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WELCOME MESSAGE

We are pleased to welcome you to the fifth International Symposium on Recent
Advances in Quantitative Remote Sensing, which will be held in Valencia, Spain, from 19
to 23 September, 2022.

The Symposium addresses the scientific advances in connection with real
applications, its main goal being to assess the state of the art of both theory and
applications in the analysis of Remote Sensing data. This symposium should greatly
contribute to define common research priorities.

The Symposium will offer a unique framework for socializing and interacting with
the members of the international remote sensing community, at the same time enjoying a
stay in Valencia.

Presentations by scientists from around the world will provide an in-depth view and
evaluation of the current advances of remote sensing.

See you in Valencia!

Cordially

José A. Sobrino

Symposium Chairman
University of Valencia, Spain
sobrino@uv.es
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PROGRAMA RESUMIDO/PROGRAMME OVERVIEW

LUNES 19 SEPTIEMBRE 2022 - MONDAY 19" SEPTEMBER 2022

8:30-10:00
Inscripcién y entrega de documentacion / Welcome and registration.
AUDITORI de Torrent. C/Vicent Pallardé n° 25, 46900 TORRENT (Valencia)

10:00 — 10:30 Acto de apertura / Opening session
10:30 — 11:00 Conferencia de Apertura / Opening Conference
11:00 - 11:20 Pausa café / Coffee break
11:20 — 12:00 Sesion Oral 1 / Oral session 1
SESSION 1: - Land Surface Radiation and Inversion Modelling
Presidente / Chair. J. MORENO
12:00 — 13:30 Sesion Poster 1 / Poster session 1
POSTER 1: - Land Surface Radiation and Inversion Modelling
- Multispectral and Hyperspectral Remote Sensing and
Imaging Spectroscopy
- Multiangular and Multitemporal Measurement

- Scaling, fusién, reduction and assimilation of data

- Advances in consolidated datasets of ECV

- Sensor Calibration, Atmospheric correction, and product
validation

13:30 — 15:30 Pausa comida / Lunch break
15:30 — 17:00 Sesion Oral 2 / Oral session 2
SESSION 2: - Land Surface Radiation and Inversion Modelling
- Multispectral and Hyperspectral Remote Sensing and
Imaging Spectroscopy

- Multiangular and Multitemporal Measurement
Presidente / Chair. E. VERMOTE

17:00 — 17:30 Pausa café / Coffee break
17:30 — 18:30 Sesion Oral 3 / Oral session 3
SESSION 3: - Earth Observation Missions & Services
Presidente / Chair. F. NERRY

19:00 — 22:00 Acto Social / Welcome Reception
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MARTES 20 SEPTIEMBRE 2022 - TUESDAY 20t SEPTEMBER 2022

9:00 — 10:30 Sesion Oral 4 / Oral session 4
SESSION 4: - Multispectral and hyperspectral
- Multiangular and Multitemporal Measurement
- Advances in consolidated datasets of ECV
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SESSION 5: - Earth Observation Missions & Services
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12:00 — 13:30 Sesion Poster 2 / Poster session 2
POSTER 2: - Carbon and Water Cycle Observation and Modelling
- Sensor Calibration, Atmospheric correction, and
product validation
- Earth Observation Missions & Services

13:30 — 15:30 Pausa Comida / Lunch break

15:30 — 17:00 Sesion Oral 6 / Oral session 6
SESSION 6: - Carbon and Water Cycle Observation and Modelling
Presidente / Chair: W. TIMMERMANS

17:00 — 17:30 Pausa café / Coffee break

17:30 — 19:00 Sesion Oral 7 / Oral session 7
SESSION 7: -Earth Observation Missions & Services
Presidente / Chair: G. GUTMAN

19:00 — 21:30 Cena / Dinner
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- Urban Heat Island
- Global Change and sustainable development
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SESSION 10: - Remote Sensing of Snow and Ice
-Sensor Calibration, Atmospheric Correction and
Product Validation
Presidente / Chair: A. OLIOSO

17:00 — 17:30 Pausa café / Coffee break
17:30 — 19:00 Sesion Oral 11 / Oral session 11
SESSION 11: - Urban Heat Island
-Global Change and Sustainable Development

Presidente / Chair: X. BRIOTTET
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JUEVES 22 SEPTIEMBRE 2022-THURSDAY 22" SEPTEMBER 2022

9:00 — 10:30 Sesion Oral / Oral session
SESSION 12: - Sensor Calibration, Atmospheric Correction and
Product Validation
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10:30 — 11:00 Pausa café / Coffee Break
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SESSION 13: - SESSION 13: - Passive and active Microwaves & SAR
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SESSION: Supporting Science
Presidente / Chairs: J. A. SOBRINO
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- Passive Microwaves & SAR Data Processing / Applications
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15:30 — 17:00 Sesion Oral / Oral session
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20:00 Cena de Gala / Gala Dinner

VIERNES 23 SEPTIEMBRE 2022-FRIDAY 23 SEPTEMBER 2022

10:00 — 11:30 Conclusiones de sesiones por los presidentes / Session report by
session chairpersons
Presidente /Chair. J. A. SOBRINO

11:30 — 12:00 Acto de clausura / Closing ceremony

12:00 — 13:15 Refrigerio / Refreshments & Snacks
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A COMPLETE PACKAGE FOR GROUND BASED VALIDATION OF
REMOTELY SENSED SURFACE REFLECTANCE

E. Vermote', J. McCorkel’, W.H. Rountree'’, A. Santamaria-Artigas'3, S. Skakun'3, B. Franch®! & J.C.
Roger'”
INASA/GSFC Code 619
°NASA/GSFC Code 618
3University of Maryland, College Park
“Universitat of Valencia, Valencia
email: eric.f.vermote@nasa.gov
Phone: +1 240 521 7791

The directional surface reflectance product is a critical input for generating downstream products
such as Vegetation Indices (VI), Leaf Area Index (LAI), Fraction of Absorbed Photosynthetically Active
Radiation (FAPAR), Bidirectional Reflectance Distribution Function (BRDF), Albedo, and Land Cover. The
Surface Reflectance Fundamental Climate Data Record needs to be of the highest possible quality, so that
minimal uncertainties propagate in the dependent/downstream products. One challenge is obviously the
validation of the surface reflectance. It implies gathering enough surface observations through time and space.
Unfortunately the direct validation is limited to episodic field campaigns, or is continuous in time but is
extremely limited in space (around 10m x 10m area) over homogeneous site (e.g. RADCALNET) and usually
does not address the validation of cloud screening which is at least as important as the atmospheric correction
in determining the usability of data. Although, some indirect validation has been used to enable continuous and
globally representative validation by using very detailed atmospheric characterization from AERONET data
and accurate radiative code, these efforts have inherent limitations to what can be achieved (e.g., adjacency and
directional effect correction). Here we propose an automated camera system (CAMSIS) mounted at a height of
123 meters on a TV tower (WLEF) near Park Falls, WI at the Chequamegon National Forest. This system
provides data for the continuous validation of surface reflectance over a 200m x 200m area at the pixel level
for high spatial resolution sensors (better than 30m). This system is associated with two sky cameras for cloud
mask validation (SKYCAM) and is completed by a AERONET Sun Photometer. We present initial results that
show good agreement with Sentinel-2A, B and Landsat 8,9 surface reflectance derived from our generic Land
Surface Reflectance Code (LaSRC).

REVISITING THE USE OF RED AND NEAR-INFRARED REFLECTANCES IN
VEGETATION STUDIES

G. Gutman', S. Skakun?, A. Gitelson®
INASA/Headquarters, Washington DC, USA
2University of Maryland College Park, MD, USA
3 University of Nebraska-Lincoln, Lincoln, NE, USA
*Corresponding author: G. Gutman Tel.: 1 202-358-0260
E-mail: ggutman@nasa.gov

Surface reflectance data acquired in red and near-infrared spectra by remote sensing sensors are
traditionally applied to construct various vegetation indices (VIs), which are related to vegetation biophysical
parameters. Most VIs use pre-defined weights (usually equal to 1) for the red and NIR reflectance values,
therefore constraining particular weights for red and NIR during the VI design phase, and potentially limiting
capabilities of the VI to explain an independent variable. In this paper, we propose an approach to estimate
biophysical variables, such as Leaf Area Index (LAI), Canopy Chlorophyll Content (CCC) and Fraction of
Photosynthetically Active Radiation (FPAR) absorbed by green vegetation, represented as linear combinations
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of the red and NIR reflectances with weights determined empirically from observations and radiative transfer
model (PROSAIL) simulations. The proof of concept is first tested on available close-range observations over
maize and soybean crops in Nebraska, USA. The empirical results compare well with those from PROSAIL
model simulations. The proposed LAI model is then used with data from Landsat 8, Sentinel-2 and Planet/Dove,
and the results are validated with in situ LAI measurements in Ukraine. We show that the weights on red and
NIR reflectances are vegetation-specific and stable in time. The approach is further tested on crops and forests
in the conterminous USA and on a global scale using MODIS LAI and FPAR products as proxies for “ground
observations”. It is encouraging to see that the derived maps of coefficients/weights exhibit regular patterns
over the globe compatible with those of vegetation classes and crop types. Tedious and thorough work on
compiling available in situ measurements on various crop types needs to be accomplished prior to large-scale
applications, and the method needs to be further tested and proven that it works at a large scale.

The proposed parameterization may be attractive for global studies of various sub-classes of vegetation, once
the parameter coefficients are established, validated, tabulated and their stability verified. Ultimately, this
approach may provide quantification of vegetation traits for the past decades and be a useful asset for climate
models that include satellite-derived land cover classifications and vegetation variables for simulating surface
fluxes. This is a conceptual work describing a paradigm, which could ultimately be useful in global models.

USING UAYV & S2 NDVI FOR CALIBRATING REALISTIC 3D MODELS OF
MAIZE FIELDS WITH DART AND SIMULATING THEIR RADIATIVE
BUDGET

P. Boitard' (paul.boitard@cesbio.cnes.fr), B. Coudert' (benoit.coudert@cesbio.cnes.fi), N. Lauref’
(nicolas.lauret@cesbio.cnes.fr), J. Gastellu-Etchegorry’ (jeanphilippe.gastellu-etchegorry@cesbio.cnes.fr).

!CESBIO, Université de Toulouse, UPS, CNES, CNRS, INRAe, IRD 1Auch, France
2CESBIO, Université de Toulouse, UPS, CNES, CNRS, INRAe, IRD 2Toulouse, France

The perspective of a combined use of Sentinel 2 (S2) products with the futures products of the
TRISHNA (Thermal infraRed Imaging Satellite for High-resolution Natural resource Assessment) satellite
mission planned for 2025 is a major challenge to provide continuous monitoring on a large scale and at spatial
resolutions adapted to the study of soil-plant-atmosphere functioning mechanisms in a context of constraint on
water resources. The use of S2 and UAV remote sensing combined with the DART model (Discrete Anisotropic
Radiative Transfer Model, https://dart.omp.eu) are considered. 1) To validate DART models of 3D landscapes.
2) To better constrain the spatial variability of DART simulations performed at finer resolution. Developed at
CESBIO since 1992, patented in 2003, DART is one of the most complete physical 3D models simulating the
interaction of Earth-atmosphere radiation in the visible to thermal infrared spectral range. We propose a
sensitivity study of fine-scale geometric and radiative properties on simulated satellite and UAV measurements
of reflectance and radiation balance in PAR (Photosynthetically Active Radiation, 0.4-0.7 pm) in function of
time. DART models of 2 maize fields, respectively in conventional agriculture and agroecology, were first
calibrated in terms of LAI (Leaf Area Index). These fields, located in the Gers, were used as study plots in the
BAG'AGES project (2016-2021, Adour-Garonne Water Agency). These LAI were obtained on DART model
by a new method of inversion from the NDVI (Normalized Difference Vegetation Index) S2 and UAV. Our
approach is to modify the size of the leaves of the DART models to obtain NDVIDART ~ NDVIS2 or
NDVIUAV. This method permits to obtain an LAI value in agreement with the NDVI. Calibration is performed
by transforming the DART models into 10m pixel maps of reflectances (Sentinel 2 resolution) and 11.7 cm
(UAV resolution). The DART simulations correspond to S2 and UAV observations dates: solar position,
atmosphere... The 3D models were validated using reflectance images in the visible and near-infrared (492,
559, 665 and 833 nm) of the S2 satellite and UAV images (550, 660, 735 and 790 nm bands). Moreover thanks
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to the fine scale resolution of the UAV data, a validation of the reflectances of the entities (soil, plants) was
carried out. Using these realistic models, a sensitivity study was conducted to evaluate the impact of geometric
(LALI, plant shape, orientation, plant spacing) and optical (soil) factors on the radiation balance of the canopies.
It appeared that the difference in LAI of maize fields significantly affects the reflectance and radiation balance
in the visible range. Thus, orientation of the rows in relation to the solar position creates a difference for the
radiation intercepted a mean plant around 40W between 11am and 2pm in PAR. This study allowed us to
compare the 3D and turbid/1D models and to measure the differences in the radiation balance obtained for these
two simulation methods. Our study also focuses on the thermal infrared brightness temperature in the
TRISHNA context. A first thermal simulation in brightness temperature has been performed at UAV and
TRISHNA resolutions.

COMPARISON OF HOMOGENEOUS AND HETEROGENEOUS CANOPIES IN
RADIATIVE TRANSFER MODELING TO RETRIEVE FOLIAR TRAITS OF
FOREST CANOPIES

Thierry Gaubert', Karine Adeline', Margarita Huesca?, Susan Ustin?, Xavier Briottet!
" ONERA / DOTA, Université de Toulouse, F-31055 Toulouse, France, thierry.gaubert@onera.fr,
karine.adeline@onera.fr, xavier.briottet@onera.fr
2 Faculty of Geo-Information Science and Earth Observation (ITC), University of Twente, Enschede,
Overijssel, Netherlands, m.huescamartinez@utwente.nl
3 John Muir Institute of the Environment, University of California, Davis, One Shield Avenue, Davis, CA
95616, USA, slustin@ucdavis.edu

Foliar traits are reliable indicators of trees and forest health status since they are strongly linked to
plant physiological processes such as photosynthetic activity and hydric status. Foliar traits are related to the
biochemical content of leaves such as pigments (chlorophylls, carotenoids), water and dry matter content.

For the past decades, several studies demonstrated that foliar traits can be retrieved with from imaging
spectroscopy having a larger number of spectral bands and better spectral resolutions enabling to take into
account narrow spectral features.

These studies have developed several strategies to map foliar traits of vegetated areas from imaging
spectroscopy. These strategies are often classified into three families: empirical, physically based, and hybrid
methods. Among these families, hybrid methods gave promising results to estimate foliar traits.

These hybrid methods rely on the use of a radiative transfer model (RTM). A synthetic database is created
thanks to a RTM that simulates canopy reflectance. Then a machine learning regression algorithm (MLRA) is
trained on this synthetic database. The trained MLRA then constitute an inverse model. Apply this inverse
model on imaging spectroscopy data enable to perform estimations of foliar traits of the surveyed area.
However, a validation step is required to check the accuracy of the inverse model. Among all MLRA, the
Partial Least Square Regression (PLSR) algorithm has been already proved reliable to estimate foliar traits
within empirical and hybrid methods, and can deal with the strong collinearity of spectral inputs.

The choice of the RTM and its parametrization is always a key issue. While assessing the accuracy of RTMs
to simulate realistic canopy BRDF is a common step in their development, the ability of distinct RTMs to be
inverted, and their efficiency to estimate foliar traits are hardly ever compared.

At first, canopy RTM modeled leaf distributions using simple representation inside homogeneous canopies.
This first class of canopy RTM is often qualified of 1D RTM, like SAIL. SAIL simulates the behavior of light
in homogeneous canopies. SAIL associated with PROSPECT gives the PROSAIL model which has emerged
as the major model to retrieve foliar traits over agricultural crops and dense forests. More recently, 3D models,
such as DART, has gained computational efficiency making possible estimation of foliar traits by simulating
more complex and heterogeneous canopies. DART is able to simulate both heterogeneous and homogeneous
canopies. Recent studies assessed the ability of PROSPECT-DART association to retrieve foliar traits over
sparser woodland canopies.
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This study aims to compare the performance of two hybrid methods based either on SAIL or either on DART
to estimate foliar traits on forested areas. Both canopy RTM are associated to the leaf-level RTM PROSPECT
and are inverted with PLSR.

To compare the performances of both approaches, we use AVIRIS airborne imaging spectroscopy data (14m
GSD) acquired over Sierra Nevada, California, completed with field data collected over three forested sites:
two mixed hardwood/conifer forest, Soaproot Saddle and Blodgett Forest; and a high elevation conifer forest,
Teakettle experimental forest. These sites offer diversity in species and canopy cover, ranging from sparse
canopies to dense canopies.

This work will provide guidelines to choose the proper RTM complexity for hybrid estimations of foliar traits.

RELATIONS BETWEEN LANDSAT SPECTRAL REFLECTANCES AND LAND
SURFACE EMISSIVITY OVER BARE SOILS

Albert Olioso"?, Xavier Briottet’, Sophie Fabre’, Frédéric Jacob®, Aurélie Michel’, Simon NativeP’,
Vincent Rivalland®, Jean-Louis Roujean’
TUnité de Recherche Unité de Recherche écologie des Foréts Méditerranéennes, INRAE, Avignon, France;
2UMR EMMAH, INRAE- Avignon Université, Avignon, France;
3ONERA DOTA, Toulouse, France;

YUMR LISAH, IRD-INRA-SUPAGRO, Montpellier, France;

SUMR CESBIO, UPS-CNRS-CNES-IRD, Toulouse, France
(Correspondence to albert.olioso@inrae.fr)

Land surface emissivity is required for deriving surface temperature from thermal infrared radiances.
When using single-channel or two-channel thermal infrared sensors, information on emissivity may be derived
from spectral reflectance measurements through regression models. Such relations were developed with
vegetation index such as NDVI when considering vegetated surfaces. These relations require the knowledge of
a baseline value for bare soil which can be derived from spectral reflectances as proposed by some authors.
In this study, we analyzed the relations existing between spectral reflectances in the solar domain and the
thermal domain. Correlations between the two domains were analyzed wavelength by wavelength. Two
datasets with spectral range spanning over the two domains (between 0.4 and 13 pm) were used: spectra for 41
soil types, in dry conditions, extracted from the ASTER spectral library and spectra acquired at different soil
moistures by Lesaignoux et al. (2013). The correlation analysis made it possible to identify the best wavelengths
for estimating bare soil emissivity in the thermal domain from spectral reflectances in the solar domain.
In a second step, the analysis was applied to sensors on board of Landsat platforms and of the future TRISHNA
and LSTM missions. When considering all type of soils together, the best relations were obtained between
reflectances in the mid-infrared channels (as for examples ETM5 and ETM?7) and the various thermal infrared
channels with correlation coefficients higher than 0.6. However, the relations between reflectances and
emissivities were mostly generated by the variations of soil reflectances due to changes in soil moisture.
Correlations were significantly lower when considering only the variations due to soil type, all of them in dry
conditions.

TEMPERATURE AND EMISSIVITY SEPARATION FROM MODIS
MULTISPECTRAL TIR DATA

D. Skokovi¢ “, J.A. Sobrino %, D. Ghent ", J. C. Jiménez-Murioz ¢, D. Salinas *
“Global Change Unit, Image Processing Laboratory, University of Valencia. SPAIN
E-mail: drazen.skokovic@uv.es
bNational Centre for Earth Observation, Department of Physics and Astronomy, University of Leicester,
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Leicester LEI 7RH, UK

Accurate retrievals of Land Surface Temperature (LST) from Thermal InfraRed (TIR) data require a

precise characterization of the Land Surface Emissivity (LSE). Instead of using traditional approaches based
on Fractional Vegetation Cover or Vegetation Indices for LSE estimation, the Temperature and Emissivity
Separation (TES) algorithm allows the retrieval of both LST and LSE from only multispectral TIR data. This
method respond better to changes in vegetation canopy densities and to changes in surface soil properties which
may allow more accurate and representative LST retrievals.
In the framework of ESA LST Climate Change Initiative (CCI) project we propose the application of TES
method to Moderate Resolution Imaging Spectroradiometer (MODIS) data, based on 3 channels, which have
demonstrated to be the minimum possible configuration for TES application. The work proposed will generate
LST and LSE Essential Climate Variable products which can be useful for global trends and for local-scale
LST climate applications, such as urban areas, agricultural land, or semi-arid areas. An additional benefit of the
computed LSE product is the retrieval of global maps which can be used as input in the classic SW algorithms
for generation of long-term LST series. Finally, our retrievlas will be compared to other TES products currently
used by other entities assessing, in this way, their feasibility and performance.

EARTH SURFACE TEMPERATURE EVOLUTION DURING THE YEARS 2003-
2021 FROM MODIS DATA

J. A. Sobrino, S. Garcia-Monteiro, Y. Julien

Global Change Unit. Image Processing Laboratory, University of Valencia. C/ Catedratico José Beltran, 2.
46980 Paterna, Valencia, Spain, +34 963 543 115, sobrino@uv.es

The present work shows the estimation of the surface temperature of Planet Earth with MODIS Terra
and Aqua Land (LST) and Sea Surface Temperature (SST) products for the years 2003-2021. The results
corroborate the temperature anomalies retrieved from climate models and show a rate of warming higher that
0.2 °C per decade. Furthermore, the MODIS surface temperature retrievals are compared with the NOAA’s
NCDC air temperature estimations, showing high correlations for the global EST (0.96), LST (0.93) and SST
(0.94). As an specific application, Lake Surface Water Temperature (LSWT) is estimated for ten of the largest
lakes in the world by using MODIS Level 3 SST Thermal IR 8 Day 4km Version 2019.0 product at a high
precision during the timespan 2003-2020. The selected lakes are the Caspian Sea, Superior, Victoria, Huron,
Michigan, Tanganyika, Baikal, Great Slave Lake, Erie and Ontario lakes. LSWT trends show positive warming
rates for every lake, with values ranging between 0.012°C/yr for Victoria Lake and 0.083°C/yr for Baikal Lake.
Our LSWT estimations have been validated in the Laurentian Great Lakes, obtaining correlations between 0.96-
0.99 respect Moukomla and Blanken (2016) research, which used the MOD11L2 LST product considering the
years 2003-2014. Despite MODIS SST product used is designed to retrieve SST by applying a specific SST
algorithm, it also provides accurate information about freshwater extension and this work has demonstrated its
functionality for estimating LSWT.

EXPLORING SPATIO-TEMPORAL SPECTRAL AND FUNCTIONAL
VARIABILITY IN MEDITERRANEAN GRASSLANDS

M. Pilar Martin', Vicente Burchard-Levine', Rosario Gonzdlez-Cascon?, Javier Pacheco-Labrador’, David
Riafio™*
TEnvironmental Remote Sensing and Spectroscopy Laboratory (SpecLab), Spanish National Research
Council (CSIC), Madrid, Spain. Email: mpilar martin@cchs.csic.es,
vicentefelipe .burchard@cchs .csic.es, david.riano@cchs.csic.es
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Natural and semi-natural grasslands play an essential role in the sustainability of local economies
worldwide as they are fundamental for extensive livestock feeding. The long association with traditional
grazing practices in these ecosystems can alter their biodiversity and resilience to environmental change. Close
range and satellite remote sensing data have been widely used to estimate grassland properties (e.g., biomass,
leaf area index, chlorophyll, and nitrogen content) and characterize ecosystem functioning. However, the
characterization of plant functional traits from spectral information in these ecosystems remains challenging.
The Mediterranean and other grasslands can be highly biodiverse, featuring numerous species that overlap and
change in space and time. Such diversity implies dynamic and heterogeneous mixtures of elements with
different spectral and functional properties such as green vegetation, senescing vegetation, litter, or flowers
which modify the relationships between the spectral and functional properties of grassland patches (or pixels)
observable at proximal or remote ranges. These mixtures reduce the potential generalization of empirical
models and complicate the usage of physically-based approaches.

This study explores spatio-temporal spectral and functional variability of a drought-prone Mediterranean
wooded grassland with an extensive livestock use (<0.3 cows/ha) located in western Spain. This study includes
539 ground measurements collected in a study site of around 1 ha over plots sampled in 23 campaigns from
2017 to 2019. Optical data were acquired using an ASD FieldSpec® 3 spectroradiometer (Analytical Spectral
Devices Inc., Boulder, CO, USA) with a spectral range between 350 and 2500 nm, and concomitant grass
functional properties (leaf area index, pigments, and water content) were measured in the same plots by
destructive sampling. First, we characterized the temporal variability and divided the time series into five main
phenological phases (phenophases) in this ecosystem: summer drought, autumn regrowth, winter, spring
(biomass peak), and beginning of grass decay as defined by Phenocam phenologycal transition dates (PTDs).
A flowering phase was additionally considered. Then, Spectral Angle Mapper technique classified each
spectrum into the five phenophases. Results showed a disagreement between classification and the described
general phenology of the ecosystem since plots sampled in the same campaign were often assigned to different
phenophases. The spatial variability of vegetation properties or the mixture of different canopy elements
induces a strong variability of grass spectral properties. Previous works showed that accounting for phenology
improved the retrieval of plant functional traits using spectral information since it reduced the variability of the
relationships between both datasets. Our study reveals that spatial variability should also be considered for
empirical or semi-empirical modeling to minimize the inconsistency of the correlation patterns. This might be
especially relevant at field scales, from medium to high spatial resolution images, including those acquired
from planes or drones.

OPTICAL WATER TYPE CLASSIFICATION: KNOWLEDGE TRANSFER OF
SUPERVISED MACHINE LEARNING METHODS

Ana B. Ruescas, Jorge Garcia-Jimenez
Image Processing laboratory, Universitat de Valencia, Spain

A successful random forest classification of optical types of inland waters was developed for
discriminating water types on several lakes on the eastern Iberian Peninsula. The training dataset for the
classification is based on manually labelled remote sensing reflectance (Rrs) measured on waters with
different dynamics. Sampled optical water types (OWTs) were collected by an expert through analysis the
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response of the signal leaving the water, considering the weather situation and inherent dynamics of the water
masses. The remote sensing reflectance were extracted from Sentinel 2-MSI atmospherically corrected
imagery processed using the C2RCC neural net. Results on the classifications tested, and validation of those
results, have been analysed and considerations taken about the transfer of the learning knowledge to other
lakes in Europe (e.g Lake Balaton in Hungary); or water bodies extreme cases like Mar Menor (hypertrophic
lagoon).

The classifications generated can help to better understand the seasonal and spatial variations of the studied
water masses, being a basic support in the monitoring programs of lakes and reservoirs. It is possible to use
the OWT classification as final products to analyse changes in water types related to the different water
dynamics of the lakes, or they can be considered an intermediate products that could help in the subsequent
selection of the water quality data extraction algorithm (for example, chlorophyll concentrations or total
suspended matter) generated and adapted to specific types of water (Eleveld et al., 2017, Stelzer et al. 2020).
This means that, ideally, this OWT classification should be done before the atmospheric correction. We will
derive the TOA radiances corresponding to the training dataset and apply the classification to the time series
of Sentinel-2 images available in Google Earth Engine for some of the lakes in our study area.

EXPLORING THE CAPABILITIES OF SENTINEL-2 REFLECTANCE TO
PREDICT SOIL ORGANIC CARBON IN SPAIN

S. Sanchez-Ruiz"", M. Campos-Taberner', M. Chiesi?, F. Maselli’, B. Martinez!, F. J. Garcia-Haro', M. A.
Gilabert'
'Environmental Remote Sensing Group (UV-ERS), Departament de Fisica de la Terra I Termodinamica,
Facultat de Fisica, Universitat de Valencia, 46100-Burjassot, Spain
’Istituto per la BioEconomia, Consiglio Nazionale delle Ricerche, 51019-Sesto Fiorentino, Italy
*sergio.sanchez@uv.es, +34963543113

Soil organic carbon (SOC) is one of the greatest carbon reservoirs in both natural and agricultural
ecosystems. While hyperspectral spectroscopy has already demonstrated its effectiveness on estimating SOC
from ground samples at the laboratory, multispectral remote sensing is yet to be fully explored in this field,
especially with measurements taken from sensors onboard satellites. The current study explores the capability
of Sentinel-2 reflectance to predict SOC in Spain. A total of 113 SOC samples from the Land Use/Cover Area
frame statistical Survey (LUCAS) database measured during the 2015 campaign were taken as reference SOC,
including barelands, croplands, grasslands, shrublands, and woodlands. Sentinel-2 tiles during the 01/04/2017-
31/03/2018 period with 10 % cloud cover or less were downloaded through Google Earth Engine. Reflectance
from bands 2 (blue), 3 (green), 4 (red), 5 (red edge), 6 (red edge), 7 (red edge), 8 (near infrared), 8A (narrow
near infrared), 11 (shortwave infrared) and 12 (shortwave infrared) of dates coincident to all sampling locations
were used as predictors. The Random Forest algorithm was used to train both general and land cover dependent
models to predict SOC with reflectance. A leave-one-out cross-validation was performed to evaluate the
performance of the models. Considering all land covers together, a relative mean biased error (rMBE) of 2 %
and a relative root mean squared error (RMSE) of 63 % were found. The most important predictors were
reflectance from band 11 (B11) measured on day of year (DOY) 291, BS8A on DOY = 36, B7 on DOY = 36,
B12 on DOY =166 and B2 on DOY = 291. The results generally improved when training models for each land
cover. Minimum rMBE (-0.9 %) and minimum rRMSE (28 %) were respectively found for grasslands and bare
lands; while maxima rMBE (-4 %) were found for bare lands, shrublands and woodlands, and maximum
rRMSE (61 %) was found for shrublands.
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ESTIMATE OF SURFACE OPTICAL ALBEDO AT HIGH SPATIAL
RESOLUTION USING SENTINEL-2 MAJA AND SENTINEL-3 VITO
PRODUCTS

Jérémy Auclair', Jean-Louis Roujean’, Julien Michel', Jonathan Leon Tavares®, Olivier Hagolle', Eric
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Surface albedo is an Essential Climate Variable (ECV) which is found useful in number of domains

of application: water and carbon balance, agriculture, urban, cryosphere, geology, water bodies, etc. It needs to
be produced on a regular basis in order to ensure continuous forcing of radiation and energy budgets. Trade-
off between accuracy assessment and frequent coverage depends on target properties and its time scale of
evolution.
A surface albedo processing chain is currently developed to obtain high-resolution (HR) products. It merges
Sentinel-2 and Sentinel-3 images to obtain sufficient clear scenes at a time scale compatible with vegetation
growth, typically 10 days. Sentinel-2 has a spatial resolution of 10m, 20m and to 60m, which is close to the
pixel size of the forthcoming TRISHNA. But its small Field-Of-View does not allow sampling the BRDF
(Bidirectional Reflectance Distribution Function) and its frequency of revisit is low in case frequent cloudiness.
Such shortcomings are solved by using Sentinel-3 of moderate footprint (300 m) offering daily revisit and wider
Field-Of-View. A priori information allows filling gaps and ensures continuous time series. Validation is
carried on for a series of prairies in France located in various environments.

MULTISCALE/MULTI-TEMPORAL STUDY OF THE LAKE SURFACE
WATER TEMPERATURE USING IRT SENSORS: VALIDATION IN THE
ISSYK-KUL LAKE, KYRGYZSTAN AND GRAND EST LAKES, FRANCE

Ivan Hernandez-Galindo', Frangoise Nerry', Jean-Francois Crétaux?, Herve Yesou’
I ICube/TRIO Laboratory, Université de Strasbourg, France
2LEGOS Laboratory, CNES, Toulouse, France
Contact: Ivan Hernandez-Galindo / hernandezgalindo@unistra.fr / +33766343467

The access and management of water have become crucial due to the importance of this resource in
the context of global change. Water bodies, such as lakes or large reservoirs, are sensitive to climatological and
meteorological conditions, especially water temperature which determines ecological conditions, influencing
water chemistry and biological processes of lakes. Remote sensing technology has contributed to getting more
often and enhanced measurements of surface water temperatures. In this context, earth observation data will
play an important role in assessing and monitoring this resource. However, it is still challenging to obtain very
accurate results due to noise and uncertainty that environmental features can cause such for example
atmosphere, clouds, snow, shadow, forest, and built-up areas. In view of the growing societal challenges and
technological progress, with the development of partly or totally dedicated missions, Sentinel 1-2-3, and soon
SWOT and TRISHNA, the scientific and technological community of the space sector, associated with users
and services providers, have fully understood the issues and they are working to meet this challenge. Therefore,
this research focuses on the study of the surface temperature parameter, as one of the essential parameters to
characterize the water surface, derived from multi-resolution and multi-sensors imagery from high resolution
satellites (Landsat 8-9 and ECOSTRESS) and moderate resolution with daily revisit time (Sentinel 3 and
MODIS), offering an innovative approach adopted in the thermal infrared domain to define high temporal
resolution sequences and dynamic indicators. Moreover, an in situ validation campaign in 2021 was done in
the Lake Issyk-Kul (Kyrgyzstan, Central Asia), considered as the seventh deepest lake in the world with 668
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m maximum depth, 1607 m elevation and a water surface area of 6,230 km?; by using a board (Torrent board)
equipped with sensors for measuring humidity, air and water temperatures at the skin level up to 35 cm depth
along specific transects, to study spatial variability over the lake. However, due to the lack of good quality
derived from multi-sensors imagery, only Sentinel-3 could be validated, showing 1K accuracy between SLSTR
and values from the torrent board. Hence, another validation campaign has been planned during the summer
2022 in the lakes Gerardmer, Longemer and Plobsheim, located in the Grand Est region in France, and for this,
imagery from ECOSTRESS and Landsat 8-9 will be retrieved. In addition, for this campaign, a thermal imaging
camera will be added into the torrent board device to measure and validate the surface temperature of the lakes.

FIRST APPLICATIONS OF HIGH RESOLUTION BRDF ALGORITHM (HABA)
FOR REFLECTANCE NORMALIZATION ON A FUSION DATASET FROM
THE SEN2LIKE PROCESSOR

Moletto-Lobos 1.%, Franch B.’, Saunier S.% Louis J.% Cadau E., Debaecker V.2, Pflug B.% De Los Reyes
R.%, Boccia V.°, Gascon F.°
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Normalized Bidirectional Adjusted Reflectance (NBAR) is a key parameter for a consistent time
series monitoring over non-lambertian surfaces. The Sen2like is a Virtual Constellation (VC) which harmonizes
and fuses Landsat 8 / Landsat 9 & Sentinel 2 dataset giving out a higher spatial and temporal resolution surface
reflectance. However, for adequate monitoring of land surface is necessary the correction of sun and sensor
angle view across the VC acquisitions. In this context, the High resolution Adjusted BRDF Algorithm (HABA)
provides up to 10m NBAR product retrieved from the disaggregation of the Bidirectional Reflectance
Distribution Function (BRDF) parameters based on the VIB method applied to MODIS M{O,Y }D09 Climate
Model Grid (CMG) at 1km resolution. HABA downscales this product to Sen2Like resolution inverting BRDF
parameters (V & R) using the k-means unsupervised classification for each dataset. In order to compensate for
the impact on images that do not present sufficient data representativeness due to cloud coverage, the
disaggregated parameters are stabilized computing linear trends of time series of Normalized Difference
Vegetation Index (NDVI) versus V & R. The model was evaluated on stable sites, such as Sahara Desert (Libya)
and Amazonian Forest (Brazil) by comparing the impact of View Zenith Angle (VZA) and Solar Zenith Angle
(SZA) of directional reflectance, a static NBAR model and HABA for Near InfraRed (NIR) and red spectrum.
Also, the Sen2Like performance was assessed on dynamic sites with a mosaic of land covers across the Belgium
tiles, calculating the absolute difference per tile in a 5-day window. The results of stable sites show a decline
of linear dependency on the Amazon VZA from R? 0.57 (directional) to 0.37 (HABA) in NIR and R? 0.04
(directional) to 0.0 (HABA) in red. The Sahara Desert showed a correction of 4% of linear dependency of SZA
versus reflectance. Finally, in Belgium, HABA corrected up to 12,74 % the directional effect on the time series.
This work contributes to develop a dynamic and operationalization of NBAR correction method based on pixel
scale for high resolution datasets.
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AEROSOL PROPERTIES RETRIEVAL IN PARTIALLY CLOUD CONDITIONS

Francesco Scarlatti’, José Luis Gomez-Amo’, Pedro C. Valdelomar', Caterina Peris-Ferriis™?, Maria Pilar
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In this study we approach the really challenging task of retrieving the aerosol properties, as the
Aerosol Optical Depth (AOD) and the Angstrom Exponent (AE), in partially cloud conditions of the sky. To
this aim we used an all-sky camera sited in Burjassot, at the rooftop of the faculty of Physics at the University
of Valencia and a machine learning methodology. The whole sky calibrated radiances are collected from the
camera at three RGB channels, with effective wavelengths, namely 615nm, 541nm, 480nm. The principal plane
radiance (the line joining the centre of the Sun with the centre of the image) has been shown to be related to
aerosol properties of the sky. Our method to obtain the aerosol properties is based on the simulation of the
principal plane values of radiances for each channel as if no clouds are present. We achieve this task calculating
a proxy of the principal plane signal that well suited our goal, then we evaluate for each point of the signal if
clouds are there or not. If not, the signal point radiance is left unaltered, if clouds are present a simulation of
clear sky radiance is performed with the Perez method. The presence of the clouds is detected by axial symmetry
criterion along the principal plane and a mean Blue to Red Ratio (BRR) near the principal plane, because
symmetry alone doesn’t ensure clear sky condition near the point. Simulation of the whole signal is needed due
to the machine learning method involved that always needs the same length of the input signal. The machine
learning method chosen is a Gaussian Process Regression (supervised learning), with a matern 3/2 kernel. To
train the model we associate, within a range of 15 minutes in time, AOD and AE values from AERONET
database to each signal. The testing phase of the method shows good agreement between the predicted AOD
and AE with the testing dataset also provided by AERONET: at least 70% of the prediction falls into the
AERONET uncertainty for the AOD (0.01) of the Blue channel (worst case) associated to 440nm AERONET
measurements, and 60% of AE prediction into uncertainty of 0.1.

MACHINE LEARNING FOR AUTOMATIC AIRCRAFT DETECTION AND
IDENTIFICATION ON SATELLITE IMAGES

Agnieszka Jenerowicz, Kinga Karwowska, Damian Wierzbicki
Department of Imagery Intelligence, Faculty of Civil Engineering and Geodesy, Military University of
Technology, 00-908 Warsaw, Poland- agnieszka.jenerowicz@wat.edu.pl, kinga.karwowska@wat.edu.pl,
damian.wierzbicki@wat.edu.pl

Object detection and identification play a significant role in many areas such as environmental
monitoring, geological hazard detection, land cover mapping, GIS, precision agriculture, spatial planning, and
military surveillance. Equipment and weapons analysis is fundamental in times of crisis.

The research aims to automate the detection and identification of aircraft in open-source images,
resulting in the developed methodology of automatic/ semi-automatic detection and aircraft identification. The
study compared different approaches to detecting and identifying objects, i.e., classical like pixel-based
classification, anomaly detection, OBIA and machine learning approach. To detect and identify objects with
the use of ML, the YOLO algorithm was used. The architecture of the model used was based on 15
convolutional networks. In the YOLO model, objects are detected based on linking the 3x3 and 1x1 convolution
layers into a new network. Simplified blocks replace the existing image blocks and add a new connection to
the new network. Thanks to this, the model grows. In order to increase the binding speed of the layers,
normalization was applied to all layers. Model programming time was approximately 100 hours. After
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programming the network, training began - 50,000 iterations were performed. An image database of military
aircrafts was created using images from Google Earth Pro and Yandex to carry out the machine learning
process. Aircraft images of 38 types of aircraft have been divided into six groups, i.e., Fighter/Attack, Bombers,
Transports), Trainers, Helicopters, and Special Purpose. For the needs of aircraft detection, the created classifier
model proved to be very good. It had an average recall (sensitivity) of 98% and an average detection precision
of 79%. The algorithm did not detect two of the 178 aircraft on the scenes studied. For aircraft identification,
considering their six categories, the created classifier model fulfilled its role to a reasonable degree. The
classification model's average recall (sensitivity) in terms of identification for the studied scenes was 84%.
Automating the detection and identification of objects using machine learning is a solution to the problem of
excess image data. An insufficient number of military analysts may have problems.

ESTIMATION OF MONTHLY MEAN EXTREME TEMPERATURES IN
MURCIA, SPAIN, USING MODIS DATA AND METEOROLOGICAL
INFORMATION

Alfonso Galdén-Ruiz"", Jesis Soto-Espinosa’, Luis Morales-Salinas ?, Guillermo Fuentes-Jaque *3
"Universidad Catélica de Murcia. Guadalupe. Murcia. Espaiia agaldon@ucam.edu
’Laboratory for Research in Environmental Sciences (LARES), Faculty of Agricultural Sciences, University
of Chile. Av Santa Rosa 11315, La Pintana, Santiago, Chile.
3Master in Territorial Management of Natural Resources, Postgraduate School, Faculty of Agricultural
Sciences, University of Chile, Santiago, Chile.

Extreme temperatures (maximum and minimum) are a fundamental agrometeorological variable for
the estimation of other variables such as degree-days and chilling hours. From the territorial point of view, the
calculation of the spatial distribution of extreme temperatures is usually an several problems when the density
of meteorological stations is low. It is therefore necessary to obtain reliable estimates of thermal fields at a
spatial resolution appropriate for agricultural applications. The present work shows and application of a simple
method to estimate monthly mean extreme temperatures using diurnal and nocturnal land surface temperature
(LST) data obtained from the MODIS (Moderate Resolution Imaging Spectroradiometer) products and data
obtained from SIAM (Murcia Agricultural Information System) weather station network of IMIDA (Instituto
Murciano de Investigacion y Desarrollo Agrario y Alimentario). The proposed method is based on the
application of a numerical algorithm called geographically weighted linear regressions (GWR). The results
show that the spatially explicit regressions were all significant and present a good accuracy for the monthly
mean extreme temperatures estimations.

ASSESSING AND IMPROVING THE CONSISTENCY BETWEEN THE
AVHRR/METOP AND SEVIRI/MSG VEGETATION PRODUCTS

F.J. Garcia-Haro*', M. Campos-Taberner', B. Martinez!, S. Sanchez-Ruiz', M.A. Gilabert', J. Sdanchez-
Zapero®, F. Camacho’, E. Martinez-Sanchez’
!Environmental Remote Sensing Group (UV-ERS), Departament de Fisica de la Terra i Termodinamica,
Facultat de Fisica, Universitat de Valencia, 46100 Burjassot, Spain.
’Earth Observation Laboratory (EOLAB), Paterna, Valencia, Spain.
*j.garcia.haro @uv.es; Tel.: +34-963-543-111

The EUMETSAT Satellite Application Facility on Land Surface Analysis (LSA-SAF) aims to be a
Leading Centre for retrieval of information on Land Surfaces from Remote Sensing data, with emphasis on
EUMETSAT Satellites. The LSA-SAF provides near-real-time and offline products and user support for a wide
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range of land surface variables. All LSA SAF products are distributed according with EUMETSAT data policy
and have been classified as essential and are distributed free of charge from the LSA SAF web page
(https://landsaf.ipma.pt/en). Currently the LSA-SAF generates two operational lines of LSA SAF vegetation
products. Firstly, a suite of product (FVC, LAI, FAPAR, GPP) derived from the geostationary SEVIRI
(Spinning Enhanced Visible and Infrared Imager) on board MSG (Meteosat Second Generation) 1-4 (Meteosat
8-11). These products are available at two resolutions (daily and 10-day) over the geostationary Meteosat disk,
covering Europe, Africa, the Middle East and parts of South America. A climate Data record (CDR) is freely
available in the LSA SAF, offering more than eighteen years (2004-present) of homogeneous time series
required for climate and environmental applications. Secondly, a suite of global vegetation products based on
data from the AVHRR sensor on board MetOp-A, B and C satellites forming the EUMETSAT Polar System
(EPS). Unlike the approach to produce SEVIRI/MSG, which relies on stochastic spectral mixture and statistic
methods, the EPS algorithm relies on a hybrid approach that blends the generalization capabilities offered by
physical radiative transfer models with the accuracy and computational efficiency of machine learning methods.
The 10-day vegetation products are level 3 full globe rectified images in sinusoidal projection, with a resolution
of 1.1 km x 1.1 km and. The LSA-SAF plans to release a CDR of FVC, LAI, FAPAR EPS products (2007-
present) that correspond to a back-processing of existing for NRT/operational products using the most recent
algorithm version.

This works assesses the consistency among the two suites of LSA-SAF vegetation products and proposes
methods to improve their consistency. Although inputs of MSG and EPS algorithms are similar (i.e.
atmospherically corrected cloud-cleared kO BRDF product at three channels: red, NIR, MIR), discrepancies
exist due to various spatial and temporal resolutions, processing lines and differences in the algorithms. Results
demonstrate that these differences can be reduced through the adaptation of the EPS algorithm on SEVIRI/MSG
data. This work will contribute to enhance the consistency among derived vegetation parameters, which is a
priority task previous to the adaptation of the current algorithms to the new processing chains of future
EUMETSAT sensors (FCI/MTG, VII/EPS-SG, and 3MI/EPS-SG) to ensure service continuity.

ASSESSMENT OF SPATIO-TEMPORAL FUSION AND SUPER-RESOLUTION
ALGORITHMS BETWEEN THE PROPOSED SENTINEL-HR MISSION AND
SENTINEL-2 (NG) MISSIONS

Julien Michel (julien.michel@cesbio.cnes.fr)
Juan Vinasco-Salinas (vinasco.juan@correounivalle.edu.co)
Olivier Hagolle (olivier.hagolle@cesbio.cnes.fr)
CESBIO, Université de Toulouse, CNES/CNRS/INRAE/IRD/UPS, 18 avenue E. Belin, Toulouse, France

In 2021, CNES has conducted a phase-0 study for a mission called Sentinel-HR, which aims at

providing a higher spatial resolution complement to Sentinel-2 or its next generation Sentinel-2 NG. The
mission would acquire imagery at 2 meters resolution every 20 days, in the four 10 meter bands of Sentinel2
(B2, B3, B4 and B8A) and with the same characteristics as Sentinel2: nadir viewing angle, always on
instrument, global coverage, free and open data. Yet, because of cloud occurrences, the actual revisit of
Sentinel-HR would be way higher than 20 days in some locations, and some users are also interested in both
the high resolution and the very frequent revisit. It would therefore make sense to merge information from the
Sentinel2 and Sentinel-HR time-series in order obtain a high-resolution, high-revisit synthetic time-series.
In this work, which was part of the phase-0 study at CNES, we compared several methods in order to achieve
the best high-resolution, high-revisit time-series. For this, we used data from the French-Israeli VENuS satellite
which revisits around 100 sites every 2 days, at 5 m resolution, with 11 spectral bands in the visible and near-
infrared.. We first leveraged the simultaneous acquisitions between Venps, and Sentinel-2: we sampled Venps
images approximately 20 days apart to act as Sentinel-HR (thus working at 5 meter instead of 2 meter), and in
between we sampled Sentinel-2 images which had a corresponding Venps image acquired on the same day.
We finally used the VENuS data as a 5 meter reference to assess the quality of various method of fusion of
Sentinel-HR and Sentinel-2. Sentinel-2 images were downsampled to 25 meter and 12.5 meter in order to
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simulate a resolution ratio of 5 (Sentinel-HR + Sentinel-2) or 2.5 (Sentinel-HR + Sentinel-2 NG).

In order to assess the pros and cons of each family of methods, in this benchmark, we chose to include naive
solutions (e.g., simple spatial zooming of S2 dates or simple temporal interpolation of Sentinel-HR dates), as
well as the well-known STARFM algorithm for spatio-temporal fusion, a Single Image Super-Resolution
network called CARN, and a spatial disaggregation method inspired from the literature, extended to multi-
temporal input features. Experiments show that for a resolution ratio of 5, the latter offers the best performances
with the additional benefits of being able to accurately interpolate partially cloudy scenes. In the case of a 2.5
resolution ratio, Single Image Super-Resolution becomes competitive, with the benefit of simpler operational
use and lesser computational cost. Overall those experiments demonstrate the feasibility of such hybrid
products, which in turn reinforces the sweet spot of Sentinel-HR specifications.

ASSESSING THE USEFULNESS OF LAND SURFACE TEMPERATURE
SPATIAL DISAGGREGATION FOR WATER STRESS MAPPING IN THE
FRAME OF THE PREPARATION OF THE TRISHNA MISSION

Serdar Rama (serdar.rama@cnes.fr)
Julien Michel (julien.michel@cesbio.cnes.fr)
Vincent Rivalland (vincent.rivalland@cnrs. fr)
CESBIO, Université de Toulouse, CNES/CNRS/INRAE/IRD/UPS, 18 avenue E. Belin, Toulouse, France
Aurélie Michel (aurelie.michel@onera.fi)
ONERA-DOTA, University of Toulouse, F-31055 , Toulouse, France
Carlos Granero-Belinchon (carlos.granero-belinchon@imt-atlantique. fr)
IMT Atlantique, Lab-STICC, UMR CNRS 6285, F-29238 Brest, France.

The French — Indian mission Trishna to be launched in 2025, will provide a monitoring of the Land
Surface Temperature (LST) every 3 days with 4 spectral bands in the TIR (Thermal InfraRed) range and 7 in
the Visible and Near Infrared (VISNIR) bands at a 57-m spatial resolution at Nadir. Scientific themes and
applications include ecosystem stress and water use, coastal and inland waters monitoring (design drivers), but
also urban micro-climate monitoring, cryosphere, solid Earth and atmosphere science. Trishna will be a
precursor to the LSTM ESA mission, which will ensure data continuity over more than a decade.
Water management and water stress services to farmers are an important target for the Trishna mission, and the
Nadir spatial resolution of 57 meters, which will degrade to more than 90 meters at both ends of the swath due
to the large angular field of view of + 34°, may be slightly too coarse for the monitoring of fine-scale structures
like small crops. State-of-the-art methods for the spatial sharpening/disaggregation of the LST with the help of
an higher spatial resolution information in the VISNIR seems like a natural solution to this problem. In the
Trishna configuration, where VIS, NIR and TIR band will be sampled at the same resolution, the use of
auxiliary Sentinel-2 images could be considered.
In this work, we attempt to assess the performances of spatial disaggregation for the estimation of water stress.
We leverage 2-m resolution aerial VISNIR and TIR imagery from the 2015 AHSPECT campaign, in order to
simulate a TIR source resolution of 60 meters in Trishna spectral bands, as well as a target VISNIR resolution
of 20 meters in the Sentinel-2 spectral bands. Reference TIR 20 meter band are also simulated. We measure
both the performance of the 20 meter reconstruction on the LST and water stress using the Water Deficit Index,
at different stages of spatial disaggregation state-of-the-art algorithms, including Tsharp, HUTS, ATPRK,
AATPRK and Data Mining Sharpener (DMS).
Early results on the 4 first aforementioned methods show that the variability of the LST with respect to
vegetation state (e.g. from fractional vegetation cover), which is at the heart of water stress measurement, may
not be captured well by some of the models relating VIS and NIR features to LST. In this case, proper recovery
of this variability is essentially achieved by mean of the residual correction step, which is low-resolution in
nature and does not bring back higher resolution details. However, we think that more complex models using
more input features, such as DMS, might be able to recover a greater fraction of this variability, which we
intend to assess quantitatively in the next steps.
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ASSESSMENT OF 10-M LST FROM THE SYNERGY SENTINEL-2 AND
SENTINEL-3 FOR AGRICULTURE APPLICATIONS

Juan M. Sanchez’, Joan M. Galve*, José Gonzilez-Piqueras‘, Ramon Lo'pez-Urrea”
“ Department of Applied Physics, Regional Development Institute, University of Castilla-La Mancha, 02071
Albacete, Spain. juanmanuel.sanchez@uclm.es
b Instituto Técnico Agronémico Provincial de Albacete and FUNDESCAM, Parque Empresarial Campollano,
2°Avda. N°61, 02007 Albacete, Spain.

Disaggregation techniques offer a solution to the lack of high-resolution satellite Thermal InfraRed
(TIR) data and can bridge the gap until operational TIR missions accomplishing spatio-temporal requirements
are available. In this work, we adopt a downscaling method that has already shown good results in previous
research based on the combination MODIS/Landsat, and integrate the necessary adjustments to be applied to
the tandem Sentinel-2 (S2)/Sentinel-3 (S3). Maps of Land Surface Temperature (LST) with 10-m spatial
resolution are obtained as output from the synergy S2-S3 images.
An experiment was conducted in an agricultural area located in the Barrax test site, Spain (39° 03’ 35" N, 2°
06’ W), for the summers of 2018-2019. Ground measurements of LST transects collocated with overpasses of
the Sea and Land Surface Temperature Radiometer (SLSTR) on board Sentinel-3 were used for a ground
validation of the disaggregation approach. A dataset of more than 70 points from 15 different dates were
available, covering a variety of croplands and surface conditions. A cross-validation of the LST products was
also conducted using an additional set of Landsat-8/TIRS images. As the key input in the downscaling
technique, two products for the original 1-km S3 LST data were tested, the SLSTR Level-2 LST operational
product and LST values from an adapted split-window algorithm. Despite the large range of temperatures
registered (295-330 K), an average RMSE of £2.7K and a negligible systematic deviation were obtained for
the full ground dataset.
These results are encouraging for the use of this methodology in agroecosystems, and promising since the 10-
m pixel size, together with the 3-5 days revisit frequency of S2-S3 satellites, can fulfill the LST input
requirements of the surface energy balance methods for a variety of hydrological, climatological or agricultural
applications. However, some limitations associated with extreme LST, or irrigated fields under certain
conditions, claim the necessity to explore the implementation of soil moisture or vegetation indices sensitive to
soil water content as inputs in the disaggregation approach.

SPATIO-TEMPORAL FUSION OF SENTINEL-2 AND SENTINEL-3
OBSERVATIONS FOR HIGHRESOLUTION AND COST-EFFECTIVE
MONITORING OF AFRICAN RANGELAND PHENOLOGY AT
CONTINENTAL EXTENT

Paul Senty" 2, Radoslaw Marcin Guzinski', Kenneth Grogan', Michael Munk'
'DHI GRAS, Agern Alle 5, 2970 Horsholm, Denmark, +45 45 16 92 00
’E-mail address: pase@dhigroup.com, Phone number: +33 787 60 40 87

Time series of satellite data play a significant role for the monitoring of ecosystems, such as plant
phenology. While being the most informative type of data, optical images often present missing observations
due to atmospheric aerosols, clouds, or other atmospheric conditions. To compensate for the scarcity of data
during cloudy conditions, combination of data sources may be relevant. For example, Sentinel-3 satellites
provide a revisit time of nearly one day at the expense of spatial resolution (around 300 m) while Sentinel-2
satellites have a high spatial resolution of 10m but a revisit time of 5 days at the equator. Spatio-temporal fusion
(STF) is a cost-effective way to deal with this trade-off. Our study aims at combining Sentinel-2 and Sentinel-
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3 optical data to study phenological changes of African rangelands at a high resolution both temporally and
spatially. We hereby propose a new algorithm, which matches the performance of existing popular STF
methods (STARFM and Fit-FC) while being more computationally efficient. The latter is especially relevant
when performing continental or global scale analysis. The time-efficiency is achieved by performing the most
computationally costly calculations at Sentinel-3 spatial resolution. In addition, while other methods usually
process spectral bands independently, our method relies on principal component analysis (PCA). The
dimensionality enhancement from single bands to principal components of multiple bands enables a better
parametrization of heterogeneous phenological changes, thus avoiding costly post-processing adjustments at
Sentinel-2 resolution. This method is evaluated in various rangelands in Africa and compared with STARFM
and Fit-FC. Early results indicate that the proposed method can match the skill of the existing methods in
performing cloudfilling of Sentinel-2 data and recreating missing scenes, while achieving computational
efficiency improvement by a factor of approximately one hundred. We also show the relevance of increasing
the density of acquisition points to monitor phenological changes of rangeland ecosystems during the rainy
seasons and detect the greening-up of vegetation at a high spatio-temporal resolution.

STUDY OF TRENDS IN THE MEDITERRANEAN SEA SURFACE
TEMPERATURE IN THE CONTEXT OF CLIMATE CHANGE

L.C.N. Buizza®? R. Niclos', E. Valor', J. Puchades, F. Pastor’
I Earth Physics and Thermodynamics Department, University of Valencia (Spain)
2 Blackett Laboratory, Imperial College London (UK)
3 Instituto Universitario Centro de Estudios Ambientales del Mediterrdneo~CEAM-UMH (Spain) Telephone
number: +34 963543308, Fax number: +34 963543385, E-mail: raquel.niclos@uv.es

Sea surface temperature (SST) is a key variable for studying past and predicting future climate trends
and weather patterns, and thus SST was defined as an Essential Climate Variable (ECV) by the Global Climate
Observing System of the World Meteorological Organization (WMO) and also by the Climate Change Initiative
(CCI) launched by the European Space Agency (ESA). Other studies have highlighted the significant role that
anomalous SSTs in the Mediterranean have played in extreme weather events in the region and a further
understanding of the trends and spatial patterns of the SST in the region is essential in predicting and mitigating
them. This contribution tries to show some preliminary findings in the framework of the on-going
Tool4Extreme research project, lead by the University of Valencia, in which the study of the Mediterranean
SST patterns and trends and their relation to observed precipitation trends over the Iberian Mediterranean Basin,
in the context of climate change, is one of the objectives.

In this preliminary study, a nine-year period (2003-2011) was analyzed using thermal-infrared data
acquired by the Advanced Along Track Scanning Radiometer (AATSR) aboard the ESA’s Envisat satellite.
First, the accuracy of the SST retrieved from AATSR data with a proposed split-window algorithm was
determined by using buoy data, after correcting for bulk-skin temperature differences. Then, trends along the
nine-year period were determined. Trends of 0.086 + 0.005°C/yr and 0.069 + 0.005°C/yr were found for night-
time and daytime data, respectively, for the whole Mediterranean Sea for this period. Using clusters analyzed
in previous works, trends were identified in different regions and it was found that the Levantine Basin and
Black Sea consistently displayed the highest rates of warming, whilst the lowest rates were in the Adriatic Sea
in winter and autumn and the Tyrrhenian Sea and Gulf of Lion in spring and summer. Of the 172 clusters
analyzed, 77 showed positive SST trends and 26 showed negative trends. For the whole Mediterranean 7 of 12
months showed warming trends and five showed no detectable trend, but none showed a negative trend.

This study was carried out with the financial support of the project Tool4Extreme PID2020-
118797RBI00 funded by MCIN/AEI/10.13039/501100011033, but also by the project PROMETEO/2021/016
funded by the Conselleria d’Innovacio, Universitats, Ciéncia i Societat Digital de la Generalitat Valenciana.
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THERMOCITY : GENERATION OF AN ENHANCED QUALITY LAND
SURFACE TEMPERATURE DATASET FOR URBAN PLANNING
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Marine Goret', Maeva Sabre’®
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* authors to whom the correspondence should be addressed.

Land Surface Temperature (LST) is an Essential Climate Variable (ECV), like Land Cover (LC), for
the study of biosphere processes and climate change. Notably, for urban areas, LST is linked to the Surface
Urban Heat Island (SUHI) effect which is defined as the difference in temperature between the densely built
areas of a city and its rural surroundings. It can also be used to highlight the thermal activity such as heat losses.
THERMOCITY is a Space Climate Observatory (SCO) labelled project, which started in 2021 and continues
to end in 2022. It aims to study the SUHI effects in summer and heat losses in winter through the development
of thermography analysis tools by incorporating the processing of satellite thermal data that are regularly used
to retrieve the LST over urban areas. In doing so, the project has gathered scientists with expertise in urban
climatology, remote sensing and building construction materials. As part of THERMOCITY, workshops have
been held with three French metropoles namely Montpellier, Strasbourg and Toulouse, to ensure a constant
involvement of the final users and a promoting synergy between science and applications. Here we show the
generation of a unique thermal dataset over 5 French metropolises: the three aforementioned metropolises plus
Paris and Aix-Marseille. Different steps to enhance the LST quality were performed from radiance images
acquired by ASTER and ECOSTRESS at a 90 m and a 70 m spatial resolution, respectively: geometric and
atmospheric corrections, temperature and emissivity separation with an urban-oriented algorithm,
disaggregation from 90 m to 30 m for ASTER and production of a quality index. From this, around 50 LST
images are openly available covering different conditions like daytime, nighttime, summer and winter along
with the original radiance images and NDVI (Normalized Differential Vegetation Index) ones. This work
enables data fusion with other space-borne data or socio-economic information. Indeed, applications using this
dataset are illustrated such as: the correlation between land use and LST on specific urban blocks in Montpellier,
LST anomalies over buildings in Strasbourg, the evolution of LC over Toulouse or the simulation of the SUHI
effect with climate models and compared with the satellite observations. We point out that the THERMOCITY
project and the generated thermal dataset are of great interest to pursue research activities related to urban
studies as well as assessing processing methods and analysis tools in direct synergy with the needs of the urban
stakeholders.

SYNCHRONOUS CHANGES IN SURFACE TEMPERATURE AND LEAF AREA
INDEX IN THE AMAZONIA BASIN

Vitor Miranda'?, Isabel F. Trigo', Juan-Carlos Jimenez-Muiioz?
I Instituto Portugués do Mar e da Atmosfera, Lisboa, Portugal
2 GCU/IPL, Universidad de Valencia, Spain
Corresponding author e-mail: vitor.miranda@ipma.pt

Changes in land-use and land cover are intrinsically linked to modifications in land surface
characteristics and, therefore, to changes in biosphere-atmosphere interactions. The Amazon forest, the largest
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tropical rainforest on the planet, has faced abusive changes in the past decades and significant efforts are still
needed to limit deforestation. Although several studies have focused on land/vegetation — atmosphere
feedbacks, the use of satellite-based essential climate variables (ECVs), such as Land Surface Temperature
(LST) and Leaf Area Index (LAI), for their full characterization based on observational datasets at regional-to-
continental scale, has been less explored. The present study uses both LST and LAI datasets from the Moderate
Resolution Imaging Spectroradiometer (MODIS) onboard Terra (MOD21C3) and Aqua (MYD21C3) platforms
(collection 6.1) and MODIS LAI product MCD15A2H (collection 6.1). We analyze monthly data over the
Amazonian Basin, for the 2003-2021 period to identify links between trends in daytime/night-time LST values
with changes in LAI. Trends are estimated using Theil-Sen regressions, while their significance is assessed
through the non-parametric Mann-Kendall test. Daytime LST products (both from Terra and Aqua) present
positive significant (p < 0.01) trends ranging from around 0.1 to 0.3 K per year, in the dry period (from May to
October) over the southeastern region of the Amazon Basin. Over this region, LAI shows negative trends of
the order of -0.05 m2/m2 per year. To further analyze the links between LST and LAI trends, we have plotted
LAI trends against daytime LST trends considering only pixels where both are significant. Overall, a negative
correlation pattern emerges, for all months, with stronger values (i,e,m correlations below -0.5) in June, July
and August. The relationship between changes in night-time LST and in LAI is not well defined, especially
taking into account that the number of pixels with significant night-time LST trends is considerably lower,
which is related to the high number of cloudy pixels or low LST values. Trends in LAI can be mostly attributed
to the different land use management and policies adopted. The trends in LST, generally observed for daytime
products, suggest an increase in their daily amplitudes, which in turn are likely related to drier and warmer
surfaces, even in the Amazon forest.

VALIDATION OF COPERNICUS PAN-EUROPEAN HIGH RESOLUTION
VEGETATION PHENOLOGY AND PRODUCTIVITY - HR-VPP — PRODUCTS

Fernando Camacho’, Enrique Martinez-Sanchez', Jorge Sanchez-Zapero', Else Swinnen?, Kasper Bonté?,
Roel Van Hools?, Lars Eklundh’, Zhanzhang Cai®, Helfried Scheifinger’, Koen Hufkens’, Bruno Smets’,
Eva Ivits®
1 EOLAB, Spain
2 VITO, Belgium
3 Lund University, Sweden
4 ZAMG, Austria
5 BlueGreen Labs, Belgium
6 European Environment Agency, Denmark

The Copernicus Land Monitoring Service (CLMS) provides geographical information on land cover
and its changes, land use, vegetation state, water cycle and earth surface energy variables to a broad range of
users in Europe. Within the Pan-European component, the CLMS produces and disseminates High-Resolution
Vegetation Phenology and Productivity product suite (HR-VPP) at high spatial resolution (10m). They are
derived from the Sentinel-2 constellation (Sentinel-2A and Sentinel-2B) with a revisit time 5 days. They are
generated over the entire EEA39 (32 member countries, the UK and 6 cooperating countries in the Western
Balkans) from January 1, 2017, onwards. The HR-VPP product suite contains 3 product groups: (1) Vegetation
Indices, generated near real-time (NRT) providing for every pixel the status of the vegetation vigor in four
variables: Leaf Area Index (LAI), Fraction of Absorbed Photosynthetically Active Radiation (FAPAR),
Normalized Difference Vegetation Index (NDVI) and Plant Phenology Index (PPI). (2) Seasonal Trajectories
(STs), products are provided yearly after the end of the vegetation growing season. These are derived as a
regular time-series of every 10 days by fitting a smoothing and gap filling double-logistic model function to
the raw Plant Phenology Index. (3) Vegetation Phenology Parameters (VPPs) products bundle (e.g. start of
the season (SOSD), end of season (EOSD), seasonal productivity) are derived from the STs of the PPI index,
on a yearly basis, after the end of the growing season.

The aim of this presentation is to summarize the quality assessment of the Sentinel-2 HR-VPP products, with
particular attention to the phenometrics. The quality assessment methodology was adapted from CEOS LPV
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validation protocol for biophysical products and state-of-the-art of satellite-based phenology product validation.
Several criteria of performance were evaluated, including spatial consistency, temporal consistency and error
evaluation (accuracy, precision and uncertainty) using two generic approaches: product inter-comparison (i.e.,
indirect validation) and comparison with ground data (i.e., direct validation). For product inter-comparison,
MODIS and EEA MR-VPP phenology products were used, in addition to Copernicus Global Land PROBA-V
300m data, over a network of 3800 evaluation (EVAL) sites defined to be homogeneous in land cover at 1km.
For direct validation, data coming from FLUNEXT, PhenoCam and PEP725 database were used. HR-VPP
products showed in overall good spatial and temporal consistency, vegetation indices presented good
correspondances with similar satellite products, high correlations (>0.85) with ground references were found
for STs, and phenology metrics were found accurate for the SOSD, as compared to PEP725 observations, with
an anticipated EOSD.

CONSOLIDATION OF DATASETS OF ESSENTIAL CLIMATE VARIABLES:
CASE OF THE LAKE WATER EXTENT EXPLOITING HR IMAGERY AND
ALTIMETRY TIMES SERIES WITHIN THE ESA CCI LAKES FRAMEWORK

Hervé Yésou', Jean-Francois Cretaux’, Thomas Ledauphin', Rémi Braun', Alessandro Carreto’, Jérome
Maxant' and Alice AndraP.
'ICUBE-Sertit, University of Strasbourg, Pole API, bd Sebastien Brant, CS 10413, 67412  Illkirch, France.
email: herve.yesou@unistra.fr
2CNES-LEGOS, Toulouse, France, email: Jean-Francois.Cretaux@legos.obs-mip.fr
3CLS, Toulouse, France, email: aandral@groupcls.com

Water bodies are considered of importance in the context of global change, considered as climate
sentinel, being also sensitive to climatological and meteorological conditions. By the way lakes were defined
as an Essential Climate Variable (ECV) by GCOS. And through the Climate Change Initiative of ESA, 6
essential climate variables (ECV), lake surface temperature (LSWT), water level and extent (LWL & LWE),
ice cover and thickness (LIC and LIT), and lake water leaving reflectance (color)(LWLR) are considered to
better understand the lake physical response to climate change.

LWE can be expressed as the outline of a water body (a vector or a grid representation) or as the total areal
extent of a waterbody (a single number). It is practically very challenging to process the high spatial resolution
satellite imagery required to generate maps of water presence for hundreds, if not thousands, of lakes at the
accuracy (5%) and temporal frequency (1-10 days) required for climate studies.

For this reason, the strategy adopted within the CCI Lakes project is twofold. First, for each lake, we collect a
set of satellite imagery spread out over a long period. To choose the images we use the water level time series
(calculated using satellite altimetry) to determine when the lake was at low, medium and high level. A
relationship (a first or second order polynomial) can then be established using a set of 10 to 15 data
combinations of LWL and LWE and least square adjustment. Knowing the function LWE=f(LWL) we can then
relate LWL from altimetry to LWE using the hypsometry process. This allows us to achieve a high temporal
resolution without overwhelming image processing requirements.

However, to calculate the hypsometry coefficients, the processing task remains cumbersome, as it is necessary
to generate these temporal sequences of LWE on almost 2000 lakes in the long term.

To determine LWE maps to feed into the hypsometry curve, it is determined from contrasts in the optical and/or
radar reflectance of water compared to surrounding land. In Lakes_CCI, phase 1, both optical and synthetic
aperture radar (SAR) approaches are being investigated to generate LWE. However, it was not possible to
conclude on the synergy to be implemented between these two types of data, as the comparisons on test sites
were often convergent but with some very divergent cases, not allowing to satisfy the required precision
conditions. For the Phase II, LWE will be generated exploiting optical HR time series based on in house tool,
ExtractEO, a software implementing automated end-to-end chains on satellite data, with a focus on Sentinell 3.
Water surfaces are detected using a multilayer perceptron algorithm and integrating the GSW database for
sampling. Tools have been put in place to identify outliers and, in some cases automatically readjust thresholds
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in the selection process of training samples. Validation is done both exploiting exiting high resolution database
with the known limitations of their representativity, as well based on VHR optical imagery. Examples of the
end to end process are presented over various environment.

VALIDATION OF COPERNICUS GLOBAL LAND SERVICE SENTINEL-3
OLCI LEAF AREA INDEX, FRACTION OF ABSORBED PAR AND
VEGETATION COVER PRODUCTS

Martinez-Sinchez, E.', Camacho, F.', Sanchez-Zapero, J.', Verger, A>3., Lacaze, R*
TEOLAB, C/Savina 8 A4, 46980 Paterna, Valencia (Spain). Phone: (34) 963769448.
’CIDE, CSIC-UV-GVA, Valéncia 46113, Spain
3CREAF, Cerdanyola del Vallés 08193, Catalonia, Spain
*HYGEOS, Euratechnologies, 165 Avenue de Bretagne, 59000 Lille, France

The Copernicus Global Land Service (CGLS) provides continuously a set of bio-geophysical

variables describing the dynamics of vegetation, energy budget, water cycle and cryosphere. The service
ensures near-real time production and delivery of consistent long-term time series of global bio-geophysical
variables. The CGLS portfolio includes leaf area index (LAI), fraction of absorbed photosynthetically active
radiation (FAPAR) and fraction of green vegetation cover (FCOVER) products, produced every 10 days in real
time mode (RTO) and after one (RT1), two (RT2) and six (RT6) dekads, consolidating the products. They were
delivered at 1km (Collection 1km) in the past and are delivered at 300m (Collection 300m) resolution since
2014 based on the PROBA-V mission data (Version 1.0). From the end of the PROBA-V operational mission
in June 2020 onwards, the production is continuing based upon the Ocean and Land Colour Instrument (OLCI)
data onboard the Sentinel-3 platform (Version 1.1).
This work presents the validation results of the CGLS OLCI V1.1 LAI, FAPAR and FCOVER products. The
validation methodology is defined in concordance with the Committee on Earth Observation Satellites (CEOS)
Land Product Validation (LPV) protocols, relying on (i) product intercomparison or indirect validation and (ii)
direct validation against up-scaled ground data. The validation exercise focus on the July 2018 - April 2019
period for product intercomparison and extended to July 2020 — December 2021 for direct validation. The
product intercomparison is performed using the predecessors products (CGLS PROBA-V V1.0), the NASA
Visible/Infrared Radiometer Suite (VIIRS) collection 1 (VNP15A2H C1) and the Vegetation (VEGA) products
derived from Advanced Very High Resolution Radiometer (AVHRR) onboard the EUMETSAT Polar System
(EPS) provided by the Land Surface Analysis (LSA) of the Satellite Application Facility (SAF). The
Copernicus Global Land Ground-Based Observations for Validation (GBOV) dataset and ground-based ESA
FRM4Veg 2021 maps over Barrax (Spain) agricultural and Wytham (UK) forest areas were used for direct
validation. Main results show a good overall quality with satisfactory spatial and temporal consistency with
PROBA-V V1.0, NASA VNP15A2H C1 and LSA SAF EPS products. CGLS OLCI V1.1 as compared with
PROBA-V V1.0 showed overall uncertainty (RMSD) of 0.39/0.04/0.06 for LAI/FAPAR/FCOVER over
LANDVAL sites, demonstrating the good continuity of time series in the service. The direct validation with
ground truth shows RMSD of 0.91/0.11/0.11 in the comparison with GBOV V3 in the July-2020 — December
2021 period. The comparison of RT6 with FRM4Veg data shows overall good results (RMSD=0.12 for
FAPAR/FCover) in Wytham and poor results in Barrax (RMSD=1.17/0.20/0.21 for LAI/FAPAR/ FCOVER)
as a consequence of a geolocation issue recently identified in the reprojection module of the CLGS processing
chain. For RT0 mode, slightly worse results are found (RMSD=0.14/0.15 for FAPAR/FCover) in Wytham and
best results (RMSD=0.44/0.09/0.09 for LAI/FAPAR/ FCOVER) in Barrax.
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COPERNICUS GLOBAL LAND LAI, FAPAR AND FCOVER 300M PRODUCTS
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The Copernicus Global Land Service (CGLS) provides continuously a set of bio-geophysical
variables describing the dynamics of vegetation, the energy budget, the water cycle and the cryosphere. The
service ensures near-real time production and delivery of consistent long-term time series of global bio-
geophysical variables. The CGLS portfolio includes the leaf area index (LAI), the fraction of PAR absorbed by
vegetation (FAPAR) and the cover fraction of vegetation (FCOVER) products which are derived every 10 days
at 300 m (Collection 300m) resolution. The products are delivered with associated uncertainties and quality
indicators. The products are accessible free of charge through the GCLS website
(http://1and.copernicus.eu/global/), associated with documentation describing the retrieval methodologies, the
technical properties of products, and the quality of variables based on the results of validation exercises.

The Collection 300m of LAI, FAPAR and FCOVER products is available from 2014 with PROBA-V and from
2020 with Sentinel-3. Satellite observations of surface reflectance are first transformed into biophysical
variables using machine learning techniques. The instantaneous estimates are then composited every 10-day
using a specific smoothing temporal filtering which allows near real time estimation.

This talk will focus on the retrieval algorithms used to generate CGLS Collection 300m of LAI, FAPAR and
FCOVER products. The CGLS products will be assessed based on the comparison with other existing satellite
products and ground data. The consistency of the time series will be evaluated with due attention to the
switchover from PROBA-V to Sentinel-3. Finally, some applications of the CGLS biophysical products will
be presented.

MODELING SOIL SPECTRAL AND DIRECTIONAL REFLECTANCE IN THE
SOLAR DOMAIN (400-2500 NM) AS A FUNCTION OF SOIL MOISTURE
CONTENT

Alice Dupiau’?, Stéphane Jacquemoud’ , Xavier Briottet’ , Jason Champion® , Jean-Philippe
GastelluEtchegorry’® , Sophie Fabre’ , Francoise Viallefont-Robinef’
TUniversité Paris Cité, Institut de physique du globe de Paris, CNRS, 75005 Paris, France (dupiau@ipgp.fr,
jacquemoud@jipgp.fr)
2ONERA/DOTA, Université de Toulouse, 2 avenue Edouard Belin, BP 74025, 31055 Toulouse Cedex 4,
France (xavier.briottet@onera.fr, sophie.fabre@onera.fr, francoise.viallefont@onera.fr)
3CESBIO, CNES-CNRS-IRD-UT3, Université de Toulouse, 31401 Toulouse Cedex 09, France
(jason.champion@cesbio.cnes.fr, gastellu@cesbio.cnes.fr)

Soil moisture content (SMC) is a key variable at the Earth’s surface. Its estimation is essential in
many domains such as agriculture, hydrology, climate, defense, and planetary science. Since the 1970s,
airborne or satellite remote sensing has emerged as a promising tool for mapping surface SMC over large areas.
Water can be probed at different depths in the soil depending on the wavelength domain studied: solar (0.3-3
pum), thermal infrared (3-12 pm), and microwaves (0.5-100 cm). In the solar domain, light penetrates very little
into the soil so that SMC is estimated to a maximum depth of about one millimeter. The objective of this work
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is to simulate reflectance spectra of rough and wet soils using radiative transfer models. In particular, we want
to study the effects of water distribution, illumination and observation angles, but also surface roughness on
soil bidirectional reflectance. We have developed the MARMIT-2 model that predicts the reflectance spectra
of wet soils with fairly good accuracy. It represents a wet soil as a layer of dry soil topped with a thin layer of
a mixture of water and soil particles. The wet soil reflectance is expressed as a function of the dry soil
reflectance and three input parameters: the thickness of the water layer, the surface fraction of the wet soil and
the volume fraction of soil particles in the water layer. MARMIT-2 was validated on a database of 225 soil
samples with reflectance spectra measured in the laboratory at several moisture levels. However, these flat
samples are not fully representative of natural soil surfaces, which are much more complex. In order to upscale
MARMIT-2 to airborne or satellite hyperspectral images, we investigated the effects of soil roughness on the
reflectance by performing BRDF (Bidirectional Reflectance Distribution Function) simulations of rough and
wet soils using the DART-Lux ray tracing software developed at CESBIO (https://www.cesbio.cnrs.fr/dart).
We considered high-resolution DTMs (digital terrain model) of artificial and real terrains cut into microfacets.
The facets can be dry or wet and their optical properties modeled as Lambertian or with the RPV (Rahman-
Pinty-Verstraete) model. The coupling between MARMIT-2, RPV and DART-Lux allows to simulate the
spectral variations of the BRDF of rough and wet soils.

RETRIEVING ENERGY BUDGET COMPONENTS OVER A VINEYARD IN
NORTH-EASTERN SPAIN USING IN-SITU DIRECTIONAL THERMAL
INFRARED DATA

Mwangi Samuel””, Gilles Boulet'", Michel LePage’, Baptiste Lemaire', Pascal Fanise', Joaquim Bellvert’,
Jean-Louis Roujean’, Hector Nieto®, Albert Olioso*’
!CESBIO, Université de Toulouse, CNES, CNRS, INRAe, IRD, UT3, Toulouse, France
2EMMAH, INRAe/UAPV — UMRI114, Avignon, France
3INRAe/URFM, INRAe, Avignon, France
*Institut de Recerca i Tecnologia Agroalimentaries (IRTA), Lleida, Spain
3Consejo Superior de Investigaciones Cientificas (CSIC), Spain
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The viability of agricultural production is largely dependent on the efficient use of water resources.
With evapotranspiration (ET) accounting for nearly all the water lost from croplands and wooded areas,
accurate ET estimation methods are needed for a better understanding of irrigation demands. While surface
temperature can help to detect water deficiencies in such environments, it can also be susceptible to
directionality influences leading to an incorrect interpretation of observed surface emission signals. In this
study, we perform model assessments and check the influence of thermal radiation directionality using flux
data over a vineyard located in Verdu (Catalonia, Spain) collected as part of the HiLiaise project. The non-
continuous row site is oriented E-W and is drip irrigated. Instrumentation at the site included: net radiometers,
an eddy covariance system for turbulent fluxes monitoring, as well as thermal cameras that provided elemental
soil and vegetation temperatures. To derive the overall directional surface temperatures (nadir and off-nadir),
the measurements were aggregated by weighting the elemental values with their respective cover fractions in
the viewing direction. The reconstructed surface temperatures were then used in surface energy balance (SEB)
modelling schemes. Here, the soil plant atmosphere remote sensing of evapotranspiration (SPARSE) dual
source model together with an extended version which discriminates shaded/unshaded elements (SPARSE4),
were used to estimate the energy fluxes. Similar to observations made in an earlier study on crops and orchards,
we observed that both model formulations are able to retrieve overall fluxes satisfactorily. The sensitivity of
flux and component temperature estimates to the viewing direction of the sensor was tested by using
reconstructed sets of thermal data (nadir and oblique) to force the models, where we observed degradation in
flux retrieval cross-row with better consistency along rows. Overall, it is nevertheless shown that by using the
extended method, the sensitivity to viewing direction can significantly be reduced. The results are encouraging,
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and — to complement them — directional temperature reconstruction using a 3D radiative transfer model (DART)
is envisioned. Additionally, output from the two-source energy balance (pyTSEB formulations) — applied as
part of the SenET programme over the broader Lleida region — is being evaluated using the Verdu dataset hence
allowing further inter-comparisons.

IN-SITU LST OBTAINED FROM BROADBAND HEMISPHERICAL AND
NARROWBAND DIRECTIONAL RADIANCES OVER HIGHLY
HOMOGENEOUS NAMIB GRAVEL PLAINS

Frank M. Gottsche’”, Lluis Perez Planells’, Jan Cermak’
IInstitute of Meteorology and Climate Research, Karlsruhe Institute of Technology (KIT), Karlsruhe,
Germany
*Corresponding author: frank.goettsche@kit.edu

At validation station Gobabeb (GBB) Plains, Namibia, two independent sets of thermal infrared
(TIR) radiometers are available for obtaining in-situ LST: broadband (4.5 - 42 pm) hemispherical sensors Kipp
& Zonen CG4, which are part of a Baseline Surface Radiation Network (BSRN) station operated jointly by the
University of Basel (Switzerland) and KIT, and narrow band (9.6 — 11.5 um) directional (8.5° full view angle)
Heitronics KT15.85 IIP radiometers, which belong to KIT’s network of LST validation stations. Both sets of
radiometers measure surface-leaving radiance as well as downwelling radiance; additional meteorological
sensors provide air temperature and humidity at 2 and 25 m height. Furthermore, in-situ emissivity spectra are
available at numerous locations on the gravel plains and in the direct vicinity of station GBB-Plains. The spectra
were obtained in 2017 as a contribution to ESA’s FRM4STS project by the research institute ONERA, France,
during an international LST Field Intercomparison Experiment (FICE). Here, they are used to obtain channel-
effective land surface emissivities (LSE) for the two types of ground observing radiometers.
Previous experiments have shown that the gravel plains at GBB-Plains are highly homogeneous on the 1 m? to
1 km? spatial scale and temporally stable. Therefore, the deployed instruments offer the unique opportunity to
compare LST derived from directional and hemispherical radiance measurements under ideal conditions with
known in-situ emissivities. Furthermore, the mounting height of the ground-observing broadband sensor is 3
m, which results in negligible atmospheric path length between sensor and target. Consequently, any differences
between the in-situ LSTs obtained from the two sets of radiometers are primarily due to their different
observation geometries. Results for one year of in-situ measurements are presented and compared with in-situ
LST retrieved with narrow band emissivity (KT15.85 IIP) and broadband emissivity (CG4); the latter is
obtained via a regression relationship from ASTER GED. The differences observed for the two sources of
emissivity data are discussed and the corresponding error for site GBB-Plains is quantified.

LAND SURFACE TEMPERATURE MONITORING (LSTM) MISSION —
COPERNICUS EXPANSION MISSION IN SUPPORT OF AGRICULTURAL
MONITORING
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Masek'3, Michel Massart', Claudia Notarnicola’®, Albert Olioso'’, Dirk Schuettemeyer’, Jose Sobrino®,
Peter Strobl?’, Miguel Taboada’, Thomas Udelhoven?'

! European Space Agency, ESRIN, Largo Galileo Galilei 1, Frascati, Italy
3 European Space Agency, ESTEC, Noordwik, The Netherlands

52



6" INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING

3Federal Institute of Hydrology, Koblenz, Germany
4+ UNESCO IHE Delfi, Institute for Water Education, Delft, The Netherlands
SVITO (Flemish Institute for Technological Research), Mol, Belgium
¢ Istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy
7 University of Leicester, Leicester, United Kingdom
SDHI GRAS, Horsholm, Denmark
9UN Food and A griculture Organization, Land and Water Division, Rome, Italy
10 Jet Propulsion Laboratory, Pasadena, United States of America
I CNES, Toulouse, France
13 NASA, Goddard Space Flight Center, Greenbelt, United States of America
4 European Commission, DG-DEFIS, Brussels, Belgium
18 EURAC, Institute for Earth Observation, Bolzano, Italy
7 INRA, UMR EMMAH, Avignon, France
9University of Valencia, Image Processing Laboratory, Valencia, Spain
20 European Commission, DG Joint Research Center, Ispra, Italy
2University of Trier, Geography & Geosciences, Trier, Germany

The “High Spatio-Temporal Resolution Land Surface Temperature Monitoring (LSTM) Mission”
has been identified as one of the Copernicus Expansion Missions. The mission is designed to provide enhanced
measurements of land surface temperature in response to presently unfulfilled user requirements related to
agricultural monitoring.

High spatio-temporal resolution thermal infrared observations are considered fundamental to the sustainable
management of natural resources in the context of agricultural production and with that for global water and
food security. Operational land surface temperature (LST) measurements and derived evapotranspiration (ET)
are key variables in understanding and responding to climate variability, managing water resources for
irrigation and sustainable agricultural production, predicting droughts but also addressing land degradation,
natural hazards, coastal and inland water management as well as urban heat island issues. Earth observation
(EO) monitoring products based on thermal observations, are therefore considered important for informed
policy making, including amongst others the UN Sustainable Development Goals (e.g. SDG 6.4), the UN
Convention for Combating Desertification and Land Degradation, the UN Water Strategy, the EU Common
Agriculture Policy, the EU Policy Framework on Food Security, the EU Water Framework Directive, the EU
2030 agenda for Sustainable Development and the recent EU Green Deal ambitions.

The existing Copernicus space infrastructure, including in particular the Sentinel-1 and Sentinel-2 missions,
already provides useful information for agricultural applications. Although Sentinel-3 routinely delivers global
LST measurements, its 1 km spatial resolution does not capture the field-scale variability required for irrigation
management, crop growth modelling and reporting on crop water productivity. In view of the foreseen evolution
of the Copernicus program, additional high-level observation requirements have been collected by the European
Commission as part of a user survey and further assessed at the Copernicus Agriculture and Forestry User
Requirement Workshop in 2016, revealing the lack of European spaceborne capability for providing high
spatio-temporal resolution Thermal Infrared (TIR) observations. Therefore, a dedicated LSTM mission is
foreseen in the frame of the Copernicus expansion with the following mission objectives:

e  Primary objective: to enable monitoring evapotranspiration rate at European field scale by capturing
the variability of LST (and hence ET) allowing more robust estimates of field scale water
productivity.

e  Complementary objective: to support the mapping and monitoring of a range of additional services
benefitting from TIR observations — in particular soil composition, urban heat islands, coastal zone
management and High-Temperature Events.

The LSTM mission will deploy two satellites equipped with TIR instruments optimised to support agriculture
management services with the specific mission objectives above. In response to the priority user needs, the
Mission Requirements Document (MRD) for the space component has been developed by an international
Mission Advisory Group under European Space Agency (ESA) leadership. The key observational requirements
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of the LSTM mission, as outlined in the MRD, are systematic global acquisitions of high-resolution (50 meters)
observations with a high revisit frequency (1-3 days) in 3-5 thermal bands (8-12.5 [Im) accompanied by a
number of VNIR-SWIR spectral bands. The accuracy for LST measurements shall be better than 1-1.5 K ata
300 K reference temperature. The MRD serves as input for the mission design, by conveying the EU Policy
framework, the user needs, the mission objectives and the observation requirements for each Copernicus
candidate mission.

ESA is collaborating with partner space agencies to create synergy with relevant international missions such as
TRISHNA (CNES, ISRO), Surface Biology Geology SBG (NASA/JPL) and the Landsat program
(USGS/NASA) with the aim to achieve the optimal temporal coverage of high-resolution thermal observations.
This presentation will provide an overview of the proposed Copernicus LSTM mission including the user
requirements, a technical system concept overview, Level-1/Level-2 core products description and a range of
use cases addressing the mission objectives. The LSTM mission has started its phase B2 and successfully placed
a contract in late 2020 with an industrial consortium led by Airbus Spain. In spring 2021 the mission
successfully passed the System Requirements Review.

THE TRISHNA INDO-FRENCH THERMAL INFRARED MISSION:
SCIENTIFIC TOPICS AND APPLICATIONS
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Water availability, quality, storage and use are becoming an increasing concern of the decision
makers in regard to the food security. Management of the water resource is particularly relevant for agricultural
practices, which represent about 70% of the water consumption. Therefore, water stress and evaporation need
to be better assessed at global scale at a high spatial and temporal resolution to comply with users requirements.
This is the main objective of the forthcoming space mission so-called TRISHNA (Thermal infraRed Imaging
Satellite for High-resolution Natural resource Assessment) developed conjointly between the French Space
Agency (CNES) and the Indian Space Research Organization (ISRO), and foreseen to be launched in 2025.
Key scientific objectives rely on a monitoring of agro-ecosystems stress and coastal areas mixing processes
plus inland waters. Other targeted objectives connect to urban microclimates (urban heat islands, mitigation of
heat waves effects), to solid Earth (detection of thermal anomalies, volcanology), to cryosphere (glaciers, polar
caps) and to atmosphere (water content, clouds).

TRISHNA mission will collect for the first time both optical and thermal information at a high spatial
resolution, with a pixel size of 57 meters at nadir. Owing to a wide field of view around 35 degrees, a global
coverage will be ensured at the frequency of three times during an 8-days period at low latitudes with more
acquisitions as moving towards the poles. The short-time revisit will infer angular effects on the time series of
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measurements. Actually, overpass time of TRISHNA will be round 13:00 LST, which corresponds to a
maximum of sensitivity to flux estimate but also a minimum of sensitivity to the temperature variations. In the
tropics, such acquisition will be impacted by the hot spot phenomenon as view and sun geometries will be
closed. Therefore, methods are developed to perform an angular normalization since Land Surface Temperature
(LST) could be in error by several degrees K. Another issue is due to the turbulence that may also infer
uncertainty on LST by a few K.

It will be presented an overview of the future TRISHNA mission with scientific questions and objectives, plus
examples of bio-geo-physical processes for which envisaged deliverables will bring new insights according to
the different domains of application.

SBG, ECOSTRESS AND HYTES — STATUS AND RESULTS

Simon. J. Hook (simon.j.hook@jpl.nasa.gov) and the SBG, ECOSTRESS and HyTES Teams
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, California
91109

In 2017, the National Research Council released the second Earth Science Decadal Survey (ESDS).
The ESDS recommended four sets of measurements referred to as the Decadal Observables. One of these was
the Surface Biology and Geology (SBG) Decadal Observable (DO). The Decadal Observable measurements
together with measurements from the upcoming NISAR mission are now referred to as the Earth System
Observatory (ESO). The SBG-DO called for high spectral and spatial resolution measurements in the visible to
shortwave infrared (VSWIR: 0.38-2.4 micrometers) and high spatial resolution multispectral measurements in
the mid and thermal infrared (MIR: 3-5 and TIR: 7-12 micrometers). The MIR and TIR (MTIR) measurements
would be made every few days and VSWIR measurements every couple of weeks. The VSWIR and MTIR
measurements would have spatial resolutions of 30 m and 60 m respectively. After the release of the 2017
ESDS, NASA formed teams to develop architectures for each of the DO’s. The SBG team recommended the
VSWIR and MTIR measurements be made from two separate platforms in a morning and afternoon orbit
respectively. The morning orbit was preferred for the VSWIR measurements to minimize cloud cover and the
afternoon preferred for the MTIR to measure the peak temperature stress of plants typically occurring in the
early afternoon. The architecture team recommended global revisit times for the VSWIR and MITIR of revisit
times of 16 and 3 days respectively, which resulted in swath widths of 185 km and 935 km from the nominal
altitudes chosen for the VSWIR and MTIR platforms respectively.

SBG is a global survey mission that will provide an unprecedented capability to assess how
ecosystems are responding to natural and human-induced changes. It will help us assess the status of
biodiversity around the world and the role of different biological communities on land and within inland water
bodies, as well as coastal zones. It will help identify natural hazards, in particular volcanic eruptions, and any
associated precursor activity, and it will map the mineralogical composition of the land surface. In summary
SBG will advance our scientific understanding of how the Earth is changing as well as provide valuable societal
benefit, in particular, in understanding and tracking dynamic events such as volcanic eruptions, wildfires and
droughts.

In 2014 the ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station
(ECOSTRESS) was selected as part of the NASA Earth Ventures Instrument program. ECOSTRESS addresses
critical questions on plant—water dynamics and future ecosystem changes with climate. ECOSTRESS has five
TIR spectral bands, a spatial resolution of 68m x 38m (crosstrack x downtrack) and a revisit of every few days
at varying times of day from the International Space Station (ISS). ECOSTRESS was delivered to the ISS in
2018 and operations began shortly thereafter. ECOSTRESS was planned to operate for one year, however, due
to demand as well as the instrument continuing to operate well, NASA extended the mission until 2023. HyTES
represents a new generation of airborne TIR imaging spectrometers with much higher spectral resolution and a
wide swath. HyTES is a pushbroom imaging spectrometer with 512 spatial pixels over a 50-degree field of
view.
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HyTES includes many key enabling state-of-the-art technologies including a Dyson-inspired
spectrometer and high performance convex diffraction grating. The Dyson optical design allows for a very
compact and optically fast system (F/1.6) and minimizes cooling requirements since a single monolithic prism-
like grating design can be used which allows baffling for stray light suppression. The monolithic configuration
eases mechanical tolerancing requirements which are a concern since the complete optical assembly is operated
at cryogenic temperatures (~100K). HyTES originally used a Quantum Well Infrared Photodetector (QWIP)
and had 256 spectral channels between 7.5um to 12um. In 2021 this was upgraded to a Barrier InfraRed
Detector (BIRD) array with 284 spectral channels. The first science flights with the QWIP were conducted in
2013 and the first science flights with the BIRD in 2021. Many flights have been conducted, and the instrument
can now be deployed on a Twin Otter or the NASA ER2 aircraft allowing a variety of pixel sizes depending on
flight altitude. In 2022 the instrument will also be deployed on the NASA Gulfstream V aircraft. All the data
acquired thus far has been processed and is freely available from the HyTES website (http://hytes.jpl.nasa.gov).
Higher level products surface temperature and emissivity and gas maps are available for the more recent data.
This presentation will describe the current status and plans for SBG, ECOSTRESS and HyTES programs as
well as provide some recent results from ECOSTRESS and HyTES.

METHODOLOGY FOR BURNED AREAS DELIMITATION AND FIRE
SEVERITY ASSESSMENT USING SENTINEL-2 DATA

Rafael Llorens ', José Antonio Sobrino ', Miguel A'ngel Garcia?, Manuel Caiiizares?, Cristina Ferndndez’,
José M. Ferndndez-Alonso 3, José A. Vega 3, Alvaro Carrillo *, Asuncion Rolddn *
!Global Change Unit, Image Processing Laboratory, University of Valencia, Paterna E-46980, Spain;
Jose.Sobrino@uv.es, Rafael.llorens@uv.es
’Departamento de Teledeteccion, G. Sist. Inf- Geogrdfica Tragsatec — Grupo Tragsa — SEPI. C/ Julidn
Camarillo n° 6B, 28037 Madrid, magf@tragsa.es / mcanizar@tragsa.es
3Centro de Investigacion Forestal de Lourizan, Xunta de Galicia, Pontevedra, E-36156, Spain;
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Over the last decades, forest fires have become an environmental problem with serious ecological,
economic and social effects. In this sense, the aim of this study is to develop a methodology for the burned
areas delimitation and, its subsequent fire severity assessment, in wildfires occurred in Spain between 2018 and
2021. As input data, this study is based on the use of Sentinel-2 spectral indices, which are characterized by
having spectral bands in the near-infrared (NIR) and short-wave infrared (SWIR) spectral regions, allowing a
high distinction between burned and unburned areas, and between different fire severity degrees too. The most
commonly used burn spectral indices in remote sensing as the Burned Area Index (BAI), the Burned Area Index
S2 (BAIS2), the Burned Area Index Modified (BAIM), the Mid-Infrared Burn Index (MIRBI), the Normalized
Burn Ratio (NBR), the Relativized Burn Ratio (RBR) and the relative differential Normalized Burn Ratio
(RANBR), were analyzed. In addition, in order to delete confusions between burned area and the presence of
other land cover areas, the temporal differences (pre-fire and post-fire dates) were obtained for each spectral
index. The results obtained were compared by: in the case of burned areas, the Emergency Mapping Service
(EMS) and the Galicia forest service; in the case of fire severity, using field plots classified as in Ruiz-Gallardo
et al. (2004) study (null, low, moderate and high severity). The final statistic results obtained, show that the
3dBAIS spectral index (a combination of the temporal differences obtained by BAI, BAIM and BAIS2)
provides the highest result of burned area delimitation (5% of commission error and 9 % omission error,
respectively) whereas, the combination of the BAI and dNBR, used in areas with mixed and full vegetation
respectively, provides the highest result for assessing fire severity (kappa statistic equal to 0.75). This work is
carried out in the context of the project "Joint Strategy for the Protection and Recovery of ecosystems affected
by wildfires" (EPyRIS).
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THERMAL INFRARED ANISOTROPY MEASUREMENTS IN INDIA AND
SOUTHERN EUROPE (TIRAMISU) PROJECT IN PREPARATION OF THE
TRISHNA MISSION

J.-L. Roujean ', C. Pinnepalli ', M. Irvine’
I- Centre d’Etudes Spatiales de la Biosphére (CESBIO), 13 avenue du Colonel Roche, 31400 Toulouse,
France
2INRAE, ISPA, 71 avenue E. Bourlaux, 33140 Villenave d’Ornon, France

The TRISHNA mission -scheduled to be launched in 2025- will collect for the first time both optical
and thermal information at a high temporal and spatial resolution, with a pixel size of 57 meters at nadir. Owing
to a wide field of view around 35 degrees, a global coverage will be ensured at the frequency of three times
during an 8-days period at low latitudes with additional acquisitions towards the poles. The short-time revisit
will however infer angular effects on the time series of measurements. Although a characterization of
directional effects for optical range has been the focus of a wide field of investigation in the past, those
concerning the TIR (Thermal Infra-Red) domain, still require research work to be done. Overpass time of
TRISHNA will be round 13:00 LST. In the tropics, such acquisition will be impacted by the hot spot
phenomenon a large part of the year as view and sun geometries will remain close to the hot spot. Advanced
studies concerning the characterization and modeling of TIR directional anisotropy with emphasis on the
thermal hot spot effect will be presented. The followed methodology relies on three different types of model:
3D DART model, 1D SCOPE model and the parameterized model RL. It is important to note that the hot spot
peak of temperature can reach several degrees Kelvin compared to nadir view based on DART and SCOPE
simulations. It appears from simulations over crops that using directional gradients of NDVI and LST that it is
possible to find simple relationships in relation to the hot spot geometry as driven by leaf area index and leaf
size compared to canopy depth. However, these relationships vary with dry versus wet vegetation canopies,
soil moisture and resistance, and wind speed. Emphasis will be given on the strategy that will be adopted to
correct directional effects and perform normalization in the frame of TRISHNA, notably in merging optical
and thermal observations. For such, results from an ongoing experiment over a dry maize crop located near
Toulouse as part of the TIRAMISU project will be shown. It consists of acquiring continuously during the
growing season optical multi-spectral (MicaSence camera) and thermal (Optris camera) images from a moving
platform located on top of a telescopic mast. The data acquisition protocol consists to measure the multispectral
BRDF (Bidirectional Reflectance Distribution Function) within a short period of time. The experimental design
also allows data acquisition at high frequency in the TIR to characterize the turbulence and time average the
BRDF. A DART mock-up and SCOPE simulations serve to simulate the hot spot effect from which an inverse
modeling using RL model is performed in order to calibrate model coefficients.

MONITORING AND REPORTING GLOBAL LAND SURFACE
TEMPERATURE ANOMALY FROM JPSS SATELLITES

Yunyue Yu', Peng Yu'?, Alisa Yong'
! NOAA/NESDIS/STAR (USA); ? University of Maryland (USA)
Yunyue. Yu@noaa.gov, google voice: +1 2406536495

Land Surface Temperature (LST) is required as an Essential Climate Variable (ECV) in the Global
Climate Observation System (GCOS); it is one of the baseline products for the program of Joint Polar-orbiting
Satellite System (JPSS), currently including S-NPP and NOAA-20. To ensure high quality of the JPSS LST
product, comprehensive validation has been performed since the launch of both satellites. A near-real-time
monitoring system was developed to monitor not only the operational production and performance of the
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product itself but also the environment using the data. A set of 6-year (from 2016 to 2021) JPSS LST data has
been processed and used to derive a global monthly mean LST dataset. In the JPSS LST monitoring system,
global LST anomalies are calculated, analyzed, and reported on a monthly basis since June 2021, with the
monthly mean LST data as a reference. In this study, we present technical details of the LST anomaly
monitoring including quality control measures in data processing, statistical computation, descriptive analysis,
visualization, and web reporting. A number of extreme weather events with very warm and cold temperature
worldwide have been identified and analyzed as well.

EVOLUTION OF THE AEROSOL DAILY DIRECT RADIATIVE EFFICIENCY
DURING THE PRE-COVID-19 DECADE USING THE AERONET DATABASE

Roger Jean-Claude'?, Derimian Yevgeny’, Coeur Cécile’, Kalecinski Natacha'?, Santamaria Artigas
Andreés"?, Skakun Sergii', Vermote Eric’, Dubovik Oleg?, Holben Brent’.
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2 NASA Goddard Space Flight Center, Greenbelt, USA
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4 Laboratoire de Physico-Chimie de |’Atmosphére, Université du Littoral Céte d’Opale, Dunkerque, France

Presenting author e-mail: roger63@umd.edu

Environmental rules, laws and policies have been established around the world to reduce the aerosol
concentrations and their climate impact as much as possible. The AERONET network provides instantaneous
Aerosol Radiative Impact and the Aerosol Radiative Efficiency (the efficiency is the impact normalized by the
aerosol concentration). Thus, we determined the Aerosol Daily Radiative Efficiency (ADRE) using data of each
month. While the Aerosol Daily Radiative Impact is directly linked to how much the aerosol impacts the
climate, the ADRE is linked to the intrinsic composition of the aerosol, i.e., its chemical composition, and its
variability may be relied on the changes in the nature of aerosol emissions (anthropic and/or natural).

We decided to focus on the yearly trend of ADRE within the atmosphere (ATM) and at the bottom
of the atmosphere (BOA) We selected the decade before the COVID-19 pandemic 2008-2019. From
AERONET, we were able to determine the yearly trend for 247 sites over the world. These sites didn’t give a
representation at the global scale, but it gives a good idea.

While we observe a small increasing of the yearly trend for the aerosol Single Scattering Albedo

(meaning a lower proportion of absorption), we found for ADRE_ATM and ADRE BOA respectively a small
decreasing of about -1.0%/year and about -0.5%/year over our sites. It means, we have, in average, an ability
of aerosols to slightly slow down the atmospheric heating and the cooling at surface. This average stability
hides geographical and economic variabilities with negative yearly trends (when policies look to be applied)
and positive ones (some of them are relied to natural events (increasing of wildfires and dust storms).
We looked at relationships between ADRES yearly trends and the aerosol microphysical properties. The most
significant result is the good correlation with the imaginary part of the refractive index (R?=0.75), itself linked
to absorption. It’s not a real surprise as the Black Carbon is largely responsible of the Daily Aerosol Radiative
Efficiency.
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NASA EARTH SURFACE MINERAL DUST SOURCE INVESTIGATION (EMIT)
IMAGING SPECTROMETER PERFORMANCE FOR QUANTITATIVE
REMOTE MEASUREMENT AND NEW UNDERSTANDING OF THE EARTH’S
MINERAL DUST CYCLE

Robert O. Green, David R. Thompson, and Team
Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

The Earth Surface Mineral Dust Source Investigation (EMIT), uses new observations from an
advanced F/1.8 visible to short wavelength infrared (VSWIR) imaging spectrometer planned for launch to the
International Space Station (ISS) on a SpaceX rocket in June 2022. The EMIT instrument is the latest in a
series of more than 30 imaging spectrometers and testbeds developed at JPL beginning with the Airborne
Imaging Spectrometer (AIS) that first flew in 1982. Mineral dust emitted into the atmosphere plays an important
role in the Earth system impacting direct and indirect radiative forcing, atmospheric chemistry, cryosphere melt,
surface hydrology, and the biogeochemistry of ocean and terrestrial ecosystems, as well as being a hazard to
human populations. The Earth’s dust cycle consists of source, transport, and deposition elements. Updated
source knowledge is required today to run state-of-the-art Earth System Models (ESMs) to simulate the dust
cycle and understand current and future impacts on the Earth system. Currently, detailed knowledge of the
composition of the Earth’s mineral dust source regions is uncertain and traced to less than 5000 surface sample
mineralogical analyses. The EMIT’s specific science objectives are to reduce uncertainty in the direct radiative
forcing effect of mineral dust in the Earth system today and assess future changes in the effect under a range of
climate scenarios. These objectives are addressed by acquiring the first comprehensive maps of mineral
composition in the Earth’s arid land regions and using these new observations to initialize ESMs. The
development of the EMIT imaging spectrometer instrumentation has been completed successfully despite the
severe impacts of the COVID pandemic on space hardware development at many levels. The EMIT Science
Data System is complete with the implementation of the full set of algorithms required. These tested algorithms
are open source and available to the broader community. These include: calibration to measured radiance,
atmospheric correction to surface reflectance, mineral composition determination, aggregation to ESM
resolution, and ESM runs to address the science objectives. The spectral, radiometric, spatial, and uniformity
performance of the EMIT imaging spectrometer as well as the status of the ground system, in-orbit checkout,
and prime science measurement observation phase are reported here. EMIT’s measurements, products, and
updated models will enable a broad set of additional science investigations and will be freely available from
the NASA Land Process Distributed Active Archive Center.

FLUORESCENCE EXPLORER (FLEX): SCIENCE OBJECTIVES AND
MISSION PRODUCTS

Jose Moreno
IPL-Scientific Park / Faculty of Physics, University of Valencia, 46100 Burjassot, Valencia, Spain
Jose.Moreno@uv.es

The Fluorescence Explorer (FLEX) mission was selected in 2015, by the European Space Agency
(ESA), as the 8th Earth Explorer within the ESA Living Planet Programme. The key scientific objective of the
mission is the quantitative mapping of actual photosynthetic activity of terrestrial ecosystems, as a function of
variable vegetation health status and environmental stress conditions, at a global scale and with a spatial
resolution adequate to resolve land surface processes associated to vegetation dynamics. To be able to
accomplish such objective, the FLEX mission carries the FLORIS spectrometer, specially optimized to derive,
spectrally resolved, the vegetation fluorescence emission, and is designed to fly in tandem with Copernicus
Sentinel-3. Together with FLORIS, the OLCI and SLSTR instruments on Sentinel-3 provide all the necessary

59



6" INTERNATIONAL SYMPOSIUM: RECENT ADVANCES IN QUANTITATIVE REMOTE SENSING

information to retrieve the emitted fluorescence, and to allow proper derivation of the spatial and temporal
dynamics of vegetation photosynthesis from such global measurements, including the compensation for
atmospheric effects and the derivation of the additional biophysical information needed to interpret the
variability in fluorescence measurements.

FLEX is expected to be launched in 2025, and will provide science products which are not restricted
to the basic chlorophyll fluorescence measurements, but include also the estimates of regulated and non-
regulated heat dissipation, needed to quantify actual photosynthesis. Together with canopy temperature and
other biophysical variables characterizing vegetation status, Level-2 products include instantaneous
photosynthesis rates and estimates of vegetation stress based on ratios between actual versus potential
photosynthesis and variable PSI/PSII contributions tracking photosynthesis dynamics. Level 3 products are
derived by means of spatial mosaics and temporal composites, giving also as a temporal product the activation
/ deactivation of photosynthesis, growing season length and related vegetation phenology indicators. Finally,
by means of data assimilation into advanced dynamical models of FLEX time series and ancillary information,
Level-4 products are also provided, including Gross Primary Productivity (GPP) and more advanced dynamical
vegetation stress indicators.

Such science products can be directly used by vegetation dynamical models, climate models and
different applications. The FLEX Level-2 products are already provided in the same geographical grid as
Sentinel-2 products to facilitate multi-mission data exploitation strategies. Usage of common global Lat-Lon
multi-resolution spatial grids for high-level L3/L4 products maximizes the inter-operability of FLEX products
in global data assimilation approaches and multiple applications. Particular efforts are in place to provide each
product with realistic and properly estimated uncertainties, and also to propagate the derived uncertainties from
the original satellite data until the final high-level products. Efforts are also in place to guarantee proper cal/val
activities and dedicated validation networks for FLEX products. The availability of validated ready-to-use high
level science products will allow an extensive scientific usage of FLEX data, with also a high potential for
derived applications.

CARBON FLUXES ESTIMATION COMBINING SEVIRI/MSG PRODUCTS,
MACHINE LEARNING AND IN SITU DATA

M. Campos-Taberner*, B. Martinez, S. Sanchez-Ruiz, F.J. Garcia-Haro, M.A. Gilabert
Environmental Remote Sensing Group (UV-ERS), Departament de Fisica de la Terra i Termodinamica,
Facultat de Fisica, Universitat de Valencia, 46100 Burjassot, Spain.
*manuel.campos@uv.es; Tel.: +34-963-543-256

The characterization of carbon exchanges between biosphere and atmosphere requires detailed
information on both spatial and temporal behaviors of CO, fluxes. The assessment of these carbon fluxes is key
to enhance our knowledge regarding the Earth’s climate system modelling and understanding. Ground
observations can be acquired by eddy-covariance (EC) towers, which are able to estimate CO» net exchanges
at very high temporal resolutions. The increasing number of EC towers distributed along the planet fosters the
application of statistical regression approaches (machine learning) for carbon fluxes estimation.

The Satellite Application Facility for Land Surface Analysis (LSA SAF) aims to take full advantage
of EUMETSAT remotely sensed data to measure land surface variables. Among others, LSA-SAF provides
products of downward radiation fluxes, land surface vegetation parameters, surface temperature, and
evapotranspiration from observations acquired by the Spinning Enhanced Visible and InfraRed Imager
(SEVIRI) on board the Meteosat Second Generation (MSG).

This work aims at assessing the feasibility of estimating CO, fluxes such as the gross primary production (GPP),
net ecosystem exchange (NEE), and ecosystem respiration (RESP) blending SEVIRI/MSG and EC data by
means of machine learning methods. An ensemble of SEVIRI/MSG products were used as inputs for the model:
Fraction of Vegetation Cover (FVC), Leaf Area Index (LAI), Fraction of Absorbed Photosynthetically Active
Radiation (FAPAR), Downward Surface Shortwave Flux (DIDSSF), Evapotranspiration (DMET), Reference
evapotranspiration (METREF), Land Surface Temperature (MLST), and the BRDF kj parameter in the RED,
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NIR, and MIR SEVIRI/MSG bands. In addition, CO; fluxes from seven European EC towers were selected for
pairing in situ data with the SEVIRI/MSG observations during the 2015-2019 period. Several machine learning
regression methods were used for comparison including tree models (decision, bagging, and boosting trees,
random forests, and boosting random trees), neural networks, and kernel methods (support vector regression,
kernel ridge regression, and Gaussian process regression).

The results show that the machine learning methods provide accurate and consistent estimates among
them. The best performance is found in the case of random forests, in which correlations with GPP, NEE, and
RESP reached 0.85, 0.61, and 0.89, respectively. These results encourage the use of data-driven approaches
jointly with remote sensing data for carbon fluxes estimation.

CHARACTERIZATION OF INTERCROPPING PERIODS USING MULTI-
TEMPORAL OPTICAL SATELLITE IMAGES

Fieuzal R.", Melo E.', Herblot A.", Dejoux J.F.', Marais Sicre C., Gibrin H.", Wijmer T.!, Arnaud L.",
Ceschia E.
ICentre d’Etudes de la BlOsphere (CESBIO), Université de Toulouse, CNES/CNRS/INRAE/IRD/UPS,
Toulouse, France
E-mail: remy fieuzal@cesbio.cnes.fr - Tel: 335 61 55 64 84

In a rotation of cash crops, the period between the harvest and the subsequent sowing is referred to
as the inter-cropping period. In France, it is mandatory to establish cover crop during these periods, especially
in the vulnerable nitrates zones which represent almost 75% of the agricultural area allocated to the cultivation
of seasonal crops (Justes et al., 2012). The quantification of the advantages associated with the establishment
of the cover crop is then a major stake for a sustainable and reasoned management of agricultural surfaces. In
this context, carrying out a balance requires the monitoring of key vegetation descriptors, which are used as a
control indicator of advantages of the cover crop. In the present study, the objective is first to characterize the
satellite-observed vegetation development during the intercropping period and then to estimate the biomass of
cover crop using optical images acquired by Sentinel-2.

On a study site located in south-western France, experimental devices were conducted throughout

four successive intercropping periods on a network of plots to collect a dataset making it possible to characterize
the variability of cover crop. Time series of images were regularly acquired from October 2017 to April 2021
throughout the growth of the cover crop, together with biomass measurements collected just before the
destruction by burial of the vegetation. On the considered plots, two cover crop species were mainly sown after
the cultivation of wheat (i.e., faba bean and phacelia), and up to five different species were observed on some
plots. Significant variability in cover crop development was observed, with for example, dry biomass extreme
values close to 0 and maximum above 7.5 t.ha™! over the monitored plots.
Classifications obtained using an unsupervised approach (i.e., K-means based on NDVI (Normalized Different
Vegetation Index) times series derived from optical images) allowed to distinguish plots with bare soil and
those with different levels of vegetation development. The analysis conducted on 3 satellite tiles allowed us to
observe inter-annual differences as well as regional specificities. On a fine scale, the intra-plot heterogeneity
was characterized through the determination of the number of days with active vegetation during the
intercropping period (by applying a threshold on the daily-interpolated NDVI time series). The results were
analyzed for each of the previously defined land cover classes (i.e., classifications using K-means), showing
strong heterogeneity regarding the number of days with active vegetation, as well as non-systematically zero
durations, even for the "bare soil" class. Finally, after testing different vegetation indices derived from optical
images, an empirical relationship was established based on the NDRE (Normalized Difference RedEdge Index).
It allowed mapping the maximum of cover crop biomass (using the last image acquired before the destruction
of cover crops), estimates being characterized by a level of performance with R? ranging from 0.6 to 0.8 (values
depending on the number of days between the satellite acquisition and the ground measurement).
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ESTIMATION OF SURFACE ENERGY AND CO2 FLUXES THROUGH
REMOTE SENSING IN A JUNIPER TREE ECOSYSTEM AT THE NATIONAL
PARK OF DONANA

Pedro J. Gomez-Girdldez V, Jordi Cristébal @, Héctor Nieto ®, Ricardo Diaz-Delgado
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(2) Programa de I'Us Eficient de I’ Aigua en I’Agricultura. IRTA, Fruitcentre,25003, Lleida
(3) Instituto de Ciencias Agrarias (ICA-CSIC), C/ Serrano 115 bis, 28006 Madrid
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Doiana National Park is located in the southwest of the Iberian Peninsula, where water scarcity is
recurrent together with high heterogeneity in species and ecosystems. Energy and carbon fluxes monitoring is
essential to improve the knowledge of the hydrological cycle, especially in natural vegetation covers. In this
work, a first evaluation with flux tower data of the modeling of water and energy fluxes as well as carbon
assimilation (GPP) is performed. Energy and water fluxes were estimated through the TSEB model while GPP
was done through a LUE model, both models using Terra/Aqua MODIS images during the period 2014-2015
in an experimental plot of juniper (Juniperus phoenicea) in the Dofiana Biological Reserve. TSEB yielded
acceptable results when measuring surface energy fluxes, taking into account the high heterogeneity that this
type of vegetation presents. In the case of net radiation, latent heat, sensible heat and soil heat fluxes, evaluation
results showed an average RMSE of 54, 47, 63 and 6 W-m-2, respectively. The LUE-model, which is based on
the relationship between absorbed photosynthetically active radiation and its use by the plant and establishes a
maximum value per species or plant functional types that is reduced by environmental conditions, was
evaluated in two ways to reduce that maximum efficiency value: 1) forcing it with meteorological variables; 2)
forcing it with both meteorological variables and a water stress index from TSEB evapotranspiration retrievals.
Both approaches were also evaluated with in situ flux tower data. Results showed that although the application
of the LUE with meteorological data had an acceptable error (~0.9 gC/m2), the use of the water stress index
improved the results in situations of scarcity or abundance of water (summer and winter, respectively).

ASSIMILATION OF MULTIPLE REMOTE SENSING DATA INTO AN UNDER-
CALIBRATED ENERGY-WATER-CROP MODEL FOR IRRIGATION
MANAGEMENT

C. Corbari', A. Al Bitar?, D. Skokovic®, J. A. Sobrino’, M. Mancini’
!Politecnico di Milano, Piazza Leonardo da Vinci 32, 20133, Milan (Italy)
2CESBIO (Université de Toulouse, CNES, CNRS, IRD), Toulouse (France)

3University of Valencia, Valencia (Spain)
chiara.corbari@polimi.it, +390223996231

The agricultural sector is the biggest and least efficient water user, accounting for around 80% of total
water use in South Europe, which will be further impacted by climate change in the incoming years. Precision
agriculture tools are then needed to increase water use efficiency.

Here, the proposed system couples together remotely sensed land surface temperature (LST), leaf area index
(LAI) and ground soil moisture data (SM) with a pixel wise crop-water-energy balances model, for improving
irrigation management. The SAFY (Simple Algorithm for Yield) crop model has been fully coupled with the
energy water balance FEST-EWB model, exchanging in a double direction the LAI evolution in time from
SAFY, which is used by FEST-EWB for evapotranspiration computation, while FEST-EWB provides soil
moisture (SM) and LST to SAFY model for constraining crop growth.

A data assimilation framework, based on the Ensemble Kalman filter approach, is implemented to reduce the
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requirements for parameters calibration, either for soil assimilating satellite LST and for crop growth using
LAL This framework allows overcoming the issues related to crop exposure to shocks due extreme events non-
reproducible by the model alone, as well as nutrient lack, crops hybrids or precise amount of irrigation water.
The FEST-EWB-SAFY model has been applied in two Irrigation Consortia in the North and South of Italy
which differ for climate and agricultural practices, using data from Sentinel2, Landsat 7 and 8 satellites. The
model has then been validated in specific fields where ground measurements of evapotranspiration, soil
moisture and crop yields are available.

Overall, the results suggested that the under-calibrated model estimates of LST, LAI, SM and yield
are enhanced through the assimilation of satellite data, suggesting the potential for improving irrigation
management at both field and Irrigation Consortium scales.

EVALUATION OF AN OPERATIONAL HIGH-RESOLUTION
EVAPOTRANSPIRATION ALGORITHM WITHOUT THERMAL CHANNEL
OVER A TEMPERATE BASIN ON CHILOE ISLAND
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