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Satellite
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SURFEX LDAS-MONDE
Data Assimilation

orographic friction

Snow processes :
Bulk to detailled
snow processes

PROBA-V
Leaf Area Index
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* Land surface modelling and data assimilation
to feed into calculation of dry deposition.

* LAI, soil moisture, and vegetation dynamics
play key role in dry deposition modelling.
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SEEDS Dry Deposition Concept
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SURFEX dry
deposition
model

* Links to advanced
vegetation model

e Uses assimilated
LAl and soil
moisture

* Dry deposition
calculated for all
surface types

Deposition
velocities

Dry deposition
diagnostics
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&
B ISBA land surface model ()

<> Multilayer soil: 14 layers up to 12m depth for water — —
and energy [Boone et al., 2000; Decharme et al., 2013] Plant [ ]

=» Multilayer snow: explicit scheme with 12 layers
[Boone and Etchevers, 2001; Decharme et al., 2016]

Soil heterotrophic
respiration

=» Coupling with river routing system CTRIP
[Decharme et al., 2019]

ISBA-NIT (top) and
=>» ISBA-NIT [Calvet et al., 1998; Gibelin et al., 2008]: ISBA-NCB (bottom)

adapted from Delire et al. (2020
* Photosynthesis-driven phenology based on P ( )

Goudriaan approach and prescribed parameters Phocartboss
* Plant water stress: tolerant vs avoiding o
* 9 Plant Functional Types (PFTs)

=> ISBA-NCB [Delire et al., 2020]:

* Updated phenology and 16 PFTs compared to NIT
* Improved carbon cycle (flre carbon leaching, ...)
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B Applications involving ISBA ()

Sentinel EO-based Emission
and Deposition Service

= |SBA is available through the SURFEX surface
modelling platform: https://www.umr-cnrm.fr/surfex

-=» Land Surface part in Numerical Weather Prediction
systems at Meteo-France and the ACCORD community
(26 Met Services, http://www.umr-cnrm.fr/accord/)

- Land Surface component for operational
hydrometeorological monitoring at Meteo-France
(Safran-ISBA-Modcou chain at 8km spatial res.)

= Component of CNRM-CM5.1, CNRM-CM6-1 and
CNRM-ESM2-1 (ISBA-NCB) for climate simulations
involved in CMIPS and CMIP6

= Land Surface model used in LDAS-Monde (ISEA-NIT):

+ from global monitoring at 0.25° res. of vegetation and
water cycle [Albergel et al., 2020]

+ ... to monitoring at kilometric scales over France
[Bonan et al., 2021]
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B Sequential assimilation of LAl ()
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x=x"+ K(y° - H(x'
* Thanks to photosynthesis-driven # KL= HEx))

phenology FORECAST ANALYSIS
* based on Goudriaan approach R(e) e e+ 20| x(e+200)
* plant water stress: tolerant vs. avoiding SEKF
« flexible LAl : rapid response to rains in (25 1 SRA LSM et §
semi-arid environments rrgernts A S, '
e ISBALSM ——— 2
* LAl can be assimilated

* alone or together with SSM or snow b= t+424"
* RZSM can be analyzed using LAl observations

Diff LAI JUL 2019 - JUL 2018
* Towards higher spatial resolution yw ﬁl
T o : 5

Global: 25 km x 25 km

* ERA-5

Continents : 9 km x 9 km

* HRES

Western Europe

* AROME NWP atmospheric variables
interpolated on a ~2.5km grid

Small regions

* AROME NWP atmospheric variables rxn
on a 1.3km grid Rercanou: YCHE

et FRANCE

Egaiied
Saterans

a - IsardSAT
Z CERFACS [FEN <~

CENTRE EUROPEEN DE RECHERCHE ET DE FORMATION AVANCEE EN CALCUL SCIENTIFIOUE

P Koninklijk Nederlands
Meteorologisch Instituut
Ministerie van Infrastructuur en Waters

~
a
<
<
=
@




L [, Validation using GOME-2 SIF data ((‘5)

SEEDS

Sentinel | EO-based Emission
and Deposition Service

=>» Solar-induced fluorescence (SIF)
=> SIF GOME-2 - Leroux et al. 2018

Correlation (Analysis,Obs) Corr(Analysis,Obs) - Corr(Model,Obs)
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L [, Validation using GOME-2 SIF data @)

=>» Solar-induced fluorescence (SIF)
=> SIF GOME-2 - Leroux et al. 2018

0° 20°E 40°E 60°E

Added value of
the assimilation:

60°N

larger over

croplands | N ,

deciduous coniferous C3 crops grasslands
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B Irrigation can be accounted for @)
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= LAl increments highlighting irrigation over the Ebro basin in August 2017
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Without LAl assimilation
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Cereal yields can be captured

After LAl assimilation
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Impact of the 2018 heatwave in Europe (Albergel et al. 2019)

- HRES continuous time series vs. ERAS
- Impact of heatwave on LAl is better simulated by ISBA
- Impact of assimilating LAl obs in LDAS-Monde is larger

a) LDAS-ERAS Open-loop: LAl b) CGLS GEOV2 LAl C) LDAS-ERAS Analysis: LAl

2018-07

2018-07

2
LAl (m?m?)
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Bl e SEEDS Land Service Products @)
SEEDS
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e Land surface variables

O 0-10 X 0.10 rESO|UtiOn i ‘LAI open loop ] _LAI assim LAl F‘(elative change
o & sub-grid variability

o Assimilation analysis, open-loop
(no assimilation), 96-hr forecast

o European spatial domain

LAI [mZ.m~2] LAI [mZ.m~2] [%]

LAl and soil moisture (-0.3 m) analysis
o - Leaf area index for the first 10 days of 2019

0 Da i Iy m ea n Va I u es SM (20-40 cm) open loop SM (20-40 cm) assim LAI Relative change

° # Soil Moisture

o Hourly values

0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 04 -10 -5 0 5 10
SM [m3.m~3] SM [m3.m~3] [%]
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B How do SEEDS products advance @)
beyond the state-of-the-art?  SEEDS

e Land surface data assimilation of PROBA-V LAl

e SEEDS uses the state-of-the-art land surface model SURFEX
e A 14-layer diffusion-based soil scheme
e An advanced dynamic vegetation model
e High spatial resolution of 0.1°x 0.1 °

e SURFEX uses a state-of-the-art land classification map at 1 km x 1 km
resolution
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Data delivered so far @)
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Experiment At[;‘;’gﬂltl:rm Covered period Assimilated observations
Open Loop ECMWE IFS S 2018 — July 2022 None
Hourly forecasts (from
+lhto+12h) 2018 — 2019 LAI GEOV1 from Copernicus Global
o . B Land Servi
Assiilljl};tion initialized at 00:00 UTC AnE Service
LAI and 12:00 UTC LAI THEIA with seasonal linear
Interpolated on 2020 rescaling (1999 —2019)
0.10°x 0.10° grid applied to match LAI GEOV1
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. Potential Uses and Users )

e Agricultural management

e Atmospheric chemistry

e Clay shrinking / Land slide risk monitoring

e Forestry management (drought effects, fire risk, ...)
e Pastoral farming (forage production)

e \Water resource management
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INDUSTRY
< k] s f-’.:“@
@?mn a‘?‘ﬁzj Sentinel 5P _rm;-,m
g EMISSION GLOBAL
Sentinel COZM MONITORING DATA Supporting the Paris Agreement

GOVERNMENTS AND
POLICYMAKERS

OBSERVATIONS OF ]
ATMOSPHERIC COz AND CHs i
INTEGRATION AND USER SUPPORT USERS
MODELLING : :
Consistent, reliable
Using computer models of the OUTPUTS information
Earth. system, thg datg are Supports policy and
combined to provide timely : = ecision-making
emission estimates. ® o L e processes
——
SCIENTIFIC COMMUNITY
WHAT WE
ALREADY KNOW POLICY TOOLS

THE PUBLIC

o

LOCAL
Supporting green cities

oGt (opermicus CECMWF & EUMETSAT Eesa
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Atmosprere
OBSERVATIONS PRIOR INFORMATION DECISION SUPPORT SYSTEM Monitoring Service

2 atmosphere.copemicus.eu
ul = (A
\’ —

An integrated system approach
based on experience in NWP
and air quality monitoring &
forecasting.

INTEGRATION OUTPUT

--

CORSO — CO2MVS Research on Supplementary Observations 6
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Same system (in potentially
different configurations) for
greenhouse gases and
atmospheric pollutants.
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1. Deliver improved estimates of emission factors/ratios and their uncertainties.

2. Deliver the capabilities at global and local scale to optimally use observations of
co-emitted species to better estimate anthropogenic CO, emissions.

3. Provide clear recommendations to CAMS, ICOS, and WMO about the potential
added-value of high-temporal resolution 1*CO, and APO observations as tracers for
anthropogenic emissions in both global and regional scale inversions.

4. Develop coupled land-atmosphere data assimilation in the global CO2MVS system
constraining carbon cycle variables with satellite observations of soil moisture, LA,
SIF, and Biomass.

5. Provide specific recommendations for the topics above for the operational
implementation of the CO2MVS within the Copernicus programme.

CORSO — CO2ZMVS Research on Supplementary Observations 9
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BR s  Linkto COCO2 and CORSO @)
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CORSO H-Europe project (2023-2025)

|| SECMWF

Functed by the
2uresean Unice

WP4: NOVEL USE OF SATELLITE
OBSERVATIONS TO CONSTRAIN
THE NATURAL BIOSPHERE

Enhance the exploitation of satellite observations in coupled land-atmosphere assimilation
to constrain vegetation water and carbon cycle variables:

- Extend the assimilation of cbservations that we already use for NWP but not yet
for CO2MVS, such as SMOS and ASCAT, to analyse vegetation variables,

- Develop assimilation of existing observations that are not yet used such as SIF
observations,

- Pave the way for future observations assimilation such as Metop-SG/SCA,

Copernicus Expansion CO2 and CIMR missions, which are all relevant to
consistently constrain vegetation and carbon fluxes in CO2ZMVS
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Task 4.3: Use SIF level-1 observation assimilation to analyse
water and carbon cycle variables in ECLand (ECMWEF, CEA,

When: Month-1 to Month-36

Deliverables: D4.3 and D4.4 (public reports)
What:

- Use the NN-based SIF observation operators from Task 4.1 in offline experiments in LDAS-
Monde and ECLand to assess the impact of coupled soil-vegetation assimilation.

- Assess filtering and length of the data assimilation window configurations.

- Implement and test the best performing operators from these offline tests in the IFS, the
prototype system for the future glohal CO2ZMVS,

- Assess the impact of SIF L1 data assimilation in the coupled data assimilation system.

b9 Koninklijk Nederlands
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Link to COCO2 and CORSO @)

Funded by
the European Union

SEEDS
e USE OF TROPOMI SIF DATA
e From verification purposes to data assimilation
SIF is not GPP — Toulouse
e Linear relationship may vl 11 R T
disappear in very dry condition - q ‘
e Disentangle instrumental noise | i
from geophysical signal - | B .

Assimilating SIF in ISBA?

e Comparison between daily
TROPOSIF and daily GPP
from ISBA

e Use machine learning to build
an observation operator
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Sun-Induced Fluorescence (mwW.m “.sr *.nm™?

2018-07 201809  2018-11 201901  2019-03
Date

2019-05

201907  2019-09  2019-11

2020

SIF (in the 743-758 nm window) daily data available from 01/05/2018 to 31/12/2019,

with 91% daily data for this period
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Thank you for your attention ©

Contact:
jean-christophe.calvet@meteo.fr
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