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Multispectral High Resolution Optical Imager
« Launch: 2014/15, 2016, ... » Systematicacq. of all land and coasts

"13 bands (VIS NIR & SWIR) & . 5 days repeat cycle with 2 satellites.
. 290 km swath at 10, 20 and 60 m* 7years design Ilfetlme (max 12 yrs)
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SentinelsMiS<ions

Joint EU-ESA Copernicus Space P'rogramme

Long-term Continuity and Access to suitable EO data (\ :
* Free, full and open data policy* OPCINICUS

EUROPEAN COMMISSION

Sentinel 1 - SARimaging
All weather, day/night applica*’

PRESS RELEASE

Brussels, 13 November 2013

i and envir to benefit from free
access to EU satellite data

‘The European Commission will provide free, full and open access to 3
environmental data gathered by Copernicus, Europe's Earth obsg
g

\f important

Sentinel

201

€ for Industry and
o in unleashing the full

Grow by attracting investment in the
6 to meet increasing user demands for new
services o essential to monitor the areas hit by natural

rescues”.

The European fsioner for the Environment, Janez Pototnik said: "Copernicus is an
essential part o¥the shared
contribute to better implementation of environmental policies, one priority of the 7th

Action 3 policy making depends on up-to date,
accurate and comparable data on the current and future state of the Earth. Free, full and
open access to Copernicus earth observation data represents a key contribution to good
environmental governance in Europe.”

2014/15 & 2016

E 1P/13/1067

. . UCL &\
JECAM Science Meeting - ESA Ottawa, 21-23 July 2014 sers \B)
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Sentinel contribution todBCAM & GEOGLAM

Primary missions for all targets Products
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eSa
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Target Products
Effective observ.
Spatial Spectral . . Crop Type .
Resolution Range frequency Sample Type Field Size Crop Area and Crop Crop . Crop_ Environ. he Pract!ces /
Req# (cloud free)* Mask | Growin Condition Yield Biophysical Variables Cropping
€ | Indicators Variables Systems
Calendar
Coarse Resolution Sampling (>100m)
thermal IR + B >
1 | 500-2000m | el . Sentinel+3
2 | 100-500m °’;::j;: * X X X L L L
Global Land Programme
3 5-50km | microwave Daily Cropland Extent All X X X X
Moderate Resolution Sampling (10 to 100m)
Monthly (min 2 out of
optical + | season + 3 in season).
4 1070m | \WR+TR | Requiredevery1.3 | Cropland Extent All
years.
optical + | Weekly (min. 1 per 16
5 10-70m | TR days) Sample All
Weekly Grin. 1 per 2 Cropland Extent of
6 10-100m SAR eekly (min. 1 per persistant cloudy All
weeks) X
areas/Rice
CE@ ’g LAM PHASE 1

» o Aerwik

it

€ Source: CEOS ACQUISITION STRATEGY FOR GEOG




"
v

& TR 3 o R
“’Sentinel- Resolution g ‘
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10 m resolution for field scale mapping

Courtesy of RapidEye
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Sentinel-2 Revisit Time Capability =ia s
> . {zesa
5'days revisit for. crop dynamics i

Effective coverage in

summer with S2-A&B:

repeat cycle of 5 days _ : | __

cloud coverage <15% South Africa JECAM site: 5 days revisit,
February-June 2013 - RapidEye

2014 lf»c«k @,\ 10 P < pb

Monthly cloud free composites possible for
I most areas e

MANIA
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Overview of S2 Timf&S&ries: RapidEye

* Total of 390 acquisitions, 24-30 per site

4
* 38% cloud free of total acquisitions (0-65% at site level) RapidEye

...................

* Even with 5 days repeat, low coverage over Europe during growing season

H Cloud Free (%) O Partially Clouded (%) N Clouded (%) @ Technical Issue (%)

Lake Burullus (Egypt)
South Africa

s Ouss s ————

Argentina

Paraguay

Ukraine

Morocco

Korea |
1 I N N B N B R R
Chesapeake Bay (USA) I

China Shandong

Belgium

Ngombe (Rep of Congo)
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Sen2-Agri — a-«!ﬂﬁély project for “\Q&éesa /

a very hot topic

EO response to operational agricultural applications:

* Sentinel-2 mission to finally reach ag. expectations (jointly with Landsat-
8 and Sentinel-1)

* Emerging collaborative initiatives endorsed by G20 in the context
of GEO (AMIS, GEOGLAM) =) GEOGLAM

 CEOS support to global agriculture users requirements

<

* US and Chinese efforts on 30-m global croplands mapping
 JECAM and SPOT4-Take 5 initiatives opening the door to move
from local experiments to global solutions JECAM

=> unique momentum for satellite remote sensing in agriculture

m JECAM Science Meeting - ESA Ottawa, 21-23 July 2014
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' » . 4’§ | — ,; . \\\
Sen2-Agri partnership &

Consortium Support & Champion Users
ucL g data provider _

catholique -
de Louvain \./

= <j> & esa < . () 2
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d Preparation for national to regional agricultural monitoring
based on Sentinel-2

« R&D for full exploitation of temporal & spatial resolution of S2

d Consolidate Best Practices for EO agricultural monitoring

« Benchmarking & validation of algorithms for 4 EO products
« Testing products over a wide range of conditions (JECAM network)
d Strengthening National Capacity for Agricultural Monitoring
« Open source system supporting national reporting & food
security
« Transferto usersincluding local system installation & training

« Demonstration of validated agricultural EO products at national
scale

« Sentinei-2

UCL 4 P
JECAM Science Meeting - ESA Ottawa, 21-23 July 2014 Unmverta ( a\ &!‘0 & i ol

du Lowvesn




User oriented approach

{cesa

" |nitial user’s requirements surveyin April 2012 by ESA with
about 50 members of the agricultural communities

=> more than 15 organizations - our “Champion Users” - agreed to
remain actively involved in the Sen2-Agri project

= Consolidation of user’s requirements by additional survey and
interviews by the project team

=15t User Workshop hosted by FAO on 19 May 2014
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"User oriented approach

" |nitial user’s requirements surveyin April 2012 by ESA with
about 50 members of the agricultural communities
=> more than 15 organizations - our “Champion Users” - agreed to
remain actively involved in the Sen2-Agri project
*" Consolidation of user’s requirements by additional survey and
interviews by the project team

= 15t User Workshop hosted by FAO on 19 May 2014: "« hoo

national

12 sites managers 10%

Private

30 representatives of the Champion Users 12%
=> very successful interactions
=> very important outcomes for Sen2-Agri products

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014
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Ag products from ugers reqwrements ‘\ esa

DYNAMIC CROPLAND MASK

Binary map
’, Tani/ s w'w - pidentifying annually
Monthly cloud free LR 2, % S aultivated land at 10m

surface .reflectance " Pl ¥ ¥ a5 5+ 9,..| updated every month
composite at 10 m S S AR O

S & >4 »3® o> A
- « ",

Growing season

CLOUD FREE SURFACE CULTIVATED CROP TYPE MAP
REFLECTANCE COMPOSITES EARLY AREA INDICATOR

Open source toolbox ‘ R
Capacity building and training ; l"

W“ (

VEGETATION STATUS PRI R, Joo b
: Sl Crop type map at 10m
o | | ) for the main regional
Vegetation statusmap = £ & R crops including
at 20m delivered every [ J| :f| SR SEEETE irrigated/rainfed

A e s ) discrimination
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Main expected@eéliverables

1. A core of processing strategies (ATBD) combining advanced
algorithms to produce 4 types of EO agri. products and able to deal
with the large range of agricultural systems (JECAM collaboration)

2. An open source and portable software developed from the OTB to
convert the S2 L1c data into cloud free multispectral surface
reflectance mosaic and to produce relevant EO products

3. Aset of 4 validated S2-derived products for each of the 8
demonstration cases

4. A key users community trained and ready for S2 exploitation

m JECAM Science Meeting - ESA Ottawa, 21-23 July 2014




"Sentinel-2 for A8rioverview

Algorithm Prototypes of EO Demonstration &
Development products Validation

'{' w open souce g
Joint Experiment for Crop Assessment and Monitoring @? G E O G LA M
( Global Agricultural Monitoring
Main Design Activities:  Processing System: Use cases:
« User Requirements * 4 agricultural EO products < 3 national cases & 5 local
« EO product specification ¢ Open source system cases(290x290 km)
- Algorithm Development Testing & validating of EO -« Validation of EO products

prototypes (12 sites)  Transfer to national users
JECAM Science Meeting - ESA Ottawa, 21-23 July 2014 = () M0 &5 ES-
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12 test sites for the benchmarking and algorithm selection |£ 5

based on existing data set :

> Already existing field data (+ possible field completion) spotaTskes
South Africa
based on 8 JECAM sites and SPOT-4 Take 5 TS

JECAM & test sites to cover the cropping systems dlver5|ty

> Satellite time series
— SPOT4-Take 5
— Landsat-7 & 8

— RapidEye (Take 5 + TPM)
£ 35 ‘L
oY sentinel-2
JECAM Science Meeting - ESA Ottawa, 21-23 July 2014 =S g
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Sentinel-2 Revisit Time Capability e .

5'days revisit simulated by SPOT 4 Take 5

Effective coverage in
summer with S2-A&B:
repeat cycle of 5 days
cloud coverage <15%

South Africa JECAM site: 5 days revisit,
W senunei-z February-June 2013 - RapidEye
——>Monthly cloud free composites possiblefor most areas ‘f,.c.; @ o _ES @ |

e
Lowven

see SPOTA4T5 presentation by Olivier Hagolle—Th. 10:10 -



_Algo. benchmarking and™
method development

Level 2A
imagery

EO test datasets )
Multi-date cloud

free composites

o amm

crop mask

Cultivated crop
type /area map

il ] | Procesung
e sentinel-2 e module &5

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014




 Map of vegetation status at 20 m (NDVI, LAI, phenology index)
to be delivered every 10 days

Fig. 3. Spatialized GAI obtained from images acquired (from left to right) on March 3rd, on April 4th and May 5th, 2001. All images have been corrected with the linearisation
operation (described in the text) and all depict GAI values using the same colour scale (far right). Most of the fields which are orange or red over the right-most image are winter

wheat fields.
Duveiller etal.,RSE 2011

m JECAM Science Meeting - ESA Ottawa, 21-23 July 2014
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JECAM Science Meeting - ESA Ottawa, 21-23 July 2014

T€St SItES for d‘ monstratlon

5 local use cases (290 x 290 km) for the system demonstration
** using actual Sentinel-2 time series
¢ validated by synchroneous in situ data collection

3 national use cases for demonstration of Sen2-Agri system from
* using actual Sentinel-2 time series
+* validated by synchroneous in situ data collection

Local and national demonstration cases to be selected
before the end of Sen2-Agri phase 2 (around Sentinel-2 launch)




*.Sen2-Agri systemgastand alone’”

open source toolbox

From Sentinel-2 L1c data to 4 end-user products

v v
ngEo Atmospheric Temporal
‘do;vnfmder corrections ’ ( = synthesis generator
| Agri Products
generator

based on existing open source software (Orfeo Tool Box, QGIS)

OTB-Appljcations e LT

6S5/SMAC ! .

/ > & > M) QGIS: SEXTANTE Plugin

r I
¢$=f *y e
‘:',' -3 '.\\ OTB (Library)
GDA".' _ﬁ?ﬁ OpenCV /
‘@1 LibSVM

BeSIVi

using an iterative development process (internal validation + users feedback)

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014




S2AgriToolBox p?oc%ssing plan

Strong interaction with existing tools

and

with the Sentinel-2 ToolBox (under development)

TB S2Agri
cessor | Processing chain

&T’/J

S2Agri TB

.

»- QGIS |

e

Production of 4 Sen2-Agri products from Sentinel-2 time series for

the demonstration cases

- 4 cantinal.s
e sentinel-2

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014
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Data volume estimation for demonstration cases

Preliminary estimation of Sentinel-2 data Local Case National Case
(290x290 km) (500000 km?)
Single observation (level 1C) = 3,5 GBytes =~ 21 GBytes
6 monthstime series with 5 days cycle = 128 GBytes = 762 GBytes
Monthly surface reflectance composite = 56 GBytes = 335 GBytes
10-d vegetation status product (6 months) = 76 GBytes =~ 455 GBytes

Monthly dynamic cropland masks = 5.GBytes ) = 30 GBytes

Cultivated crop type and area indicator = 0,8 GBytes

=> Data volume reduction from L2 to L3 but mainly from L3 to L4

=> Need a large bandwidth to retrieve S2 product and disseminate output
=> Users tool and computers not necessary ready to open these big files as usual

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014
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5 main Sen2-ABf Challenges Eesa

» Addressing the large diversity of agricultural systems

» Algorithms selection and system development before S2
» Portable open-source solution for operational production
» Timeliness of EO products from Sentinel2 large volume

» EO products validation by users and external partners

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014




_Sen2-Agri com#unication ™

to stay tuned and updated

3 User Workshops

Joint JECAM Meetings

WWW.esa-sen2agri.org

JECAM Science Meeting - ESA Ottawa, 21-23 July 2014
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2 AGRICULTURE

Site name InSitu data

1 Argentina JECAM L8 (RE)
2 Belgium JECAM Take5, L8, RE
3 fshr:;]: o) JECAM TakeS, L8, RE
4 Ukraine JECAM TakeS, L8, RE
5 South Africa JECAM Take5, L8, RE
6 Madagascar JECAM TakeS, L8, RE
7 Tunisia CESBIO Take5, L8, RE
8 CSudmipyO JECAM Take5, L8, RE
9 CMaroc JECAM Take5, L8, RE
10 2; Svsring)“'a | Jecam L8 or RE
11 Malawi From users L8 or RE
12 Pakistan From users L8 or RE

| 13 Maricopa USDA L8 or RE
14 Provence INRA

Take5

JECAM

Joint Experiment for Crop Assessment and Monitoring

2 GEOGLAM

( j Global Agricultural Monitoring

L T——

Potential National
Demonstration:

- Sudan

- Morocco

- Malawi

- Pakistan

- Russia
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52 Products / ovéfview

High-level
Description

Productio
n

Preservati
on
Strategy

Volume

y u
SConTti
=G G|

Level-1B | Top-of-atmosphere | Systemati | Long-term ~27 MB
radiances in sensor C (each
geometry 25x23km?)

Level-1C | Top-of-atmosphere | Systemati | Long-term “500 MB
reflectancein C (each
cartographic 100x100km?)

geometry
(UTM/WGS84)

Level-2A Bottom-of- On user - 600 MB
atmosphere side (each
reflectancein (using 100x100km?)
cartographic Sentinel-2

geometry Toolbox)

ROMANIA



*.. Sentinel contributiemto GEOGLAM *

Products

FISSRTEY

“uiLiive rvic ey ——r

ource: CEOS ACQUISITION STRATEGY FOR GEOGLAM PHASE 1

wlturru, e ev suly o

Target Products
Effective observ.
i Crop Type .
Spatlz?l L frequency Sample Type Field Size P VPd Crop Crop c Ag Practices /
Reqit Resolution Range (cloud free)* Crop | Areaand | ., jition| CTOP Biophysical Environ. Cropping
Mask Growing . Yield . Variables
Indicators Variables Systems
Calendar
Coarse Resolution Sampling (>100m)
thermal IR + .

1 | 500-2000m . Daily Wall-to-Wall All X L

optical
2 | 100-500m °’;::j;: * 210 5 per week Cropland Extent All X X X L L L
3 5-50km | microwave Daily Cropland Extent All X X X X

Moderate Resolution Sampling (10 to 100m)
Monthly (min 2 out of

optical + | season + 3 in season).

4 1070m | \WR+TR | Requiredevery1.3 | Cropland Extent All
years.

optical + | Weekly (min. 1 per 16

5 10-70m | TR days) Sample All
Weekly Grin. 1 per 2 Cropland Extent of
6 10-100m SAR ee ‘:J:;':;} per persistant cloudy All
areas/Rice




