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Data Structure, query & access

National tree species mapping using
the Danish Forest Inventory, Sentinels, and LIiDAR

Monitoring and management of Europe’s forest ecosystems are critically important, especially as these systems face
increasing pressure from climate change and human activity. Effective management depends on accurate, geographically
detailed, and up-to-date information on forest attributes, including tree species composition.
Sample-based forest inventories are the foundation of many national forest monitoring programs, providing reliable
statistical estimates of forest resources. However, by integrating satellite imagery (Sentinel-1 and -2), LiDAR, and the
Danish National Forest Inventory data, this study aims to move beyond plot-level information and generate a high-
resolution, national-scale tree species map. Such maps are essential for sustainable forest management and biodiversity

conservation.
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Binary model accuracy: 97%
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Web-Applications

The Earth Observation API
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Binary model accuracy: 88%

We utilized all available Sentinel-1 and Sentinel-2 data over a 3-year period to extract phenological information related to tree species. These data were combined with
structural attributes from the LiDAR point cloud, such as canopy height. We also refined and integrated the NFI data, which contain tree species labels to finally train a RF
model. Specifically, for each NFI plot, four Sentinel pixels were extracted. To ensure label accuracy, plots were classified as either ‘pure’ or ‘mixed’. A plot was considered
pure if more than 80% of its area lay within a single forest stand, and if the dominant species in that stand covered more than 80% of the area. Plots that did not meet
both criteria were labeled as mixed. The classification model was trained using only pure samples, while evaluation was performed on both pure and mixed plots.

 Time series of 3 years (2020-2022)
* Spectral Bands used:B02, BO3, BO4, BO5, BO6, BO7, BO8, B8A, B11, B12
e 7 additional spectral indices NDVI Comparison Plo
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* Interpolation to a 10-day interval .
with Whittaker smoothing algorithm
e Seasonal statistics
* mean, median, max, std, q95, g5

Sentinel-2

NDVI

5000 A

Phenology

4000

3000 A

T T T T T T T T T T
2020-01 2020-05 2020-09 2021-01 2021-05 2021-09 2022-01 2022-05 2022-09 2023-0
Date

 GRD Backscatter time series (2020-2022)
 Monthly composites of VH, VV, and VH-VV: mean, std, median, q75, q25
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* Digital Terrain Model (DTM) and Digital Surface Model (DSM) data derived
from dataforsyningen.dk
e Estimation of canopy by subtracting DSM from DTM

Canopy Height
Statistics

\
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e Spatial statistics: max, min, g99, q98, 995, 990, median, std

 Plot-based data on forest characteristics NFI Data

* National Coverage

Data cleaning

>

Machine
Learning

Tree species

Training plots

 Used samples collected after 2014
 Dropped plots forest was cleared after the observed year
* 40 unique tree types with at least 10 occurrences

e 12 different tree species groups

Classification Report

* Big amount of remotely sensed data used (~10TB)

3128.00

1684.00

e data pre-processing and indexing
e extracting the plot-level data

e feature engineering

 model training and inference
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patches of trees are not of high quality.
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CHALLENGES

! !
recall fl-score support
Metrics

¢y  Input Data:

Learning models

NEXT
STEPS

Work on methodology for urban areas and
smaller tree patches

@ Experiment more with Machine Learning or Deep

* High computational complexity: weeks of processing time

* 9 final species classes based on the species’ family: ANN, AN, Beech, Birch, Oak, Maple, Pine, Spruce, Abie

Species Group

* Map

Validation

* Poor performance in specific cases — especially in plots with mixed tree species
e Spatial resolution of Sentinel-1 and Sentinel-2 is limiting at 10-20 meters
 Some forest canopies are very mixed and difficult to map discretely (i.e., only using 1 class)

« Methodology developed for forest stands only — tree type classification in urban areas, small and narrow

Validation plots

Tree-type polygons from Danish Nature Agency
Orthophoto textural information
Sentinel-2 super resolution data (5 x 5 meters)

Recurrent Neural Networks / Deep learning

customized tree-counting model for urban areas

high-resolution satellite imagery for tree-type
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