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Sentinels Looking afteérAgricu'Iture.-
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Sentinel-2: key revisit and spatial resolution . ‘\\&\

Majority of Europe
>3 day revisit

S2 10 meters L8 30 meters

S-2A & -2B (July-Sept 2017)
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Sentinel-1: Dense time series for crop stages

monitoring >

Majority of Europe Growth phases
=2 day revisit and stages

-

{
00
MODNPEDD OO0 (i

Madmum Panicle
o | | tiller number Formation -
I R ctiol 3

— C gs‘ Vegetative phase ‘ ep?h::e 0 | A

o oF =

= ]

£ 2F ]
- B o |

Q Al R

o -6 = o SHES

E -8 8 ° 8%

@ 101 © o E\R

o F S

o -12 ) e 2

o) - = g

2 14 - E

= [

D i

4= L

< E

2] I

w

= s

[*]

‘“ -

[aa)

=22
-24
=26
-28

06/10/14

| | 1. PENS SRS LSNP NSNS S SN US| RN e s e s N e T T LSS [ E— - 1

ESA UNCLASSIFIED - For Official Use

— =™ ™= " Il D D R @IS 2 EXEE m ¥ European Space Agency



Uptake of Copernicus within the CAP 2020

#Futureof(C
#EUBudc

Commission européenne

1th of July: Modernizing and simplifying the Common Agricultural Policy



European Collaboration — Technology meets_ Policy

senscap

//// common agricultural policy
@cesa H  (operious

(:rrrrnu

Commissioner Phil Hogan, DG-Agri (25™ of May, Press release):

“This new satellite technology will significantly reduce the number of field
Inspections, removing the climate of fear, which causes significant stress for
farmers.

It will also benefit public administrations, by reducing the costs of administering
controls and checks. It is thus a win-win for farmers and administrators.”
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Sen4CAP: R&D for Common Agricultural Policy

-
« Sen4CAP Implementation: & esa
0 Responding to the request from DG-AGRI & DG-GROW
o Collaboration with DG-AGRI, DG-GROW, DG-JRC |

and national Paying Agencies 2
 Sen4CAP Objectives: (opernicus

o Provide evidence how Sentinel derived information can support the
modernization and simplification of the CAP in the post 2020
timeframe

o Provide validated algorithms, products, workflows and best
practices for agriculture monitoring relevant for the management of the
CAP
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Sen4CAP — Expertise, Technology & Collaboration {cesa

Oopernicus
Paying Agencies " Co”t/'nuo
& Farmers MOnitO,_. Us
Ing
. o e, Validated
DG-Agri, JRC, € Performance CAP2020
DG-Grow Senhcap

//// common agricultural policy National
Demonstration

Cloud ye
Technology ovatV
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Sen4CAP Pilot Countries — EU Agricultural Landscape &&iesa
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Sen4CAP — Time Planning & Status A {sesa

Data
Acquisition 1st Evidence

Review
Design
Engineering

System Development

= System Update

—

User Requirements

PR
KO+8

Prototyping Full Demonstration

Promotional Activities
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User Requirements and Engagement RS K cSdad

1. Analysis existing recommendations coming from the CzechAgri pilot study
and the different PA workshops from the last months

2. Design of a questionnaire dedicated to the PAs formally involved in the
project + interview of these PAs

3. Organize a User Requirement Workshop in which the user requirements
were discussed actively with all bodies involved

Czech Agri Pilot Study

Sen4CAP 1st User Workshop, July 2017, Brussels
Panta Rhel

ESA UNCLASSIFIED - For Official Use EUROPEAN AGRICULTURE PAYING AGENCIES PLATFORM
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User Requirements in terms of IACS use cases \‘\&t@esa

e

| [

SendCAP - Sentinels for Common

Agricultural Policy

User Requirement Document

&2 senucap

7y’ ommon agiicultun poicy

5= €5 e-gebs
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Use Cases
w/ Paying
Agencies

ttam Cr—— |

Dot

Interactive visualization
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Identify Sentinel-based markers for CAP Manitoring ‘\K

eSd

Crop type mapping

Vegetation growing
indicator

Grassland mowing
detection

Number of detected mowing events

Agricultural practices

monitoring

/
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Prototyping - Developing & Testing at EU level &f‘— cSdad

« 2 “national” coverage (NLD + CyL) + 10.000 km?= test sites

 In-situ data sets shared by Paying Agencies

O LPIS/GSAA datasets, subsidy applications, physical inspections, CwRS

« Sampling heterogeneous EU agricultural landscape:

o LPIS types: Cadastral (IT, ES), Physical Block (NL, LI, RO), Farmers Block (C2)
o Field sizes: Minimum: RO & IT 72-85% < 1lha, Maximum: CZ 66% > 1ha
0 Landscape & climate: wide geographical range

= Algorithm Development, Benchmarking & 1st Validation

ESA UNCLASSIFIED - For Official Use
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Monitoring of Agri. Practices for EFA compllancy

Czech Republic

desa

Catch crops, based on S1&2 time series — 5 markers tracing crop activities

Harvest — Visual check

.06.2017 21.06.2017
S2A20170620T33UWR  LE720170621T190025

03.06.2017
S2A20170603T33UWR

07.07.2017 22.07.2017 .07.2017
LE720170707T190025 LCB20170722T191025 S2A20170730T33UWR

oy

18.09.2017 01.10.2017 s 11112017
S2A20170918T33UWR S2A20171001T33UWR -820171111T191025

Winter Catch Crop — Visual check
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Monitoring of Agri. Practices for EFA compllancy

Czech Republic

\\\\k

d=esa

« Catch crops, based on S1&2 time series — 5 markers tracing crop activities

Output: (per parcel)

« Harvest detection

« Harvest week

« Catch crop detection

« Confidence level for
compliancy
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National dynamic crop mappihg at field scale
Wi | T 5 ﬁ

Full Resolution Visualization Online:

H H— e Ager
http://www.esa.int/spaceinimages/Images/2018/05/Crop_map v: P




Crop type mapping for crop diversification monitoring

Netherlands

Observed crop type

Dat Tulip

B Suger best

B winter carrat -

- Clover roat - Winter wheat
B winter barley Maize
I summer harley B Permanent crops
B itium P Grass

Medicaga Summer wheat
- Onian Fallow
Bl Feteo B othercraps ficial Use
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04
03
0.2
0,1

Grassland

Maize

Potato

Winter wheat

Netherlands - 2017
OA = 96,06%

.....l..'..l..............I-'l'....'.I.I.............
.

Beets

Permanent crops
Tulipa

Onions

Sumer Barley
Winter Barley
Summer Wheat
Medicago
Winter carrot
Other flowers

J

—

95906 of parcels

Lilium
Avena

Clover root

Peas
Chicory

White cabbage
Carrot

Stem beans
Linum
Secale

Cauliflower_summer
Fallow

Narcissus

Allium_winter
Lactuca

Fragaria
Spinacia
Celeriac
Broccoli
Hyacinthus

Garden beans

Sprouts

Tagetes
Triticale

Beans
Trifolium

Cauliflower_winter

F1-Score e Cumulative occurrence (%) up to 99,5%

Cucurbita_maxima

Leek
Red cabbage
Other vegetable

Crocus

Agrarian nature mix
Cabbage

Gladiolus
Scorzonera

Helianthus
Flower_seeds
Red beetroot
Spelled wheat
Chick peas
Other cereals

Fodder radish
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Crop type mapping for crop diversification monltorlng

Netherlands

Observed crop type
(2017) Confidence indicator of agreement

(2017)

 0a Tulip :

B suger beet B winter carrat = _ High confidence in agreement

- Clover roat - Winter wheat 4

B Winter barley Maize . Average confidence in agreement

I summer harley B Permanent crops § i

. i . Weak confidence in agreement
Medicaga U Summer wheat A " . .

B orior Fallaw P High confidence in disagreement

Bl Feteo B ochercrops ficial Use

— I hm zz™ W= Il D i1 = == B O mm I+ European Space Agency



Crop type mapping for crop diversification monltorlng \\Q“\ esa

Lithuania

Crop type mapping for crop diversification monitoring - Lithuania

VALDA Area conformity |cT ded CT_pred_1 Status |c_indic
10047 §x000 15676 0| Lupin Beans Assessed Insufficient evidence
10047 S0 15102 0|Grassland & Meadows  |Grassland & Meadows Assessed
10047 500 5927 i|Grassiand & Meadows Grassland & Meadows Assessed
10047 S 10731 O] Cats Oats Assessed
10047 6x00x 6177 1| Spring bariey Spring barleay Assessed
56,6 ha Grassland & meadows  42%
Lupin 28%
4 19%
Crops 11%
Compliance indicator of agreement
at parcel-level
_ _ _ Available information:
[ High confidence in agreement /
B Average confidence in agreement v Total area of arable land at the farm-level
[] Weak confidence in agreement Compllant

_ _ o _ v Number of crops at the farm-level
I High confidence in disagreement at holdlng-level

e ﬂ ‘ s Al ‘/ PI’OpOFtIOﬂS Of the maln CI’OpS

T
wgual to or less than 75% of TAL

al to or bess than 85% of TAL
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Sentinel-based vegetation indicator as auxmary data

Czech Republic

‘-?

\\ \\\\\k

eSd

-

4 indicators

4.5
4.0

35F

3.0
25

20}
1.5¢

10
05
0.0

— plot profile (2017)
@ e plot raw data (2017)
- - mean regional profile for maize (2017, 3km radius)
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Czech Republic

Low confidence in agreement

High confldence in agreement

4.5
— plot pmnle (201 1)
4,0He @ plot raw data (2017)
5% - - mean regional profile for winter wheat (2017, 3km radius)
' .
3.0
CT_PRED_1 CT_CONF_1 C_INDIC z 23 R Ne *
Ay
2.0 . F
5482 23275 0 Maize Winter 0,56 Additional info S ' ‘\
rapeseed required k3 i ¥ 7 .
10 p /
6581 18086 Winter Grassland 0,25 Additional info a& . Y \a +° 2 e
Wheat required . i e

0.0 .
PR gt et gel W W R o
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Design of Sen4CAP processing system

Send4CAP Orchestrator

h

Decomposition into tiles

Vegetation
Status = ey ’
Indicators ¥
Monitoring =
of Mowing = e ’
Events "

y 3 | I
A 4

Interactive RGB
’ Imagery and Simple
Idicators

Automated Download

Biophysical Indicators Processor

’f) ( Biophysical Indicators Processor

Node #

Scheduled l I
=
Grassland Monitoring Processor
’f) | Grassland Monitoring Processor
$2 L1C Time Y Triggered Scheduled ' l I I
Series  / T

L2A Optical ° Crop Type Map Processor ’
Time Series

Scheduled

Crop Type
Map &
Extent Area

(" Atmospheric
’ Corrections

L8 L1T Time

Series

Agricu ltural
Practices
Monitoring
dicato

Agricultural Practices Monitoring ’

Triggered
L =

| Agricultural Practices Monitoring
P 850 NO

s1 Amplitude ¥ ’ Scheduled ™ 'l

S$1 SLC Time

= SAR Pre-
Series

Coherence

Processing Time Series

In-situ Information
& LPIS

Triggered

1
Simple Indicators for Visualization ’

- ( Simple Indicators for Visualization

Nod
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i ,*f; Create a new WIS connection 7 =

* Integration of S1 & S2 images, EO products
& markers in PA’s environment

Connection details

MName Send4CAP

° WM S p rovid i n g RG B i m ag e ry an d Si m p I e LRL hth::f,.'lD.Z‘%Z.D.S:18080,.'u1,,'wmsfc8d?40dd—f‘3c0—4f6c—930S—deabv:fav:QSZ
indicators suag

o Easily integrated in PAs environment
o S1, S2 & L8 images

o0 Vegetation Indicators (NDVI, LAI, Fcover,
FAPAR)

Time filtering

Configurable visualization

Reprojection to local coordinate systems

O O O O

Customizable by country

ESA UNCLASSIFIED - For Official Use
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Visualisation tool — Implementation by country

ESA UNCLASSIFIED - For Official Use
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INFO CONTENT LAYER PERSONAL

1 search resuli(s)

Agricultural practices LT

> 6 -

FIELD_ID » 1003847847-131360-0890-1
PRACTICE » CalchCrop

TYPE » IS

H-START * 2017-06-01

H-END » 2017-10-15

WEEK » 37

P-START » 2017-09-01

P-END » 2017-10-15

CNDICATOR » STRONG

FLAG » GREEN

c1
c2
c3
C4
Cc5
Cc6é
c7
cs
co

TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE

C10 » TRUE

Image

— 01 b

am N - ] =

05

i

Backscatter A

Coherence W

EZeruona

« + o8 .
. « *o & . sl o ¢
& .
. j o (o . .. .
s
Y
PRI
O e
.. .
.. B . .
" .. . A . .
L o * . : e o+
. . .o o L S . & .
se et et L0 .
T T T T T T I T T T T T
2017-01 201702 2017-03 2017-04  2017-05 201706  2017-07 2017-08 201708  2017-10 2017-11 2017-12

1003847847-1313569-0890-1
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AL LS e Py PR (LS Py |

E N: 2588037.775 7448846.171 55726'44.41" N 23°145546"E

Table of records for layer: Crop type map LT (Filtered)

Advanced filter

Visualisation tool — viewing results at farm level for
compliance assessments

Use all fields (AND) ¥

0 0K R Cancel

VALDA (Holdingno.) v = ¥|| 1003892612

* Empty

e
=i (4}

1003892612 1003892612542

© 2018 Sinergise d.o.o. | Data: terrestris GmbH, OpenStreetMap contributors

9 RefreshI 0 Add selection setI-Eb Export layer ]E Y Filter n

VALDA KZS (Block LAUKO_NR , :
(Holding no.) oy (Field no.) Area Conformity CT_decl CT_pred_1 CT_conf_1 CT_pred_2 CT_conf 2 Status C_Indic
1003892612 146452-5589 2 6,398 1.0 MNS MNS 0.161 DOB 0.092 Yes Compliant
1003892612 145452-6380 1 11,004 1.0 MNS MNS 0332 DOB 0.163 Yes Compliant
1003892612 1454515152 1 8,550 1.0 NI AVI 0227 KWV 0.117 Yes L”S;‘E;’;’“
1003892612 1454515768 1 15,131 10 KRZ KVZ 0.434 KRZ 0.19 Yes i*qﬁgé”dgeme”[
1003892612 146452-0763 3 19,083 0.0 MNS MNS 0.355 DOB 0.129 Yes Compliant
1003892612 145452-8265 2 18,000 0.0 MNS MNS 0318 DOB 0.138 Yes Compliant
- ] b c= ™ 4 ] = = 0 111 & = i == i1 = == S mm I+l European Space Agency
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Time animation
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Visualisation tool — products metadata

Product description
e Year

. Type of agricultural

practice
. Regulation
. Interpretation of
regulation
. Description of fields
Legends

Codelists with descriptions

ESA UNCLASSIFIED - For Official Use
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INFO CONTENT PERSONAL

Crop type map LT

COUNTRY: LITHUANIA
YEAR: 2017
AGRICULTURE PRACTICE: CROP TYPE

REGULATION: The crop types declared by the farmers at the parcel level
are checked using remote sensing data. Crop type detections are provided
with confidence indices and compared with the declared crop to indicate
compliancy or not

INTERPRETATION OF REGULATION: The remote sensing check is

performed on parcels declared as annual and permanent crops, grasslands

and fallows. To some extent, the original legend of the GSAA files has
been simplified but keeps. as a minimum, all the groups needed for the
“crop diversification” scheme

= NEWID: Unique ID of the parcel

VALDA KZS;LAUKO_NR: GSAA [ LPIS unique 1D of the parcel
AREA: Area of the original parcel or block {m?)

CONF_IDx: Conformity indicator of the parcel

CT_DECL - Crop Type declared: the code of the crop type that was
declared by the farmer in the GSAA application. It can be linked with
the original GSAA crop code using the table LT_LUT_CropCode
CT_PRED_1: 1st Crop Type predicted - the code of the crop type
detected by remote sensing associated with the highest prediction
confidence

CT_CONF_1: Prediction confidence (%) associated with the 1st crop
type detected

« CT_PRED_2: 2nd Crop Type predicted - the code of the crop type
detected by remote sensing associated with the second highest
prediction confidence

CT_CONF_2: Predecition confidence (%) corresponding to the 2nd
crop type detected

STATUS: Binary value indicating if the parcel has been assessed or not
by remote sensing

C_INDIC: Indicator of the compliance between the declared and
observed crop types

¥ Legend

PR

.

. .

.

Crop type map LT

C.) Compliant

() Insufficient evidence
C.) Non-Compliant

(.) Expert-judgement required

([

LT_LUT_CropCode
MNS

CROP_CODE_GSAA + MN3

CROP_NAME_GSAA
Aguatic warbler habitats storage in wetlands (direct payments are paid)

CROP_CODE_UR1 + 3.000
CROP_NAME_UR1
CROP_CATEGORY

Grassland and meadows

Grassland

E N: 2618271.65 7457641.362 55°29'25.64" N 23°31'13.20" E

Table of records for layer: Crop type map LT

VALDA KZS (Block LAUKO_NR .
{Holding no.) e (Field no.} Area Conformity CT_decl CT_pred_1 CT_conf 1
1003930429 143603-1158 4 5,048 0.0 MNS MNS 0.471
1003935506 149453-1989 2 12,504 1.0 @ MNS 0.107
1004028997 145451-1870 1 6,295 1.0 PDJ PDJ 0.245
1004028997 144450-5980 1 5,769 1.0 MIV DAK 0.085
1003930429 143603-1158 1 10,668 0.0 MNS MNS 0.476
1004722421 131526-4915 2 47,716 0.0 MNS MNS 0.471
1003935506 148453-4941 4 26.900 10 MNS MNS 0.338
—
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From prototyping to national demonstration

Prototypes for proof of concept Full scale demonstration
v 2016 & 2017 v 2018 & 2019
v 10.000 km= test site + national v" National coverages for all six countries
coverage (NLD and Castilla i Leon) v Near-real time processing (2019) and

timely delivery
v' Operational environment of pilot PAs
v' Capacity building and training

ESA UNCLASSIFIED - For Official Use
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Methodological developments ALHE ] {sesa

« Algorithms improvements and refinements based on PA’s feedback

o Crop type legend: are all the crop classes needed? How to merge? BPS vs crop
diversification use cases

0 Better understanding and integration of EFA regulations

0 Better integration of S1 & S2 for grassland monitoring \\. :
« Selection of « monitorable » parcels \ \\
0 Prototyping: 0.5 — 1ha threshold; inner buffers \1\ \
o No more thresholds but considering only inner pixels \.\ \
« Continuous monitoring
| \

ESA UNCLASSIFIED - For Official Use
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Continuous monitoring

Classes
QOverall accuracy

Classes

Overall accuracy
—e— Kappa

—o— Kappa
. Autumn Common wheat . b8 GRASSLAND
E., —#= Com 'EUS - Zea
& Srfonrsi & ~o— Solanum_tuberosum
04 —— Autumn r; .
/ utu ape o ~o— Winter wheat
o Alfalfa
J 2 03 Beets
o —o— GRASSLAND
Tulipa
Bean peas 02
02 —o— Onions
—o— Autumn Barley
) 01 PERMANENT CROPS
o Rice
e Soy . o~ Winter carrot
oo 3 4 5 ] T B 9 10 1 12 3 4 5 ] 7 B8 ] 10 1 12
MNumber of months used for classification starting from January Number of months used for classification starting from January
) Metrics
Romania — Fescore Netherlands
---* Kappa
ESA UNCLASSIFIED - For Official Use ——- QOverall accuracy
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EO data timely processing

Z Bi-monthly statistics of VV
i backscattering: Coef Var / Mean / Coef Var

Monthly average of VV coherence:

April / March / February
ESA UNCLASSIFIED - For Official Use
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2018 in situ data collection ‘\\w eSd

» Subsidy applications for 2018 « Farmers interview for grassland mowing
and agri. practices

0] Interactions by e-mails
o] 250 to 500 fields surveyed by practice

(grassland, crop harvest, catch crops,
nitrogen fixing crops, fallow land)

Mowing Bet
Unique s ension Mowinz
arcel ID tpan:sl . Removal
L FROM (+/-days) TO  (+/-days) practice  Drying Baling  hay on the
ea %) of bales
parcel
1 XKXX
1
Comment
2 AKX
i
Comment
Unique Sasche p_rnparat[nn Sowing of main crop Harvest of main crop Heniiing d maln
[+ parcel ID Area  Main crop EFA type for main crop crop residues
FROM TO FROM TO FROM TO FROM TO
« On-The-Spot-Check (OTSC)
11
d ata. Comment
2 W0
< Comment

ESA UNCLASSIFIED - For Official Use
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National Monitoring - Processing resources

Czech 1taly
Republic

Input EO data (2016-2019)

Output L2 data (2016-2019)
Output L3 and L4 data (2016-2019)
Pre-processing resources (ongoing)

Products & distribution resources
(ongoing)

*Average LPIS database volume: 0.1-10 GB

ESA UNCLASSIFIED - For Official Use

26 TB 128 TB
31 TB 137 TB
14 TB 50 TB

16 cores, 90 GB 48 cores, 230 GB
28 cores, 72 GB 62 cores, 144 GB
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Embracing DIAS . 5 Kesa

THE DIAS & WHERE TO REACH THEM Selection N progress
J L to be ready end of 2018 for
( ) NRT processing in 2019
« Sen4CAP requirements
CRCGODIAS sobloo definition
WWW.CREQDIAS EL WWW.SOBLOO.FU e RFI document to the 5
) L DIAS-es
g )) « Test access
o Mund )\ '
WWW.MUNDIWEESERYICES.COM 0 N D A WVWWWEKEO.EU
------ N ONDA-DIAS.EL
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Summary RS “\&\g‘esa

« Sentinels benefits for CAP monitoring demonstrated with prototype products
« For IACS use cases: crop diversification, permanent grassland and EFA
« Under specific assumptions in terms of parcels size, parcels geometry, etc.

« Several ways identified to increase relevance of Sentinels markers

 Moving to national demonstration, wall-to-wall coverage, timely delivery

« Wall-to-wall coverage over 6 countries (1.2 Mkm?2) with diverse cropping systems,
LPIS, landscape, etc.

« 2018 processing ongoing: in-situ and EO data (S1 + S2 pre-processing, markers)
« Tacking national-scale methodological issues

« (Going to use cases

 Moving to DIAS

« Capacity building & training
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