An integrated study of dendrochronology and multi-source remote sensing on the ecological changes of pine forests in the Lori Plateau of Armenia.
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This study presents the first multi‑source assessment of Scots pine (Pinus sylvestris) tree stand massifs in the Lori Plateau (Northern Armenia), integrating dendrochronology, satellite remote sensing, dendrochemistry and topographic analysis to reconstruct ecological dynamics over the past four decades and evaluate climate sensitivity and spatial vulnerability. Tree‑ring cores were collected from Scots pine across an elevational gradient (1435–1929 m a.s.l.) and predominantly from north‑ and northwest‑facing slopes. Ring widths were measured using TSAP‑Win, and cross‑dating was validated with COFECHA to establish robust regional chronologies. Simultaneously, Landsat imagery from 1994, 2000, 2013, and 2023 was used to derive NDVI‑based land cover classes (open land, low vegetation, broad‑leaved forest, coniferous forest), enabling analysis of vegetation dynamics and landscape patterns over 40 years. In QGIS, sampling points were spatially overlaid with NDVI classification maps and digital elevation model (DEM) data (elevation, aspect) to build a "point‑to‑area" integrated dataset.
Landscape analysis revealed that coniferous forest (Class 4) nearly disappeared between 1994 and 2000, recovered significantly from 2000 to 2013, and declined again from 2013 to 2023. Broad‑leaved forest (Class 3) showed an overall increasing trend but exhibited fragmentation in the recent period. Tree‑ring chronologies showed differential climate responses across topographic positions: samples from high elevations (>1900 m, T‑series) displayed growth fluctuations closely synchronized with NDVI‑derived coniferous forest area changes, whereas samples from mid‑low elevations (<1500 m, St‑series) were more influenced by local aspect and hydrological conditions. Spatial overlay of sampling points with NDVI classes and topographic parameters identified the most vulnerable coniferous forest areas on northwest‑facing slopes at 1600–1800 m elevation.
The significant correlation between the tree‑ring chronologies and NDVI time series validates the ecological reliability of satellite‑based observations. (Binda et al., 2021) Future integration of μXRF elemental data will trace interannual variations of calcium, lead, and other elements, further distinguishing the relative contributions of climate fluctuations and human disturbance to forest dynamics. (Sánchez‑Salguero et al., 2019) This multi‑proxy approach provides a robust baseline for paleoclimatic reconstruction and forest management in the Caucasus region, following recent methodological advances in quantitative wood chemistry. (Trojek & Dušková, 2024；Rocha et al., 2020)
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