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Climate evolution from energy fluxes trends

Earth’s global mean energy budget for July 2005-June 2015 (CERES data)
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Climate evolution from energy fluxes trends
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The Net energy fluxes at TOA are driven by:
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* increase of absorbed solar radiation
(increase of energy in the Earth system)
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* increase of outgoing longwave radiation
(reduction of energy in the Earth system)
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The importance of a spectral dimension in climate

The Outgoing Longwave Radiation (OLR) spectrum is determined by surface and atmospheric properties.

It contains all the spectral signature of climate evolution
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CLIMATE FUTURE SCENARIOS

Carbon dioxide (GtCO,/yr)
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See also «The Spectral signatures of recent
climate change» BRINDLEY et al. 2016
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Fossil-fuel rich development

EC-Earth + |IASI/FORUM simulator (2015 -2050)
COUPLED MODEL SIMULATIONS

Trends in spectral radiances in different climates
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Can we attribute these spectral signatures to climate variables?

o]0 Montreal, 15th October




DATA: OBSERVED AND SIMULATED RADIANCES



TIASI for climate application

TASI (Infrared Atmsospheric
Saunding Interferometer)

—

\

Swathwidth °
(= 2200 km)

Ground track

Launch : 2006

crossing times 9:30 AM and PM)

We collected 12 years (2008 — 2019) of IASI

METOP-A data (near-nadir radiances) ‘) =
and EC-EARTH radiances (AMIP simulations) ; g - & RT H
In the future, to extend the record of observed radiance:
« IASI (METOP -B, 2012) and METOP-C (2019) l
COSP module (link between
* IASI-NG (METOP-SG-1A, 2025) climate model and RTM)

Temperature, humidity, clouds, etc.

« FORUM (2027)

o-14S1
Other instruments with long record of radiance
measurements: l
Orbits: 14 orbits per day (equatorial « AIRS (Atmospheric Infrared Sounder) (2002 -
present ) - CrIS (Cross-track Infrared Sounder) Radiances
(2011- present) (see Huang et al. 2022) IASI/FORUM

Spectral range: 645-2760 cm!
Spectral resolution : 0.25 cm-1
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RESULTS : Climate model assessment



Radiances vs Fluxes to assess Climate Model Performances

Wm*

The standard approach to assess climate model performances consist in the comparison of the simulated energy
fluxes with the observed ones

Outgoing longwave radiation (Top of Atmosphere) all-sky
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Radiances vs Fluxes to assess Climate Model Performances

EC-Earth OLR - CERES OLR ~ 1%(Wild et al.) EC-Earth - IASI ALL-SKY (2008 - 2019)
* Positive  temperature  bias  in O, | Weviiem N RN S B2
stratosphere (CO2 core band, 3.5 K) 60
and Negative temperature bias in 45 -
troposphere (CO2 wing band, 1 K)
(Della Fera et al. 2023 GMD) 307
Maximum 1impact of cloud on o;; 159
radiation falls in the atmospheric S o
windows (AW1, AW2) B —151
-
EC-Earth underestimates cloud cover =301
relative to ISCCP observation but —45 -
overestimates the cloud optical 60 | | | | | | |
depth. The results 1s a too strong 650 850 1050 1250 1450 1650 1850 2050 2250
cloud cooling effect in ECE Wavenumber (cm™1)
(Lacagnina et al. 2014) DELA FERA et al. 2025
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RESULTS: Attribution of spectral radiances trends



Spectral trend analysis and trend attribution

Fitting Function b,, c, d; are the fitting parameters. The terms in the sum

represent the periodic oscillations with period Ti. In Ti we

4
2nt 2nt : :
L, t,by,c.d) = ag+bgr+z (cr,-cas(%ﬂd,- sin(Tﬂr) include annual (12 months), semi-annual (6 months), and
i=1 * * other characteristic atmospheric periodicities (3 and 4
months).

K, is the spectral kernels matrix. Each column of this
matrix contains the derivative of the spectral radiance with
respect to a relevant climate variable to which the radiance
1s sensitive

K computed with RTTOV 13 with ERAS monthly
€v.clear(1i) = ALy clear (i) — K, clear (1:) AX(2;) profiles for 3 years (2008-2009-2010)

Trends decomposition

ALVU:’) = Kv(f;)AX(f;) +Ev(rf')*

8¢, (1;) = ALy cioudy (1) — Ky cloudy (1) AX(1;) = €, clear (1) DATASET: https://zenodo.org/records/1548760

_ FUNCTIONS: https://github.com/fedef17/SpectFbCalc
Same approach used in Huang, H., & Huang, Y. (2023).

0 R : 2 oD Montreal, 15th October




Trend (K decade™1)

Trends Analysis (Global Ocean [60S, 60N])
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The trends are statistically
significant across nearly all
wavenumbers, as indicated by
the associated error band
(shadowed areas in the figure
indicate the 95% confidence
level)

Negative values: there has been
a reduction in the energy emitted
at the TOA within the CO2
absorption band

Positive values: the Earth
system has generally increased
its longwave radiative emission
at TOA, consistent with rising
temperatures driven by the
Planck feedback
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“Trend (MW m~2 sr~! (cm~1)~! decade™?)

Trend (MW m~2sr! (cm™1)~! decade™1)

Attribution of spectral radiance trends
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N CO, wings:
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I Negative trend > CO,
—— ECE increase partially offset by

rising air temperature.

Atmospheric window:
~0.41 ar~ KA+ + Keo,A €Oz + + + + clouds Positive trend »> surface & air
—06 , ‘ , | ‘ . , temperature increase, partly
0.8 compensated by higher
0.6/ — water vapor (positive
04/ — cor feedback).
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Which altitudes contribute the most to radiance trends?
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RADIANCE ANOMALIES DUE TO TEMPERATURE:

CO2 CORE: Stratosphere
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Atmospheric Window: Surface and
Low Troposphere
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TAKE-HOME MESSAGES

The Earth’s emission spectrum provides key information for climate applications and can be
exploited alongside energy fluxes to study climate evolution

Spectrally resolved OLR over long periods offers a powerful test of climate model
performance — the spectrum condenses all relevant information in a compact form

Climate evolution can be detected through changes in its spectral signature (attribution of
trends using spectral kernels)
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Attribution of spectral radiance trends
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Radiances from climate model : an EC-Earth tool

How to deal with clouds?
Climate model gridbox area of approximately 6000 ~ km? vs IASI pixel of about 100 ~ km?

SUB-COLUMNS

COSP module (link between
climate model and RTM)
Temperature, humidity, clouds, etc.
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CLIMATE FUTURE SCENARIOS

Shared Socio-Economic Pathways

Carbon dioxide (GtCO,/yr)
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Surface temperature is a key indicator of climate
change, but it does not provide a complete picture
of the climate system’s response.

(a) Global temperature change
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