Forest structure complexity — Opportunities and limitations of
forest inventories and GEDI for European forests
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Background

- Forests are essential components of the global carbon cycle, serving as vital

carbon sinks and regulators of climate.

- The rate of carbon removal by European forests is decreasing

- Forest structure is a crucial component for accurate carbon storage
quantification and ecosystem dynamics.

- Many existing large-scale structural variables, such as canopy cover, tree
height, and AGBD, describe forest structure along one dimension

- Multidimensional structural complexity of a forest is a very important
component, e.g. to assess the impact of disturbances on forests, their state
and their resilience.

- Our aim is to map forest structure complexity for Europe

In this study, we integrate two independent and rich datasets to classify forest
structure complexity across Europe: forest inventory data (Fl) and the Global
Ecosystem Dynamics Investigation data (GEDI).

We hypothesise that we can use a limited number of Fl variables to characterise

basic forest structure classes and use this to train a machine learning model to

predict forest structure from GEDI shots.

Data

Forest inventory data provide invaluable ground information but
forest structure complexity is challenging to measure in plot surveys
the variability of diameter-at-breast height (DBH), tree height and
number of species in a plot give a good indication on the complexity
While Fl data is ‘expensive’ and diverse across surveys, these standard
variables are widely available.

Global Ecosystem Dynamics Investigation (GEDI) data was acquired
between 25.03.2019 and 17.03.2023; individual lidar waveforms were
sampled at a footprint resolution of 25m between ~52° N/S latitude
The product suite contains variables that describe forest structure,
such as relative height 50%, relative height 98% (L2A), cover, FHD,
PAI, number of modes and Pgap theta (L2B).

While GEDI provides novel insights into forest vertical structure, it is
calibrated/validated with ALS data only and not ground data

Fl data is often used for ecosystem diversity studies, GEDI for canopy
structure and height, and both dataset often for biomass estimations
and assessments but their combined used is limited

Data matching and quality filtering

- we matched the Fl plot data and GEDI footprints by
identifying all GEDI shots within a 1 ha circle of the Fl centre
coordinate = dataset with Fl plots and GEDI shots

- we filtered the dataset by (a) applying GEDI quality filters, (b)
selecting Fl plots with > 2 GEDI shots, and (c) excluding plots
on a slope > 15 degrees (DEM, Copernicus GLO30).

Tab. 1: Quality filtering steps and the corresponding absolute number of
Fl plots and GEDI shots that remain after filtering. At the end, 2,275 plots
and 5,403 corresponding GEDI shots were included in this study.

Filter Fl plots GEDI shots
All Fl plots and matched GEDI 28,950 79,412
shots, before filtering

(a) GEDI quality filters 7,726 13,547

(b) > 2 GEDI shots / plot 4,213 10,034

(c) £ 15 degrees 2,275 5,403

Training GEDI with FlI data to identify low/high forest structure complexity

Method

Forest Inventory
- CzechTerra, NFI Italy, NFI Spain, ICP Forest GR
- Per plot: DBH std, Height std, Species count
- Forest structure complexity FSC =
(DBH std + Height std + Species count) / 3
- Low structure complexity FSC:
< 25%; 0-0.06
- High structure complexity FSC:
> 75%; 0.17-0.49

GEDI

- Matching within 1ha circle of plot centre

- L2A and L2B variables: RH50, RH98, Cover, PAI,
FHD, number of modes, Pgap theta

- Per plot: mean of GEDI shots per variable

- Based on gediDB

GEDI shots and
DBH std

Low structural
complexity

' ot

High structural
complexity

variables _ DBH std
Machine Learning Fl plot and Height std Height std
- Train, test: 80, 20 % variables Species count Species count

- target: FSC = low, high
- Predictors: GEDI variables
- Binary classification = low, high

- Support Vector Machine . ,
Fl plot DBH, height and species count).

Fig. 1: Schematic figure indicating the expected difference between low and high structural complexity in the Fl plot data and variable
variability as well as the corresponding GEDI shots per plot. The GEDI variables, as variable means per plot, are the predictor variables
(RH50, RH98, Cover, PAl, FHD, number of modes, Pgap theta) in a SVM classification with the target variable being FSC low/high (based on
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Fig. 2: SVM prediction results for the test dataset, identifying plots
with low and high structural complexity.

Fig. 5: The GEDI variable distribution

complexity classes based on the Fl plots
FSC. The plots indicate a clear
differentiation of the GEDI variables
between low and high complexity.

Conclusion and Outlook

Simple Fl ground metrics can be used to differentiate between
low and high structural complexity

FI and GEDI are truly independent datasets; they ‘see’ different
aspects of a forest but similar trends

This is an attempt to translate the sparse information from Forest
Inventories to satellite-based LiDAR data and combine their
individual strengths: Fl = traditional forestry, rich datasets; GEDI =
advanced forest metrics, widely distributed sampling

There is a limited overlap of Fl plots and corresponding high
quality GEDI shots but it suffices for a binary SVM classification
approach

We will apply the classification model to good quality GEDI shots
across Europe to identify low and high structural complexity
forests in Europe

Forest structure complexity is a crucial component that will help to
assess European forests and their carbon sink potential, their
susceptibility to disturbances and resilience to climate change.

Results
@ Class0.0 o 5 w0
. Class 1.0 FH}) RHOS 57 35 )
/|‘\| . ) for the low and high structural
um modaes
2 e %ﬂ 8 15 g 251
Pgap Theta ! T T =
f o 7 o .
1 37 10
[\ 0 54
o 7 e
(a 0-
_1 - 1.0
0.8 S 084
-7 A S~ 06 )
(D) L 06
8 4=
U 0.4 4 % 0.4 1
_34 (oY)
-4 -2 0 2| 4 6 0.2 Q- 0.2 g
PC1 :
Fig. 3: PCA of predictors with variable contributions. There is both
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