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Data requirements

Consistency
Stability

Free / accessible / open

Continuity & Gap free

Characterization of   
uncertainties
Traceability

Saturation     Noise     Inconsistencies Gaps
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Essential Climate Variables

ECVs – variables that
allow characterizing &
following the Evolution of
the Earth’s Climate
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Leaf Area Index (LAI)

+ leaf clumping
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PAR, APAR, fAPAR, LUE

GPP=PAR x fAPAR x LUE

Light use efficiency (Monteith approach)
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Copernicus Global Land Service

CLIMATE CHANGE

EMERGENCY MANAGEMENT

SECURITY

LAND MONITORING

MARINE ENVIRONMENT MONITORING

ATMOSPHERE MONITORING
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LAND MONITORING

IN-SITU LOCAL PAN-EUROPEAN GLOBAL

Copernicus Global Land Service
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http://land.copernicus.eu/global

Copernicus Global Land Service
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• Need for global ECVs LAI, fAPAR (& fCOVER)
– long, consistent, stable and continuous time series for documenting 

anomalies and trends in global change
– near real time estimates 

• Operational users 
• Decision makers

• Continuous quality control

SPOT-VEGETATION 1 SPOT-VEGETATION 2

SENTINEL-3A
SENTINEL-3B

SENTINEL-3C

PROBA-V

SENTINEL-3D

98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Copernicus = operational program, not a project

Copernicus Global Land Service
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CGLS LAI, fAPAR & FCOVER 

GEOVx Products

Version Sensor
Spatial

resolution
Input

Temporal 

smoothing

Gap 

filling
NRT Main improvement

1km V1
SPOT/VGT

PROBA-V
1km

30-day 

VIS/NIR/SWIR 

TOC

Reflectance
level

12-day lag

Accuracy

1km V2
SPOT/VGT

PROBA-V
1km

Daily

VIS/NIR/SWIR 

TOC

Product level

NRT, temporal

consistency &

product

completeness

300m V1
PROBA-V,

OLCI/S3
1/3km

Daily

VIS/NIR

TOC

Product level
NRT, Spatial

resolution
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1km V1: Long term monitoring & 

improved accuracy

20 years via SPOT/VGT & PROBA-V
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1km V2: NRT & Product Completeness

1km V1 - Missing data in the
tropics and at high
latitudes in winter time 

1km V2 - Products with
no gaps

Filled with climatologySpatial distribution of missing values
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300m V1: Improved spatial resolution

1km 
resolution

300m 
resolution

LAI August 2014
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LAI, fAPAR and FCOVER retrieval 

algorithms: General principles

GEOVx LAI/FAPAR/FCOVER products are derived from neural 
networks trained with VGT reflectance data and the fusion 
of  existing MODIS & CYCLOPES products

10-day TOC-r 
reflectances

Dekadal
ProductNeural Networks1

km
 V

1

Daily TOC 
reflectances
and angles

Daily 
ProductNeural Networks1

km
 V

2
 &

 
3

0
0

m
 V

1

Dekadal
Product

Compositing,

Smoothing

(& Gap Filling)
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Neural Networks
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Temporal smoothing

Kandasamy et al. 2013, Biogeosciences

Adaptive polynomial fitting

Compositing window length (15-60 days) depends on available daily 
estimates (5 at each half-window)

Decomposition Curve-Fitting Climatology
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Gap filling

t2 t3

Climato
Data

t1

• 1km V2: use of the interannual climatology for filling gaps 
(linear interpolation if climatology not available)

Daily estimates

Daily estimates

1km V2
1km V1 

CACAO cannot predict 
atypical seasonality 
from the climatology

Product values not 
affected when enough 
valid data

Daily estimates

Verger et al. 2013, IEEE TGRS

CACAO: Consistent Adjustment of the 
Climatology to Actual Observations
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Near real time processing

(a) (b)
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Temporal continuity and consistency

 1km V2 & 300m V1:

 Good temporal consistency, smooth profiles, removing some artifacts present in V1,
with better inter-annual precision (same sensor)

 1km V2:

 Temporal continuity (no missing data)



LOGO

OSS-NC 06 - 07 et 08 septembre 2021

Validation: Bottom up approach

20 m

1 km 

Ground data
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Accuracy assessment: comparison 

with ground measurements

Fuster et al. 2020, Remote Sensing
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Fuster et al. 2020, Remote Sensing

Accuracy assessment: comparison 

with ground measurements
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Fuster et al. 2020, Remote Sensing

Accuracy assessment: comparison 

with ground measurements
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Continuity with Sentinel-3

Sanchez, 2021, CGLS QAR 
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GEOV2-AVHRR: Long-term Global 

Vegetation Monitoring

LAI

Same principles of CGLS 1km v2

40+ years of LAI, fAPAR & FCOVER AVHRR time series

0.05º (4km) – 0.5º products every 10 days at the global scale
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https://www.theia-land.fr/en/product/series-of-vegetation-variables-avhrr

Data access and documentation 
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Data access and documentation 

…

https://www.theia-land.fr/en/product/series-of-vegetation-variables-avhrr



LOGO

OSS-NC 06 - 07 et 08 septembre 2021

Validation and Quality assessment
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GEOV2/AVHRR  — GEOV2/CGLS 
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Applications: Land Surface 

Phenology
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1km

LAI 1km GEOV2

Start of Season

End of Season

Bornez et al. 2020, Remote Sensing

Applications: Land Surface 

Phenology
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Greening trend

Zhu et al. Nature Climate Change, 2016

25-50% greening, 4% browning

Applications: Global Change
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…with warming
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Piao et al. Nature Communications, 2015

Leaf onset in the northern hemisphere triggered by daytime temperature

…that advances the leaf  onset
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Remote 

sensing 

data 

Northern 

latitudes

…delays the end of  season

Ground data 

US, 

Germany 

and 

Switzerland

Jong et al. Nature 
Com. 2017
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Carbon sink(+)              NPP and    (?)

Elevated CO2
Land-use 

changes
Eutrophication Warming

So yes, the fertilization of the biosphere
increases NPP and carbon sinks

….for how long?

Drought



LOGO

OSS-NC 06 - 07 et 08 septembre 2021



LOGO

OSS-NC 06 - 07 et 08 septembre 2021

Use of fAPAR 1km V2 for crop monitoring

Operational Applications: 

Crop Monitoring
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MARS Crop yield forecasting system (MCYFS)

Operational Applications: 

Crop Monitoring
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Operational Applications: 

Food Security
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Pasture productivity for grazing livestock (Senegal)

Diouf et al. 2015, Remote Sensing

Operational Applications: 

Food Security
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Decametric resolution allowing 

field monitoring
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5km
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SoS 2017 Proba-V 1km5km
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SoS 2017 Proba-V 333m5km
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SoS 2017 Proba-V 100m
30 18075

5km
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SoS 2017 S2 and L7-8 10m
30 18075

5km
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Worms (Germany) SoS 2017      S2 & L7-8    (10m)

1km

SoS

Descals et al. 2020, Remote Sensing
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CES Biophysical Variables From S2

marie.weiss@inrae.fr
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CES Algorithm

SENTINEL2

 RTM= PROSAIL model

1D – Turbid medium

 Inputs (20m)

Reflectances + geometry 

(cosine)

Acronym Central 

(nm)

Width

(nm)

Spatial 

resolution 

(m)

B3 560 35 10

B4 665 30 10

B5 705 15 20

B6 740 15 20

B7 783 20 20

B8a 865 20 20

B11 1610 90 20

B12 2190 180 20

 Biophysical Variables: GAI, fAPAR, fCover

Canopy Chlorophyll Content, Canopy Water Content
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Radiative Transfer Model
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Optimizing the Training Dataset
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From Delloye et al, RSE, 2018 From Vuolo et al, RS, 2016

wheat

Accuracy assessment: comparison 

with ground measurements
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Conclusions

• ECVs LAI & fAPAR (and fCOVER) 
 Time series (1981 - present) with 10-day frequency at the global scale

 Validated, associated with QA and quality uncertainties

 Freely available

• 1km V2 CGLS
 Improved continuity, smoothness and near real time projection vs 1km V1

• 300m V1 CGLS
 Improved spatial resolution

• Importance of validation/calibration activities
 Quantification of accuracy of estimates

 - x - = + fusing products, ensemble estimation

• Importance of  temporal compositing
 Adaptive length of compositing window

 Outlier rejection

 Use of climatology as background for gap filling and short term projection

• Same principles for the generation of AVHRR LAI/fAPAR products within THEIA
 Continuous and consistent long time series over the last 40 years

• Continuity of products with S3 and next missions
 Need overlap period between sensors!! (at least one year)

• Long, consistent and continuous time series for documenting anomalies and trends in 
global change

• Near real time estimates 
 Operational users 

 Decision makers

• Importance of decametric missions (S2) for agriculture and natural resources 
management

• 20m CES LAI, FAPAR, FCOVER, CCC, CWC 


