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MOTIVATION CLIMATE MODELS DATA
~ Climate models (CMs) are tuned to match observed TOA broadband SW and LW radiative fluxes (Hourdin et al., 2017) but > Two 7-year periods (1979-1985 and 2008-2014) of 6-hourly atmospheric
apparent matching can hide spectral error compensation (Huang et al., 2007 ). profiles and surface properties from CMIP6 amip simulations (i.e. forced by

observed monthly mean sea surface temperature and sea ice cover as well

* Infrared hyperspectral satellite observations can help to evaluate and calibrate CMs by investigating spectral signatures of )
YPErSP P Y gating Sp 5 as aerosols and GHG concentrations).

their mean state, variability and trends (Huang et al., 2005, Huang et al., 2009; Brindley et al., 2015; Della Fera et al.,
2023). *When not available in the CMIP6 database, 3-hourly land surface
temperature is reconstructed from the 3-hourly mean surface upwelling and

” Here we aim at comparing the spectral signatures of four CMs, and assessing the potential benefit of FORUM upcoming downwelling longwave fluxes

observations to constrain CMs behavior.
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Fig. 1 : Mean annual FORUM brightness temperature (BT) spectra computed from four CMs, averaged over ocean (left) and land (right) for the 2008-2014 period.

~ Analyses based on monthly clear-sky climatologies of simulated spectra.
The main absorption bands (far-infrared (FIR) and mid-infrared (MIR) H:O, CO.and Os) and the atmospheric window (AW) are highlighted.
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Fig. 2 : Differences in global (top) and North tropical (bottom) annual FORUM BT spectra with respect to the ensemble mean li——""cvvrvrw YTy — N °
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> A straightforward comparison of global mean spectra allows to draw some general information:

Fig. 4 : BT anomaly (annual mean removed to each monthly average) for four channels, for all CMs and IASI,
* AW: Differences within &= 1 K are found between CMs, with a strong cold bias of — 6 K over land

_ averaged over North tropical and mid-latitude ocean for the 2008-2014 period.
compared to |ASI observations, amplified at the highest latitudes.

> All CMs seasonal cycles of BT over ocean are similar, for all channels, and compare very well with
|AS| observations.

” Summer peak of BT 1-2 months earlier in FIR H.O (later in CO,) with TaiESM1.

* CO, band: differences are significant (6 K spread), due exclusively to temperature differences in the
stratosphere and the upper troposphere (CO, concentration being the same).

* FIR and MIR H,O bands: differences strongly vary across the spectrum with reversing signs
between some CMs (e.g. IPSL and MPI). These are mainly due to differences in the vertical | ~ Anomaly differences between CMs generally lie under 1 K for all months.
structure of atmospheric temperature and water vapor between CMs.
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Fig. 5 : Change in mean FORUM BT spectra between 1979-1985 and 2008-2014.
Fig. 3 : Mean BT differences with respect to CNRM-CM®6-1 in two channels for the 2008-2014 period. ” The four CMs show similar spectral trends between 1979-1985 and 2008-2014:

Grid-cells with less than 10 % of clear-skies over the period are discarded. ] ] .
i g * Surface and troposphere warming is stronger over land than over ocean, CNRM and TaiESM1

> Zonal differences between CMs for some specific channels help to understand their systematic biases: showing a difference of + 0.4 K with respect to IP5L and MPIl'in the AW over land.

* AW: CNRM predicts low surface temperatures for snow-covered surfaces over mid-latitude North difference of - 1.5 K in the CO, wings, consistent with the increase of emission altitude in the

land, troposphere with CO. concentration increasing (Brindley and Bantges, 2016).
* FIR H,0: IPSL and MPI have a similar spatial distribution of differences against CNRM, evidencing | ~Almost no BT changes in optically thick FIR and MIR H20 bands, tending to demonstrate a partial
close behaviors regarding atmospheric temperature and/or water vapor dynamics. water vapor feedback to troposphere warming as stated by Simpson's law (Jeevanjee et al., 2021).
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