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Conclusions

(1) Significance of probabilistic and spatial

considerations in validation

Employing probability sample-based validation, alongside

consideration of spatial autocorrelation, is crucial for

realistic validation of tree species maps. Our findings

indicate that otherwise the accuracy is substantially

overerstimated (96% overall accuracy while 64% is

realistic).

(2) Importance of accounting for mixed species pixels

Properly modeling real forest conditions requires

accounting for mixed species pixels in tree species

mapping.

Including these mixed pixels as seperate classes

significantly impacts mapping and validation quality.

Mixed species Sentinel-2 pixels - Colored-infrared orthophoto (left) 

and tree species mapping (right). Shows predominantly mixed 

species pixels.

Introduction

Accurate large-scale tree classification of tree species is

crucial for monitoring, managing, and protecting Earth’s

invaluable forest ecosystems.

Methods

We employ Sentinel-2 phenology time-series, terrain and 

vegetation height data, and neural networks to classify 

tree species on a pixel level across Austria’s forests 

(~40 000 km², 47 % mixed stands). Both pure and mixed 

species pixels are modeled to address real forest 

complexity.

The training data consist of polygons labeled via aerial 

photography interpretation, some including synthetic data 

to enhance quality.

To test the effects of spatial autocorrelation, three 

validation methods are compared: random training data 

holdout sets (R-VAL), clustered training data spatial splits 

(CSS-VAL), and an independent probability sample 

provided by the national forest inventory (IPS-VAL).

Results

The discrepancy between R-VAL and CSS-VAL 

underscores the importance of accounting for spatial 

autocorrelation, especially when utilizing polygon-based 

training data. The lower accuracy for the IPS-VAL 

highlights the disparity between polygon-based training 

data and ground reference forest data.
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The overall accuracy (OA) increases significantly when 

confusions in phenological proximity are disregarded (PP-

OA) (e.g., spruce-larch confused with spruce-beech) and 

when only pure classes are considered (P-OA). This

underscores the difficulty of differentiating mixed species 

pixels, especially within phenological proximity.
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