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SEEDS 
Sentinel EO-based Emission and Deposition Service

 The SEEDS project goal is to develop
several top-down (satellite) inversion
techniques to estimate European
emissions of NOx, NH3, VOC, improve
deposition flux modelling and develop
advanced data assimilation techniques.

 The project is developing techniques
that may eventually become part of the
Copernicus Atmosphere Service
(CAMS).

 SEEDS is now reaching its end and we
have compiled a significant number of
datasets in our portal for further
evaluation.

Sentinel 5P & Preparation for Sentinel 4



SEEDS – New Products
Advanced  data assimilation algorithm 

SEEDS develops an advanced data
assimilation algorithm (4DEnVar) to
prepare the way for better
exploitation of the hourly data from
Sentinel 4 and improve air quality
forecasts in the CAMS operational
system

 Open-source code with the
4DEnVAr algorithm for use by a
wide range of researchers and
scientific experts.



SEEDS – H2020 project
Sentinel EO-based Emission and Deposition Service
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deposition 
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SURFEX LDAS-MONDE 
Data Assimilation

• Deposition 
velocities

• Dry deposition 
diagnostics

Satellite 
Observations

PROBA-V Leaf 
Area Index

Surface Soil 
Moisture
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• Dry deposition 
calculated for all 
surface types

• Land surface modelling  (ISBA) and data assimilation to 
feed into calculation of dry deposition.

• LAI, soil moisture, and vegetation dynamics play key 
role in dry deposition modelling.



TD Emission products in SEEDS 

Emission estimation method: Inversion technique using satellite observations 
and a chemical transport model:
DECSO (developed by KNMI )
MAGRITTE (developed by BIRA-IASB)

Products:
NO2 From TROPOMI
NH3 emissions from CRIS
CH2O from TROPOMI



SEEDS – New Products
SEEDS uses inverse modelling to produce up-to-date high-
resolution estimates of NOx, NH₃ and biomass burning
emissions.

 NOx – 2019,2020 -2022 Monthly anthropogenic NOx emissions at up 
to 5 km resolution

 NH3 – 2019, 2020 -2022 Monthly NH₃ emissions with 20 km resolution
 Fires – 2018-2020 -2022 Daily top-down biomass burning emissions at 

10 km resolution
 Soil NOx – 2019, 2020 -2022 Agricultural soil NOx emissions at up to 5 

km resolution
 BVOC – 2018-2020 -2022 Top-down and bottom-up estimates of 

Biogenic Organic Compounds with 10 km resolution
 LAI - 2018-2020 -2022 Leaf area index data sets at 10 km spatial 

resolution
 Soil Moisture – 2018- 2020 -2022 Soil moisture datasets at 10 km 

spatial resolution
 Deposition - 2018-2020, -2022 Deposition fluxes and diagnostics (e.g., 

stomatal resistance) for ozone and nitrogen at 10 km spatial 
resolution

https://www.seedsproject.eu/data

https://www.seedsproject.eu/data


SEEDS – Demonstration 
Improved CAMS products

The added-value of the SEEDS emission
and deposition products is demonstrated
though their capabilities to improve the
current CAMS operational type chain to
prepare further production and use in
downstream applications – MOCAGE
model

The capabilities of
• SEEDS up-to date emission data
• SEEDS deposition and land surface data
• SEEDS 4DEnVar DA algorithm
• the combined SEEDS methods and data
to improve current CAMS regional forecasting products
will be systematically evaluated in a part of the CAMS
production chain



SEEDS – Demonstration 
Stakeholder engagement



SEEDS – Final GA – Agenda – Day 1 

Tuesday 5th December

(10:00-17:00)

Added value of SEEDS emission
products

10:00 – 10:30 Introduction & algorithms

10:30 – 12:30 Block 1: Industrial emissions

12:30 – 13:30 Lunch break

13:30 - 14:10 Block 2: Emissions in cities 
14:10 – 17:00 Block 3: Fire and Biogenic 

Emissions 



SEEDS – Final GA – Agenda- Day 2 

Wednesday 6th December

(10:00-16:00)

Added value of SEEDS surface fluxes

10:00 – 12:00 Block 4: Agricultural emissions

12:00 – 13:00 Lunch break

13:00 - 14:00 Block 5: Deposition fluxes and yields
14:00 – 15:30 Block 6 : Physical information on SM 

and LAI

15:30 -16:00 Lessons Learnt



Key messages - Emissions

• Satellite AQ information through inverse modelling can be used to support the review and verification 
of emission data 

• Location/Resolution
• Spatial resolution of EO-based emissions still a challenge
• Locating sites - of very limited value in most European countries - Possibly applications in other parts of the world
• Nox soil emission in summer identified from satellite

• Timeseries checks
• Verifying year to year variations  -
• Checking emissions from sources that drop below thresholds… and gap filling datasets
• Estimating monthly/weekly emissions.

• Emission outlier checks
• Reported vs EO-based emissions – even if EO-based data is not specific to a point source, is still of value in identifying 

issues.
• Possible additional analysis with pollutant ratio checks for instance with CO can be informative for QA/QC purposes



Key messages – Surface Fluxes

• Satellite AQ information through inverse modelling  may support agricultural users through 
additional value creators 

• The data portal from SEEDS provides access to a series of complete datasets that can be useful for 
further testing, benchmarking and uptake

• Agricultural emission information – added value 
• Verifying year to year variations  - ammonia and soil Nox from SEEDS
• Estimating monthly/weekly emissions.
• Fertiliser recommendations such as Nitrate action plan 

• Physical parameters and agricultural yields
• SM and LAI products can be suitable for farmers and decision makers, as one more tool to take decisions but

resolution is still a challenge
• NDDVI and LAI from Sentinel 2 in higher resolution – 20m
• Remote sensing and EO can’t replace being in the field, but are a resource to support different agricultural practices,

such as irrigation plans
• Ozone effects on crop and vegetation yields  

• Stomatal conductance hourly data to develop and test POD  
• Additional deposition data and diagnostics to evaluate effects on vegetation and further risk assessment



SEEDS Consortium team 

NILU - L. Tarrason, P. D. Hamer, J. Kaiser  
KNMI - H. Eskes,  R. van der A, J. Ding
BIRA- IASB - J. Stavrakou , G.M. Oomen, J-F 
Müller. 
CERFACS - E. Emili, P. Piacentini
MF-CNRM - J. Arteta, J.-C. Calvet, N. Frebourg,  
V. Marécal
ISAT – Lobelia Earth - J. Calvin, I.Jimenez, Ch. 
Michel. P. Moreno, Th. Fontelle, A. Naranjo



Thank you
https://seedsproject.eu

lta@nilu.no

https://projectseeds.eu/
mailto:lta@nilu.no
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