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Sentinel-2 Level 2-A processor (2016

on-demand atmospheric correction & higher level products
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Abstract This technical note presenis the first Seniinel-2 data service platform for obtaining atmospherically-comected
images and generating the corresponding value-added products for any land surface on Earth. Using the European
Space Agency's (ESA) Sen2Cor algorithm, the platform processes ESA's Level-1C top-of-atmosphere reflectance to
atmospherically-corrected [_] Read more.

(This article belongs to the Special Issue First Experiences with European Sentinel-2 Multi-Spectral Imager (MS1))
¥ Figures

Scene classification

B s i) B o)

B ceonea it (I oot pow gk 17}
I s ovem ot 2 | oo imee prot i)
B ciod o 13 [ | oo vt proh ) 19
I vepanten 4y [0 Thin eisman 900
[l ewescics T

] vk 15 Cliud Mast

AN ArNTH Ar0TW 40N

;
;
_s

Graphical abstract

First data processing
infrastructure for Sentinel-2 data




Sentinel-2 Level 2-A processor (2017) (LK

on-demand atmospheric correction & higher level products

Sentinel2 Data Portal Wiki
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DATA ACCESS
Need a single Sentinel-2A image ?

Use our web-interface after a one-step registration proces

https://s2.boku.eodc.eu

Need bulk Sentinel-2A data access ?

R Get our sentinel2 R package on github.com
https://github.com/IVFL-BOKU/sentinel2

Need more flexibility?

Explore our application programming interface (API):

Wiki APl https://s2.boku.eodc.eu/wiki/




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

on-demand atmospheric correction & higher level products

Define region of interest
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For the given period and cloud threshold this corresponds to 251
new granule(s) and consumes 246 out of -267 credit you have.

Qut of 251 granule(s) covered by the region 241 are ready and 10
will be added to the processing queue.

User francesco vuolo@gmail.com v
Region name EODC FORUM
Start date 01/01/2019
End date 05/20/2019
Cloud coverage 10
threshold

albedo 8
Lar -
FAPAR
FCOVER

gap filling @

Cloze Save

Contents lists available at ScienceDirect

International Journal of Applied Earth Observation and

&8 Geoinformation
EISEVIER journal homepage: www.elsevier.com/locate/jag
Smoothing and gap-filling of high resolution multi-spectral time (!)Cmmk

series: Example of Landsat data

Francesco Vuolo*, Wai-Tim Ng, Clement Atzberger

On-demand
smoothing and gap-filling
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Sentinel-2 Level 2-A processor (2016-2018

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 VALUE ADDER

Operational data service platform for Sentinel-2

C‘_’c? ‘We serve in near-real-time, on-demand and with a global coverage (currently up to 1500 granules per day)
G:] We offer professional access to Sentinel-2 surface reflectance and value-added products tailored for agriculture
We perform a precise search for user-defined maximum cloudiness for any region of interest {point or polygon)
You can download a single image or perform a bulk data access

DATA ACCESS
Need a single Sentinel-2a image ?

Use our web-interface after a one-step registration process (only e-mall &
password required)

https://s2.boku.eodc.eu

Need bulk Sentinel-2A data access 7

@ Get our sentinel2 R package cn github.com
https://github.com/IVFL-BOKU/sentinel2

Need more flexibility?

Explare our application programming interface (API):

PRODUCTS Wiki API https://s2.boku.eodc.eu/wiki/
Surface Reflectance (SR) and cloud masks
Leaf Area Index (LAI)

Coverage

Fraction of Vegetation Cover (fCover)
Fraction of Absorbed Photosynthetically Active Radiation (FAPAR)
Broadband hemisphietical-directional reflectance factors.{HORF]
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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
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Challenge 1: data granularity

spatially and temporally fragmented EO data

S

All observations,
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Challenge 1: data

spatially and temporally fragmented-EG-da

Re-project to
Equi7Grid
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Challenge 1: data granularity
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spatially and temporally fragmented EO data
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Sentinel-2 Level 2-A processor (2019)

on-demand atmospheric correction & higher level products

Data Cloud Temporal
acquisition & detect. composite DA;?‘E(L)JBE Application
atmOSphe riC & (7' 10’ 30_ rOd ucts Microserdv;(;:zubkl:;lt on the
correction masking day) P

: : Every 10
Continuous processing days
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Cloud cover max 50%
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starting 01-01-2018 - ending 31-12-2018
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Multi-temporal Sentinel-2 data, how it helps in monitoring:

Crop types & rotations Potential productivity of crops Forest types and changes

(‘;/ L-ebeusre%iou
’ Biospharenpark
Wienerwald

REGIONMARCHFELD



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

REGIONMARCHFELD

WIR IM MARCHFELD

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

| KU
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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)
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Comparison 2016 vs 2017: https://arcg.is/XOmDq
Comparison 2017 vs 2018: https://arcg.is/ObSeyX



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

Error matrix (RF OOB)
2016 & 2017
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International Journal of Applied Earth Observation and

Geoinformation
Volume 72, October 2018, Pages 122-130

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

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

Francesco Vuolo & & Martin Neuwirth, Markus Immitzer, Clement Atzberger, Wai-Tim Ng
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2017 BOKU vs Invekos (Integriertes
Verwaltung- und Kontrollsystem)
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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:

Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18 Oct-18 Nov-18

Error matrix

(based on RF OOB)
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Example study: crop vield potential
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Calculation:
Integrates crop
development over
multiple years and local
climate

Yield potential
map

;‘ #l
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r &
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N application
zones

‘Winterraps

N Obergrenze CC/OPUL

N Empdehlung SCDT:

P205 Emplehlung SCDT (Bl
K205 Empfehiung SCDT (B
N bereits gedungt

P05 bererts gedingt:

K20 beseits gedingt:

K noch zu diangen
N Empfehlung gelbe Zane (1,87 ha)

N Empiablung hefbiave Zone 175 b2l 155,00 ka/hal

N

3/ hal

Kontrolle @ N Emglehlung 138,74 kg/
1




Example study: Wienerwald Biosphere Reserve

* 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

© BPWW/LLammerhuber

* 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

9/30/2019

© BPWW/H. Brefiher=<




Results tree species

* Land cover classification combined with
best tree groups models

* Forest changes masked out

=N

N

- Prunus sp. - Pinus nigra
- Carpinus betulus -
Fraxinus excelsior |:] Acer sp. - Larix decidua

- Picea abies - Pseudotsuga menziesii

Forest management 2015/2016

Fagus sylvatica

Alnus sp. Pinus sylvatica

Quercus sp.

] ]

Forest management 2016/2017

9/30/2019
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Results - tree species

= Besttree group models aggregated

Reference
FS AG FE QU PR CP AC PA PN PS LD PM UA
Fagus sylvatica 211 4 7 7 4 12 8 83.4%
Alnus glutinosa 0 44 0 1 0 0 97.8%
Fraxinus excelsior 0 0 44 3 0 7 81.5%
Quercus sp. 0 1 5 117 1 2 90.0%
S Prunus sp. 0 0 0 0 18 0 0 100.0%
§ Carpinus betulus 4 2 3 1 1 48 0 81.4%
’% Acer sp. 0 1 1 1 1 1 16 76.2%
O Picea Abies 132 0 3 1 T 96.4%
Pinus nigra 1 101 1 1 2 95.3%
Pinus sylvestris 1 4 75 0 0 93.8%
Larix decidua 1 1 0 46 T 93.9%
Pseudotsuga menziesii 0 1 0 1 92  96.3%
> reference data 215 32 60 130 25 65 33 135 107 79 49 56 1006
PA 98.1% 84.6% 73.3% 90.0% 72.0% 73.8% 48.5% 97.8% 94.4% 94.9% 93.9% 92.9%

OA 89.9% Kappa 0.885



Change detection — Forest management activities
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... CONCLUSIONS ...

Huge potential of Sentinel-2 for agriculture/ forestry/ natural resource management ...
we have nowadays the necessary resolution, data policy, information content,
timeliness, revisit frequency which is needed

We can handle (EODC) huge data volumes & pre-processing tasks... using cloud
solution (plus supercomputing) ... at fair price ...

Information matters — not data ... transformation of added-value data in usuable
information is key challenge — this requires expertise in data mining, pattern
recognition, image classification ... business requirements
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