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Summary Tools available at NOVELTIS Main Studies and Applications

In the frame of the preparation and the exploitation of GreenHouse Gases monitoring missions such as % 4A/OP radiative transfer code (TIR,SWIR,NIR) - iuPPPTtOf MicroCarb Mission
MicroCarb and GOSAT, NOVELTIS was involved in many studies in which the 4A/OP code has been used for v Coupled with Vlidort, Lidort, Disort scattering codes el o ance OrbitaliSimulaton

X " - v " ¥ 4ARTIC validation with 1D-Var reference tool
direct and inverse radiative transfer. SWIR/NIR Fast scattering mode 7 o 2 ¢

. i X of Fast scattering

Thanks to CNES support, to many collaborations with scientific laboratories (CNES, IPSL, LATMOS, LSCE), % On-going Extension of 4A/OP to UV-VIS spectral % Aerosol and cloud scatte
and also based on own investments, NOVELTIS has developed many tools and acquired expertise for domain v Methodologies for CO, retrieval with aerosol scattering
direct and inverse radiative transfer in the different infrared spectral domains (TIR, SWIR, NIR). < 1D-Var retrieval code with Levenberg-Marquardt v Aerosol Scattering Parameter retrieval from NIR/SWIR polarized measurements
This poster presents the main studies and dedicated tools (listed here on the right), related to the iterative scheme B B otiom TIR Measurements

preparation of the Microcarb Mission and the exploitation of GOSAT data, with the objective of retrieving Greenhouse Gases Retrievals
v €O, retrievals from GOSAT TANSO-FTS data

atmospheric CO, product from infrared (SWIR, NIR and TIR) measurements with a correct treatment of Tanso-FTS polarization model v Spectral calibration of GOSAT TANSO-FTS data
scattering by aerosols and polarization effects. 7 GpOSA-r Polarisation model

Spectral Calibration tool

NOVELTIS is also contributing to the preparation of European CarbonSat and Sentinel 5 missions and
prepares the exploitation of OCO-2 data.

A ——— APPLICATIONS & STUDIES DESCRIPTION

Support of MicroCarb Mission Aerosol and cloud scattering Greenhouse Gases Retrievals
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o reianl i s ettt o s o et Y G e + Speificationof o retrieal methodology for the SARTIC code
spatial structures with a typical scale of 1000 km. ‘error covariance matrices and the Jocobian matrix.

+ Implementation of a « L2 performances orbital simulator » to
evaluate the CO, spatial structure scale.

% O, retrieval
 Use oly B2 for Proxy and OPACs methods
 Use 62 and 83 for kmodel methads

Descritionof geophysicolscenariosand aerosol ypes
< Principle < Aerosol retrieval methodologies
 Proxy: P retrievalon B1and B2, COrereval on B2
Proxy: C0; = CO,BD)EY
1 Autotyped rtreva then ransport o B2 with OPAC mo
 B1AOTHype retreval then 82 AOT retrieva with OP 02 etrevas arefiered according to disgnostic parameters
on spectra with simple B4 cloud/aerosol
SLACT kel detectionscheme (1. Bureau /C.Camy-Peyret)
Noof

¥ Assumption that the L1 => L2 problem i linear

+ Use of Optimal Estimation formalism to compute the transport
through to the gain matrix of a bias on the measurement as a
bias on L2 products.

+ Pseudo measurements and Jacobians are simulated with the.
4ASWIR radiative transfer model
Blas transport on CO, L2 product s performed by means of the
4ARTIC [10] software and study of the bias spatia pattern.

Differences of the retrieved XCO, (5 algorithms)  Error on 02 <2 ppry,
with respect to TCCON (all in ppm) with proxy  ( 8Psurf £ 10hPa)

kemodel :

& Results
¥ Assessment of specific nstrumental bias (Br) as a radiometric
default (offset, bias taking into account the instrumental
‘warming as a function of the position on the orbit).

retievals arein with

Ry Al retrievals are quite consistent (no bias correction applied)

Flowchart of the L2 performances orbita simulator sing as input .

+ Provide a description of realstic L2 €O, bias to the mission complete and coerent geophysicaldotabose. s oncor it el o . = -
simulator in order to evaluate the a0 metrde o g Lamont o Negative bias for almost all GOSAT retrievals with respect to
€0, simulator (NOVELTIS/LSCE/CNES) in order to evaluate the it s 20 e

impact on the surface fluxes biases. oot isen
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Aerosol Scattering o et
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+ Linearization of the radiative transfer model:

% Optimal Estimation Method

“* Context & objectives : y=f() = (o) + Hxa)lx = xol avee. H(xo) = 2L (xo) e
¥ For the MicraCarb mission, CNES developed a retieval tool E / Olvier LEZEAUX, ullen CHIMOT, Emanuel DUFOUR
« 4ARTIC » (based on 4A/OP-SWIR) to provide a CO, product ¥ Gain matrix: = P Carole DENIEL ( )
from MicroCarb measurements. TR, sl ‘Claude CAMY-PEYRET (1~ ) ,\‘ i
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 Valdation of the 4ARTIC code on specific tet cases by means 2= %+ G ()l = )] - ¢ Development and valdation of
of the NOVELTIS etrival code « 1D-Var » used asreference. : v 5 ¢ spectrlcallrtion of GosAT
o end users

% Study description

¥ 35 test cases with 5 scattering configurations and 7 geophysical Specification of 23 intervals per spectral band

conditions ; -
¥ Detailed analysis on one reference test case: L into accoun the Doppler shif effect
¥ Statistical analysis on the whole setof test cases g abtained from the 2-3 ntenvals of each
- spectral band
R § : < processing scheme
< Results < . '
¥ Retrieval precision s around 1 ppmy. - 1vARls
¥ For the reference test case, bias between 4ARTIC and 10-Var s | - 1ov - ! 13000-13050. 130004

0,03 ppmy and standard deviation is equal to 0,19 ppmv:
¥ For the whole test cases, bias s about -007 ppmv and

standard deviation is equal to 0,33 ppmv ke

reference code for nversion of 20 noisyspectra. ) <as0400
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St the ETHER centre.

% Study team : callbrated spectra have been also provided to ESA in the
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* Objectives : LY . | i  rerhetemen GOSAT Polarisation model [9]
+ Specification, development and valdation of a fas scattering mod for e ;
the 4A RT code.
< Methodology
v
v e e
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- 1 " k. ] - - Example of an application of the GOSAT polarization mode! : computation of the
¥ Processing of GOSAT data with correct treatment of atmospheric polarized signal (1, Q) and the polarization degree from the two
‘polarized signal

R« Reflectance withsctteing,  «reflectance without scattring, U wave number

% Analysis of reflectance scattering signal —
' Study on 81, 82 and 83 spectral bands of MicroCarb Polased component RQ of 1AS-NG spctra i the cose of MITR % Polarisation model formalism
© Dependence of (k) - £(R.v)

' Linear to R inB3 and quadratc to Rin B1.8 82
¥ Linear o v in 62 & 83 and quasilinear in 61

 Tocompute & from Iy & Qg
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2 ¥ Main results
% Computing time performances

P — ¥ The polarisation fator i very small (< 1%) in TR region
2551019 s accoring to spectral band (81,82,83) and rumber [ + The polarisationfactor is significant in MWIR solar reion for
ofclasses (3010 400) : MITR type aerosol
¥ 655inB2and 105 i B1 with 200 clases = gin = 60 P e ———— : i
% Applications " )
% Reconstruction performances (200chsse, refeence stmosphere) A comeure)thelsiape iprias bpecnm] el i o e e e
. et T o T TANSO-£75 on GOSAT. Exact formul wit the polorization model
v 0,3%0(82), 5% (83) polarized P 3nd S GOSAT L1b components. red),approximated formo (black) and residuas green).
2 %0 82,025 63) . 2 ¥ To simlatethe 1, and 1, polarized components of GOSAT
T re— Fotrsaton o R of ShNG s 1 h coe o TR L1bspecta from an amespher polaized spectrum ). * 5*3;31;151‘2;:;5 L .
R e m e o Ll 2o Wl etk tropicalarea (lat=+/-20" ) ' Allows verifying the approximated formula : [y = ;¢ for providing the GOSAT polarsation model
% Consolidation of GOSAT processing chain for atmospheric CO, and CH, % Exploitation of OCO-2 measurements for atmospheric CO, retrieval and analysis [T e Bzt i T 2
i 2 pour une prise en Is Rapport d'étude Lot 1  £4.2Rév.0, 2012

% Application of the aerosol retrieval scheme using polarisation on GOSAT and (31 4AUVAVIS - lot 5 Accéléation du calcl de a difusion. Mise en place et valdation du code, NOV-7172NT-4767,Ed. 2 Rév.0, 2014

% Adaptation of the GOSAT processing chain to 0CO-2 data 0C0-2 measurements ] étude pour une prise en aérosols. Rapport final, 14,6d. 2~ Rév. 0, 2013,
5] Polarisation SWIR 2 : Rapport de synthése sur les résultats de Iaction (lots 1,2 et 3), NOV-7219-NT-4730, Ed. 1~ Rév. 1, 2014,

“ SWIR/TIR spectral synergy analysis for lowermost atmospheric GHG “ Contribution to the preparation of future missions (6] 1ASI-NG : sensibiit des spectres atmosphériques A la polarisation TIR. Rapport final. NOV-7285-NT-4770, 2015.
retrieval v CarbonSat (7] Lezeaux et al. Atmospheric CO, retrievals from GOSAT TANSO-FTS data, IWGGMSS, 29-31 May 2013, Yokohama, Japan.
v Sentinel 5 (8] Sélection, calibration et inversion de spextres du TANSO-FTS de GOSAT pour Ia restitution de CO,. Rapport inal. NOV-7003-NT-938, Ed. 1 ~Rét. 0, 2012
“ Exploitation of GHG level 2 products for deriving level 4 products : point ¥ Sentinel 5 /IAS-NG synergies {91 Description of the polarisation model for TANSO-FTS on GOSAT. NOV-7244-NT-4425.ssue. 2~ Rev.0, 2014,
source fluxes estimates (industrial emissions) ¥’ MTG-IRS [10] Manuel utilisateur de 4ARTIC (4A Radiative Transfer for Inversion of CO,) — outil d'inversion et destimation des performances de I'inversion, CNES, DCT/SI/MO-2011 22924.
¥ Other concepts of GHG sounding missions ... (11 Rodgers, C. D, Inverse Methods For Atmospheric Sounding, Theory and Practice. World Scientifc, 2000.

< Consolidation of direct/inverse tools for improving product
characterisation and performance analysis principal component
decomposition, improved information content analysis and error
characterisation,



