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 Sentinel-2  
• 10 spectral bands (+3) 

• 10-20 m spatial resolution

• wide swath width  (290 km) 

• high revisit time (~5 days)

PCs: 1-2-3: 30/08/2015 PCs: 5-6-7: 30/08/2015



Sentinel-2 Level 2-A processor (2016) 
on-demand atmospheric correction & higher level products

First data processing 
infrastructure for Sentinel-2 data



Sentinel-2 Level 2-A processor (2017) 
on-demand atmospheric correction & higher level products



Sentinel-2 Level 2-A processor (2018)
on-demand atmospheric correction & higher level products

On-demand
smoothing and gap-filling



Sentinel-2 Level 2-A processor (2018)
on-demand atmospheric correction & higher level products



Near real time access
Essential Climate Terrestrial Variables 

Richest metadata catalogue
Global coverage

1500+ per day
Regular processing of EU

pre-DIAS example

Sentinel-2 Level 2-A processor (2016-2018)



Challenge 1: data granularity
spatially and temporally fragmented EO data

A datacube is 
needed to facilitate 
the exploitation of 
multi-temporal 
and multi-satellite 
datasets



Challenge 1: data granularity
spatially and temporally fragmented EO data

January 1January 2January 3January 4January 5

All observations, 
only 1 of the 2 S-2 
missing



January 1January 4 January 1

Re-project to
Equi7Grid

Challenge 1: data granularity
spatially and temporally fragmented EO data



Challenge 1: data granularity
spatially and temporally fragmented EO data

Equi7Grid
European 
Coverage

Compatible 
with other 
available 
data cubes 
(S-1)



Challenge 2: Cloud masking & temporal 
composite
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Cloud 
detect. 
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(7,10, 30-

day)
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of EO 

products

Application
Microservices built on the 

datacube

Continuous processing Every 10 
days

Sentinel-2 Level 2-A processor (2019)
on-demand atmospheric correction & higher level products



1 km

0.5 km

100 km

Sentinel-2 granule “32UND”
Time series
- starting 01-01-2018  
- ending 31-12-2018
Cloud cover max  50% 

Smoothed and gap-filled NDVI time series – regularly spaced “Every Sunday”



Original Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018 Cloud cover max  50% 

Original data Gap-filled data

Gap-filled Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018

0.5 km

0.5 km

No data



Original Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018 Cloud cover max  50% 

Gap-filled Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018

No data

0.5 km

 



Original Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018 Cloud cover max  50% 

Gap-filled Sentinel-2 NDVI data, Granule “32UND” 
starting 01-01-2018 - ending 31-12-2018



Multi-temporal Sentinel-2 data, how it helps in monitoring:

Crop types & rotations Forest types and changesPotential productivity of crops



Example study: crop type classification

Altitude / Topography: Flat topography 
with an altitude of ~ 160-180m above 
sea level

Climate type: Continental
Average annual rainfall: ~550 mm

Average annual ET: ~640 mm

Main crops include durum wheat, grain maize, soybean, 
sunflower and various vegetables



How much does multi-temporal Sentinel-2 data 
improve crop type classification?

PCs of the spectral-temporal data stack







2016 2017 2018



Single crop production systems (over the period 
2016-2018) are marked in black in 2018



Crop rotations: Single- vs multi-crop rotation

14 % of total crop 
land was under a 
single crop 
production system 
in the years 2016-
2018 (in black)

Comparison 2016 vs 2017: https://arcg.is/XOmDq
Comparison 2017 vs 2018: https://arcg.is/0bSeyX

https://arcg.is/XOmDq
https://arcg.is/0bSeyX


Error matrix (RF OOB) 
2016 & 2017

https://doi.org/10.1016/j.jag.2018.06.007

https://doi.org/10.1016/j.jag.2018.06.007


BOKU vs Invekos (Integriertes 
Verwaltung- und Kontrollsystem) 

n = 5219
2016
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Maize 559 12 0 2 0 6 0 1 0.964
Onion & Carrot 82 384 16 3 1 0 0 20 0.759

Potato 2 15 218 2 0 15 5 1 0.845
Pumpkin 1 8 9 126 0 0 6 1 0.834
Soybean 5 9 3 1 230 3 0 1 0.913

Sugar beet 10 2 8 1 0 599 0 2 0.963
Sunflower 0 2 6 0 0 0 126 2 0.926

Winter cereal 10 10 1 1 1 1 0 2690 0.991

Producer's accuracy 0.836 0.869 0.835 0.926 0.991 0.960 0.920 0.990 0.945



BOKU vs Invekos (Integriertes 
Verwaltung- und Kontrollsystem) 

n = 5085
2017
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Maize 545 21 3 0 49 0 16 8 0.849
Onion & Carrot 45 372 6 7 26 9 13 38 0.721

Potato 2 7 256 2 9 10 8 7 0.850
Pumpkin 0 12 0 70 4 0 4 0 0.778
Soybean 36 10 1 1 205 0 0 2 0.804

Sugar beet 3 15 2 4 6 543 10 10 0.916
Sunflower 1 9 14 0 2 10 138 12 0.742

Winter cereal 1 7 0 0 1 1 0 2492 0.996

Producer's accuracy 0.861 0.821 0.908 0.833 0.679 0.948 0.730 0.970 0.909



• OA = 0.94
added 4 more classes 
(orange) 2018

A
lf

al
fa

A
sp

ar
ag

us

C
ar

ro
t

M
ai

s

O
ni

on

Pe
a

Po
ta

to

Pu
m

pk
in

Su
ga

rb
ee

t

Su
nf

lo
w

er

So
yb

ea
n

V
eg

et
ab

le

W
in

te
r c

er
ea

l

U
se

r's
 a

cc
ur

ac
y

Alfalfa 15 0 0 0 0 0 0 0 0 0 0 0 0 1
Asparagus 0 2 0 1 0 0 0 0 0 0 0 0 0 0.667

Carrot 0 0 5 0 1 0 0 0 0 0 3 0 0 0.556
Mais 0 0 0 166 0 3 0 0 1 0 4 0 3 0.938

Onion 0 0 0 0 80 0 0 0 0 0 1 0 0 0.988
Pea 0 0 0 0 1 38 0 0 3 3 0 0 0 0.844

Potato 0 0 0 0 0 0 76 0 0 3 6 0 5 0.844
Pumpkin 0 0 0 0 1 0 0 35 0 0 3 0 0 0.897

Sugarbeet 0 0 0 0 1 0 1 0 94 0 0 0 0 0.979
Sunflower 0 0 0 2 0 0 0 0 0 142 3 0 0 0.966

Soybean 0 0 0 3 0 0 1 0 0 8 208 0 2 0.937
Vegetable 0 0 0 1 1 1 0 0 1 0 1 16 0 0.762

Winter cereal 0 0 0 1 0 0 0 0 0 0 0 0 203 0.995

Producer's accuracy 1 1 1 0.95 0.94 0.9 0.97 1 0.95 0.91 0.9083 1 0.95 0.940

Classification algorithm: Random Forest

Features: S2A&B L2A data in visible, Red-

Edge, NIR and SWIR

Error matrix: out of bag error (OOB)

Temporal distribution of S2 acquisitions:

Error matrix 
(based on RF OOB) 

n = 1149



Example study: crop yield potential



Yield potential vs Actual Yield (yield monitor)

Parcel 1

Parcel 2



Calculation: 
Integrates crop 

development over 
multiple years and local 

climate

Yield potential 
map

Low

High

N application 
zones



• Established: 2005

• Located between the Northern Alps and the 
Pannonic Basin next to Vienna (Austria)

• 105.645 ha, lower Austria + Vienna

• > 60% of the area are forest - largest contiguous deciduous 
beech forest in Central Europe

• Important biodiversity hot spot throughout Europe

• Wooded hills alternates with meadows, 
pastures, vineyards and dry grasslands

• Aim: Ecological, sustainable economic and social 
development of the region
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Example study: Wienerwald Biosphere Reserve



Results tree species

• Land cover classification combined with 
best tree groups models 

• Forest changes masked out
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Change detection – Forest management activities

52

August 2015 August 2016 August 2017

Difference 
Actual year –
previous year

Change 2015-2016 Change 2016-2017
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… CONCLUSIONS …
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Thank you for your attention

Francesco Vuolo & Clement Atzberger 
& team contribution

francesco.vuolo@boku.ac.at

University of Natural Resources and Life Sciences, Vienna (BOKU) 
Department of Landscape, Spatial and Infrastructure Sciences  
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