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« Generating composites of scientifically
sound Sentinel-2 L2A surface reflectance
data on global scale

« Analysis-ready data for direct and
convenient usage

« Use cases include but are not limited to
REDD+" activities, i.e. monitoring land use
and deforestation

- Expert support
- State-of-the art service provision

'Reducing Emissions from Deforestation and Forest Degradation and the role of conservation,
sustainable management of forests and enhancement of forest carbon stocks in developing countries,
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User-tailored mosaics and
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“Two Compositing

 Short-term composite < 5 valid observations: Decision-tree approach evaluating scene

classification, similar to Landsat WELD

- MEDOID > 4 observations: Multidimensional median on entire spectrum

nout
s

- Rigid pre-processing to eliminate invalid

MEDOID

observations

[
f

7 —

 Generating mosaics pixel 52 | Pre-
Archive processing

by pixel from original

observations, no spectrum averaging or

other image blending applied

« Spatial resampling of bands to non-native resolutions if needed
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Ordering, S2GM progiic

« On-request generation of
tailored mosaics leveraging
on cloud resources and free
availability of S-2 L2A

« Mosaic Hub as interactive L | | _
user interface | = | o Q
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Website and desktop
application with convenient
download manager
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< Mosaic Hub

"Tailoring & Req

¥ Compositing Period 8-2018

Dialogue-based Mosaic specification 2 .o =
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« User area lists all
requests

 Download manager
ensures convenient and
robust distribution

Mosalc Downloader User Marnaal About S2GM

Mosaic downloader

Waiting for downloads

¥ ISPRA_DEMO

171 tles generated

Opan mosake in e sxpdoawr

B  Mosaic ordered on 25 Ssplember 2018 14:44

Somemung wrong?

B Mosaos downioad dueciory. GIEOData related S20M s2gm hub

1O

< ToMosaic Hub

= Orders

Name
SLOVENA_DEMO

SPRA_DEMO
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Coordinate System
25 Seplember 2018 1453

25 Seplember 2018 14 44

Q
Mosaic Start Date Compositing Period Status More
01 Aprt 2017 Cusner Processing = x
01 August 2018 Moean Processing . =X

www.s2gm.eu | ESRIN | 15/11/2018 | Slide 8

am Ed =5 . L European Space Agency



-’.,- 11 4 j} / f;.-:'//’....._ _,_\, -
“SNAP plugini o 2777 S

' ; 1r ~-‘\ ,‘,’_ . ’_ |
. I PP\ e
i : ¥ AN

a% R Y - Aol ®RklLYT G

Prodect Eaplorer X - Euss x W ()R x

SNAP

Navigation - [1]. . Colour Manipe . Uscertsnty Vi Workd View ¥

c
Ig
)
5 £
Q0
a5
8o
<o

Sentinel

XMWY 8% LT ATMISE" N Lom 4T e 2oom Lo Lewed O L B

ESA UNCLASSIFIED - For Official Use www.s2gm.eu | ESRIN | 15/11/2018 | Slide 9

— ] b c= B - ] W= : e - | European Space Agency



Three file formats: jp2,
GeoTIFF, NetCDF

INSPIRE-compliant

Accompanied by extensive
metadata (xml, json,
NetCDF Metadata)

Atmospherically corrected,
quality controlled, fixed
grid, fixed periods
Example:

Exploit stack of S2GM
products with Python’s
xarray
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: jupyter S2GM_read_NetCDF Last Chackpoint: letzten Donnerstag um 11:02 Uhr (unsaved changes)

Fdo insert Ce

-

8 + ¥ G 8B 44 ¥ MHRin B C W Coce

| import xarray as xr

Hedp

1 [2]: data = xr.open mfdataset (glob.glod("C:/Usera/qunnar/src/data/S2IGM/nc/2018 LaCrau/sS2 M %)
In [4]: data
1]t <xarray.Dataset>
Dimensions: (bnds: 2, time: 28, x: 1327, y: 1112)

Coordinates:

time bnds (time, bnds) datetime
Attributes:

id:

title:

summarys:

project:

insctitucion:

references:

contact:

Conventiona:

reywords:

if il = == EH 11

lat (y, x) float32 43.7429 43.7428 43.7428 43.7428 43.7428 ...
lon (y, x) float32 4.58284 4.58308 4.58333 4.58358 4.58383 ...
* time (time) datetimeéd([ns] 2018-01-06T00:59:03.750000128

Dimensions without coordinates: bnds, %, ¥y

Data variables:
BO3 (time, y, x) float32 dask.array<shape=(28, 1112, 1327), chunksize~(l, 1112, 1327)>
BO2 (time, y, x) float32 dask.array<shape~(28, 1112, 1327), chunksize~(1, 1112, 1327)>
BO4 (time, y, x) float3i2 dask.array<shape=(28, 1112, 1327), chunksize=(l, 1112, 1327)>
BOS (time, ¥y, X) float32 dask.array<shape=(28, 1112, 1327), chunksize«(1, 1112, 1327)>

64[ns] dask.array<shape=(28, 2), chunksize~(l, 2)>
S2GM _T20 20180101 _20180111 S2GM valreg 20...
Copernicua Sentinel~-2 Mosaic

Global Mosaic genera...

2 Global Mosaic

Copenicus Sentinel-2 global MNosaic

This is a Sentinel-2
ydicua Sentinel

Cope

service

cF~1.6

LAND SURFACE, SURFACE RADIATIVE PROFERTIE...

www.s2gm.eu | ESRIN | 15/11/2018 | Slide 10

European Space Agency

El 5 w1



(\

\

W\
=

\

—
- —
y

trve » JO18.06.06702 00 56 e = 10180616707 00 56 tve « JOI806. 24707 OO 54 tve « JO180T.06T07 00 34

trre « J01821 D6TE0 SH0N  twme = JOLS0L16TCOSHO) . tive « J0IBO106T00 5000 tyme « JO18.02 25700 5500 —
~ s d. STV~
BN 3 s
» O ‘:—Uf\)}"‘.
- J% 4
o éi a5
= L .
§!.nm. ép‘“” .
= .o 4 1 Wy
{%4.\!35 3{‘“‘5.‘-., )
§.~oo>: §amm | k %
45515 4
855 ¢ 0 h%
v e s
Q4 ‘ v e N e v
- OT.16702 00 55
time = 20184206700 53 03 tave = J018.0206T00 5903 Ll
pp——— T T ) B
43238 4 : ,‘p,’"’.;, > e
700 43 ‘ T | o et <
) i e ; ¥ ot
2“{nu-..". ' 5 .‘:{'u“" J
s " ¢ RS
$aem ! g é‘&uw x "
on” il o 1%
sraonass ‘k n 11
2 158 ;_*_uo» ‘ b
§Eom| 2 '6_:
878§ s
QasIs | ;;,
A 259 059 | v
- Xarray trve = J0180L16TEOSH03 time = MIA0OLIETCO 5902
" 4ns dory e 07 Tei
Q700 417 . y o TSV R
"__ N 3
g-inu'.-: §
: - 3080 8 g
X iiuux ¥ 3
AN g y & '
S Qe = e %
= » R &y
G578 4 ,& | i‘
LIETE R h | B ot G ) . oesiuic O ) B oo QY i —y
D - - - -~ & it 47 a8 19 4 Y] i Y 47 a8 49 as &7 4 49
. trve = JOISO4 26702 00 %6 A gale ((awdtale Srptuge (Odrdeste - (i rate Mytpliage (OrGrate
— ————y ! grees_emt) Megrees ean) MHotes_eant| Megrees_ e
A% L. ] Tary=
jupyter o ARG
~ > 5 b
ZQ‘“'-" B
§ ¥ asw | RRIRE
staas - ]
‘ i{uw:._-
wsrs | N
SR AL
aswiW.

v .l v

ESA UNCLASSIFIED - For Official Use www.s2gm.eu | ESRIN | 15/11/2018 | Slide 11

2 [ || European Space Agency

— 0l he c= ™ - I W = _ 0] - = &=




In [37]: NDVI.std(dim="time").plot.pcolormesh(x="lon", y="lat", figsize=(11,7), vmax=0.235)
025
43725
43700
020
43675
-4
g E 015
ggasso
v g
S5
gguezs
k] 010
43 600
431575 -0.05
43 550
v v - ' v - 000
460 465 470 475 480 485 490
longitude coordinate
[degrees east]
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NDVI.mean (dim=["x"','y"']) .plot()

[<matplotlib.lines.Line2D at 0x1425280b518>)

0600 1

0575 1

0550 1

0525 1

0.500 1

0475 1

0450 1

0425 Y T T T Y

‘p\,,.a\.p\,,.o”‘tp\w@‘p\ﬁ.0".&\80

o o o
87 oY

:
PO oL

) o
il

ome

www.s2gm.eu | ESRIN | 15/11/2018 | Slide 12

European Space Agency

El 5 w1



B o
3

e

“Time-series tool

< Time Series

- Generation of time-series at arbitrary locations
« Single pixels or 3x3
« Direct inspection of data in the Mosaic Hub

e
« Download as csv for further analysis
B Tweseries ata : B Timwsarios dats Lasitade Longituds
| ® Seloct pherl coster
|
T =
WrrTe tha et e | Source the Mdavtter St Doce [nd Dute
B Dewrty bencn Vo Queinny dencs
= : S
-
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S2GM website #7877 254 (opernicus @
Central entry point to all

Se A | Ce CO M pO N e N tS . T};'e Se.ntinel-z Global Mosaic service

The Sersinet 2 Global Mosak (S2GM) service i a companent of the Copemicus Land Monitorin g Service providing ¢ Yosutes from time senes

-
[ ] Mosalc HUb of Senunel-2 surface reflectance cbservations. S2GM comprises best representaciee plaels in three spatial resolutions and from different

COMPOSIting periods ranging from one day to one year on a European scale. It primandy seeks 1O SUpport the sus _.r‘.tc'mr\a,,t-ncﬁ of

nanural resources by offering Analysis Ready Data (ARD) though the interactivee Mosaic Hul. Users can tailor mosaics 1o their spec

=
Y D OC u m e n ta tl O n requiremnents in terms of ares of imerest, compositing penod, included bands, file format, and metadata content and convenientdy manage

prodiuct requests via the S2GM Hub or Agp

° User su pport Global Mosaic
e NeWS , FOLLOW US OM
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https:

Algorithm Theoretical Basis
Document (ATBD)

Online User Manual

Expert support via CLMS service
desk

land.copernicus.eu/contact-form
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3, Mosakking Algorithms

o 3.1, General overview

* 3.2, Input Data - Sentinel-

2 L2A processed with
Sen2Cor
e 3.2.1. Pre-processing -
filtering
e 3,2.2. Temporal
Resampling
» 3.2.2.1. Short Term
Composite - STC -
adaption of the
WELD algorithm
regarding Sentinel-2
e 3.2.2.2. Medoid
Composite
s 3.2.3. Spatial
rasampling

hetps: //useemancal coadthedocs oy onylatest/ pages MosakckingAlgonthms it & % J )

3. Mosaicking Algorithms

Input 1o the mosaikcking process are surface reflectance values, from the so-called Level 24 (L24)
product. This product is operationally produced by the Copernicus (ESA) ground segment.
Currently, ESA is using the Sen2Cor atmospheric correction processer for the generation of L2A
produces.

The L2A product contains directional surface reflectances in 10 spectral bands (i.e. not BRDF
corrected), a scene classification layer (SCL) provicing Information on cloudiness, snow and other
pixed classification information, as well as aerosol and water vapour used during the atmospheric
correction process, The SZGM mosaicking algorithm relies on this information for the processing.
The S2GM processing <hain to cakulote the mosaic products is fully automated and is based on a
mocular design « see Fig, 3.1, The three following main modules form the basis of the chain,

pooel-devel tie-level QC
QC rules rules

_ a - - i

1. Quality assurance/ quality check (QA/QC) of the input products
2. Composite/Mosaic algorithm
3. Qualizy assurance/ quality check (QA/QC) of the input products

tile-level QC
rules

«
’ et
L2A tile mect filtered tile with | sesect o /)
stack tifle stack per-pixel 3
Qc
\ \
3 !
record record product

i

www.s2gm.eu | ESRIN | 15/11/2018 | Slide 15

am [

e mm [l

European Space Agency



dcesa

Three European SMEs with complementary expertise in Earth Observation

since many years.

Clearly defined roles in S2GM service

@ SINERGISE

Maintaining S2 L2A
archive

Mosaic Hub technology
Distribution of products
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BrROCKMANN
ConsuLT GMmBH

Managing contract and
consortium

Mosaicking algorithms
Sentinel-2 (pre-)
processing expertise

—_— = =e BN Bl " 2= E1 55

Geo

ille

Internal quality control
« Thematic expertise land
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“Summary.

Copernicus Sentinel-2 Global
Mosaic service

« provides scientifically sound mosaics
of Sentinel-2 surface reflectance data
on a global scale

« is fit for various applications
« is free to use by everyone

e s accessible via www.s2gm.eu and
via CLMS

* is operated by a team of dedicated
experts ready to support users
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Europe’s eyes on Earth IS i /4&

Contact infosZm.eu
Or the Service desk of CLMS at

www.sZ2gm.eu for more information!
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