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This study introduces a novel approach to enhance Ukraine’s 
National Forest Inventory (NFI) by integrating global canopy height 
models (CHMs) with multi-source remote sensing data. We evaluated six 
state-of-the-art global CHMs – developed by Potapov et al. (2021) [6], 
Lang et al. (2023) [1], Liu et al. (2023) [2], Pauls et al. (2024, 2025) [4, 5], 
and Tolan et al. (2024) [7] – against 2,634 in-situ canopy height 
measurements from the Ukrainian NFI [3]. The CHM by [5] demonstrated 
the highest accuracy, with an R² of 0.68 and a root mean square error 
(RMSE) of 4.65 m, significantly outperforming earlier models like 
Potapov et al. (2021) (R² = 0.28, RMSE = 7.58 m).  

Leveraging these results, we integrated Pauls et al. [5] CHM into a 
machine learning framework combining harmonized optical and radar data 
from Sentinel-1, Sentinel-2, and ALOS PALSAR. We tested 21 algorithms 
to address two hypotheses:  

1) does CHM-derived canopy height significantly improve forest 
attribute retrieval accuracy?  

2) can regionally trained models (in Ivano-Frankivsk and Sumy 
oblasts) perform comparably to globally trained models? 

Feature importance analysis revealed that CHM-derived canopy 
height was the most influential predictor, followed by Sentinel-2 
shortwave infrared (SWIR) bands, vegetation indices, and backscatter 
coefficients from ALOS PALSAR and Sentinel-1. Sentinel-2 visible and 
red-edge bands contributed least to model performance. Among the 
algorithms, Ridge Regression performed best, though linear and tree-based 
ensemble methods achieved comparable accuracy.  
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Using globally trained models based on nationwide NFI data, we 
retrieved four key forest parameters with reasonable accuracy: stand age 
(R² = 0.49, RMSE = 17.86 years), diameter at breast height (DBH; 
R² = 0.44, RMSE = 8.54 cm), growing stock volume (GSV; R² = 0.64, 
RMSE = 107.67 t·ha-1), and basal area (BA; R² = 0.52,  
RMSE = 9.16 m²·ha-1). These results reflect an average relative RMSE 
of ~11 %, a substantial improvement over our prior study, which 
reported ~30 % relative errors [3]. Regionally trained models showed a 
modest performance decline, with average relative errors of ~15 %.  

This study demonstrates that integrating high-resolution global 
CHMs with harmonized satellite data and machine learning provides a 
scalable, effective solution for strengthening forest monitoring in data-
scarce or conflict-affected regions. Therefore, to improve the quality of 
mapped forest attributes using NFI data, there is a need for regularly 
updated wall-to-wall CHMs in Ukraine. 
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