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EXECUTIVE SUMMARY

¢CKS 1 2NAT 2Y HAauwn 61l HaunLO LINRB2SOG: a9@2tdziazy 27
(ECoLaSS) addresses the H2020 Work Programme 5 iii. Leadership in Enabling and techrsttadies

- Space, specifically the Topic-BQ016: Evolution of Copernicus services. ECoLaSS is being conducted
from 20142019 and aims at developing and prototypically demonstrating selected innovative products

and methods as candidates for futurext-generation operational Copernicus Land Monitoring Service
(CLMS) products of the pdfuropean and Global Components. ECoLaSS assesses the operational
readiness of such candidate produetsd eventually suggests some of these for implementation. This

shall enable the key CLMS stakeholders (i.e. mainly the Entrusted European Entities (EEE) EEA and JRC) to
take informed decisions on potential procurement as (part of) the next generatiompér@icus Land

services from 2020 onwards.

To achieve this goal, ECoLaSS makes full use of dense time series-Résdilgtion (HR) Sentin2l
optical and Sentinel Synthetic Aperture Radar (SAR) data, complemented by MeResolution (MR)
Sentinel3 optical data if needed and feasible. Rapidly evolving scientific developments as well as user
requirements are continuously analysed in a close stakeholder interaction process, targeting a future
panEuropean rotbut of new/improved CLMS products, and @ssing the potential transferability to
global applications.

This report5 MM ®H  GEAMWSPM O SNA SE& S5SNAIDSR  IlecghRitutest rethdds | Y R
developed and applied for th&/ork Package(WP)41 of ECoLaSS Task 4 targeting filling the thematic

gaps in the current Copaicus Land Service Portofolio of the phenology and Agriculture services. In
particular, providing indicators andariables of high spatial resolution is targeted along wibin

improving one of the main paBuropean Copernicus Landoducts, i.e. the current (2012) and future

(2015, 2018) HRLs on Forest and Imperviousness, improving permanent grassland identification targeting
the HRL Grassland 2015, monitoring crop area and crop status/parameter and providing novel LC/LU
products sering a potential future Agricultural use.

The developed methods of this WP are generally introduced in sectioh this report while the
background and summary of requirements are given in secti@e2tion 3 describes the Demonstration
sites (Demonstraibn West and Souti\frica sites) Section 4 provides an over view of the applied
methods for determining first generic land cover metrics, then crop growth conditions, and finally
multiannual trends and potential changes for the specific changes ofdawers, i.e. the HRL Grassland
and Forest layers. Then, the prototype implementation is detailed in section 5 including descriptions of
the integrated EO and ancillary data and jprecessing steps as well as presenting the actual prototype
results in theDemonstration sites with the accuracy assessment. Finally, conclusion of the used methods
and main results together with the main outlk® are provided in Section 6.

Main findings of WP show thaising multiyear Landsat datasets is successful in computire generic
phenological metrics and, however, more frequent observations; mainly Setidekaset; is highly
demanded for better capturing the phenological behaviour by computing vegetation indices twice a
month. Furthermore the multi-annual trends ad the potential changes are captured by designing a
more targeted phenological produ@xploiting the density of Sentindl time seriesfor updating the
Grassland and Forest HRLayéd#swever, the signal response to various elements other than change
shoud be considered. In addition, the crop growth condition is developed and applied using the Leaf
Area Index (LAI) biophysical variable derived from Serzinishe series. LAl is analysed at the field level
considering the neighbouring fields of the samepc(within a radius of 3 km) for Winter Wheat, Winter
Barley and MaizeThe resulting products enabidentifying local marginal behaviour along the season in
terms of crop growth cycle, crop development or management practices. Finally, the emergeece dat
product for maize is determined based on a comprehensive methods benchmarking based on a large
reference dataset collected on the ground form the South Africa Demonstration site. Among the applied
methods, the relative threshold method is identified d® tmost suitable in terms of performance and
robustness and applied to a large part of the Free State province (South Africa).
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1 Introduction

¢CKS I 2NRAT 2y Hnanun Ol HAaHunO LINRP2SOGx a9@2ftdziazy 27
(ECoLaSS) addresses the H2020 Work Programmeeadership in Enabling and Industrial technologies

- Space, specifically the Topic-BQ016: Evolution of Copernicus services. ECoLaSS is being conducted
from 20142019 and aims at developing and prototypically demonstrating selected innovative products

and methods as candidates for future neggtneration operational Copernicus Land Monitoring Service
(CLMS) products of the pdfuropean and Global Components. ECoLaSS assesses the operational
readiness of such candidate produetsd eventually suggests sonod these for implementation. This

shall enable the key CLMS stakeholders (i.e. mainly the Entrusted European Entities (EEE) EEA and JRC) to
take informed decisions on potential procurement as (part of) the next generation of Copernicus Land
services from2020 onwards.

To achieve this goal, ECoLaSS makes full use of dense time series-Réddighion (HR) Sentin2l
optical and Sentinel Synthetic Aperture Radar (SAR) data, complemented by MeRiesolution (MR)
Sentinel3 optical data if needed and felte. Rapidly evolving scientific developments as well as user
requirements are continuously analysed in a close stakeholder interaction process, targeting a future
panEuropean rotbut of new/improved CLMS products, and assessing the potential trangigrab

global applications.

This Deliverabléd112Y D.41.1b ¢ Prototype Report: Time serieRSNA @SR LYy RAOF G2 N&A |
aimsto develop the potential thematic exploitation of time series analglgsved from Sentinel time

series. As such it ispart of WP 41 of ¢ | & nyY & ¢ KoBCoOhcapkFdototypd b F

| 2y GAYSY Ol t Aistrepatiwill bel abtbripSniedy the Deliverabld114Y & t bd Datab H

Sets of Time serieRSNA @SR LY RA Ol ( PhisHepokt geRves+as dakumentatiar ¢he

prototype dataset.

In the EColLaSS project a prototype is defined as a prototypitiemadtic proofof-concept
implementation of an improved or newly defined potential future Copernicus Land, lyidding on the
methods and processing linedevebped in Task 3The consortium has selected representative
demonstration sitesdoth in Europe and Africa, covering various-gémgraphic regions and biomeall
prototype products and serviceare beingprototypically implementedn a selection ofhese dtesin the
frame of the Task 4 WPk EColLaS§groofs-of-concept / prototype demonstratiomre carried outwith
respect tofive topics of relevance:i)( Time series derived indicators and variablé, [Gcremental
Updates of HR Layerdij)(Improvedpermanent grassland identificationy) Qop area and crop status /
parameters monitoring, andv New LC/LU productsThisdeliverablefocusses orthe prototype dTime
series derived indicators and varialdes partof WP41.

This report comprises a @pter on the background to phenology requirements (Chapter 2); a description
of the Demonstration Sites where the prototypes are implemented (Chapter 3); an overview of the
methodologies carried over from the testing and benchmarking in Task 3 (Chaptietlélied by a
Chapter on the prototype implementation itself, the results and validation, including a description of the
dataset (Chapter 5); and a summary and outlook (Chapter 6).
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2 Background and Summary of Requirements

After first methods have beerested and assessetly the Task 3 WPs (Deliverables D31.1a, D32.1a,
D33.1a, D34.1a, D35.1a) in various test sites and algorithms have been desitrébe@monstration
activities of Task 4 will commence to set up the developed processing lines in demonstration sites and
derive first prototype versions. This will comprise establishing prototypes for: (i) demdiwators and
variablesboth for Gntinental ard Global Component products and servidemm highvolume time
series data with high spatial resolution and temporal repeat frequency; (ii) improving one of the main
pan-European Copernicus Land products, i.e. the current (2012) and future (201%), BRLsn Forest

and Imperviousnesby developing incremental update strategies and ensuring time series consistency;
(i) improved permanengrassland identificatioargeting the HRL Grassland 2015 improveméiv)

crop area androp status/paramete&s nonitoring targeting a potential future Agricultural servicas well

as(v) further novel LC/LU producte.g. as tested in Task 3

The project will base all its developments on regularly updated-prgrity user requirements, and
assess/benchmarkilaoperational product candidates in view of their innovation potential and technical
excellence, automation level, potential for rollit to panEuropean level and/or global scale, timeliness
for operational implementation, costs versus benefits,.dfarther elaborations will be performed in
Task 5)

As discussed in the Deliverable P8. ¢ g M ®NIBA OS 9 @2f dziA 2y wSlj dZANBY Sy (i
Assessment of Service Evolution Requiremetits, phenology and the agriculture services are two
thematic gaps in the current Copernicus Land Service portofolio. As clearly expressed in this report, the
most frequently voiced new service was a gauropean Agricultural Servicégllowed by a pan
Eulopean Phenology Layeks expected, these two services are potentially interlinked as a key target is
capturing the phenologygf the differentcrop typealso mapped by Sentinel datBhere are already plans

from EEAand n-house studies which might contaicommon phenology derivatives, such siart,
duration and end of seasoirurthermore, a Phenology layer appears also of key interest foHfRES
Grasslandind Forests well as for the Copernicus Global Component. Such a Phenology product would
need tobe harmonized to provide the sanphenologicaparameters (e.g. start, duration, end of season,
etc.).

The identification of phenological stages gives key information for, among ofeénsary production
estimation and forecastand managemenpractices anar a better discrimination of vegetation for land
cover classification (Sakamoto et al., 2010; Chen et al., 2008)so helps quantify and anticipate
climate change spatitemporal variations (Atzberger, 2018hdunderstand the seasonaabon dioxide
fluxes(Sakamoto et al., 2010; Chen et al., 2008)re specifically for agriculturat could providecrop
production statistics, crop rotation recordr precision farming timely and localized information
(VicenteGuijalba et al., 2014).aBy warning systems, monitoring vegetation conditions at critical
phenological stages, aim at improving food security especially in-ifsmture regions (Su#Baharan
Africa, Eastern, Southern and Soihst Asia, Central America, etc.) (Vintrou et al143.

In essence, three main reasons to study phenological stigesgriculturecan be underlinedFirstly; it

helps detecting, quantifying and following agricultural practices or climate change at different scales
(change monitoring purposes). Secondtyallows for a better estimations of yields by integrating the
phenological information into growth models (fosgcurity and policynaking purposes). Thirdly, a large
number of professional applications may rely on phenological stages informatiorptoveagricultural
practices, reduce cost, etcqmmercialpurposes).
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3 Demonstration Sites

All prototypes are implemented iselected representativeemonstration siteswhich cover various bio
geographic regions and biomekn particular, the north, agral, west, south west and south east are
respectively located in Sweden, Austria and Germany, Belgium and France, France and Bulgaria and
Greece while the African sites are located in Mali and South Africa.

The Demonstration Site West (Belgium/France) was selected for the prototypes related to the
phenological parameters retrieval and their use for detecting the BRissland and Forest potential
change. The Demonstration Sites West &ulith Africa were selected for the prototypes using time
series analysis for agricultural purposes, i.e. relative crop conditions assessment and emergence date
detection.

3.1 ECoLaSS Demonstration Sites

The selectedarger prototype sites (60,000/90,000 kmpér prototype site)contain the 5 test sites from
Task 3 These prototype sites are relevant in Task 4 for demonstrating the proposed candioiates
Copernicus Land Service Evolution-ooit on a larger scaleAs shown inFigure3-1, the preselected
prototype sitescoverthe Atlantic and Continentatones (Source EERp://www.eea.europa.eu/data
and-maps/data/biogeographicalegionseurope-3#tab-gisdata) of the memberand associatedtates of
EEA39. Theselected prototype sites anecated in theNorth of Europe, in the Alpine/Central region, in
the West in the SouthWest and in the SoutiEast of EuropeAll prototype products and servicewill
be prototypically implemented ione or moreprototype stes in project phase 1, and in thrgeototype
sites in phase 2.
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Figure3-1: European Demonstration Sites
(Map: © European Environment Agency; administrative bounda@&siroGeographigs
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A short description of the different prototype sites is given in the following

Table3-1:
Table3-1: Description of the selected Prototype Sites
Location | Biogeographical Countries Distribution of CORINE land cover classes 2012 (Le
region(s) 1) per prototype site*
Northern | Boreal Sweden, Norway Artificial areas: 1.90%, Agricultural areas:1¥#8]
Europe Fores and seminatural areas: 69.0%, Wetlads:
3.25%, Waterbodies: 13.94
Alpine / | Continental, Germany, Austria, Artificial areas: 9.03%, Agricultural areas: 444}
Central | Alpine Switzerland, Italy and Fores and seminatural areas: 44.6%, Wethnds:
Europe Czech Republic 0.23%, Waterbodies: 1.6
West Atlantic, Belgium, France, Artificial areas: 13.47%, Agricultural areas: 63|
Europe | Continental Luxembourg Fores and seminatural areas: 21.4%, Wetlads:
0.39%, Waterbodies: 1.64
South Mediterranean, | Serbia, Macedonia, Artificial areas: 3.34%, Agricultural areas: 3443]
East Continental, Greece, Bulgaria and Fores and seminatural areas: 56.6%, Wetlads:
Europe | Alpine Kosow 0.17%, Waterbodies: 4.93
South Atlantic, France, Spain Artificial areas: 3.26%, Agricultural areas: 466/
West Mediterranean, Fores and seminatural areas: 49.0%, Wetlads:
Europe | Alpine 0.01%, Waterbodies: 0.40

3.2 DEMO -SITE WEST for generic LC metrics, crop growth condition ,
emergence date, multiannual trends and pot ential changes

¢tKS RSY2yailiN}XGA2y aAGS a2 S aforiprotatgpe develBpmedsTolNTask® RSY
related to the potential future Copernicus Land High Resolution Layer on Agricultural (AGRI), and as well

for improvements of the HRL Grassland (GR#J Forest (FORPhenological products, in particular

Gt KSy2f 2BRNIDI 2T {SlFrazyé¢ ot {{uvz atKSy2f23A0Ff tSI|
6t 9{ 0 at KSy2ft23A0If [ SQadiekk Y2 {t KSy2yé2 Iaudalebo ! MO A
been implemented orthis sitein the first phase only. HOW&/NE RdzS (G2 (GKS GBI A FAOA
simulate the full datasets brought by the twin satelliteg @ and B, as well as the lack of validation,
decision was made not to provide the prototype, that was deemed to experimental to meet the proper
criteria required for operationability

LG O2ydGlrAya GKS GSad aAdS a. St IAdzye SKSNBadaSi K2R
has been also used for the prototype of local crop condition anomaly and crop emerdgena of the

selected demastration site West is depicted iRigure3-2. As summarized iffable 3-1, half of the

surface of the demonstration site is used for agricultural purposes, a quarter is covered by water bodies,

and the last quarter is divided between forests and seatural surfaes (13.15%), artificial areas

(7.81%) and wetlands (0.25%).
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Figure3-2: Overview of demonstration site West, draped over CLC dataset

3.3 DEMO -SITE SOUTH AFRICA for emergence date detection

The Southern Afrian demo site refesto the third largest province in South Africaamed as theFree

State and coveringland areaof approximately 129,82%m’ (Figure 3-3). This province contributes
significantly to the agricult@ economy of the country, e.ghe provincial contribution (out of 9
provinces) of national maize production was 39% and 31% éstimmer seasons 202015 and 2015

2016 respectively. The main summer crops for the last decade in terms of area are: maize (69%),
sunflower (17%), soybean (10%), sorghum (2%), drybeans (1%) and-geamsd(1%) (Department of
Agriculture, 2017). Agricire in the province depends greatly on rainfall, since only 4 to 8% of
cultivated land is irrigated, with the exception of winter wheabQ% irrigation).

TheFree State is included in South¥ NJ& O Hylginteiidr fldteaux known as theghveld(Wiggs and
Holmes, 2011). The province is divided itMo parts ofsemtarid and sukhumid climaticcharacteristics
Rainfall in the servérid part varies between 200 and 600 mm with a summer rainy season ranging from
100 to 180 days per year. The sobmid part receive 406800 mm rainfall per year and the
corresponding rainy season spans from 180 to 240 days per kepar€3-3) (Jager et al., 1998). Frost
occurs thoughout the region usually from May to early September in the west and up to early October
in the east. As much of South Africa, the Free State has low and erratic rainfall andwviateareoften

a limiting factor for cultivation of food crops (Tsubodawalker, 2007). Severe droughts affect the
region For instancemaize production dropped by 468tiring the 20152016 growing seasowhich was
partially compensated by a 19% sunflower production increase (Department of Agriculture, 2017).
Hence annual mize production fluctuates significantly through the years with an averagéolihiter
annual variatiorentirely explained by rainfall variability (Jager et al., 1998).
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In this climatic contextagriculturein the western parof the Free Statdsa more rsky business because

it is prone to more severe weather and environmental damages (drought, early frost, hail storms, etc.).
Therefore, insurance companies propag@ecific multirisk contractsand, thus,report field emergence

at the field level toguaranteethat the insured fields have correctly emergedlhese field scale
emergence reportdogether with an eastvest transect capturing most of the agrelimatic gradient

with three SentineR tiles(35JMK, 35JNK and 35JAH)re3-4) provide a complete demonstration of

the Free Statgrovince.
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Figure3-3: Location of the Free State in South Africa and meamual rainfall in mm in South Africél950-2000)
(Schulze, 2007)
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Figure3-4: Demonstrationsite in the Free State (SoutAfrica) corresponding to 810x100 kmeastwest transect
covered by three Sentine tiles
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3.4 DEMO -SITE SOUTH -WEST for generic LC metrics

The demonstration site SoufWest (approx. 65,000 km?2) is covering southern France and some parts of
northern Spain, and includes the primary test site for the method developments in Task 3 reldbed to
improvement of the HRL Imperviousness (IMP). It serves to demonstrate the implementation of the
prototype of a potential future HRL Imperviousness, as part of WP 42, and the New Land Cover products,
as part of WP45, in the first Reporting Periodl.the second project phase, the demonstration sites
Central and Soutiast have been added for the Imperviousness prototyping.

The landscape in the demonstration site SeMtlest is composed of different biogeographic regions
such as Mediterranean, Alpine andtlantic. Three Sentiné tiles are dominated by mountain
landscapes, a mix of bare soils and natural grasslands, due to the presence of the Pyrenees. The 31TCJ
tile is dominated by a strong proportion of impervious surfaces, because of Toulouse, aRrejoh

city. Toulouse is the™city in France in terms of urban and demographic expansions and is the most
dynamic city of the Soutlivest region. The presence of the city leads the region to be the second most
attractive and dynamic region in France.eTplains surrounding the city are mainyrally dominated

areas composed of croplands mixed with grassland and an increasing amount of forest with the
proximity of the coastal regiarBut rurally dominated areas also show a dynamic increase of population
and a dynamic situation of settlements due to the proximity of Toulouse. So the region shows a real
tendency towards urban expansion in the surroundings of Toulouse and in the rural parts of the region
with small cities like Montauban, Auch, Carcasonnerbd® Castres or Albiln general, the
Mediterranean area in the East of the demonstration site is a patchwork of cropland, dry grassland and
vineyards. There is also a small portion of the Landes forest in the Méett of the demonstration site.

The ungue situation of the region in terms of urban dynamic is the redsorhe selection of this site

for the Imperviousnesprototype.

A more detailed map of the characteristics of the selected demonstration site $@esh as used for the
Imperviousness mtotype is provided ifFigure3-5 below.
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42°00"N

Figure3-5:: Demonstration site SoutiWest, with CLC 2018 bkground layer
(©European Environment Agency, © EuroGeographics for the administrative boundaries)

3.5 DEMO -SITE CENTRAL for generic LC metrics

The Demonstration Site Central covers the border region of Germany (mainly the provinces of Bayern
and BadeAWurttemberg), Austria (mainly the provinces of Tyrol and Vorarlberg), Switzerland as well as
small areas of France, Italy, and Liechtenstein.

The Central demonstration site is characterized by cropland areas, mixed with permanent grassland
(pastures). The adjoimg part towards South, covering the foothills of the Bavarian Alps, is dominated
(besides forest cover) by grasslands including specific grassland habitats and wetland types. Zones of
alpine vegetation are included in the southern tiles, which contaio tise Wetterstein mountain range

as part of the Alps, stretching South down to the Inn valley. Lake Constance is also part of the Southern
region as well as lower parts of Switzerland. Besides the Alps, the Black Forest area and the Vosges are
regions at igher altitude, where forests and grassland predominate cropland.

The demo site has been chosen for crop mapping in order to test the classification approach under
challenging but also realistic conditions:
- high diversity of crop categories
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- heterogeneous regions (e.g. in Baé@turttemberg and Austria)
- strong topography (lowlands and high mountains).

Figure3-6 shows the Central Demonstion site.
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Figure3-6 - Overview of the demonstratiorsite Central draped over the CORINE Land Cover classes (2018).

© European Union, Copernicus Land Monitoring Service 2012, European Environmen{Rgahcy

GAFAG SRS i) = &














































































































































































