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Article Info ABSTRACT
Article type: Ecological security—defined as maintaining the health, stability, and integrity of
Research Article ecosystems—plays a critical role in achieving sustainable development. In the
Caspian Plain, one of Iran’s key biodiversity hotspots, climate change and
Article history: intensified human activities have increasingly threatened ecological stability. This
Received: 24 Jul 2025 study examined changes in ecological security across the Sari-Qaem Shahr—
Received in revised form: Babol-Amol urban corridor from 2001 to 2023. To assess these changes, several
13 Oct 2025 environmental indicators were derived from Landsat imagery, including

Accepted: 24 Oct 2025 impervious surface area (ISA), biotope area ratio (BAR), city density index
Available online: 21 Mar (CDI), urban expansion intensity (UEI), proportion of vegetation (PV),
2026 normalized difference moisture index (NDMI), urban thermal field variance
index (UTFVI), modified soil-adjusted vegetation index (MSAVI), normalized
difference bare soil index (NDBSI), and road density. Principal component

Keywords:
Ecgl:)vgical security analysis (PCA) was then applied to calculate the eigenvalue contribution of each
Caspian plain ’ parameter and formulate the ecological security index for the study area. The

results indicate that 72.7% of the region exhibited high ecological security, 15.9%
moderate security, and 11.4% low security. Over the study period, 4% of areas
with high ecological security declined, while areas with medium and low
ecological security increased by 2.1% and 1.9%, respectively. Vegetation loss and
rising urban density were identified as the primary drivers of reduced ecological
security. These findings highlight the urgent need for comprehensive land-use
planning and environmental management in the region. Priority should be given
to protecting and enhancing areas with high ecological security—particularly
natural vegetation cover—while regulating the expansion of built-up areas to
prevent further ecological degradation.
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