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Mega-desalination projects have become a central strategy for addressing water
scarcity in arid coastal regions, yet their broader spatial and governance
implications remain insufficiently examined. While prior studies have largely
focused on operational impacts such as brine discharge, limited attention has
been given to desalination-driven coastal land use change and its cumulative
ecological and social consequences. This systematic review synthesizes global
evidence on how mega-desalination projects act as drivers of coastal land
transformation and assesses their impacts on marine and coastal ecosystems as
well as emerging socio-environmental conflicts.Following PRISMA guidelines,
peer-reviewed articles and authoritative international reports published in this
decade were systematically screened across major scientific databases. Thirty
high-relevance studies were included and analyzed using an integrated
framework that links land use change, ecosystem impacts, and governance
dynamics. The findings indicate that mega-desalination projects often serve as
spatial anchors for industrial clustering and shoreline hardening, resulting in
habitat degradation, increased salinity and thermal stress, and reduced
ecosystem resilience. Furthermore, governance gaps—characterized by
centralized planning, limited stakeholder participation, and unequal cost—benefit
distribution—emerge as key drivers of conflict between governments, local
communities, and environmental systems. These insights are particularly
relevant for the Persian Gulf and the Sea of Oman, where rapid desalination
expansion intersects with ecological vulnerability and contested coastal
governance.

Cite this article:  Mohsen Dehghani Ghanatghestani, Akbar Ghodousiyan (2026) Mega-Desalination Projects as
Drivers of Coastal Land Use Change and Marine Ecosystem Impacts: A Systematic Review of
Global Evidence with Implications for the Persian Gulf and the Sea of Oman, Journal of
Environmental Sciences Studies, 11(2), Pages 11307-11325.

WYY


https://jes.ut.ac.ir/?_action=article&au=190279&_au=Arash++Sadri++Jahanshahi&lang=en
mailto:m.dehghani933@iau.ac.ir
http://www.jess.ir/
https://portal.issn.org/resource/ISSN/2588-6851
https://portal.issn.org/resource/ISSN/2645-520X

Journal of Environmental Sciences Studies (JESS) Vol. 11, No. 2, Summer (2026)

EXTENDED ABSTRACT

Introduction

The rapid expansion of large-scale seawater desalination has become a cornerstone of water security
strategies in arid and semi-arid coastal regions, particularly in the Persian Gulf and the Sea of Oman.
In these regions, desalination now constitutes the dominant source of municipal and industrial
freshwater supply. Despite its strategic importance, desalination is still largely framed as a technical
response to water scarcity, overlooking its broader role as a systemic coastal intervention that
simultaneously reshapes land use, marine ecosystem structure, and governance configurations.Recent
literature increasingly indicates that mega-desalination facilities function not as isolated infrastructures
but as spatially embedded components of industrial coastal corridors. These include co-located power
plants, petrochemical industries, ports, and logistics hubs. This co-location drives long-term coastal
land use change through shoreline hardening, land reclamation, restricted access zones, and the
progressive industrialization of coastal landscapes. However, the cumulative implications of these
transformations for marine ecosystem resilience and socio-environmental conflict—especially in semi-
enclosed seas such as the Persian Gulf—remain insufficiently synthesized.

Methods and Analytical Framework

his study conducts a systematic review of 30 peer-reviewed international and Persian-language sources
focusing on desalination impacts, coastal land use change, marine ecosystem responses, and governance
structures in arid coastal systems. The dataset integrates empirical field investigations, remote sensing
and GIS analyses, oceanographic modelling studies, life-cycle assessments, and governance-oriented
research. A socio-ecological systems framework is applied to synthesize evidence across four
interlinked dimensions: technological scale, spatial planning dynamics, ecological stress pathways, and
institutional governance capacity. The Persian Gulf and Sea of Oman are used as focal case regions due
to their extreme environmental baseline conditions (high temperature, salinity, and evaporation rates)
and exceptionally high density of desalination infrastructure.

Results and discussion

Desalination as a Driver of Coastal Land Use Transformation: Evidence consistently demonstrates that
desalination plants act as anchoring infrastructures that restructure coastal land use patterns. Site
selection is typically driven by proximity to energy systems, deep-water access, and industrial zones,
reinforcing coastal industrial clustering. This process converts multifunctional or ecologically sensitive
shorelines into permanently industrialized landscapes. Remote sensing studies confirm accelerated
shoreline modification, land reclamation, and loss of natural buffers along the southern Iranian coast
and Arabian Peninsula. These transformations generate path dependency, constraining future coastal
planning and locking regions into high-impact development trajectories.Ecological Impacts Beyond
Brine Discharge: While brine discharge remains a central concern, the literature indicates that
ecological impacts arise from interacting stressors rather than single-point pollution. Field evidence
from the Persian Gulf shows elevated salinity, temperature, and heavy metal concentrations near
outfalls, accompanied by declines in benthic biodiversity and shifts in community composition.
Modelling studies suggest that although basin-scale salinity changes may appear moderate, localized
ecological thresholds are frequently exceeded in shallow coastal zones. Importantly, land use change—
particularly shoreline armouring and habitat removal—reduces ecosystem resilience by eliminating
mangroves, seagrass beds, and tidal flats, thereby amplifying cumulative ecological stress.Governance
and Socio-Environmental Conflict: Environmental degradation does not automatically translate into
overt conflict; rather, governance structures mediate its emergence. Desalination-intensive regions are
characterized by centralized decision-making, fragmented sectoral mandates, and limited stakeholder
participation. Environmental impact assessments remain largely project-based, failing to capture
cumulative land-sea interactions and long-term coastal transformation. Consequently, coastal
communities often experience reduced shoreline access, declining fisheries, and ecological degradation,
while benefits are redistributed to distant urban and industrial users. This distributional asymmetry
reframes impacts as issues of procedural justice and legitimacy, generating latent socio-environmental
conflict even in politically stable contexts.Integrated Conceptual Model: The synthesis leads to a four-
component conceptual model in which desalination-driven conflict emerges from misalignments
between: (1) technological-spatial drivers (plant scale and industrial co-location), (2) ecological stress
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accumulation, (3) governance filters (institutional coordination and regulatory coherence), and (4)
socio-distributional dynamics. Conflict is therefore structural and systemic rather than episodic.

Conclusion

The study demonstrates that desalination sustainability challenges are fundamentally spatial, ecological,
and institutional. Addressing them requires a shift from project-level mitigation toward cumulative
impact assessment, conflict-sensitive governance, and ecosystem-based coastal planning. Such an
integrated approach is essential for maintaining environmental integrity and social legitimacy in
desalination-dependent regions
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