10

15

20

Optimal Estimation Retrieval Framework for Daytime Clear-Sky
Total Column Water Vapour from MTG-FCI Near-Infrared
Measurements

Jan El Kassar'?, Cintia Carbajal Henken', Xavier Calbet?, Pilar Rl’podasz, Rene Preusker!, and
Jiirgen Fischer!?

nstitute of Meteorology, Freie Universitit Berlin, Carl-Heinrich-Becker-Weg 6-10, 12165 Berlin, Germany
2Agencia Estatal de Meteorologia, Leonardo Prieto Castro 8, Ciudad Universitaria, 28071 Madrid, Spain
3Spectral Earth GmbH, Baseler Str. 91a, 12205 Berlin, Germany

Correspondence: Jan El Kassar, jan.elkassar @met.fu-berlin.de; Tel.: +49-30-838-64876

Abstract. A retrieval of total column water vapour (TCWYV) from the new daytime, clear-sky near-infrared measurements of the
Flexible Combined Imager (FCI) on-board the geostationary satellite Meteosat Third Generation Imager (MTG-I, Meteosat-12)
is presented. The retrieval algorithm is based on the differential absorption technique, relating TCWV amounts to the radiance
ratio of a non-absorbing band at 0.865 xm-um and a nearby water-vapour(WV¥—>-WYV absorbing band at 0.914 gmmum. The
sensitivity of the band ratio to WV amount increases towards the surface, which means the whole atmospheric column down
to the boundary layer moisture variability can be observed well.

The retrieval framework is based on an Optimal Estimation (OE) method providing pixel-based uncertainty estimates. It
builds on well-established algorithms successfully applied to other passive imagers with similar spectral band settings. Trans-
ferring knowledge gained in their development onto FCI required some new approaches. The absence of additional, adjacent
window bands to estimate the surface reflectance within FCI’s absorbing channel were-are mitigated using a Prineiple-Principal
Component Regression (PCR) from the bands at 0.51, 0.64, 0.865, 1.61, and 2.25 gmmum.

Sinee-a-We utilize synergistic observations from OLCI and SLSTR to generate "FCI-like" measurements. OLCI bands were
complemented with SLSTR observations, enabling evaluation of the retrieval’s robustness and global performance of the PCR.
Furthermore, this enables algorithm testing under realistic conditions using well-characterized data, at a time when a long-

termes : e sl - S fully calibrated FCI Level 1c¢ dataset was not yet available.
We build a forward model for two FCI equivalent NIR bands (0.865 and 0.9 +#mum) on the Sentinel-3 Ocean and Land Colour

Instrument (OLCI). A long-term validation of OLCI against a single Atmospheric Radiation Measurement (ARM) reference
site without the PCR resulted in a bias of 1.85 kg/m?, cRMSD of 1.26 kg/m? and R? of 0.995. In-orderto-test the PER-which
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A first verification of this-the OLCI/SLSTR "ECl-alikeFCI-like" TCWV against well-established ground-based TCWV
products concludes with a wet bias between +:23-0.33 — 3:42-2.84 kg/m?, a cRMSD between +88-1.46 — 2.35-2.21 kg/m?
and R? between 0:95-0.98 — 6:970.99. In this set of eomparisoncomparisons, only land pixels were considered. Furthermore,

a dataset of FCI Level 1c observations with a preliminary calibration was processed. The TCWV processed from-FCkHdatafor
these FCI measurements aligns well with reanalysis TCW'V and collocated OLCI/SLSTR TCWYV but show a dry bias. A more

rigorous validation and assessment will be done --once a longer record of FCI data is available.

Thisnovel FEWV-dataset- TCWV observations derived from geostationary satellite observations-enhanees-measurements
enhance monitoring of WV distributions and associated meteorological phenomena from synoptic scales down to local scales.
Such observations are of special interest for the advancement of nowcasting techniques and Numerical Weather Prediction

(NWP) accuracy as well as process-studies.

1 Introduction

Water vapour (WV) is the fundamental ingredient in the formation of clouds and precipitation. Spatio-temporal WV distributions

and fluxes impact the intensity and duration of precipitation. The presence of sufficient low-level moisture in the atmospheric

boundary layer facilitates the formation of convective development through enhancement of atmospheric instability and also
., Johns and Doswell, 1992; Doswell et al.,

contributes to storm severity by acting as a source of energy, once a storm has initiated (e. 1996;

. On a global, climatological scale, WV is a major contributor to global energy fluxes and, shertwave--midwave—andlongwave-infrared

P & ndes—a—new-band-not-avatlable-on—any—o ¢ onbeoard-a—geostationary—platfe o—date—This—band

regionsydue to its abundance and absorption over a wide range of the solar and terrestrial spectrum, acts as the strongest

reenhouse gas (e.g. Trenberth et al., 2003; Schmidt et al., 2010). Within a changing climate, a warmer atmosphere will contain

trfa onseqy p alows-for-probing

ecolumn;thus-theretrieval-of-aceurate-elear-sky-a moister atmosphere is predicted to produce more severe weather (e.g., Allen and Ingram, 2
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. Apart from that, WV is considered an inconvenient atmospheric component for several remote sensing applications for which

recise information on WV amounts in the atmosphere are needed for atmospheric correction methods (e.g. Gao et al.,

s-from satellite-based passive imagers

near-infrared (NIR) and thermal infrared (TIR) spectral range play a key role in monitoring its

operating in the visible (VIS

distribution at regional to global scales. WV retrievals using TIR measurements have a long heritage and are widely used
articularly from geostationary satellite platforms. On the one hand, a split-window technique using weakly absorbing WV

measurements can be employed to retrieve TCWV or boundary layer WV with relatively high uncertainties (e.g., Kleespies
and McMillin, 1990; Casadio et al., 2016; Hu et al., 2019; Dostalek et al., 2021; El Kassar et al., 2021). Lindsey et al. (2014) and
Lindsey et al. (2018) showed that the split-window difference by itself may already provide valuable insight on the WV content
in the boundary layer or lowest layers of the troposphere. On the other hand, measurements from strongly absorbing WV bands
serve to retrieve WV amounts limited to upper tropospheric levels and/or layered WV products (e.g., Koenig and De Coning,
2009; Martinez et al., 2022). However, due to the absorption and re-emission of radiation by WV in the IR, such approaches
rely on knowledge of the atmospheric temperature profile in addition to the atmospheric WV profile. Using observations in the
VIS/NIR largely avoids these temperature-related complications.
The in

NIR (0.9 to 1.0 um) is not new. This designation stems from first observations of atmospheric absorption of solar radiation in the
19th century (Langley, 1902). There, light is more likely to be absorbed by WV molecules compared to spectral regions outside
these absorption features (window regions). These NIR measurements exhibit the greatest sensitivity to WV amounts near the
surface. Consequently, this allows for the retrieval of accurate clear-sky TCWV fields as well as providing information on
changes of WV . . . M cver areietarataachoro

2009; Wiegner and (
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the watervapeurabserptiorregion has been researched using radiative transfer models and exploited in TCWYV retrieval
schemes (e.g., Fischer, 1988; Gao and J., 1992; Bennartz and Fischer, 2001; Albert et al., 2005; Lindstrot et al., 2012; Diedrich
etal., 2015; Preusker et al., 2021). The focus rstlay on ground-based radiometers and soon shifted to airborne and space-born
imagers. The rst satellitesshieh-that carried instruments with dedicated NiRatervapeur(\W/--WV bands were almost
exclusively on satellite platforms with sun-synchronous, polar orbits and could deliver global daily coverage at a km to hm

resolution on a daily basis. Even at a km resolution, NIR TCM/blete-canresolve convective phenomena such as horizontal

WV_absorptiorregionat).914pm,

Theintroductionof MTG andits newFCI NIR bandwill expancbur ability to guantifyandcharacterizéocalto global-scale

WV _distributionsand monitor their changes This hasimportantimplications for both weatherand climate researchand

Support to Nowcasting and Very Short Range Forecasting (NWCSAF) is an organisation funded by EUMETSAT and aims to
support meteorological services with satellite data critical for the prediction of high-impact weather (e.g., storms, fog). They
commission, develop and maintain software which utilises many weather satellite instruments, including MTG-FCl/Meteosat-
12 (Garcia-Pereda et al., 2019).
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In this work, we present our TCWV retrieval framework utilizing the novel NIR measurements obtained from MTG-FCI.
Our approach builds on established TCWV retrieval frameworks successfully applied to other passive imagers sharing similar
spectral band con gurations. The differential absorption technique, using the ratio of measurements irdhsorption band

The structure of this paper is as follows. Section 2 introduces the MTG-FCI data, OLCI-SLSTR data, auxiliary data, and

the TCWV reference datasets, along with the associated matchup method. Section 3 details the MTG-FCI TCWV retrieval
framework, covering the physical background, forward model, inversion medihed]bedo approximation method integral to

both local and global scales, along with initial analyses using a preliminary calibrated MTG-FCI dataset and a representative
case study. Section 5 provides a discussion and outlook, and Sect. 6 concludes the paper.
2 Data

2.1 MTG-FCI Data
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north-south motion. It has 16 bands which range from the VIS (0#dm) to thethermafinfraree(HR)-TIR (13.3—mpm).
The full-disk scan service coversircularareasf-approximately one-fourth of the Earth's surface within 10 minutes, covering

full-disk within 2.5 minutespnhy-covering parts of Europe and the Mediterranean. The spatial resolution at sub-satellite point
(SSP) of one VIS band at 0.64n{im and one SWIR band at 2.25x-mis 0.5 km. The spatial resolution of the other VIS
to SWIR bands and the TIR bands at 3:8-im and 10.5-#mis 1.0 km at SSP. The remaining TIR bands haw& SSP

resolution of 2.0 km. Due to the curvature of the Eartithe coverageotFCltherealspatialresolutionat-groundlevel,

—mpm) in Northern Europe is closer to 2.0 to 3.0 km.

MTG1 was launched successfully into orbit on 13th of December 222 currently the mission is still in the commission-

in February 2024 (EUMETSAT, 2024b). They consist of one full-disk segnfom 13th January 202#easuredbetween
11:50 and 12:0@3F€2UTC. They were downloaded from EUMETSAT's sftp server at https://user.eumetsat.int/news-eve
nts/news/new-mtg-fci-test-dataset-mtgtd-505 and ndetei-detailson this dataset can be found in EUMETSAT (2024a).

At the time of publication, no cloud mask is readily available for the FCI test data. Therefolgjikidyuilt a simple cloud

in Hinerbein et al. (2023). In this publicationthe authors adapted and extended cloud masking and typing algorithms de-
veloped for NASA's Aqua/Terra Moderate Imaging Spectrometer (MODIS) (Ackerman et al., 2002) to ESAs Cloud Aerosol
and Radiation Explorer Mission (EarthCARE) Multi Spectral Imager (MSI). We adapted a subset of their tests to the FCI
bands and estimated new coef cients and thresholds. Eventually, the cloud mask consists of twedesttancetestanda
re-ectaneeratio-orthresholdestsfor re ectancesare ectanceratio or the Global Environmental Monitoring Index (GEMI)

2.2 S3-OLCI/SLSTR Data

Sentinel-3 is an operational COPERNICUS satellite mission of the European Commission, managed by EUMETSAT. It con-
sists of two sister satellites (Sentinel-3A: S3A; Sentinel-3B: S3B) which orbit the Earth at an altitude of 814.5 km, an incli-
nation of 98.65 and a local equator crossing time of 10:00 AM. S3B is phase-shifted to S3A by. T4fis way, the imag-

ing instruments onboard the two satellites achieve global coverage almost daily. The payloads consiStéf Hymthetic
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OLCl is a push-broom multispectral imaging spectrometeieti-that consists of ve cameras. It measures atXerete

A characteristic of OLCI is an across-track spectral
shift due to the ve discrete cameras. This can be corrected for by taking into account the actual central wavelength at each of

the across-track pixels (Preusker et al., in prep.).

Sentinel-3AandB, a representativeetof swathswascreatedfor everymonthof the year2021which amountso a total of

-elds—takenfrom-Numerical Weather Prediction (NWP) forecast elds. These were acquired from the European Centre for
Medium-Range Weather Forecasts (ECMWF) ERAS5 forecasts initialised at 6 UTC and 18 UTC of each day (Hersbach et al.,

use more assimilated data in the initialisation time step. The forecasts are at a resolution @n@d.2%3 h steps. The data
elds are interpolated to the observation time and FCI coordinates.
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The variables needed are: horizontal wind speed (WSP) calculated from u- and v—component of the horizontal wind speed

(Copernrcus Climate Change Service and Climate Data Store, 2023). For testing and algorithm developmeet the
ERAS forecasts. In the lateperationalprocessing for the NWCSAF GEO software packape operational ECMWHFS
forecasts at a resolution of 0.8nd 1 h steps will be used.

2.4 Aerosol Optical Thickness Climatology

One key parameter for the retrieval of TCWV over water is the aerosol optical thickness (AOT). As a rst guess for AOT,
we use a climatology at a Ispatial resolution. It was built from monthly means of the Oxford-RAL Aerosol and Cloud
(ORAC Thomas et al. (2009)) aerosol optical properties data retrieved with Sentinel-3 Sea and Land Surface Temperature

(AATSR) between 2002 and 2022. These data were also accessed via the C3S data store (Copernicus Climate Change Servit
and Climate Data Store, 2019).

In order to verify the credibility ofhe retrieved TCWV we need reference data within the eld of view of FCI. There are four
established sources of TCWV estimates: radlosorg#esradbaseeground -base@NSS meteorologynicrowaveradiometers

coarse resolution cannot resolve the ne variabilities found in the WV eld at the satellite-pixel scale. Reanalyses may be
used to assess the stability of the dataset later on. Unfortunately, until the completion of this wisFkEaBCHdatawere

Prior to the analysrs, OLCI swaths and ground-based network sites were collocated within 1 km and 30 minutes of a satellite
overpass. A square of 11 by 11 pixels around the collocated centervmefelwastaken into accounﬂ'—hesepr’*etsthen



260

265

270

275

280

285

290

pixels were rejected, the central 3 by 3 plxels had to be completely cloud-free.
Both in the assessment of assumptions and the assessment of TCWV gualiige metrics. Their abbreviations are

3 Algorithm Description
3.1 Physical Background

The WYV absorption bands are due to the vibrational reaction in a gaseous water mdaiemghit by a photon within a

way;thethe whole column's content of atmospheric WV can be prabgdgthe . . While the signal within the absorption
band decreases with WV content, an adjacent window band will be V|rtuaIIy unaffected by any change in WV amount along
the line-of- S|ght (LOS)H

covering (e.g., vegetation, sand, snow, etc.) and to some degree on the sun and viewing angles. For land cases the spectr
albedo in the NIR is well above 0.3 and thus provides a strong signal relative to the absorption by WV. Over the majority of

water surfaces, however, the surface re ectance is often well below 0.03. There is no direct way to measure this spectral albedo,

hence an approximation is necessatyisapproximatiors-deseribedn-meredetaiin-See.3-4-



A slightly less important effect comes from scattering aerosol layers below a certain level of aerosol optical thickness (AOT).
Inthat case, the effective LOS is shortened by the higher aerosol &yesince the humidity content on average is much lower
in the higher troposphere, the absorption is decreased substantially. Over bright sthifaedfgct is much less important than
over dark surfaces (Lindstrot et al., 2012). Since most natural surfaces over land ared®#ightm;theameountofre-ected

295 in theNIR, the shielding effect of an

may create the effect described amelead{eanam%%rIIy—dﬁer—agnal To a certain degrethis effect can be corrected
300 for Jey&m&aﬁng#e&by_slmulatmgan aerosol layer with a specmeresebpﬂealﬁep%hAOT in the algonthm However, for

10
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trievals in thetRTIR, the impact of the temperature pro le is substantially lower but not negligible. The uncertainties due to
a mis-characterised temperature pro le are approximately 0.6%gfd surface pressure at about 0.9 kg(irindstrot et al.,
2012).

3.2 Forward Model

The rst step in our framework is to run radiative transfer simulations (RTS) for a set of complete and comprehensive atmo-
spheric, surface and geometric conditions as described in the previous section and summarised in Table 1 and 2.
For the simulation of top-of-atmosphere (TOA) re ectances we used the Matrix Operator Model (M@NMand-Fischer{2001);Heol

11
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AMF Zl = ——————arccojCOYSUNA) coJSATA)+ ————-sSin(SUNA) sin(SATA 1
7RA CO#SU NZ) ::::::::::::::%:::::::% ) i ) CodSATZ) :::::::::(:::::::::::::: ) ( )) ( )

The aerosol mixtures and their optical properties have been calculated using the OPAC software package (Optical Properties
of Aerosols and Clouds, Hess et al. (1998)). Within their documentation you can nd details on the used aerosol mixtures for the
two types chosen for the land and water surface simulations. Over land we used the aerosol mixture "continental average", ovel
ocean we used the aerosol mixture "maritime clea@h i i istrt

_ Ltoa()
e T RO ?
wheref is thespectralsolarirradiance.
Thepseudmpticalthickness yroa is.calculatedasfollows:
log( nk roa () )
ptoa ()= a M b (3

12
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Variable Name Rangelncrementsand units Variable name Range and units
TCWvV 0.1kghwte-, 1.0,5.0,10.,25.,50., 75.0 kg/ti  TCWV 0.1kghrte, 1.0,5.0,10.,25.,50., 75.0 kg/m
ALB Ote,, 0.1,0.3,0.6,1 AOT 0,001, 0.16-4:%,0.3,0.5,0.7,1.2 at 700 to 1000 m height
WsP 2miste, 3,5,10, 15 m/s
T2M standard atmospheric proles 1to 5 T2M standard atmospheric proles 1to 5
sp 500hPate;, 650,750,850,950,1050 hPa sp 95(hPate-, 1000, 1050 hPa
SUNZ 0—te-, 10, 20,30,40,50,60, 70,80, 90 SUNZ 0—te-, 10, 20,30,40,50,60,70,80, 90
SATZ 0—te-,10,20,30,40,50,60, 70,80, 85 SATZ 0—te-, 10, 20,30,40,50,60,70,80, 85
RAZI 0-—te, 18,36,54,72,90,108,126,144,162, 180  RAZI 0-te-,18,36,54,72,90,108,126,144,162,180
Table 1. Land Surface Setup for MOM&SWA~=Tetal-Column Table 2. Water Surface Setup for MOM&OT=-AeroselOptical

WaterVapouralb=SurfacaalbedoT2M=AirTemperaturat2m: FhicknessWSP=Wind-Speed. Standard pro les from Anderson
= : = i : = etal. (1986).

SatelliteZenith-Angle: RAZI-= RelatieAzimuth-Angle: Standard
pro les from Anderson et al. (1986).

Theset of simulations ishenrsorted into a multi-dimensional look-up table (LUT). This LUT can then be used to simulate
anebservatiora measuremen(y) for a given set of states} and parameter] using an interpolator. This is referred to as

the forward modeF . With this forward model, we can estimatga sensor's observation for a given set of statefewingas

13
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follows:

y = F(x;p)+ )]

watersurfacest consistof TCWV, WSP,andAOT. The parametewectoris composeaf T2M, SP,SUNZ, SATZ andRAZI.

3.3 Inversion Using Optimal Estimation

approach for atmospheric inverse problems described by Rodgers (2000). In essence, this inversion is based on the principle o

minimizing the cost functiod by iteratively changing the initial rst guess of a state or the state of the prior iterationdstep.
iscaledlatedoliowing:-

J60= 500 FONTSe My FOO)* (e 0TSa xa X)

Xiaa =X +(Sa '+ KiTS 'Ki) UKiTS My F(xi)) Sa '(xi xa)l

The iterative process is stopped if either the maximum number of allowed steps is reached or the following criterion is met by
the retrieved state;; :

(i Xi+1)TS Mxi Xis) N (6)

where$ is the retrieval error-covaria

é:(sa 1+KiTS 1Ki)1

14
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& ©)
440
providedaspartof-the-algerithrmsoutput-partial derivativeof the measuremen@ . While the true state® is unknown,the

relativechangest eachstepguantifythe sensitivityof X towardschangesn.y .

445 <-Theentriesalongthe diagonalof A corresponda the statevariablesand showa rangeof valueshetween0 and 1. At 0,
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everelear—epeﬂeeearsﬁlafaees thespeetlﬂahlbedesqmportlonof theretrievedstateto thetrue stateis highest Everythingin

or OLCI, the WV absorption bands have at Ieast two accompanying window bands (i.e. at 0.865, 0.885, 1.02wmn1).2
FCI geesand other future instrumentsdo not have sucleteseadditienatwindew -bandadditional window channelsclose

by. Hence, another technique to estimate the spectral slope is needegproachwve ehoseto-achievethisis-basedonthe
Feeenstr:ueﬁemf—speetreﬁemaThe prmmpal component regressmn (P(Iﬁt)llltatesthereconstructlo,mf.a.(.:QntanOU$etof

The ECOSTRESS spectral library
version 1.0 provided by the United States of America Geological Service (USGSghs collection of spectral re ectances
for individual materials and/or mixtures at a high spectral resolution (Meerdink etal., 2019). The Iibrary consists of spectra for

vegetatlon, water (wh|ch mcludes fresh—water_, iaed snow). A small selection of these spectra is deplcted in the upper part
of Fig. 2, below, the SRFs of a selection of sensors are shown.

16
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Figure 2. Upper panel: overview of a selection of surface re ectance spectra from Meerdink et al. (2019), the labels are representative and
not the actual spectra designations. Central panel: the SRFs of OLCI (blue) and SLSTR (orange). Lower panel: the SRFs of FCI (red).

Only spectrawhich-were-avaitablebetween 0.4 and 2.35m-um were taken into account and linearly interpolated to a

spectral resolution of 0.001m. Furthermorewe usedsub-samplesf eachcategoryratherthanthefull-collectionto um, To

nsteaebfusingeurinsteaddf reconstructingpectrallyhigh-resolvede ectanceswe usethePCs to reconstruetspeetratty

highreselvedspectrumne justreconstructhe re ectance of twdandstheNiR-windoewbandchannelsat 0.865—m-andthe

NiR-abserptierbandumand at 0.914-m-um referred to as thiarget Following the nomenclature of Vidot and Borbas (2014),
Riarget is the vector of re ectance spectra folded to the target SRS, is the regression coef cient vector (also referred to as

spectra, folded to the target SRFs.

Riarget = Cwin U target (10)
Using the Moore-Penrose Pseudo inverse, the regression coefagjgnfollows:
Cwin = Rvy:in Uvy:in T(va:in va:in T) ! (11)

An optimal con guration ofthe number of PCs and bands was then found by comparing different band combinations with
several numbers of PCs. For thige reconstructed all available spectra (which were used in the PCR) at the target bands from

17
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the folded spectra at the window bands. Using this approach, the optimal con guratisiFer~C+FECl was found with the

_NLtoa()

o007 cogsunz) 12)
From the reconstructed surface re ectances we calculate the slope
(0:914)
~ " (0:865) 1
(0:865) (13)

This ratio is then multiplied with thal 1oa (0.865-r)-at6-865-mum) in order to yield a more accurate estimat@bf oa
at the absorption band.

NLtoa ()

roa ()= co{SUN2Z)

ﬁtg::égigég o gggég holdstrue.Given a suf ciently bright surface and outside of the in uence of thick, scattering layers

(e.g., clouds, aerosols) or outside of very slant viewing geome®ia3 Z > 82 ), this is the case. Over water surfaces, the

in uence of scattering processes in the atmosphere is much stronger. Hence, the uncertainties over water pixels are higher
Furthermorethe in uence of water constituents (e.gediment, pigments) on the water re ectance spectrum in the NIR has
not been taken into consideration. The PCA training dataset almost exclusively consisted of terrestrial re ectances and only a

few fresh water re ectances.

18
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(a) Relative differences inL roa  over land surfaces. (b) Relative differences inL 1oa  Over ocean surfaces.

Figure 3. Relative differences between two proposddroa against the extrapolatatl roa * as used in the COWa algorithm over
land and water surfaces, respectively. The associated metrics in the corresponding colours are found in the top corners. The solid black line

indicates 0% relative deviation.

stantially closer to théhe"real" surface re ectance than usirgthe PCR. Hence, we compant 1oa PCA

(0.9 —mpm)
againsnLroa (0.9—mpm) from the extrapolation using the two adjacent window chanfiélscomparisershownin-For

to 0 % line for both land and water pixels, albeit with a positive bias. In contrast, using the-8:8fb normalised radiance
by itself would yield much worse results. Il.e., a strong bi-modal distribution over land and a weaker bi-modal distribution with
a wide spread over water (see Fig. 3a and 3b).

On average, there is a small positive biasilnroa ©“* (0.9 —mpm) both over land (+0.3%) and water (+0.8%). Over
land pixels,the 98th percentile of the relative percentage deviation is 1.7% against the 2.6% whentusing(0:865mm-

19



535 be possiblebut since such an analysis cannot be carried out usingWw€Hecided against it. Because the PCR performed
signi-eanthy-better than the window channley itself, we decided to uselL toa PCR (0.9 —mpm) to calculate jroa Over
both land and water surfaces. Despite the slight deviations, the PCR approach remains a good technique in order to reduce th
impact of the spectral slope as much as possible.

540 observations. Here, we compared the retrievals from using eag¢lba &', nLtoa ©

CR ,.andnLtoa (0.865—mpm) to
calculate proa as input to the algorithm. In order to only see the in uence on precision of TCWYV, both datasets have been
bias-corrected. The results are shown in Fig. 4. Over land surfdmebj-modal distribution in usingL toa (0.865—mum)

improves the retrieval substantially.

(@) TCWV usingnL 1oa "SR from the PCR against the extrapolated (b) Relative difference against tpoa (0.9 um) from the PCR against
nL toa (0.9 um) over land pixels for a random subset of data in June the extrapolatedL toa (0.9 pm) over water pixels for a random subset
2021. of all data in June 2021.

Figure 4. Relative difference between TCWV retrieved witlroa calculated from extrapolatetl roa ® andnLtoa "R from the
PCRin blue andproa calculated fromnL roa (0.865—um) in orange. The TCWV has been bias-corrected against the reference (TCWV
usingnL roa ). The data are for a random subset of one day in June 2021. The associated metrics in the corresponding colours are found

in the top corners. The solid black line indicates 0% relative deviation.

20
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4 Results

4.1 Sentinel3 OLCI and OLCI/SLSTR data

A—rst-An initial test for our forward model as well as the inversion techniques the application to an existing matchup
database used for the validation and quality control of COWa. OLCI measurements were spatio-temporally collocated with the
ARM network site Southern Great Plains (SGP) positioned invleeWestMidwestof the United States of America (USA).

The dataset is limited to one location only and runs from 2046-to 2023. Since SLSTR measurements are missing from

this dataset, the approximationof roa "R in the absorption band using the PCA regression could not be done. Instead,
we choose the same approach as COWa: extrapolagga from band 17 (0.865mpm) and band 18 (0.885+pm) to band

19 (0.9—pm).

21
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Figure 5. Comparison of S30LCI "FClI-like" TCWV (usingLtoa ) against ARM TCWV at the SGP site, coloured with the relative

frequency of occurrence. The solid black line presents the 1:1 line, the red line marks the ODR curve.

of 0.995. The bias of 1.848 kg/morthogonal distance regression (ODR) coef cients, i.e., offsgtand slope () of 1.122
and 1.038, respectively, indicate a slight wet bias. The cRMSD of 1.256k&MSD of 2.235 kg/mi and MAPD of 13.43%

still indicate slight spread.

Junein-2621, This has been done in order to assess the quality of the two-band approach and the LUT-inversion in combination

with the PCR approach to estimaig oa (0.9—m)-Fig-—2?shewsaglobal daily-compesitefrom-this datasefor-6th-of Jun
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were available foéuneZOZl.Jihankstewlth AERONET and SUOMINE&wide, gyylder range of different climate zones and
atmospheric conditions can be covmhmyeﬂemeﬂ%h The comparison @81714valid matchups againgtERONET
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(a) Geographical distribution and their sum of all ref-
erence sites from which reference TCWV datasets are

used in the matchup analysis.

(c) Comparison of OLCI/SLSTR "FCI-like" TCWV
against ARM at SGP.C1 TCWV.

(b) Comparison of OLCI/SLSTR "FCl-like" TCWV
against AERONET TCWYV, coloured with the relative
frequency of occurrence.

(d) Comparison of OLCI/SLSTR "FCl-like" TCWV
against SUOMINET TCWYV, coloured with the relative

frequency of occurrence.

4.2 MTG-FCI Data

In order to test our algorithm with regard to future nominal FCI data, we applied the rst prototype on test data provided by

EUMETSAT. Since this dataset is still preliminatiis is neither a de nitive noe-quantitative assessment. Rather, it serves
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