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Sentinels for Agricultural Dynamics AL “\&i‘?ﬁiesa:

Majority of Europe >2 day revisit Majority of Eurpe >3 day revisit

“& sentinel-1, 17, & @ sentinel-2 ’//7////// » %
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Sen4CAP Evolution

CzechAgri Request Sen4CAP KO EU Parliament
2015/16 Jan 2017 2017 2017

- @ senscap
//// common agricultural policy

Modernising the CAP: satellite data
authorised to replace on-farm checks
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CAP monitoring approach - Technology meets Pollcy g €Sdad

senscap

/// common agricultural policy
7oesa ﬂ (opernicus

7
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Sen4CAP Objectives:

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 & CoIIaboratlon \ CSa
ernlcus

MOniltnu_OUS
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DG'AQH JRC, Senhcap Performance RN PLPH

DG-Grow

(/7/ common agricultural policy Natio nal
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EO Experts Technology
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Sen4CAP Pilot Countries = EU Agricultural Landscape {cesa

E:

— Il bm s ™ 4 I ™ = "Il D O 8 Il = = B2 m W European Space Agency



Sen4CAP - Time Planning & Status

Data

Acquisition

Design

User Requirements

Engineering

Prototyping
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Use Cases
w/ Paying
Agencies

Interactive visualization
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Vegetation growing
indicators

Grassland mowing
detection

Number of detected mowing events

Agricultural practices
monitoring
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Physical markers to monitor EFA agricultural practices
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From prototyping to demonstration K CeSd

Cloud
(DIAS)

Sampling EU agricultural heterogeneity:
o LPIS types
o Field sizes
o Landscape & climate

10000 000

National
(NLD)

100

km? (LTU)

Ag. campaigns 2016 & 2017 Ag. campaigns 2018 & 2019

Use case demonstration Validation & Assessment
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Monitoring of Agri. Practices for EFA compllancy | s

CzeCh RepLIbIIC RULE: Winter Catch Crop must be sown before 20 Sept. and must not

be harvested before 31 Oct. During this period, crop coverage must
* CatCh crops based on 51&2 not be mechanically or chemically removed or limited in growth.
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National dynamic crop mapping at field

Micrio

Full Resolution Visualization Online:

http://www.esa.int/spaceinimages/Images/2018/05/Crop map i




Crop diversification monitoring

Combining assessments at parcel- and hoI’ding-I_,e_veI"‘-

Parcel-level Holding-level
Assess if the crop type declared by the farmer is Assess the compliancy of the holding with regard to the crop diversification
confirmed by the satellite signal rules

Following the « worst case scenario » approach
(presented by JRC — MARS conference, Nov 2018)

« Worst case scenario » concept @

Small parcels « under the radar » = « They could be anything ! » WH EN WE DON'T KNOW:
Wi v o - ASSUME THE WORST SCENARIO
— AL thresholds 7 (10ha / 30ha for CD and 15 ha for EFA) _ CHECK IF IT HAS AN IMPACT

— Share of grasses ? (75% of grasses for CD/EFA exemptions)
— Share of main crop(s) ? (75% / 95% of main crops for CD)

— Percentage of EFA ? (5% of EFA)
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Crop diversification monitoring e ‘\\&i‘fﬁesa

Combining assessments at parcel- and holding-level ®

Parcel-level Holding-level
Assess if the crop type declared by the farmer Assess the compliancy of the holding with regard to the crop diversification rules
is confirmed by the satellite signal

Parcel conformity assessment Holding category assessment Holding diversification assessment
I Classified conform [0 CAT1:TAL< 10 ha I Compliant ;d
B Classified not conform [ CAT2:TG and LLF > 759% TAL (1) [ Missing information o
[ Neot classified - not monitored LC B CAT3:10<TAL<30 ha [ Undefined holding category
i =1 Not classified - <3 52 pixels i{ = CAT4:TAL>30 ha -
[ Not classified - 051 pixel B CAT 5:TG and LLF > 75 % TAL (2) Lessthan No crop diversification required
I Potential change CAT 1| ofTouls
Land (TA.
Between | + Atleast 2 crops
355077 1355077 and 30 ha + Main crop equals to or less than
- CAT 3 75% of TAL
20489. 20489,
More thar + At least 3 crops
of TAL «+ Main crop equals to or less than
[ CAT4 75% of TAL
& + Two main crops equal to or less
2170 2170 than 95% of TAL
204893235
Grasses ¢ + Main crop equals to or less than
herbaceal 75% of the remaining AL except
204893235 forage or where this remaining area is
laying fal covered by grasses or other
e e - CAT 5| occupym to herbaceous forage or land lying
1856747 1856747, than 75% of faloty
arablela
151
185677 211 - i
204 Grasses a No crop diversification required
- : other
201361157~ herbaceal
i - : forage an
laying fal
[ cAT2| s&mn
e than 75%
= e arable lg
AND e
remaining
56747 56747 land do rv
2
769316 204085151 204769316

ESA UN

— Il b s ™ 4 I ™ = " 0 010 - — — Il = = B2 m W European Space Agency




Crop type mapping for crop diversification monltorlng

Netherlands

Parcel-level

Observed crop type s
(2018)
# parcels Area
F
\—17% 4%
Classified
Not classified
83%
\ 96%

H Classified Conform

Parcel conformity assessment ® Classified not Conform

B Classified conform

Bl Classified not conform

[ Mot dlassified - notmonitored LC
[ Mot classified - < 352 pixels

[ Mot classified - 0 51 pixel

® Not classified
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Crop type mapping for crop diversification.monitoring

»

Netherlands

Holding diversificati t . 1
-o Clgrﬁphg,:tm cation assessmen et H o I d I ng_ I eve I
[ Non compliant or missing information
[ Undefined holding category
Holding category assessment ,
[ CAT1: TAL< 10 ha % Complisnt
1 CAT2:TG and LLF > 75 % TAL (1) = Non compliant or
Il CAT3:10 <TAL<30 ha missing info
] CAT4: TAL >30 ha
I CAT 5: TG and LLF > 75% TAL (2) m Potential change

I Potential change

-~

8%
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Crop type mapping for crop diversification momtorlng

Czech Republic & Lithuania
CZECH REPUBLIC

‘ ! / o Classified Conform fl&&%
7,50% ’ ® Classified not Conform 7,70%
Pa eI-I ® Not classified

# parcels # parcels

72,60%

Holding category assessment
[0 CAT1: TAL< 10 ha

1 CAT2:TG and LLF > 75 % TAL (1)
Bl CAT3:10<TAL<30 ha

[J CAT4: TAL > 30 ha

Bl CAT 5: TG and LLF > 75 % TAL (2)
[ Potential change

= Compliant

12%
= Non compliant or

missing info
= Potential change

84%

o fficial ooo
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Sentinel-based vegetation indicators as auxmary data\\\w esa
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Czech Republic

4 indicators

Czech Republic

High confidence
in disagreement

High confidence
in agreement

He e plot raw data (2017)

r T T
— plot profile (2017)

- - mean regional profile for winter wheat (2017, 3km radius)

45 -
— plot profile (2017)
4.0 He @ plot raw data (2017)
5% - - mean regional profile for maize (2017, 3km radius)
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5482 23275 0 Maize Winter 0,56 Additional info
rapeseed required L3}
1.0
6581 18086 1 Winter Grassland 0,25 Additional info 6%
Wheat required
0.0
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Grassland Mowing product ACHS i\&&éesa

« Grassland mowing product consists in the detection of mowing events occurred on grassland parcels during the period
of interest and in the assessment of their compliancy, according to the national regulations

National
regulations

Countries implement different rules to
define permanent grasslands, e.g.
through:

+ the set-up of a minimum time
range of persistence or

+ a reference date or period for the
grassland mowing
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(1

Grassland Mowing product (example on CZE) {cesa

« Grassland mowing product consists in the detection of mowing events occurred on grassland parcels during the period
of interest and in the assessment of their compliancy, according to the national regulations

- ; I
| Not Assessed 0
i| Comphant 1

'n B ? ¥ ﬁ ‘_‘ J‘u‘-“ z
; - e R National Czech
regulations Republic

At least 1 mowing or grazing
within 31st July

Compliancy level

0: Not assessed

1: Assessed and compliant because
a mowing occurred in the
reference period

Assessed and not compliant
because no mowing occurred in
the reference period

ESA UNCLASSIFIED - For Official Use

B =E fr=m I+l European Space Agency

i
|
|
1l
il
|

&
I
i

— I hm == ™ 4 ] W= :



Grassland Mowing product - attributes

» Grassland mowing product contains, for each parcel, information about number and temporal intervals of mowing
events detected

m3_dstart

parcel_id crop_code | mow_n m1_dstart mi_dend mi_conf | mimis | m2 dstart m2_dend m2_conf | m2_mis

m4_dstart | m4_dend | m4_conf I m4_miz |Lcom|:17| P rOd u Ct i nfo fo r
| |

31.0000002869728.001 | 165‘ 3| 0I80508000... IBISZL00L.. 0.55000.. 52 1018—07—12...}2018-07—10.. 0.55300... |52 2018-08-24... |20158-09-18 u.s]s...isz la each parCEI

— v' Parcel identifier

|mg0913. o572 (o

m3_dend |m3_conf| m3_mis

31.0000002869729.001 265 | 3 WIS0S0800:0.. | 0180521000, 05200052 |0180707.. W02 D00 52 20180824

31.0000002869730.001 165‘ 5 1B05-0800:0... | 2018-05-2100:0.. | 0.515000..|52 WI80707.. W07 | 0.5070... 52 |ZU1.8-UB-24... |201809-13. | os17.{s2 o

- g ,; | 4 |l | . S | = v' Grassland Crop type

31.0000002811819.002 265 3 18050800:0...| WIEIS11000.. ‘ 0.777000.. |52 |2018-05-21... |2013-06-20 .. ‘wuuu .52 |miBgegs. | 018082 | erz.jsz (o

31.0000002869731.001 165‘ 1 2160808 180 | 2018.08-14180.. 0.986000.. 51 0 Ju 0.00000... 0 Ju o oow.fo o v Number of mowing events (maXImum 4)
31.0000002811948.002 265 | 1 0180809 18:0.. | 20180515 180 D.44000../51 [0 0 oo o o o [oom.jo o

31.0000002868732.001 | 165‘ 0o i u‘uuuuuu...!u 0 ‘U 0.00000... 0 |U I o000 |0 v" For each mowing event (Up to 4)
31.0000002&1236.002; 265 aizula-us-asuu:u... ilUlS-UE-UG 000, ‘ 0.632000..|52 |2018-06-U7... |2013-06-27 .. ‘ 0.74700 ..;52 018-08-14... izulaug-w | 0.641. |52 :u

31.0000002869733.001 | 165‘ 0o la u‘uuuuuu...%u 0 ‘u 0.00000... 0 |u o u.uuu...iu la o Temporal interval in which the mowing
31.0000002869734.001 | 265 120180908 18:0. | 0180914 18:0 . 0422000, /51 [0 0 lopooo o o o [ooo.fo o event occurred (t_Start and t_end)
31.0000002865735.001 | 265‘ 0o o 0.000000 !n 0 ‘n 0.00000... 0 |n o oo |0

[0 I )| T [ il T il i | [ I o Confidence level N terms of
31.0000002&69736.001‘ 265 00 0 ‘nnnmnnn lo 0 ] ‘nmmnn 0 0 0 LI

31.0000002813128.002 | 336‘ 0o ] £.000000 in o ‘n £.00000... 0 |n i 0.000 in o prObabIIIty of rlght mowing (Conf)
31.0000002869737.001 | 265 | 0o o | 0.000000._ | o 0 | 0.00000... D o o | 0.000 n o ) L.

- i p— T i ) i i il T — o Satellite mission data used for
31.0000002826797.002 265‘ 4 20180421000... | 20180506 D0:0... | 0.536000... |52 20180526 | 2018-0607 . | 062500 . 52 |zma437-nz |807-12. | 060352 201808

31.0000002&5973&.001‘ 331| 1%2013-03—091&:0 2018-08-15 18:0 ‘mmnn ls1 |n o ‘nmmnn }n 0 0 |n.nnn lo :n detection of mowing (SII S2or bOth)
31.0000002526801.002 | 265‘ 3| 2018-05-26 D0:0... | 2018-06-07 00:0_. | 0.560000...|52 018-07-12. | 20180715 .. | 0,53100..|52 |zn1s-aa-21 0180913 | 0.616 isz o .

- = l . — i T B o) Compllancy level

31.0000002869739.001 | 331 0o :n | 0.000000...|D |n 0 | 0.00000... D ] :n |n.nnn o la
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Products and use case validation W

Specific effort to get validation data

« Farmers interviews conducted by « Access granted to Planet data
PAs for grassland mowing and

EFA practices

MOWING 1

Mowing Additional information
Extension E :
| Mowing Bales of
FROM (+/-days) TO (+/-days) {pmcesl practice  Drying Baling  hay on the
area %) Rarcel

Removal
of bales

Handling of main
crop residues
FROM 0

HON ¢ owing of main crop Hervest of main erop
op

TO FROM 0 FROM

7 May 2018 9 May 2018

ESA UNCLASSIFIED - For Official Use
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Planet data — very high repetitivity

010618 SN 050618 ; 070618 SRS & 160618
M Koo » Na

100718 SRR
. .7 "
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Development of Sen4CAP processing system

SendCAP Orchestrator

Decomposition into tiles

o

Automated Download

Scheduled f) N
Scheduled l I
L

Grassland Monitoring Processor

’{) | Grassland Mon ring Processor

Vegetation
Status
Indicators

’ Biophysical Indicators Processor

Biophysical Indicators Processor

Monitoring
of Mowing

Events
Nod

52 L1C Time ¥ Triggered Scheduled t l I I
Series { e

L2A Optical ¥
Time Series

Atmospheric

. Corrections .

Crop Type ~ )
Map & T ’ Sentinel-Hub
Extent Area r

Scheduled A 4

L8 L1T Time
Series

dicato

Agricu !tura Interactive RGB
’ ’ Practices ’ Imagery and Simple
S O Monitoring Idicators

1L 2

S1 SLC Time

0 SAR Pre-
Series

Coherence

51 Amplitude ¥ ’ Scheduled il tl

Processing Time Series

In-situ Information

& LPIS ’//
. Triggered

s

=

Simple Indicators for Visualization

‘ Simple Indicators for Visualization

Nod

m
[0)]
>
C
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Towards PA’s uptake in their environment

Cloud computing

From Sentinels to EO products for CAP monitoring

Integration of S1 & S2 images,

EO products & markers in PA’s
environment

 Visualization tool in PA’s

. Integration in Paying o -2 - : | Application for provision
environmen t Agencies environment ¥ : ' |\ of cross-check data
- Simple visualization on Sy : = Simple visualization on
c : chiosen time

= nent of the validity R - Assessment of the validity
of declared data LR\ 2 of declared data
N\ - Query by LPIS parcel
- Export data

Compliance decision
Traffic light-approach

ekl

— Il bm s ™ 4 I ™ = "Il D O 8 i = == B w1l European Space Agency
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Visualisation tool

Look at all products at the parcel-level

INFO CONTENT LAYER PERSONAL

search result(s)

Agricultural practices LT
» 2

FIELD_ID » 1003847847-131369-0890-1
PRACTICE *» CatchCrop
TYPE » IS

H-START » 2017-06-01
H-END » 2017-10-15
WEEK » 37

P-START » 2017-09-01
P-END » 2017-10-15
C-INDICATOR » STRONG
FLAG » GREEN

C1» TRUE

C2 » TRUE

C3 » TRUE

C4 » TRUE

C5 » TRUE

C6 » TRUE

C7 » TRUE

C8 » TRUE

C9 » TRUE

C10 » TRUE

Image

= 11 b= ==

= g =

E2eruona

s - . . i 2 .
. s % N - . .
I o S e . S e
% PaPSp . &
s o - - l. -
= .‘I . » < > * . .
) - - . . - . - ®
a . « *o B . - .o,
.® w: |m e . o .
- - o -
- suil iais
1 4
- 18 .
.
- . " > .
A " o0
L)
E J . L. R P . Y
w . .
o E L 4 . .. S .
o i #% wul e = .'...f.-".-’O..-'.o‘...
o .
T T T I T T T T 1 T T T
2017-01 2017-02 2017-03 2017-04 2017-05 2017-06 2017-07 2017-08 2017-09 2017-10 2017-11 2017-12
1003847847-131369-0890-1
H—3___| o - SN -
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Visualisation tool |
Time animation following crop dynamics

2016-03-13 18:19:44
¥ To 2017-03-14 18:19:44
[i*8 Create animation

-2 L2A - True Color

080 m

#

a2 x 2(El

E N 1457214 616 5060437 481 41°23'0.43" N 13°52507°E 02018 Sinerglss doo. | Datal lefrechis GhibH, DpenSieesiifap contribuio
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Visualisation tool
Checking results at farm level for compliance assessments *

Advanced filter
121003892612 1 Use all fields (AND) ¥ LERR

VALDA (Holdingno.) «*| = v 1003892612 - (4]

| Q OK M Cancel || ® Empty

= v |
1003892612100389261242
‘ 75m
i E N: 2588037.775 7448846171 55726'44.41" N 23°1455.46" E © 2018 Sinergise d.0.0. | Data: terrestris GmbH, OpenStreetMap contributars
Table of records for layer: Crop type map LT (Filtered) 9 Refreshlo Add selection set_I-Eb Exportia‘,rer_]E," Y Fillern
:ﬁoﬁmg e ﬁ? (Hlock {LS;‘HK?‘E!:R 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 10 MNS MNS 0332 DOB 0.163 Yes Compliant
1003892612 1454515152 1 8,550 1.0 NMI AV 0.227 KWV 0.117 Yes L‘"‘hﬁ;frfcfm
1003892612 1454515768 1 15,131 1.0 KRZ KVZ 0.434 KRZ 0.19 Yes F;i‘“;gjd”dgemem
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
— 1 hm a2 ™ L I W = T Il D D R . BX Il T S K1 S im ¥ European Space Agency



Next steps: moving to 2019

« Running a continuous monitoring

0.9

08

0.7

0.6

05

Performance
Performance
o
&

Rz Application deadline Application deadline

0.0

3 4 5 6 7 8 9 10 1 12 2 s 6 7 a L 10
Number of months used for classification starting from January Number of months used for classification starting from January
Romania Netherlands
ESA UNCLASSIFIED - For Official Use
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Next steps: moving to 2019

 Running a continuous monitoring
« Embracing DIAS

Czech Italy
Republic

THE DIAS & WHERE TO REACH THEM Input EO data (2016-2019) 26 TB 128 TB
Output L2 data (2016-2019) 31 TB 137 TB
Output L3 and L4 data (2016- 14 TB 50 TB
2019)

CRGODIAS sobloo Pre-processing resources 16 cores, 48 cores,
o . (ongoing) 90 GB 230 GB
WAWW.CREQDIAS EL WWWSOBLOO.EL

Products & distribution resources 28 cores, 62 cores,
g y N E (ongoing) 72 GB 144 GB
’ v Sen4CAP requirements definition
WWW MUNDIWEBSERYICES.COM 0 N D A WWWWEKEO.EU

v" RFI document to the 5 DIAS-es
v" Test access

WWW.ONDA-DIASEV

ESA UNCLASSIFIED - For Official Use
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Next steps: moving to 2019

 Running a continuous monitoring

« Embracing DIAS

« Strenghtening interactions with the Sen4CAP Pilot Paying Agencies

o Feedback needed to
improve products and
use cases

o Customizing towards
country specificities

o Trainings on products,

use cases and system
Paying Agencies
involvement is key

ESA UNCLASSIFIED - For Official Use
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Training planning

February 2019 March 2019 April 2019

|24 25 2 z?] 8 24) 25{ 26 27| 28] 29| 30/| 28 29 30

Sun  Mon | Tue | Wed | Thu | Fri Sat Sun | Mon | Tue | Wed | Thu | Fri Sat Sun | Mon Tue | Wed | Thu | Fr Sat
1| 2 1 2 1 3 5 B
i 4 5 6 7 B 8 8 9 7 a8 9 101 11 12 13

| 100 11| 12 13 14 15 16 1 11 1 13| 14| 15 16 14/ 15 16 17| 18| 19 20

| 17 18 19| 20 21 22| 23 17| 1 19 20§ 21| 22| 23 21) 22 23 24 25 26 27

‘ | | i1

S e OHB = IZEXSE e European Space Agency



Sen4CAP: an European effort to prepare for CAPZOZOQ esa-

« Sentinels benefits for CAP monitoring demonstrated with prototype products

« Moving to national demonstration, wall-to-wall coverage, timely delivery
6 countries (1.2 Mkm?2) with diverse cropping systems, LPIS, landscapes, etc.
« 2018 processing close to its end, including use cases
« Working hand-to-hand with Paying Agencies, capacity building & training
* Cloud computing on DIAS for national to European up-scaling
« Operational Sentinel time series enable CAP monitoring approach

« Open source approach for direct and customizable uptake & sharing to all PAs

Senhca p http://esa-sen4cap.org
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