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Water, energy, and food (WEF) security constitute major macroeconomic and
environmental challenges for Iran. Addressing these challenges within a sustainable
development context requires a systemic nexus perspective that explicitly models
cross-sectoral interdependencies. Accordingly, this study employs a WEF nexus
framework to identify the inherent synergies and trade-offs that shape resource
management across these sectors. Using a Computable General Equilibrium (CGE)
model calibrated to Iran’s Social Accounting Matrix (SAM), the research evaluates
economy-wide effects of two contrasting policy strategies: productivity-enhancing
measures and price-based policies, including subsidy removal and taxation.
Simulations reveal that productivity-driven policies consistently generate
macroeconomic dividends, improving aggregate social welfare and reinforcing
security across all three WEF dimensions. These benefits are maximized when
interventions are implemented as cohesive, prioritized policy packages. Specifically,
enhancing energy productivity exerts the most robust positive impact compared to
water or food interventions, while a bundled energy—food productivity scenario yields
the highest overall efficiency gains. Conversely, relying exclusively on pricing
instruments triggers widespread negative macroeconomic spillovers and diminishes
public welfare. Within the price scenarios, escalating food prices precipitously degrade
food security, and energy price hikes induce severe systemic shocks across the entire
economic network. Interestingly, water price increases yield largely neutral systemic
effects. Ultimately, the findings demonstrate that unilateral pricing policies create
unsustainable socio-economic frictions. To mitigate these inherent trade-offs,
policymakers must design hybrid strategies that structurally integrate price reforms
with targeted productivity enhancements, thereby fostering positive nexus synergies
and safeguarding Iran’s sustainable development trajectory. Given the static nature of
the model, the simulation results are applicable exclusively to short- and medium-term
equilibrium adjustments.
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Extended Abstract

Introduction

Water, energy, and food (WEF) security has increasingly been recognized as one of the most critical global
challenges for sustainable development. Growing pressure on natural resources, driven by population growth,
economic expansion, and climate change, has intensified the interdependence among these three strategic sectors.
In response, the Water—Energy—Food (WEF) nexus has emerged as an integrated analytical and policy framework
aimed at understanding and managing the complex interactions among these systems. The nexus perspective
gained international prominence following the 2011 Bonn Conference and has since been closely associated with
the United Nations’ Sustainable Development Goals (SDGS), particularly SDGs 2 (Zero Hunger), 6 (Clean Water
and Sanitation), and 7 (Affordable and Clean Energy).

Theoretically, the nexus approach challenges conventional sectoral governance by emphasizing the systemic
interlinkages among resource systems. Rather than treating water, energy, and food as independent policy domains,
the framework conceptualizes them as mutually embedded and dynamically interacting subsystems within a
broader socio-economic and environmental system. Policy interventions in one sector may generate significant
spillover effects in the others, producing both synergies and trade-offs. Consequently, effective resource
governance requires analytical tools capable of capturing cross-sectoral feedback and economy-wide impacts.
These considerations are particularly relevant in the case of Iran. The Iranian economy exhibits strong structural
interdependencies among water, energy, and food systems. Agriculture accounts for the dominant share of water
consumption, energy production remains heavily dependent on fossil fuels, and food security continues to be a
strategic national priority. Under these conditions, fragmented policy-making and sector-specific planning can
impose substantial cross-sectoral costs, distort resource allocation, and exacerbate environmental pressures.
Policies designed to expand agricultural production, adjust energy pricing, or manage water scarcity inevitably
influence the performance and sustainability of the other sectors. Ignoring these interactions may therefore lead to
unintended consequences and inefficient policy outcomes.

This study develops an economy-wide gquantitative framework to examine the interactions, synergies, and trade-
offs within Iran’s water—energy—food nexus under its specific socio-economic and climatic conditions. The main
contribution of this research lies in adopting a comprehensive analytical framework that captures inter-sectoral
interactions beyond the scope of partial or purely biophysical models. To this end, the study employs a Computable
General Equilibrium (CGE) model incorporating an advanced nested production structure. This framework enables
the systematic evaluation of alternative policy scenarios—particularly productivity-enhancing measures and price-
based interventions—and provides a consistent macroeconomic perspective on the implications of WEF
interactions. The findings aim to offer policy-relevant insights for designing more coherent strategies in resource
pricing, taxation, and investment planning to support sustainable economic development. The rest of this paper is
organized as follows: Section 2 describes the methodology, Section 3 presents the main findings, and Section 4
offers concluding remarks.

Method

To quantitatively analyze the interdependencies within the water—energy—food (WEF) nexus, this study employs
a Computable General Equilibrium (CGE) model. CGE models are particularly suitable for nexus analyses because
they capture economy-wide interactions and trace how shocks in one sector propagate through production,
consumption, and price mechanisms across the entire economic system. Rooted in the Walrasian general
equilibrium framework developed by Arrow and Debreu, CGE models enable the simultaneous determination of
prices and quantities in interconnected markets, thereby providing a consistent analytical framework for evaluating
cross-sectoral policy impacts. The production side of the economy is represented through a hierarchical nested
production structure. Firms combine primary factors and intermediate inputs to produce sectoral outputs, while
substitution possibilities among inputs are modeled using Constant Elasticity of Substitution (CES) functions.
Leontief specifications are employed in parts of the nesting structure where inputs are used in fixed proportions.
This nested structure captures substitution and complementarity relationships among key inputs related to water,
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energy, and food production, thereby representing the economic linkages and resource competition that
characterize the WEF nexus.

The model is calibrated using a Social Accounting Matrix (SAM) constructed for the Iranian economy. The SAM
was updated and balanced using a modified RAS updating procedure and compiled based on the most recent data
from the Statistical Center of Iran and the Central Bank of Iran. The resulting SAM represents the structure of the
Iranian economy for the year 1402 (2023-2024) and provides a consistent database describing production
activities, institutional accounts, factor incomes, and inter-sectoral transactions. This dataset forms the empirical
backbone of the CGE model ensuring internal consistency between national accounts, sectoral production, and
income—expenditure flows.

Within this modeling framework, a set of policy simulations is designed to evaluate the economic implications of
alternative resource-management strategies. In particular, the analysis focuses on two broad categories of
scenarios: productivity-enhancing measures in sectors related to the WEF nexus, and price-based policy shocks
such as adjustments to resource pricing and subsidy structures. These shocks are introduced exogenously into the
model, and their effects are traced through sectoral production, factor allocation, and relative prices across the
economy. This approach enables a systematic examination of potential synergies and trade-offs among water,
energy, and food systems within Iran’s broader macroeconomic structure.

Results

The CGE simulations reveal distinct macroeconomic and sectoral responses under the productivity and price-based
scenarios, emphasizing the inherent trade-offs and interdependencies within the Water—Energy—Food (WEF)
nexus. Productivity-enhancing scenarios consistently yielded superior welfare and resource-security outcomes
relative to price-based interventions. A 10% improvement in energy productivity produced pronounced cross-
sectoral spillovers, raising aggregate welfare by approximately 4.95% (as measured by EV and CV indicators).
This efficiency led to downward price adjustments across all nexus components (energy —2.36%, water —0.68%,
food —0.56%) and elevated household energy consumption by roughly 6.7%. Sectoral output reallocation was also
observed: food production expanded by about 5%, while water and energy activities contracted moderately (—4.6%
and —0.7%, respectively), resulting in an estimated 5% improvement in the composite WEF efficiency index.
Similarly, isolated food productivity enhancements reduced food prices by about 3.5% and increased household
welfare by over 4%, though a mild rebound effect slightly elevated total water demand. These interactions
highlight the system-wide linkages captured by the model. The integrated three-sector productivity scenario
(Water—Energy—Food) emerged as the most balanced configuration, maximizing economic efficiency and resource
conservation while neutralizing rebound and income effects inherent in single-sector shocks.

The combined energy—food productivity scenario yielded the most substantial welfare gains, with the WEF welfare
index rising by 8.3% and household food consumption increasing by 8.5%. Meanwhile, food sector activity
expanded by 7.7% while energy prices declined by 2.51%, enabling household energy consumption to rise by
6.8%. These results confirm that synergistic productivity improvements across interconnected sectors generate
welfare outcomes that substantially exceed single-sector interventions.”

Conversely, price-based policies, intended to reflect resource scarcity, generated severe contractionary effects. A
10% food price increase heavily impacted food security, driving a 6.9% decrease in overall welfare, a sharp 7.8%
drop in household food consumption, and a notable 6.5% decline in domestic food sector output. Similarly, an
energy price shock generated extensive spillover effects through cost-push channels, reducing real household
income and curbing energy consumption by more than 12%, with secondary contractions in demand for water and
food commodities. Notably, the water price shock (+10%) revealed critical structural limitations in single-sector
pricing policies. Because water constitutes a negligible share of intermediate production costs within the Social
Accounting Matrix (SAM), the price signal failed to propagate through the economic supply chain. Consequently,
total aggregate water demand and sectoral outputs remained virtually unresponsive. Rather than incentivizing
systemic water conservation in production sectors, the shock merely penalized final consumers, resulting in a
measurable decline in the composite WEF welfare index (-0.16%) and a negative Hicksian Equivalent Variation
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(EV). This confirms that, under current structural conditions, isolated water pricing reduces welfare without
achieving macro-level resource security.

In summary, the transmission mechanisms captured by the static CGE framework reveal a marked asymmetry
between policy instruments. Price-based approaches—particularly in the energy and food domains—impose
substantial welfare costs and propagate contractionary pressures, whereas integrated productivity-oriented
strategies yield demonstrably superior outcomes in terms of welfare, allocative efficiency, and sustainable resource
utilization within the WEF nexus.

Discussion and Conclusion

The findings of this study highlight the significant interdependencies within the Water-Energy-Food (WEF) nexus,
revealing the critical impact of policy design on economic welfare and resource efficiency. The CGE simulations
strongly suggest that integrated, productivity-enhancing measures are substantially more effective in promoting
national welfare than price-based interventions. The integrated WEF productivity scenario, in particular, stands
out as the optimal strategy; it not only stimulates economic activity but also generates synergistic resource
conservation, effectively mitigating the rebound effects associated with single-sector efficiency gains.
Conversely, price-based shocks expose the system’s structural vulnerabilities. The adverse welfare effects of
energy and food price hikes underscore the risks of policies that overlook their systemic repercussions on
households. Furthermore, the simulations show that using unilateral pricing as a conservation tool—particularly
for water—is ineffective under Iran’s current economic structure. Due to structural rigidities and the under-
representation of water’s true economic value in production costs, price signals fail to incentivize industrial and
agricultural conservation, ultimately imposing deadweight welfare losses on final consumers without achieving
resource sustainability.

This evidence supports the conclusion that the complex interdependencies of the WEF nexus are fundamentally at
odds with the nation’s fragmented institutional architecture. The inefficacy of isolated policies is not an anomaly
but a predictable outcome of a governance system characterized by “management silos,” where water, energy, and
agricultural strategies are formulated without coordination. Therefore, this study reaffirms that a paradigm shift
toward integrated policy design is an economic necessity. The stark contrast between the welfare-maximizing
effects of coordinated productivity improvements and the contractionary impacts of siloed pricing delivers a clear
message: investment in cross-sectoral technological efficiency and unified governance is paramount.

While the static CGE framework employed here offers robust insights into short-run equilibrium adjustments, its
limitations define clear avenues for future research. Extensions to dynamic and spatial CGE models is necessary
to capture long-term capital accumulation and regional dynamics. Furthermore, a critical next step involves delving
into institutional economics to formally quantify the transaction costs of policy fragmentation and to design
governance structures that overcome these systemic barriers. Such advancements will be essential for creating
resilient systems that ensure sustainable food, water, and energy security.
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