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1. BACKGROUND OF THE DOCUMENT

1.1. EXECUTIVE SUMMARY

The Copernicus Land Service has been built in the framework of the FP7 geoland2
project, which has set up pre-operational infrastructures. ImagineS intends to ensure the
continuity of the innovation and development activities of geoland2 to support the operations
of the global land component of the GMES Initial Operation (GIO) phase. In particular, the
use of the future Sentinel data in an operational context will be prepared. Moreover,
IMAGINES will favor the emergence of new downstream activities dedicated to the
monitoring of crop and fodder production.

The main objectives of ImagineS are to (i) improve the retrieval of basic biophysical
variables, mainly LAI, FAPAR and the surface albedo, identified as Terrestrial Essential
Climate Variables, by merging the information coming from different sensors (PROBA-V and
Landsat-8) in view to prepare the use of Sentinel missions data; (ii) develop qualified
software able to process multi-sensor data at the global scale on a fully automatic basis; (iii)
complement and contribute to the existing or future agricultural services by providing new
data streams relying upon an original method to assess the above-ground biomass, based
on the assimilation of satellite products in a Land Data Assimilation System (LDAS) in order
to monitor the crop/fodder biomass production together with the carbon and water fluxes;(iv)
demonstrate the added value of this contribution for a community of users acting at global,
European, national, and regional scales.

Further, ImagineS will serve the growing needs of international (e.g. FAO and NGOs),
European (e.g. DG AGRI, EUROSTATS, DG RELEX), and national users (e.g. national
services in agro-meteorology, ministries, group of producers, traders) on accurate and
reliable information for the implementation of the EU Common Agricultural Policy, of the food
security policy, for early warning systems, and trading issues. ImagineS will also contribute to
the Global Agricultural Geo-Monitoring Initiative (GEO-GLAM) by its original agriculture
service which can monitor crop and fodder production together with the carbon and water
fluxes and can provide drought indicators, and through links with JECAM (Joint Experiment
for Crop Assessment and Monitoring).

1.2. PORTFOLIO

The ImagineS portfolio contains global and regional biophysical variables derived from
multi-sensor satellite data, at different spatial resolutions, together with agricultural indicators,
including the above-ground biomass, the carbon and water fluxes, and drought indices
resulting from the assimilation of the biophysical variables in the Land Data Assimilation
System (LDAS).

The production in Near Real Time of the 333m resolution products, at a frequency of 10
days, using PROBA-V data is carried out in the Copernicus Global Land Service.

The demonstration of high resolution (30m) products derived from Landsat-8 is done over
demonstration sites of cropland and grassland in contrasting climatic and environmental
conditions.

IMAGINES_RP7.5 @ ImagineS consortium
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1.3. ScopPe AND OBJECTIVES

The main objective of this document is to describe the AHSPECT field campaign and
ground data collected over multiple sites at South-West, France, and the up-scaling of the
ground data to generate ground-based high resolution maps of the following biophysical
variables:

1 Leaf Area Index (LAI), defined as half of the total developed area of leaves per
unit ground surface area (m%m?). We focused on two different LAl quantities (for
green elements):

U The effective LAl (LAleff) derived from the description of the gap fraction
as a function of the view zenith angle. In addition, effective LAl measures
derived at 57.5° are also provided in the ground database.

U The actual LAI (LAI) corrected from the clumping index.

9 Fraction of green vegetation cover (FCover), defined as the proportion of sail
covered by vegetation, derived from the gap fraction between 0 and 10° of view
zenith angle.

9 Fraction of Absorbed Photosynthetically Active Radiation (FAPAR), which is the
fraction of the photosynthetically active radiation (PAR) absorbed by a vegetation
canopy. We are also focused on green elements. PAR is the solar radiation
reaching the canopy inthe 0.4i0. 7 e m wayv el .aMedocused oretigei o n
i nstant an esokuysd OFat Pl Solar Local Time (SLT), which is the
FAPAR under direct illumination conditions at a given solar position. In addition,
two other quantities are provided: daily integrated FAPAR computed as the black-
sky FAPAR integrated over the day and the 6 wtkiytbe FAPAR, whi ch
FAPAR under diffuse illumination conditions.

1.4. CONTENT OF THE DOCUMENT

This document is structured as follows:

1 Chapter 2 provides an introduction to the field experiment.

1 Chapter 3 provides the location and description of the site.

1 Chapter 4 describes the ground measurements, including material and methods,
sampling and data processing.

1 Chapter 5 provides an evaluation of the sampling.

1 Chapter 6 describes the production of high resolution ground-based maps, and the
selected fimeanodo values for wvalidation

IMAGINES_RP7.5 @ ImagineS consortium
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2. INTRODUCTION

Validation of remote sensing products is mandatory to guaranty that the satellite products
meets the userds requirement s lLAlefPpraducts ar@dlrsadyf or v al
developed in the context of Land Product Validation (LPV) group of the Committee on Earth
Observation Satellite (CEOS) for the validation of satellite-derived land products (Fernandes
et al., 2014), and recently applied to Copernicus global land products based on SPOT/VGT
observations (Camacho et al., 2013). This generic approach is made of 2 major
components:

1 The indirect validation: including inter-comparison between products as well as
evaluation of their temporal and spatial consistency

1 The direct validation: comparing satellite products to ground measurements of the
corresponding biophysical variables. In the case of low and medium resolution
sensors, the main difficulty relies on scaling local ground measurements to the
extent corresponding to pixels size. However, the direct validation is limited by the
small number of sites, for that reason a main objective of ImagineS is the
collection of ground truth data in demonstration sites.

The content of this document is compliant with existing validation guidelines (for direct
validation) as proposed by the CEOS LPV group (Morisette et al., 2006); the VALERI project
(http://w3.avignon.inra.fr/valeri/) and ESA campaigns (Baret and Fernandes, 2012). It
therefore follows the general strategy based on a bottom up approach: it starts from the scale
of the individual measurements that are aggregated over an elementary sampling unit (ESU)
corresponding to a support area consistent with that of the high resolution imagery used for
the up-scaling of ground data. Several ESUs are sampled over the site. Radiometric values
over a decametric image are also extracted over the ESUs. This will be later used to develop
empirical transfer functions for up-scaling the ESU ground measurements (e.g. Martinez et
al., 2009). Finally, the high resolution ground based map will be compared with the medium
resolution satellite product at the spatial support of the product.

The AHSPECT (Agriculture Health SPECTrometry) campaign is aimed at collecting

hyperspectral airborne measurements over agro-forestry areas of southwest France for

assessing the agricultural health, physiology and satellite products validation. The project
wassupported by EUFARG6s transnational access proc
access to the NERC ARSF aircraft - Dornier DO228, mounted with the hyperspectral camera

FENIX for visible and infrared range and the hyperspectral camera OWL for thermal infrared.

A LIDAR instrument is also set up on board the aircraft. Spatial resolutions for sensors vary

between 0.4 and 1.5 m, owing to low altitude flight (~1.2 km). The geo-referenced and

radiometric calibrated images from the three instruments are combined.

The first phase of the campaign took place on 23™ June 2015 during which several
ground-based stations maintained by CESBIO, METEO-FRANCE (SMOSMANIA) and INRA,
located between Toulouse and Atlantic ocean, were overflow. High temperature and clear
sky conditions were encountered during the 4-hour flight around midday. Cover types

sampled concern maize and wheat crops, orchard trees, forested areas and various other
IMAGINES_RP7.5 @ ImagineS consortium
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crops. A second campaign took place on 1% October 2015. It was focused on forests
impacted by climate change and also vineyards.

This report presents the ground data (LAl, FAPAR and vegetation cover fraction) collected
by EOLAB during the first campaign (Figure 1) and the up-scaling performed to generate
ground-based maps using Landsat-8 data over several AHSPECT sites which are presented
in Chapter 3.

Field Campaigns: 22" to 25" June, 2015.

Team involved in field collection:
F. Camacho, C. Latorre (EOLAB)

Contact:
EOLAB: Fernando Camacho - fernando.camacho@eolab.es
METEOFRANCE: Jean-Louis Roujean T jean-louis.roujean@meteo.fr

Figure 1: People involved in ground measurements from EOLAB and METEO-FRANCE:
Carole Planque , Fernando Camacho, Consuelo Latorre and Dominique Carrer
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3. STUDY AREA

3.1. LOCATION

Our measurements were taken in seven sub-sites where ground-based stations are
maintained by CESBIO, METEO-FRANCE (SMOSMANIA) and INRA, located between
Toulouse and Atlantic Ocean. The sites are located in the Midi-Pyrénées and Aquitania
regions in the South-West of France. The several sub-sites for the first campaign are shown
in Figure 2. EOLAB took ground measurements in seven (of nine) sub-sites as described in
Table 1.

AHSPECT sites:

. Meteopole

. Peyrusse
. Urgons

' Sabres
9] Creén d'Armagnac

{© Ccondom
O Saveneés

Figure 2: AHSPECT test area (South-West, France) during the first campaign (black line) and
location of the sites

Table 1: Name of the sites, location and date of the measurements collected by EOLAB.

CAMPAIGN Latitud Longitude DATES
Meteopole MTO 43.572812° N +1.374512° E 22" June 2015
Peyrousse PEY 43.666229° N +0.219540° E 23 June 2015
Urgons URG 43.639704° N -0.433956° E
Sabres SAB  |44.147505° N |-0.845486° E "
Creoén d'Armagnac CRE  |43.993601°N  |-0.046897° E 247 June 2015
Condom CON 43.974290° N +0.335969° E "
Saveneés SAV  |43.824221° N +1.174945° E 257 June 2015

Figure 3 shows a color composition of Landsat-8 image (TOA reflectance) used for up-
scaling the ground values. Only 6 sub -sites fall within the Landsat-8 199/30 scene, covering
an area of 76x160 km? for this date (23" June, 2015). The available Landsat scene for
Sabres sub-site corresponds to a different date, and thus it was not used for up-scaling with
the other sub-sites. Finally, the ground data from Sabres was not up-scaled due to the low
number of ESUs and its different canopy architecture (Pine Poplar and Corn).
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Figure 3: False color composition (RGB: SWIRT NIR - RED) of TOA Reflectance Landsat-8
scene 199/30 (23rd June, 2015) covering a study area 76 x 160 km? of the AHSPECT campaign
(South-West, France). The red square outlines the 5x5 km? area of the different sub-sites. The

Sabres sub-site is not covered by this Landsat-8 scene.

3.2. DESCRIPTION OF THE TEST SITE

The study region is generally flat or with small slopes with large crop fields and covered by
a mix of irrigated (mainly maize and soybean) and non-irrigated crops (mainly sunflower,
wheat and rapeseed). Other land cover types correspond to forest and natural vegetation,
water bodies and urban areas. Figure 4 to Figure 10 show pictures over the test sites, where
the flat landscape and large crop fields of wheat, sunflower, and maize can be observed.

1 Meteopole

Figure 4: Pictures over the grassland site at Meteopole, AHSPECT campaign. 22" June,
2015 (South-West, France).
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1 Peyrousse

Figure 5: Landscape pictures taken over Peyrousse site during the AHSPECT campaign on
23" of June 2015, showing dry wheat and sunflower fields.

1 Urgons

Figure 6: Landscape pictures taken over Urgons site during the AHSPECT campaignh on 23"
of June 2015, showing corn fields around the station.
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M Sabres

Figure 7: Landscape pictures taken over Sabres site during the AHSPECT campaign on 24"
of June 2015, showing corn fields at different stages and a pine forest plantation around the
station.

T Creon doéAr magna

Figure8: Nor mal and hemi spheric pictur ecsitéedukkngthe over Cr e
AHSPECT campaigh on 24" of June 2015, showing corn fields.
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