitivity Analysis of Realization of Electricity Price on Value-Added in Economic
Sectors (Research Findings).
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Graph. 14: Trend and Forecast of Exports in Different Sectors (Research Findings).
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