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Analysis of Mean State and Trends in IASI and EC-Earth Brightness Temperature

Climate Evolution from Spectral Radiance Trends Analysis: 

a Comparative Study of IASI and the EC-Earth Climate Model 

Brightness Temperature Bias: EC-Earth vs IASI (2008ς2016, Ocean) Linear Trend in Brightness Temperature: EC-Earth vs IASI (2008ς2019, Ocean)

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

ὊὭὸὸὭὲὫὊόὲὧὸὭέὲȡὄὝὸȟὦȟ╬ȟ▀ ╪ ╫ὸ ὧÃÏÓ
ς“ὸ

Ὕ
ὨÓÉÎ

ς“ὸ

ὝSPECTRAL BIASES:

Å Positive bias in the core of the CO2 absorptionband [650-700 ὧά ]

Å Positive bias in the atmosphericwindow (in all-sky conditions)  

[800-950ὧά ὥὲὨρρππρςυπὧά ]

Å Positive bias in the water vapor band [ρςππρψυπὧά ]

acrosstropicallatitude, negative biasatmid-latitudes

CLEAR-SKY

ALL-SKY

Motivation
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Å EC-Earthclimatemodelwell represents(despitethe biases) the trendin the wing of CO2 band,in

theatmosphericwindowsandin all thewatervaporband

Å Themodeloverestimatesthenegativetrendin thecoreof CO2 bandandunderestimatesthepositive

trendin theozoneband

The EC-Earth3 climate model reproduces quite accurately the observed trends in spectrally resolved radiances measured by IASI across most of the mid-infrared spectral range. 

Significant discrepancies are observed in the core of the CO2 and O3 band, which are both attributed to an overestimation of stratospheric cooling in the model.

Despite their potentiality, spectral measurements are still under-exploited for the study of the Eearth 

Energy Budget and for the assessment of climate forcing and feedbacks in climate models.  

This study demonstrates how the combined use of climate simulations and spectral observations can:

üProvide a robust assessment of model performance

üReproduce and attribute trends in spectral radiances

üOffer insights into recent climate evolution on decadal timescales

IASI  (Infrared Atmospheric Sounding Interferometer) is a 

Fourier Transform Spectrometer developed at CNES in 

cooperation with EUMETSAT. Launched in 2006, the 

IASI instrument samples the spectrum with a step of    

0.25 ╬□  providing data across 8461 channels in the 

Mid-Infrared spectral range.  In this work, we collected 12 

years of IASI (MetOp-A) data for the period 2008 - 2019.

ü  L1c Data (Metop-A) from 2008 to 2016 from the 

Fundamental Climate Data Record

ü  L1c Data (Metop-A) from 2017 and 2019 Operational 

data. Both accessed via the European Weather Cloud 

(EWC) service. 

EC-Earth3 is a state-of-the-art climate model that took part in CMIP6. The „-IASI  radiative 

transfer model, integrated into the COSP module within IFS (the atmospheric component of EC-

Earth), has been used to build a climatology of synthetic clear-sky IASI radiances [1].

In this work, the IASI  simulator („-IASI) implemented in the COSP module within EC-Earth3 has 

been extended to operate under all-sky conditions

When comparing observed and simulated radiances in presence of clouds, the most critical  aspect lies 

in the choice of an accurate approach to account for the cloud distribution  across the very different 

spatial scales represented by the model gridbox (an area of approximately 6000 Ὧά ) and the IASI 

FOV (an area of about 100 Ὧά )

To do it, we randomly select one sub-column among the N generated with the SCOPS module, present 

in COSP, at each time step (Radiance ╡▪◄) , and then average the Radiance ╡◄▫◄) at all time steps (T)* . 

SPECTRAL KERNEL  ANALYSIS

╛ ὸ ╚ⱨὸ ●ὸ ‭ ὸ

╛Ô is a vector whose elements represent the 
anomalies of the radiances

ἕÔ is the spectral kernel matrix. Kernels are the derivative of 
the radiance with respect to the geophysical variable ●ὸ

‭ὸ is the residual term
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Cloud is computedasa residual term [2]

REPRODUCING IASI TREND WITH EC-EARTH and 
KERNELS

ATTRIBUTING THE TRENDS TO KEY CLIMATE 
VARIABLES

1) The single-random subcolumn approach enhances the spatial variability and value range of the 

radiances, leading to more realistic simulations

2) It also reduces computational cost

https://github.com/fedef17/SpectFbCalc/

Tools for the calculation of radiative 
feedbacks and sensitivities, both 
broad-band and 
spectrally-resolved

https://doi.org/10.5281/zenodo.15487604 
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Spectral kernel dataset generated 
with the RTTOV v. 13 model using 
ERA5 global monthly atmospheric 
profiles.

SPECTRAL KERNEL DATASET

Spectral kernel analysis [3] enables us to distinguish 

between variables contributions (at different  

levels) to the radiance  trend and study climate 

change evolution:

a-c) Core of the CO2 absorption band:
Negative trend due to stratospheric cooling

b-d) Wing of the �&�2�W absorption band: negative 

trend caused by the increasing �&�2�w concentration, 

which traps more outgoing energy, combined with the 

warming of the troposphere

CLIMATE EVOLUTION FROM SELECTED IASI CHANNELS 

e�±g) Atmospheric Window: Positive trend driven by increasing surface and lower troposphere 

temperatures, partially offset by the radiative effects of water vapor and clouds.

f�±h) Water Vapor Band: Near-zero trend resulting from opposing effects of rising tropospheric 

temperature and increasing water vapor concentration on radiance.

Effectof air temperature at different levels(seecolorbar) on radiaiton

IASI spectrum with main spectral bands highlighted. 
Red points indicate the selected channels used in the 
analysis.

Brightness temperature 

(BT) differences (model�±
observations) over ocean, 

in clear sky conditions (top 

panel) and in all-sky 

conditions (bottom panel) 

over the period 2008�±
2016. The top panel is an 

adaptation from Fig. 3 [1]

Comparison of all-sky 
trends for the EC-Earth3 
model (label ECE, red) 
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

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)

Comparison between the single-random sub-column approach 
and the no-subcolumn approach

Example of sub-columns generated within a 
gridbox of  the EC-Earth climate model
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ὥ is a constant term, ὦ the linear trend term (represented in the plot )and c and d are 8 coefficients driving the intensity of sin and cos terms 
allowing to represent the atmospheric oscillations with period Ὕ (3,6,4 and 12 months)

For the 4 IASI channels (667.75, 710.25, 901.5, and 1400.5 ���u���÷�•�U panels 
a), b), e), and f) show radiance anomaly time series from IASI (black), 
model (red), and spectral kernel reconstructions (green). Panels c), d), 
g), and h) display the contributions to the kernel-reconstructed 
anomalies from variables indicated in the color key below.
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