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Iran’s rangelands, as sensitive ecosystems in arid and semi-arid regions, have
been increasingly affected in recent decades by climate change, including rising
temperatures, altered precipitation patterns, and intensified climatic variability.
These changes have imposed considerable pressure on vegetation cover,
biodiversity, and ecosystem functions. The aim of this study is to examine the
impacts of climate change on the structure and functioning of Iran’s rangelands
and to develop a coherent and operational analytical framework for their
sustainable restoration under changing climatic conditions. This research was
conducted using a systematic review and qualitative analysis of relevant national
and international studies. The results indicate that traditional rangeland
management approaches, due to their static and sectoral nature, are not capable
of effectively addressing current challenges and climatic uncertainties.
Consequently, rangeland management requires a dynamic and flexible
framework with the capacity for continuous adaptation and revision. Based on
the synthesis of existing evidence, this study proposes a three-axis framework
under adaptive management, encompassing society, ecosystem, and technology.
This framework enables the alignment of social actions, ecological
interventions, and technological tools within a data-driven decision-making
cycle. The proposed framework elevates rangeland restoration from fragmented
and isolated measures to an integrated and holistic planning approach and, by
reducing the risk of ecosystem degradation, conserving biodiversity, and
enhancing ecological and social resilience, provides a foundation for sustainable
rangeland restoration in Iran under conditions of climatic uncertainty.
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EXTENDED ABSTRACT

Introduction

Rangelands in Iran represent vital ecosystems within arid and semi-arid zones, supporting biodiversity,
local livelihoods, and essential ecological processes. In recent decades, these ecosystems have
increasingly been affected by climate variability, including rising temperatures, shifts in rainfall
patterns, and extreme weather events. Such changes have amplified environmental pressures, intensified
land degradation processes, and exposed the limitations of conventional management approaches.
Reduced vegetation resilience, increased soil erosion, and altered phenological cycles illustrate how
climatic stress interacts with existing land-use pressures. Despite accumulating research on climate
impacts, most restoration strategies in Iran remain largely static, sector-based, and short-term, failing
to account for the dynamic and uncertain nature of climate change. This study therefore seeks to
consolidate scientific evidence on climate-driven transformations in Iranian rangelands and develop an
adaptive, forward-looking restoration framework tailored to current and projected environmental
conditions.

Materials and methods

A systematic review was performed, integrating qualitative analysis of national and international
publications related to rangelands in Iran and comparable dryland systems. The literature examined
included studies on vegetation trends, species composition, biodiversity responses, soil stability, carbon
sequestration, water regulation, and management practices. Findings were analyzed thematically to
identify recurring ecological patterns, key vulnerabilities, and structural weaknesses in existing
restoration policies. Particular emphasis was placed on translating ecological insights into operational
recommendations, enabling restoration strategies to respond to climatic uncertainty, socio-economic
constraints, and evolving management priorities.

Results and discussion

Evidence indicates that climate change has led to declines in plant biomass, shifts toward drought- and
heat-tolerant species, reductions in species diversity, and weakened ecosystem services such as carbon
storage, soil protection, and hydrological regulation. These pressures are further compounded by
overgrazing, fragmented governance, and limited monitoring capacity. Traditional restoration measures
often assume environmental stability and therefore fail to accommodate fluctuating climatic conditions
or feedback effects within ecosystems. In response, this study proposes a three-pronged framework
emphasizing adaptive management, targeted ecological interventions, and data-informed decision-
making. The framework encourages participatory governance, iterative evaluation, and the use of
monitoring technologies to support learning-based management cycles. By prioritizing flexibility,
ecological resilience, and functional recovery rather than strict historical restoration targets, the
approach aims to improve long-term restoration effectiveness under uncertain climatic trajectories.

Conclusion

Successful restoration of Iranian rangelands under a changing climate requires moving away from rigid,
prescriptive methods toward dynamic, responsive strategies capable of integrating ecological processes
with social and technological dimensions. The proposed framework offers a context-sensitive pathway
to strengthen ecosystem resilience, reduce degradation risks, and embed climate considerations into
practical restoration planning. By linking scientific knowledge with adaptive governance and
continuous monitoring, this approach provides actionable guidance for researchers, land managers, and
policy makers, representing an important step toward sustainable and climate-resilient rangeland
management in Iran. The study therefore underscores the need for restoration policies that remain
flexible, evidence-based, and responsive to environmental feedback. Embedding adaptive learning
mechanisms within management plans can significantly improve the durability of restoration outcomes.
Such an approach positions climate-aware rangeland restoration as a key component of sustainable land
governance in dryland regions.
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