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This research assesses the risk to the ecosystems of the Gorganrud River Basin using the
IUCN Red List of Ecosystems. Ecosystem degradation at the global level poses a serious
threat to human well-being and biodiversity. The IUCN Red List of Ecosystems (RLE) has
been designed as a scientific and credible tool for assessing ecosystem risks and supporting
their conservation. Serving as part of the biodiversity toolkit, this instrument analyzes and
evaluates terrestrial and marine ecosystems at the global scale and is repeated every five years
to enhance transparency and facilitate international monitoring. In this study, advanced tools
such as Google Earth Engine (GEE) and satellite image analysis were employed to examine
spatiotemporal changes in vegetation distribution, particularly forests. The results indicate
that parts of the Gorganrud River Basin are under severe pressure from human activities and
climate change, leading to a reduction in the area and quality of natural habitats. Deforestation
and land-use change trends in this region are highly concerning, resulting in the loss of
habitats for native species and increased environmental risks such as soil erosion and reduced
biodiversity. To protect and restore these ecosystems, it is recommended that urgent measures
be considered, including enhanced continuous monitoring using modern tools,
implementation of forest restoration programs, promotion of sustainable agriculture, public
education and awareness-raising, and strengthening of enforcement laws and regulations.
These actions can help reduce environmental pressures and preserve the region's biodiversity.
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Introduction

Ecosystem degradation at the global level represents one of the most pressing threats to human well-being, biodiversity conservation,
and the sustainable provision of essential ecosystem services. The accelerating loss of natural habitats, driven primarily by
anthropogenic activities including deforestation, land-use change, agricultural expansion, urbanization, and climate change, has
necessitated the development of robust, science-based tools for assessing and managing ecosystem risks. The International Union for
Conservation of Nature (IUCN) Red List of Ecosystems (RLE) has emerged as a globally recognized and scientifically rigorous
framework for evaluating the extinction risk of ecosystems, complementing the well-established IUCN Red List of Threatened Species.
This standardized methodology, which is applied at global, regional, and national scales and reassessed every five years, provides a
systematic approach to identifying ecosystems at risk of collapse through five quantitative criteria: A (reduction in geographic
distribution), B (restricted geographic distribution), C (environmental degradation), D (disruption of biotic processes and interactions),
and E (quantitative risk analysis). The RLE framework serves as an integral component of the biodiversity toolkit, supporting
international monitoring and reporting obligations including the Sustainable Development Goals (SDGs) and the Aichi Biodiversity
Targets. Despite its global applicability and growing adoption worldwide, comprehensive ecosystem risk assessments using the [IUCN
RLE criteria remain scarce in Iran, particularly for critical watersheds such as the Gorganrud River Basin in Golestan Province. This
region, characterized by its rich biodiversity and the presence of the Hyrcanian forests—a UNESCO World Heritage site—faces
mounting pressures from agricultural expansion, deforestation, and unsustainable land-use practices. The present study addresses this
critical knowledge gap by conducting a comprehensive risk assessment of the Gorganrud River Basin ecosystems, integrating
advanced remote sensing technologies including the Google Earth Engine (GEE) platform with the IUCN RLE framework, to inform
evidence-based restoration and management strategies for these ecologically valuable and increasingly threatened ecosystems.

Methodology

This study employed a multi-faceted methodological approach integrating satellite-based remote sensing data, advanced geospatial
analysis through the Google Earth Engine (GEE) platform, and the IUCN Red List of Ecosystems (RLE) assessment framework to
evaluate the risk status of ecosystems within the Gorganrud River Basin, Golestan Province, Iran. The GEE platform, a cloud-based
geospatial processing environment, was utilized to access, process, and analyze extensive collections of satellite imagery, including
Landsat and Sentinel datasets, covering the study area. Three primary types of spatial data were generated and analyzed: (1) false-color
composite imagery (using bands 2, 1, and 3) to visualize general land cover patterns, (2) the Normalized Difference VVegetation Index
(NDVI) to quantitatively assess vegetation density and health, and (3) forest change detection maps (derived from the Global Forest
Change dataset, Hansen et al.) to quantify deforestation and afforestation trends over time. NDV1 values were calculated based on the
difference between near-infrared and red reflectance, producing a continuous index ranging from -1 to +1, where higher positive values
indicate denser and healthier vegetation. The forest change analysis compared forest cover between the baseline year 2000 and
subsequent periods, identifying areas of forest loss (deforestation), forest gain (afforestation or natural regeneration), and stable forest
cover. All spatial analyses and image processing were conducted within the GEE environment, with final map outputs generated using
ArcMap GIS software for visualization and interpretation. The resulting spatial data layers were then systematically evaluated against
the five IUCN RLE criteria (A through E) to determine the risk status of different ecosystem types within the watershed, with particular
emphasis on criteria A (reduction in geographic distribution over time), B (restricted geographic distribution and habitat
fragmentation), and C (environmental degradation indicated by declining vegetation health).

Results and Discussion

The spatial analysis of the three satellite-derived datasets revealed a concerning pattern of ecosystem degradation and elevated risk
across the Gorganrud River Basin. The false-color composite imagery demonstrated significant spatial heterogeneity, with the southern
and central portions of the basin characterized by dense green cover representing the Hyrcanian forests and productive rangelands,
while the northern and eastern highlands exhibited extensive bare ground and sparse vegetation, indicative of degraded and erosion-
prone ecosystems. The NDVI analysis provided quantitative confirmation of this pattern, with maximum values reaching 0.55 in
forested areas indicating healthy, dense vegetation, contrasting sharply with minimum values of -0.27 recorded in barren lands,
agricultural fallow fields, and water bodies. This marked spatial gradient highlights the vulnerability of certain ecosystem types to
degradation, particularly in areas subject to intensive human pressure. Critically, the forest change detection analysis revealed
substantial deforestation over the past two decades, with forest loss significantly outpacing the limited gains from afforestation or
natural regeneration. Deforestation was most pronounced in the marginal and lowland areas adjacent to agricultural lands, driven by
multiple interacting factors including agricultural expansion, illegal timber harvesting, overgrazing, and infrastructure development.
Applying the IUCN RLE criteria to these findings reveals that several criteria are simultaneously met within the watershed, indicating
high risk status for forest and rangeland ecosystems. Criterion A (reduction in geographic distribution) is evidenced by the documented
decline in forest area over the past 20 years. Criterion B (restricted distribution and fragmentation) applies due to the shrinking and
increasing fragmentation of forest patches, which threatens connectivity and population viability. Criterion C (environmental
degradation) is supported by the declining NDVI values, indicating reduced primary productivity and ecosystem function.
Furthermore, Criterion D (disruption of biotic interactions) is implicated through the direct habitat loss threatening sensitive and
endemic species associated with the Hyrcanian forests. Collectively, these findings suggest that many ecosystems within the Gorganrud
Basin are approaching or have already reached the "Vulnerable" to "Endangered" categories within the IUCN RLE classification, with
a high risk of collapse if current degradation trends continue. These results align with global studies documenting accelerated forest
loss in biodiversity-rich regions and underscore the urgent need for targeted restoration and management interventions.
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Conclusion

This comprehensive risk assessment of the Gorganrud River Basin ecosystems, utilizing the [IUCN Red List of Ecosystems framework
integrated with advanced remote sensing analysis through Google Earth Engine, demonstrates that the Hyrcanian forests and associated
rangelands in this region are under severe threat of degradation and potential collapse. The analysis provides compelling evidence of
significant reductions in geographic distribution (Criterion A), increased habitat fragmentation (Criterion B), and ongoing
environmental degradation manifested through declining vegetation health (Criterion C) over the past two decades. To mitigate these
risks and enhance ecosystem resilience, a suite of urgent management and restoration strategies is essential, including: strict
enforcement of land-use regulations to prevent further deforestation and conversion of natural habitats, implementation of sustainable
forest management practices with local community engagement, large-scale forest restoration and reforestation programs using native
Hyrcanian species, sustainable rangeland management to control overgrazing, continuous ecosystem monitoring using NDVI and
other remote sensing indicators, and public education initiatives to foster conservation awareness. The integration of satellite-based
monitoring with the IUCN RLE framework provides a powerful, scientifically defensible tool for identifying priority areas for
conservation investment and guiding evidence-based policy decisions for ecosystem restoration. Without immediate and sustained
intervention, the unique biodiversity and critical ecosystem services provided by these forests—including soil stabilization,
hydrological regulation, carbon sequestration, and livelihood support—will be irreversibly compromised, with profound consequences
for regional environmental sustainability and human well-being.
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