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EXECUTIVE SUMMARY  

¢ƘŜ IƻǊƛȊƻƴ нлнл όIнлнлύ ǇǊƻƧŜŎǘΣ ά9Ǿƻƭǳǘƛƻƴ ƻŦ /ƻǇŜǊƴƛŎǳǎ [ŀƴŘ {ŜǊǾƛŎŜǎ ōŀǎŜŘ ƻƴ {ŜƴǘƛƴŜƭ Řŀǘŀέ 
(ECoLaSS) addresses the H2020 Work Programme 5 iii. Leadership in Enabling and Industrial technologies 
- Space, specifically the Topic EO-3-2016: Evolution of Copernicus services. ECoLaSS is being conducted 
from 2017ς2019 and aims at developing and prototypically demonstrating selected innovative products 
and methods as candidates for future next-generation operational Copernicus Land Monitoring Service 
(CLMS) products of the pan-European and Global Components. ECoLaSS assesses the operational 
readiness of such candidate products and 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 generation of Copernicus Land 
services from 2020 onwards. 

To achieve this goal, ECoLaSS makes full use of dense time series of High-Resolution (HR) Sentinel-2 
optical and Sentinel-1 Synthetic Aperture Radar (SAR) data, complemented by Medium-Resolution (MR) 
Sentinel-3 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 
pan-European roll-out of new/improved CLMS products, and assessing the potential transferability to 
global applications. 

This report 5ммΦн ά5пмΦмō ¢ƛƳŜ {ŜǊƛŜǎ 5ŜǊƛǾŜŘ LƴŘƛŎŀǘƻǊǎ ŀƴŘ ±ŀǊƛŀōƭŜǎέ constitutes methods 
developed and applied for the Work Package (WP) 41 of ECoLaSS Task 4 targeting filling the thematic 
gaps in the current Copernicus Land Service Portofolio of the phenology and Agriculture services. In 
particular, providing indicators and variables of high spatial resolution is targeted along with for 
improving one of the main pan-European Copernicus Land products, 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 serving a potential future Agricultural use. 

The developed methods of this WP are generally introduced in section 1 of this report while the 
background and summary of requirements are given in section 2. Section 3 describes the Demonstration 
sites; (Demonstration West and South-Africa 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 of land covers, 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 pre-processing steps as well as presenting the actual prototype 
results in the Demonstration sites with the accuracy assessment. Finally, conclusion of the used methods 
and main results together with the main outlooks are provided in Section 6.  

Main findings of WP show that using multi-year Landsat datasets is successful in computing the generic 
phenological metrics and, however, more frequent observations; mainly Sentinel-2 dataset; is highly 
demanded for better capturing the phenological behaviour by computing vegetation indices twice a 
month. Furthermore, the multi-annual trends and the potential changes are captured by designing a 
more targeted phenological product exploiting the density of Sentinel-1 time series for updating the 
Grassland and Forest HRLayers. However, the signal response to various elements other than change 
should be considered. In addition, the crop growth condition is developed and applied using the Leaf 
Area Index (LAI) biophysical variable derived from Sentinel-2 time series. LAI is analysed at the field level 
considering the neighbouring fields of the same crop (within a radius of 3 km) for Winter Wheat, Winter 
Barley and Maize. The resulting products enable identifying local marginal behaviour along the season in 
terms of crop growth cycle, crop development or management practices. Finally, the emergence date 
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 as the most 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   

¢ƘŜ IƻǊƛȊƻƴ нлнл όIнлнлύ ǇǊƻƧŜŎǘΣ ά9Ǿƻƭǳǘƛƻƴ ƻŦ /ƻǇŜǊƴƛŎǳǎ [ŀƴŘ {ŜǊǾƛŎŜǎ ōŀǎŜŘ ƻƴ {ŜƴǘƛƴŜƭ Řŀǘŀέ 
(ECoLaSS) addresses the H2020 Work Programme 5 iii. Leadership in Enabling and Industrial technologies 
- Space, specifically the Topic EO-3-2016: Evolution of Copernicus services. ECoLaSS is being conducted 
from 2017ς2019 and aims at developing and prototypically demonstrating selected innovative products 
and methods as candidates for future next-generation operational Copernicus Land Monitoring Service 
(CLMS) products of the pan-European and Global Components. ECoLaSS assesses the operational 
readiness of such candidate products and 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 generation of Copernicus Land 
services from 2020 onwards. 

To achieve this goal, ECoLaSS makes full use of dense time series of High-Resolution (HR) Sentinel-2 
optical and Sentinel-1 Synthetic Aperture Radar (SAR) data, complemented by Medium-Resolution (MR) 
Sentinel-3 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 
pan-European roll-out of new/improved CLMS products, and assessing the potential transferability to 
global applications.  

This Deliverable D11.2Υ άD.41.1b ς Prototype Report: Time series-ŘŜǊƛǾŜŘ LƴŘƛŎŀǘƻǊǎ ŀƴŘ ±ŀǊƛŀōƭŜǎέ 
aims to develop the potential thematic exploitation of time series analysis derived from Sentinel time 
series. As such it is part of WP 41 of ¢ŀǎƪ пΥ ά¢ƘŜƳŀǘƛŎ tǊƻƻŦ-of-Concept/Prototype on 
/ƻƴǘƛƴŜƴǘŀƭκDƭƻōŀƭ {ŎŀƭŜέΦ This report will be accompanied by the Deliverable D11.4Υ άtΦпмΦнb ς Data 
Sets of Time series-ŘŜǊƛǾŜŘ LƴŘƛŎŀǘƻǊǎ ŀƴŘ ±ŀǊƛŀōƭŜǎέ. This report serves as documentation for the 
prototype dataset.  

In the ECoLaSS project a prototype is defined as a prototypic / thematic proof-of-concept 
implementation of an improved or newly defined potential future Copernicus Land layer, building on the 
methods and processing lines developed in Task 3. The consortium has selected representative 
demonstration sites both in Europe and Africa, covering various bio-geographic regions and biomes. All 
prototype products and services are being prototypically implemented in a selection of these sites in the 
frame of the Task 4 WPs. In ECoLaSS, proofs-of-concept / prototype demonstration are carried out with 
respect to five topics of relevance: (i) Time series derived indicators and variables, (ii) Incremental 
Updates of HR Layers, (iii) Improved permanent grassland identification, (iv) Crop area and crop status / 
parameters monitoring, and (v) New LC/LU products. This deliverable focusses on the prototype άTime 
series derived indicators and variablesέ as part of WP 41.   

This report comprises a Chapter 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 (Chapter 4); followed 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 been tested and assessed by the Task 3 WPs (Deliverables D31.1a, D32.1a, 
D33.1a, D34.1a, D35.1a) in various test sites and algorithms have been described, the demonstration 
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) deriving indicators and 
variables both for Continental and Global Component products and services from high-volume 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 (2015, 2018) HRLs on Forest 
and Imperviousness by developing incremental update strategies and ensuring time series consistency; 
(iii) improved permanent grassland identification targeting the HRL Grassland 2015 improvement; (iv) 
crop area and crop status/parameters monitoring targeting a potential future Agricultural service; as well 
as (v) further novel LC/LU products, e.g. as tested in Task 3.  

The project will base all its developments on regularly updated high-priority user requirements, and 
assess/benchmark all operational product candidates in view of their innovation potential and technical 
excellence, automation level, potential for roll-out to pan-European level and/or global scale, timeliness 
for operational implementation, costs versus benefits, etc. (further elaborations will be performed in 
Task 5).  

As discussed in the Deliverable D3.2Υ ά5нмΦмb ς {ŜǊǾƛŎŜ 9Ǿƻƭǳǘƛƻƴ wŜǉǳƛǊŜƳŜƴǘǎ wŜǇƻǊǘέ ƻŦ ǘƘŜ ²t нм ς 
Assessment of Service Evolution Requirements, the 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 pan-European Agricultural Service, followed by a pan-
European Phenology Layer. As expected, these two services are potentially interlinked as a key target is 
capturing the phenology of the different crop type also mapped by Sentinel data. There are already plans 
from EEA and in-house studies which might contain common phenology derivatives, such as start, 
duration and end of season. Furthermore, a Phenology layer appears also of key interest for the HRLs 
Grassland and Forest as well as for the Copernicus Global Component.  Such a Phenology product would 
need to be harmonized to provide the same phenological parameters (e.g. start, duration, end of season, 
etc.).  

The identification of phenological stages gives key information for, among others, primary production 
estimation and forecast, land management practices and or a better discrimination of vegetation for land 
cover classification (Sakamoto et al., 2010; Chen et al., 2008). It also helps quantify and anticipate 
climate change spatio-temporal variations (Atzberger, 2013) and understand the seasonal carbon dioxide 
fluxes (Sakamoto et al., 2010; Chen et al., 2008). More specifically for agriculture, it could provide crop 
production statistics, crop rotation records, or precision farming timely and localized information 
(Vicente-Guijalba et al., 2014). Early warning systems, monitoring vegetation conditions at critical 
phenological stages, aim at improving food security especially in food-insecure regions (Sub-Saharan 
Africa, Eastern, Southern and South-East Asia, Central America, etc.) (Vintrou et al., 2014).  

In essence, three main reasons to study phenological stages for agriculture can be underlined. Firstly, it 
helps detecting, quantifying and following agricultural practices or climate change at different scales 
(change monitoring purposes). Secondly, it allows for a better estimations of yields by integrating the 
phenological information into growth models (food-security and policy-making purposes). Thirdly, a large 
number of professional applications may rely on phenological stages information to improve agricultural 
practices, reduce cost, etc. (commercial purposes). 
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3  Demonstration Sites   

All prototypes are implemented in selected representative demonstration sites, which cover various bio-
geographic regions and biomes. In particular, the north, central, 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 HRL Grassland and Forest potential 
change. The Demonstration Sites West and South 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 selected larger prototype sites (60,000/90,000 km² per prototype site) contain the 5 test sites from 
Task 3. These prototype sites are relevant in Task 4 for demonstrating the proposed candidates for a 
Copernicus Land Service Evolution roll-out on a larger scale. As shown in Figure 3-1, the pre-selected 
prototype sites cover the Atlantic and Continental zones (Source EEA: http://www.eea.europa.eu/data-
and-maps/data/biogeographical-regions-europe-3#tab-gis-data) of the member and associated states of 
EEA-39. The selected prototype sites are located in the North of Europe, in the Alpine/Central region, in 
the West, in the South-West and in the South-East of Europe. All prototype products and services will 
be prototypically implemented in one or more prototype sites in project phase 1, and in three prototype 
sites in phase 2.  

 

Figure 3-1: European Demonstration Sites 
(Map: © European Environment Agency; administrative boundaries: ©EuroGeographics) 

 

http://www.eea.europa.eu/data-and-maps/data/biogeographical-regions-europe-3#tab-gis-data
http://www.eea.europa.eu/data-and-maps/data/biogeographical-regions-europe-3#tab-gis-data
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A short description of the different prototype sites is given in the following  

Table 3-1:  

Table 3-1: Description of the selected Prototype Sites 

Location Biogeographical 
region(s) 

Countries Distribution of CORINE land cover classes 2012 (Level 
1) per prototype site *  

Northern 
Europe 

Boreal Sweden, Norway Artificial areas: 1.90%, Agricultural areas:11.87%, 
Forest and semi-natural areas: 69.01%, Wetlands: 
3.25%, Waterbodies: 13.94% 

Alpine / 
Central 
Europe 

Continental, 
Alpine 

Germany, Austria, 
Switzerland, Italy and 
Czech Republic 

Artificial areas: 9.03%, Agricultural areas: 44.55%, 
Forest and semi-natural areas: 44.65%, Wetlands: 
0.23%, Waterbodies: 1.55% 

West 
Europe 

Atlantic, 
Continental 

Belgium, France, 
Luxembourg 

Artificial areas: 13.47%, Agricultural areas: 63.08%, 
Forest and semi-natural areas: 21.43%, Wetlands: 
0.39%, Waterbodies: 1.61% 

South-
East 
Europe 

Mediterranean, 
Continental, 
Alpine 

Serbia, Macedonia, 
Greece, Bulgaria and 
Kosovo 

Artificial areas: 3.34%, Agricultural areas: 34.87%, 
Forest and semi-natural areas: 56.67%, Wetlands: 
0.17%, Waterbodies: 4.93%  

South-
West 
Europe 

Atlantic, 
Mediterranean, 
Alpine 

France, Spain Artificial areas: 3.26%, Agricultural areas: 46.73%, 
Forest and semi-natural areas: 49.02%, Wetlands: 
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  

¢ƘŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǎƛǘŜ ά²Ŝǎǘέ ƛǎ ǘƘŜ ǇǊƛƳŀǊȅ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǎƛǘŜ for prototype developments of Task 4, 
related to the potential future Copernicus Land High Resolution Layer on Agricultural (AGRI), and as well 
for improvements of the HRL Grassland (GRA) and Forest (FOR). Phenological products, in particular 
άtƘŜƴƻƭƻƎƛŎŀƭ {ǘŀǊǘ ƻŦ {Ŝŀǎƻƴέ όt{{ύΣ άtƘŜƴƻƭƻƎƛŎŀƭ tŜŀƪ ƻŦ {Ŝŀǎƻƴέ όtt{ύΣ άtƘŜƴƻƭƻƎƛŎŀƭ 9ƴŘ ƻŦ {Ŝŀǎƻƴέ 
όt9{ύΣ άtƘŜƴƻƭƻƎƛŎŀƭ [ŜƴƎǘƘ ƻŦ {Ŝŀǎƻƴέ όt[{ύ ŀǎ ǿŜƭƭ ŀǎ άaŀȄƛƳŀƭ tƘŜƴƻƭƻƎƛŎŀƭ !ŎǘƛǾƛǘȅέ όat!ύΣ have also 
been implemented on this site in the first phase only. HowevŜǊΣ ŘǳŜ ǘƻ ǘƘŜ άŀǊǘƛŦƛŎƛŀƭ ǳǎŜέ ƻŦ [ŀƴŘǎŀǘ-8 to 
simulate the full datasets brought by the twin satellites S-2 A 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. 

Lǘ Ŏƻƴǘŀƛƴǎ ǘƘŜ ǘŜǎǘ ǎƛǘŜ ά.ŜƭƎƛǳƳέ ǿƘŜǊŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘǎ ǿŜǊŜ ǎǘǳŘƛŜŘ ƛƴ ¢ŀǎƪ оΦ This area 
has been also used for the prototype of local crop condition anomaly and crop emergence. A map of the 
selected demonstration site West is depicted in Figure 3-2. As summarized in Table 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 semi-natural surfaces (13.15%), artificial areas 
(7.81%) and wetlands (0.25%). 
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Figure 3-2: Overview of demonstration site West, draped over CLC dataset 

 

3.3  DEMO - SITE SOUTH AFRICA for emergence date detection   

The Southern African demo site refers to the third largest province in South Africa, named as the Free 
State and covering land area of approximately 129,825 km2 (Figure 3-3). This province contributes 
significantly to the agricultural economy of the country, e.g. the provincial contribution (out of 9 
provinces) of national maize production was 39% and 31% for the summer seasons 2014-2015 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 ground-beans (1%) (Department of 
Agriculture, 2017). Agriculture in the province depends greatly on rainfall, since only 4 to 8% of 
cultivated land is irrigated, with the exception of winter wheat (> 50% irrigation).  

The Free State is included in South !ŦǊƛŎŀΩǎ ƘƛƎƘ-lying interior plateaux known as the highveld (Wiggs and 
Holmes, 2011). The province is divided into two parts of semi-arid and sub-humid climatic characteristics. 
Rainfall in the semi-arid part varies between 200 and 600 mm with a summer rainy season ranging from 
100 to 180 days per year. The sub-humid part receive 400-800 mm rainfall per year and the 
corresponding rainy season spans from 180 to 240 days per year (Figure 3-3) (Jager et al., 1998). Frost 
occurs throughout 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 and water which are often 
a limiting factor for cultivation of food crops (Tsubo and Walker, 2007). Severe droughts affect the 
region. For instance, maize production dropped by 46% during the 2015-2016 growing season which was 
partially compensated by a 19% sunflower production increase (Department of Agriculture, 2017). 
Hence, annual maize production fluctuates significantly through the years with an average 127% inter-
annual variation entirely explained by rainfall variability (Jager et al., 1998). 
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In this climatic context, agriculture in the western part of the Free State, is a more risky business because 
it is prone to more severe weather and environmental damages (drought, early frost, hail storms, etc.). 
Therefore, insurance companies propose specific multi-risk contracts and, thus, report field emergence 
at the field level to guarantee that the insured fields have correctly emerged. These field scale 
emergence reports together with an east-west transect capturing most of the agro-climatic gradient 
with three Sentinel-2 tiles (35JMK, 35JNK and 35JPK) (Figure 3-4) provide a complete demonstration of 
the Free State province.  

 

 

Figure 3-3: Location of the Free State in South Africa and mean annual rainfall in mm in South Africa (1950-2000) 
(Schulze, 2007) 

 

Figure 3-4: Demonstration site in the Free State (South-Africa) corresponding to a 310x100 km east-west transect 
covered by three Sentinel-2 tiles 
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3.4  DEMO - SITE SOUTH - WEST for generic LC metrics  

The demonstration site South-West (approx. 65,000 km²) is covering southern France and some parts of 
northern Spain, and includes the primary test site for the method developments in Task 3 related to the 
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 Period. In the second project phase, the demonstration sites 
Central and South-East have been added for the Imperviousness prototyping.  
 
The landscape in the demonstration site South-West is composed of different biogeographic regions 
such as Mediterranean, Alpine and Atlantic. Three Sentinel-2 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, a major French 
city. Toulouse is the 4th city in France in terms of urban and demographic expansions and is the most 
dynamic city of the South-West region. The presence of the city leads the region to be the second most 
attractive and dynamic region in France. The plains surrounding the city are mainly rurally dominated 
areas composed of croplands mixed with grassland and an increasing amount of forest with the 
proximity of the coastal region. But 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, Carcasonne, Tarbes, Castres or Albi. In 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 North-West of the demonstration site. 
The unique situation of the region in terms of urban dynamic is the reason for the selection of this site 
for the Imperviousness prototype.  
A more detailed map of the characteristics of the selected demonstration site South-West as used for the 
Imperviousness prototype is provided in Figure 3-5 below.  
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Figure 3-5:: Demonstration site South-West, with CLC 2018 background 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 Baden-Wurttemberg), 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 adjoining 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 contain also the 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 higher 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 Baden-Wurttemberg and Austria) 
- strong topography (lowlands and high mountains).  
 
Figure 3-6 shows the Central Demonstration site. 

 

  

Figure 3-6 - Overview of the demonstration-site Central draped over the CORINE Land Cover classes (2018). 

© European Union, Copernicus Land Monitoring Service 2012, European Environment Agency (EEA). 
 

  




















































































































