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Introduction

o Fine-grained soil particles (clay < 2 µm and silt < 60 µm)

o The importance of fine-grained soil particle sizes in precision harvesting (soil-bearing capacity)

o Challenges of mapping soil particles in forest (soil properties and sampling)

o Geospatial Artificial Intelligence (GeoAI) for digital soil mapping

Objectives

o To identify the top covariates for mapping fine-grained soil particle sizes

o To develop a deep learning-based approach that utilizes high-density LiDAR data and Sentinel derivatives 

to estimate the values of fine-grained soils in boreal forests, Finland



Local Prediction of Soil Particle Size
LS 230 Laser Diffraction

Sites: 47
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Grain Size AnalysisStudy Stands

< 2.0 µm 2.0 – 6.0 6.0 – 20 20 – 60 



Forest Segments (Zones)

Open Source Data
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▪ Training data: patches 64 ×64

▪ Training models: Pretrained models

▪ Evaluate model
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Soil Covariates
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➢ Time series 2017- 2023 
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➢ Mask green vegetation 

(NDVI: - 0.15 – 0.20)
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GeoAI-based Models for Prediction of Soil 
Particle Sizes
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The Importance of  Covariates

53.1 % 55.7 % 57.8 % 51.2 %
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Validation Data (R2)

1: 0.865
2: 0.883
3: 0.870
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Partial Dependency of Covariates (< 2 µm)



Partial Dependency of Covariates (< 2 µm)



Performance of FCNN
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Prediction Maps (FCNN)

ME: 0.087
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Summary
o Local predictions of soil particle sizes have enhanced the potential for augmenting soil training data for 

mapping via machine learning and deep learning techniques

o LiDAR data significantly improved the extraction of various soil covariates related to geomorphometry, 

hydrology, and tree attributes

o Organisms-derived variables demonstrated substantial importance in mapping all fine-grained particle sizes 

of soil, particularly those in the 20 – 60 µm range

o The digital elevation model, after removing depressions (Breach Depression) and incorporating downslope 

covariates, is crucial for predicting all fine-grained particle sizes of soil

o The Random Forest model exhibited high performance in selecting top covariates for soil mapping

o The FCNN performed well in mapping fine-grained soils; however, its performance slightly declined with an 

increase in particle size

o Our trained models have high potential for precision harvesting, particularly in predicting soil bearing capacity
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