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FRAMEWORK OF THE CZECH AGRI Project:

1 Jointly initiated in December 2015 by DG JRC, ESA and SZIF
(Czech Agricultural Paying Agency);

( Run within the ESA Sentinel-2 for Agriculture Project
managed by the Université Catholique de Louvain (CZECH
AGRI project - GISAT company);

J To demonstrate the capability of the Copernicus Sentinels
for agriculture monitoring and management to Czech
stakeholders;

1 To demonstrate a proof of concept for national agricultural
mapping and monitoring products;

.



CZECH AGRI Copernicus Project PRODUCTS: N SZIF
= CROP TYPE MAP 2015:
= Full country
= Based on Sentinel-1 & 2 and Landsat 7 & 8 time
series
= Winter cereals, winter rapeseed, spring cereals,
maize, sugar beet, potatoes and fodder crops
= Temporal extent: Whole crop growing season

= EARLY CROP TYPE MAP 2016: Crop type map 2015

= Regional (eastern part of CZ)

= Based on Sentinel-2 time series

= Winter cereals, winter rapeseed,
fodder crops

= Temporal extent: March 2016

= CROP TYPE MAP 2016:

* Full country

= Based on Sentinel-1 & 2
(complemented by Landsat 7 & 8) time
series

= Whole crop growing season




CZECH AGRI Copernicus Project:

*  PRODUCT SPECIFICATIONS:

— Spatial coverage: Full country
— Spatial resolution: 20 meters / LPIS polygons
— Temporal extent: Whole crop growing season

— Temporal frequency: 2-4 crop type maps per crop growing
season

— Geometric accuracy: RMS < 20m

— Thematic accuracy: Overall accuracy > 80%
Individual crop accuracy: > 60% (F1-score)

— Format: Arcinfo SHP

— Cartographic projection: national (Krovak / S-JTSK)

* INPUT DATA:

— Satellite imagery
* Sentinel-1 & 2 time series
* Landsat 7 & 8 time series
— Crop parcel datasets
* Czech LPIS
— Crop in-situ data
* In-situ crop data, IACS (crop declaration)

3 SENTINEL-2 FOR AGRICULTURE

Towards the exploitation of Sentinel-2 for local
to global operational agriculture monitering

- —

W SZIF
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Czech National Crop Type Map: mapping crop types using an automated approach

Product rationale

The crop type product intends to demonstrate 35 3 proof-of-concept the capabilities of the
Copernicus Sentinels for agricuitural monitoring at national scale of the Caech Regpaiic. The
main aim of the crop type product s to SUPPOrt the national Crech Paying Agency (The Crech
State Agriculture Intervention Fund, SZIF) in its actihities related to the adminktration and
control of subsidies within the EU"s Common Agricuitural Policy. The focus is to support the
control of direct payments and the comgiiance with the sustainable agriculture practices. This
proot-of.concept s implemented in close cooperation with the DS-JRC, SZF as well &
involvieg DG-Grow and DG-Agri in response of the recently published EC concept note “A
Roadmap for Future Copernicus Service COmponents in suppoet 10 Agricuiture” ¥,

The primary list of rops indudes winter cereals, winter rapeseed, spring cereas, malze, Sugar
beet, potatoes and fodder crops. Other crops may be added. The crop type mapping wil
provide operaticnally several iterative updates since the start of the Crop Srowing seasons. The
series of crop type maps shall be produced based on the Czech State Agricultural Intervention
Fund requests. The thematic content and accuracy of the map wil vary according to the
provision date and the user's needs.

1EC Document of § Asrl 2018 ref Ares (2016) 1613477, pregared by the Jout Revearch Centre ¢ the

reguest of DG GROW and presested o EU Member Stotes daring the Copernicay User forum of 19 Apn!
2016 b Brasseh.

Www_esa-sen2agri.org

Product
specifications

» Spofial coverage:

Full courtry fo regional

¥ Spofal rsohson:

20 meters | LPIS polygons.
» Tesporal esient:

Whole crop growing sesson
» Tesporal fmquency:

24 aop tpe neps per o
Fowing seazon

» Geomelric acaracy:
NS < 20m

» |Hm’.
Overall accaracy > 8%
Indadsal cp acaracy > 6%
(F1-scom)

» Fomat:

Prcinio SHP

. < orciech
Keovak | SITSK

» Metadny:

JML e




CZECH AGRI Copernicus Project: W SZIF

CLASSIFICATION APPROACH:

Statni zemédélsky intervenéni fond .

Based on Support Vector Machine (SVM) classifier (pixel based)

Classification performed under arable land mask derived from LPIS
Integrate optical and SAR approaches

Two independent classifications: .
= QOptical - based on Landsat 7/8 and Sentinel-2 multi-temporal composites

= SAR - based on Sentinel-1 monthly composites
Integration - enhanced crop map to improve the maximum overall accuracy -
using maximum posterior probability within the LPIS polygon
Aggregation - crop with largest area within the LPIS polygon

Integrated and
{ aggregated into LPIS
= parcels



CZECH AGRI Copernicus Project: e SZIF .

SENTINEL-1 Data & Processing (2015):
= Sentinel-1 GRD IW, Oct2014-Dec2015, operational SciHub, 763 scenes ~ 885GB
= SAR data pre-processing (S1 and SNAP toolboxes)

VH backscatter
03 October 2014

Precipitation

03 October 2014

Precipitation
0.024 mm

. 0.023 mm

Precipitation
17.00 mm

12.29 mm

Sk

Monthly composite
January 2015

V backcatter
22 October 2014

Precipitation
22 October 2014




CZECH AGRI Copernicus Project: W SZIF
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SENTINEL-2 Data & Processing (2015):

= |dentified 5 relative orbits over CZ, re-processing of S2 data prior to end
of November, total 22 granules ~ 11 GB

= SEN2COR - atmospheric correction

= Recode internal cloud masks, all processing steps done by SNAP

Summer composite: August - September 2015




CZECH AGRI Copernicus Project:

SENTINEL-2 & Landsat 7/8 Data Processing (2016):
= Jan16-Mar16, Aprl6-Junl6, Jull6-Sep1l6 composites




CZECH AGRI Copernicus Project:

CROP TYPE MAP 2015:

www.esa.int
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INTERNAL VALIDATION 2015 - carried out by GISAT, sample size: 866 LPIS polygons

Class Crop f crop group acy acy Flscore

:

3

|
il

7 winter cereas o QB O95%%

bk ot o i Class 1 2 3 4 5 & 7 8 Total
ke 100% 100% 100% 1 114 2 1 0 0 0 0 0 117
B 215 i 2 2 3 361 4 0 0 0 1 0 369
e 2o o 2o 3 2 18 158 O 0 0 1 5 184

7 foddercrops 86% 68% 7% 4 0 0 o 8 o o o 0 8

8  othe annualcrops 1% 40% 56% 5 0 2 o 0 48 0 0 1 A

7% 3% o, 6 0 0 0 0 1 1 o 2 18

7 0 g 4 0 2 0 38 3 56

8 2 2 2 0o 8 SR S |
Overall accuracy Total 121 394 189 8 53 13 44 38 866

EXTERNAL VALIDATION 2015 - carried out by SZIF, sample size: 1485 LPIS polygons

Class Crop f crop group accuracy  accuracy EFlscore

2 winter cereaks BO%: oR% 939
3 spring cereais acay 87 . Class 1 2 3 4 5 6 7 g8 Tota
4 sugar beet B B9 BO% 1 185 3 1 1] 1] 0 1 o 190
5 maize B o094 B7% 2 3 610 7 0 3 o 1 1 625
6 potEoes goo; RO B3 3 2 31 T4 0 0 0 2 7 316
7 fodder crops B25%% 5o 0% q ) 1 1] 16 1) 1] 1] 1 18
g other annual crops BT 41% B4 5 o 4 1] 0 87 ] 2 4 97
Mean B5% BO% a2% [ 0 1] 1 1] 1 24 0 4 30
7 0 26 11 0 3 0 56 5 101
_ a 4 12 29 2 10 3 4 44 108
Overall accuracy B7% Total 194 687 323 18 14 27 66 66 1485




CZECH AGRI Copernicus Project: W SZIF

PROJECT RESULTS AND IMPLEMENTATION INTO
OPERATIONAL ACTIVITIES (user’s point of view):

» Automated classification and high overall accuracy is
promising for the implementation of project outputs at the
operational level at the Paying Agency (applications to be
further developed);

» Free data availability (raw data);
» Wide coverage (national, regional);

» High frequency of data capture allowing effective time series;

» Usable for both public and private sector;

.



CZECH AGRI Copernicus Project:
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THE POTENTIAL of SENTINEL DATA (user’s point of view):

O Use in Agricultural sector, providing useful information in supporting
the administration and control of the European Common
Agriculture area related subsidies and commitments;

 The high frequency of the Sentinel data capture allow regular
monitoring of agricultural production via time series and therefore
bring added value to both public and private sector and may serve
as a support tool in daily farming activities and Paying Agency tasks;

Multi-temporal
composites




CZECH AGRI Copernicus Project:

- SZIF

Statni zemédélsky intervenéni fond

Farm advisory
system (FAS)
Supportin
understanding the
CAP commitments

IACS cycle

(processes
managed by
Paying
Agency)

SENTINEL 2,1 (support for public and private sector)

CZECH AGRI Copernicus



CZECH AGRI Copernicus Project:
EXAMPLE USE for the LPIS UPDATE

$2.06072016_mosaic i @ V[ LPIS || ECP| | ER[Z KP[ | ZB [ ZZ[ | EF[ | ALT

"\ || 52.2015_mosaic [ VI LPIS| | ECP| |ER[ KP[ | ZB7 22 | EF[ | ALT

I
Extension of ineligible area
(sand mining) in 2016. Area
cultivated in 2015. Change not
yet visible on LPIS OFM due to
2 year update cycle.
Support tool for LPIS update
(identification of areas relevant
for update).




CZECH AGRI Copernicus Project:

EXAMPLE: SUPPORT FOR AID APPLICATIONS

Crop identification prior the
submission of aid
applications
might support farmers in
submission of correct aid
applications and limit the level of
incorrect crop declarations.

. winter rapeseed
winter cereals

Support tool to farmers and

_ extension offices in process of
spring cereals . . . ..
sugar beet Aid Application Submission.

maize Support to meet conditions for
fodder crops Greening“
” *

other annual crops




CZECH AGRI Copernicus Project:

EXAMPLE: RISK ANALYSIS

& V[T LPIS[T] ECP [T ER[E@ KP{T] ZB @ ZZ[T] EF[7] ALT H $2_06072016_mosaic

Arable land was declared,
but grassland is identified by
automated classification
might represent potential risk for .
trying to avoid the conditions for
maintaining the
grassland/grassland ratio.

1 $2_052016_mosaic & V] LPIS[T] ECP[T] ER[@ KP[T] ZB @ ZZ[7] EF[T] ALT ‘

g V[T LPIS[T] ECP[T] ER[eg KP[T] ZB [ ZZ[7] EF ALTH KOLO_VHR_070616_ W
§ Bl m

Support tool to more effectively
target the potential risk
group/situations.

‘ $2_082016_mosaic & V] LPIS[T] ECP[T] ER[@ KP[T] ZB [@ ZZ[] EF[T] ALT ‘
-— Nl

i

And that way support the sound
financial management
(for both correct allocation of EU CAP
subsidies and national OTSC costs).




CZECH AGRI Copernicus Project:

EXAMPLE: CONTROL WITH REMOTE SENSING

$2_052016_mosaic @ V[ ] LPIS[ | ECP| | ER[ KP[ | ZB[w ZZ| | EF[ | ALT || S2_06072016_mosaic @ V[ LPIS ] ECP [T ER [@ KP[T] ZB & ZZ[] EF[T] ALT

Set-aside was declared in Aid
Application and was

identified during the CwRS
might serve as additional data
source for the CwRS.

High frequency of data
acquisition, possibilities of multi-
temporal mosaics, etc.

'52_082016_mosaic @ V[ LPIS[|ECP[|ER[Z KP[| ZB[Z ZZ[ | EF[ | ALT || AUTO_VHR_ 070616_SW @ V7] LPIS [7] ECP [7] ER(e2] KP[T] ZB (@] ZZ[7] EF[T] ALT

Supports more efficient checks
for ,WIDE AREAS” (national
coverage) for the ,WHOLE YEAR
PERIOD”.




CZECH AGRI Copernicus Project:
EXAMPLE: RECOVERY OF UNDUE PAYMENTS

Ineligible area was
found during
OTSCin 2016

might represent the case for
retrospective recovery for
previous year/s;

Support tool for decision
whether to apply
retrospective recovery.

And allows better
traceability of the
timeframe of the event for
cases of retrospective
recovery.




CZECH AGRI Copernicus Project: W SZIF

ADDED VALUE OF THE SENTINEL DATA for the PAYING AGENCY
IACS AGENDAS:
(J Whole range of IACS activities (process cycle);

J NOT the resolution but the wide coverage and time series allowing
frequent monitoring;

J Mainly automated processing minimising manual inputs;
- =

Shift from checks on sample at a certain date to ongoing

monitoring at national scale (better corresponding to agricultural
ongoing activities, heterogeneity of land characteristics and soil parameters);

Involvement in further project studies: defining concrete applications and limitations,
definition of frequency of time series, cost x benefits, etc.




CZECH AGRI Copernicus Project: W SZIF

MAIN OPEN ISSUES and FUTURE CHALLENGES:

DATA AVAILABILITY:

= Constant data availability (ESA hub limited — need for collaborative
ground segment);

= High storage capacity and HW requirements;

DATA PROCESSING:

= Assesment of some data processing at ESA/collaborative
ground segment to minimise costs of overlapping of data
processing (e.g. Atmospheric corrections);

= Further assessments of possible applications

(what, when, how, frequency, limitations, etc.);

= Combination with other reference data sources
(e.g. IACS/LPIS data) bring added value;

.




CZECH AGRI Copernicus Project: W SZIF

MAIN OPEN ISSUES and FUTURE CHALLENGES:

DATA USAGE:

= Establishment of legislative baseline at EU and national level

for public sector (can we use the data, to what extend, for which
purposes, limitations, technical guidelines etc.?);

il

= The next Common Agriculture Policy (CAP) Programming
Period and the stipulated IACS rules should be refreshed to
reflect the possibilities of efficient Sentinel data usage;

= Sentinel is NOT ONLY ,,the potential
substitute of Landsat”;
The best results are achieved by data
Integrated approach (S1 & S2, other);

J - s .
Cxarpie of sarymer compodts Ses o Sentirel-2 imagecy cverhid by the PG Setatame jwws sactem of Prages|

.



CZECH AGRI Copernicus Project: W SZIF

SUMMARY:

J Sentinels data bring a big potential for the use in Agriculture sector for both
public and private sector;

J Further cross wide actions have to be taken at the EU and national level in
respect of methodology, administrative, organisational and IT aspects to
support effective usage of Sentinel data;

J The frequency of data acquisitions and possibilities for time series analyses
are enormous;

J In addition, due to the wide coverage the outcomes of the activities can be
monitored on the overall national and regional level providing framework
for the analyses of impact of agricultural policies and activities on the

Environment; @

Therefore, the use of Sentinel data can support the synergy
between the agricultural activities and environmental aspects,
and reduce costs of CAP implementation (at EU and national level).

.




Seminar o moznostech programu
N SZI F Copernicus pro sektor zemeédélstvi
' 15/11/2016

Statni zemédélsky intervencni fond

Dekuji vam za pozornost.

lucie.savelkova@szif.cz

Podékovani patri téz vSéem koleglim z projektu.
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