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Introduction and Motivation

The Project is funded by the FFG Austrian Space Applications 

Programm ASAP 18 “Anwendung von Sentinel-Daten für die 

Ausweisung von Biotoptypen und grüner infrastruktur, SEMONA 

Reloaded” (grant agreement number FO999892649)

Airborne Laser Scanning (ALS) data is increasingly

available on a countrywide scale. While it is mostly

commissioned for the generation of high-resolution

terrain and surface models, the 3D nature of the

data is often underutilized. The ability to penetrate

vegetation opens up the possibility of detailed

description of vertical forest structure and

complexity.

Despite the advantage of very high spatial

resolution, enabling detailed vegetation description

down to the level of individual trees, ALS data has—

unlike the spectrally and/or temporally rich Sentinel-

1 and Sentinel-2 products—disadvantages in terms

of spectral and temporal resolution. It is evident that

these datasets benefit from being combined, as

they complement each other through their

respective strengths.
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Figure 1: Schematic Representation of ALS data acquistion Figure 2: Combining data of different sensors (active and passive) acquired from different 

platforms (spaceborne and airborne)

Application Study

Satellite-based data in raster format: 

Sentinel 1 and Sentinel 2 products (10 m)
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Airborne Laserscanning point cloud:

135 points /m² mean point density

Satellite-based data in raster 

format (10 m)

High-resolution vegetation 

structure and topography 

raster features (1 m).

Statistical aggregation of 

high-resolution raster 

data to Sentinel data grid 

(tendency and 

dispersion), or direct 

derivation of products on 

the Sentinel data grid.
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Data and Methods

Application Study - Classification of Natura 2000 Areas

In this study, we investigated the benefit of combining

airborne (laser scanning, image-based (IM) point clouds) and

satellite-based (Sentinel 1 and 2) data for habitat

classification. We used a two level random forest 10-fold

leave-location-out cross-validation workflow to model Natura

2000 forest and grassland habitat types on a 10 m pixel

scale in the Vienna Woods Biosphere Reserve, Vienna,

Austria. We showed that models using combined airborne

and satellite-based remote sensing data perform significantly

better for forests than airborne or satellite-based data alone.

For frequently occurring classes, we reached class accuracies

with F1-scores from 0.60 to 0.87. We identified clear

difficulties of correctly assigning rare classes with model-

based classification and demonstrated the potential of the

workflow to identify errors in reference data and point to the

opportunities for integration in habitat mapping and

monitoring. [1]

Feat. 

set
Subgroups Features

Aggregation and 

resampling
∑

ALS

Distance to water Horizontal and vertical distance to water [m] Mean from 1 m pixels

62

Topographic 

features

Sine of aspect, cosine of aspect, slope [deg], topographic 

positioning index (TPI), topographic wetness index (TWI)

Mean, median, standard 

deviation from 1 m pixels

Vegetation structure

Normalized digital surface model (nDSM) [m], height quantile 

90 % [m], gap fraction, fractional cover (FC), understory height 

[m], leaf area index (LAI), vertical complexity index (VCI), 

maximum number of echoes per beam

Visibility (DSM)
Duration of insolation [h], diffuse, direct and total radiation 

[kWh/m²]

Full-waveform 

analysis

Amplitude ratio surface/ground, pulse width surface [nm], pulse 

width terrain [nm]

IM

Vegetation structure nDSM [m]

Mean, median, standard 

deviation from 1 m pixels
30Visibility (DSM)

Duration of insolation [h], diffuse, direct and total radiation 

[kWh/m²]

Spectral data
Blue, green, red, infrared, normalized difference vegetation 

index (NDVI)

S1

Vertically polarized sent – vertically polarized received (VV) and 

vertically polarized sent – horizontally polarized received (VH) 

backscatter, cross ratio VH/VV, coherence

FM, JJA, ON, changes 

from FM to JJA and from 

JJA to ON, per orbit 44

Slope VV and VH, correlation VV and VH Yearly, orbits combined

S2

Spectral bands B02, B03, B04, B05, B06, B07, B08, B8A, B09, B11, B12 02.07.2018 (t1), 

09.08.2018 (t2), 

28.09.2018 (t3), 

changes from t1 to t2, 

changes from t2 to t3

170
Vegetation indices

BAI, GCI, GEMI, GI, gNDVI, LCCI, NDRESSWIR, NDVI, NDVI2, 

reNDVI, REPA, RETVI, SAVI, SRBRE1, SRBRE2, SRBRE3, 

SRNIRB, SRNIRG, SRNIRR, SRNIRRE1, SRNIRRE2, SRNIRRE3, 

WBI – see 1 for further details.

Total number of features 306

Table 1: Features from different data sets
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Figure 3: Results of the habitat type classification. Sub-figure A shows the reference 

data, B the predicted habitat types. Sub-figure C indicates the differences

of reference data and prediction.
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[1]

Exemplary data snippet from 

the Wienerwald Biosphere 

Reserve, Vienna, Austria.
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