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Comparison Strategy

In this work, the IASI simulator (,, -IASI) implementedin the COSPmodulewithin EC-Earti3 has
beenextendedo operatainder all-sky conditions

Whencomparingobservecandsimulatedradiancesn presencef clouds,the most critical aspectlies
In the choiceof an accurateapproachto accountfor the cloud distribution acrosshevery different
spatial scalesrepresentedy the model gridbox (an areaof approximately6000 ‘G ) andthe IASI

FOV (anareaof about100°h )
To do it, we randomlyselectonesub-columnamongthe N generatedvith the SCOPSmodule,present

In COSPateachtime step(Radiance{ . J, andthenaveragehe Radiance=| <) @tall time stepy(T)*.

J

1) Thesinglerandom subcolumnapproach enhances the spatial variability and value range of the
radiances, leading to more realistic simulations
2) It also reducesomputational cost

Despitetheir potentiality, spectralmeasurementarestill underexploitedfor the studyof the Eearth
EnergyBudgetandfor theassessmemf climateforcing andfeedbacksn climatemodels

This studydemonstrateBow the combineduseof climatesimulationsandspectrabbservationgan
U Providearobustassessmermf modelperformance

U Reproducendattributetrendsin spectraradiances

U Offer insightsinto recentclimateevolutionon decadatimescales

Insteadof the averageoverall the subcolumns:| < <T7 BJ 84l =| « e

|ASI (InfraredAtmosphericSoundinginterferometer)s a
Fourier Transform Spectrometerdevelopedat CNES In
cooperationwith EUMETSAT. Launchedin 2006 the
IASI Instrument samplesthe spectrumwith a step of
0.25 §81  providing data across8461 channelsin the
Mid-Infraredspectrakange In this work, we collected12
yearsof IAS| (MetOp-A) datafor theperiod 2008- 2019
U Llc Data (Metop-A) from 2008 to 2016 from the o
FundamentaClimateDataRecord o
U L1c Data(Metop-A) from 2017and2019Operational
data Both accessed/ia the EuropeanWeatherCloud
(EWC) service

EC-Earth3 is a stateof-the-art climate model that took part in CMIP6. The ,, -IASI radiative
transfer model, integratedinto the COSPmodulewithin IFS (the atmosphericcomponeniof EC-
Earth),hasbeenusedto build a climatologyof syntheticclearsky |IASI radiances$1].

Analysis of Mean State and Trends In IASI and ECEarth Brightness Temperature

Brightness Temperature Bias: #arth vs IASI (20@2016, Ocean) Linear Trend in Brightness Temperature:-E@rth vs IASI (20@2019, Ocean)
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|ASI spectrum with main spectral bands highlighted.
Red points indicate the selected channels used in the
analysis.

Comparison between the singtandom subcolumn approach
and the nesubcolumnapproach

Exampleof sub-columns generated within a
gridboxof the E€Earth climate model

&0
45 -

30 CLEARSKY

15

Latitude (°)
]
Trend (K decade™?)

—15

—30

—-45

—a0 T T T
650 850 1050 1250 1450 1650 1850 2050 2250 —0.6 T T T T T T T
Wavenumber (cm—1) 650 850 1050 1250 1450 1650 1850 2050 2250

Wavenumber (cm™1)

&0

1.8
IASI

nS! Comparison of atky

trends for the E€Earth3
model (label ECE, red)

45
1.5 A

30 - ALLSKY 1.2

15 -

0.9

Brightness temperature

0.6

Latitude (°)
o

— 30 4

—45

— &0 T T T
650 850 1050 1250 1450 1650

Wavenumber {cm—1)

T T
—6 —9 —2 0 2 4

2250

(BT) differences (modet
observations) over ocean,
in clear sky conditions (top
panel) and in alkky
conditions (bottom panel)
over the period 2008
2016. The top panel is an
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and IASI (black) in terms
of BT (top) and spectral
fluxes (bottom) for the
period 2008- 2019. The
shaded areas represent
the 95% confidence
Interval associated with
the value of the trend

K adaptation from Fig. 3 [1]
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& is a constant terme the linear trend term (represented in the plot Jantandd are 8 coefficients driving the intensity of sin and cos terms
allowing to represent the atmospheric oscillations with peritd3,6,4 and 12 months)

A EC-Earthclimate modelwell represent§despitethe biase3 the trendin the wing of CO, band,in
theatmospheriavindowsandin all thewatervaporband

A Themodeloverestimatethe negativetrendin the coreof CO, bandandunderestimatethe positive
trendin theozoneband

SPECTRAL BIASES:

A Positivebiasin the core of the CCabsorptiorband [650700c# ]

A Positivebias in theatmospheriavindow (inall-sky conditiong
[800-950ct & @p TP C vt ]

A Positivebiasin the water vapor band[ ¢ Tt 7P Y vait ]
acrosdropicallatitude negativebias at mid-latitudes

The EC-Eartl climatemodelreproducesjuite accurateljthe observedrendsin spectrallyresolvedradiancesneasuredby IASI acrossnostof the mid-infraredspectrarange
Significantdiscrepancieareobservedn the coreof the CO, and O; band, which arebothattributedto an overestimationof stratospheric cooling in the model.

Attribution of trends In observed radiance with EC-Earth model simulations

CLIMATE EVOLUTION FROM SELECTED IASI CHANNELS

710.25 cm-1

SPECTRAL KERNEL ANALYSIS
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~ 4(©) is a vector whose elements represent the
anomalies of the radiances
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Cloudis computed asa residual term [2]
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Effectof air temperatureat differentlevels(seecolorbal) onradiaiton

Spectralkernelanalysis[3] enablesusto distinguish
between variables contributions (at different
levels) to the radiance trend and study climate
changeevolution:

REPRODUCING IASI TREND WAEAREIEH and
KERNELS

a-c) Coreof the CO, absorptionband
Negativetrenddueto stratosphericooling

b-d) Wing of the & 2 \&bsorption band negative
trend causedby the increasing & 2 woncentratiory,
which trapsmoreoutgoingenergy,combineadwith the
warmingof thetroposphere

e X)) Atmospheric Window. Positive trend driven by increasing surface and lower troposphere
temperatures, partially offset by the radiative effects of water vapor and clouds

f &) Water Vapor Band. Nearzero trend resulting from opposing effects of rising tropospheric
temperatur@ndincreasingvatervaporconcentratioron radiance

Forthe 4 IASIchannelg667.75, 710.25, 9015, and 14005 u -=pddels
a), b), e), and f) show radianceanomalytime seriesfrom 1ASI(black),
model (red), and spectralkernel reconstructions(green) Panelsc), d),
g), and h) display the contributions to the kernelreconstructed
anomaliedrom variablesindicatedin the color keybelow.

Spectral radiance trend
computed from model
simulations, its
reconstruction using
spectral kernels

and the observed
radiance trend from IASI
(top). The various
radiative contributions
from different variables
are shown (bottom)

ATTRIBUTING THE TRENDS TO KEY CLIMATE
VARIABLES
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SPECTRAL KERNEL DATASET

Spectral kernel dataset generated
with the RTTOV v. 13 model using
ERADS global monthly atmospheric
profiles.

TOOL FOR THE ANALYSIS

Tools for the calculation of radiative
feedbacks and sensitivities, both

broad-band and
spectrallyresolved
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https://github.com/fedefl7/SpectFbCalc/




