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Introduction: The recently launched Sentinel-2 satellite’s MSI (Multi-Spectral Instrument) sensor 
contains three new vegetation red edge (RE) bands that are not available in Landsat or aerial images. 
Thus, Sentinel-2 images have potential to improve the estimation of boreal forest tree species 
composition. The objective of this study was to investigate the benefit of three different optical data 
sources (Sentinel-2, Landsat 8 and aerial images) to support airborne laser scanning (ALS) data in 
species-specific forest inventory. 

Materials and methods: Our data covered 633 sample plots in eastern Finland. We used nearest 
neighbor imputation for simultaneous prediction of Scots pine, Norway spruce and broadleaved species’ 
volume by species group. The variable selection was performed by means of simulated annealing of 
different data combinations. 

Results: All optical data sources improved the species-specific plot volume predictions compared to 
using just ALS. The improvement was always greatest for broadleaved species group. The species-
specific root mean square errors were 64.3%, 61.5%, 58.1% and 57.9% for ALS, ALS+Landsat 8, 
ALS+Sentinel-2 and ALS+aerial image data combinations, respectively, and 54.2% for ALS with the 
channels of both aerial images and Sentinel-2.  

Conclusion: Optical data fused with ALS clearly improve the overall performance of species-specific 
forest volume prediction. Sentinel-2 outperformed Landsat 8 and was almost as good an option as aerial 
images. Compared to using just ALS and aerial images, adding the Sentinel’s second red edge and 
narrow near-infrared bands improved the separation of pine and spruce. The results suggest that all 
optical data, from airborne or spaceborne sources, are useful when combined with ALS data in species-
specific forest inventory. 
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