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• We have had concurrent broadband and spectrally-resolved measurements 
since 2002, i.e., CERES and AIRS on Aqua.

• We also have had T & q well assimilated into ERA5 and MERRA-2 reanalyses
• We also have had cloud observations better than before
• GHGs have been continuously monitored 
• Ozone monitoring and “nudged” simulations are also well developed

“Do we have a consistent picture from these observations-based datasets regarding the 
longwave radiative forcings and feedbacks in the last two decades?”

Some work presented here is still working-in-progress. Please do not cite. 



Datasets (Jan 2003 - Dec 2022)

• CERES EBAF 4.2 AIRS L3 Spectral OLR product
• 10cm-1 spectral flux derived from collocated AIRS and CERES measurements

• MODIS monthly-mean cloud state joint histograms
• Derived from Eric Fetzer’s MEASURES project

• ECMWF ERA5 reanalysis temperature and humidity profiles
• CO2/CH4/N2O from NOAA GML
• O3 from the NASA GEOS with the full chemistry version (GEOSCCM) 

with nudged meteorology
• ~100km horizontal resolution, 72 vertical levels
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Global-mean OLR time series as inferred from CERES EBAF OLR and AIRS spectral OLR 

Annual-meanMonthly-mean

EBAF: 24-hour average
AIRS: equally weighted average of ascending and descending Aqua observations 
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Zonal-mean Trend 

Update to EBAF 4.2
Trend computed using the same period
(2003 to 2021, annual trend)



AIRS spectral OLR trend: global and zonal-mean (2003-2022)𝑑𝐹(𝑣)
𝑑𝑡
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Decompose to the spectral radiative forcing 
and spectral feedback

• !
!"
𝑅𝐹 𝑣 : computed using time-varying CO2, CH4, N2O, and O3 with 

PCRTM and ERA-5 meteorological fields
• It is ERF, so fast adjustment is estimated using a CESM-AMIP run with varying 

GHGs

• !#!"#$%&'
!"

:global-mean surface temperature trend from ERA5

• 𝜆 𝑣 : spectral radiative feedback estimated with spectral radiative 
kernels (Huang et al., 2014; Yue et al., 2016; Huang et al., 2019), ERA5 
fields, and MODIS cloud fields. 

“-” here to indicate upward positive
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[−𝑅𝐹 𝑣 ]: ERF with adjustment derived from an CESM-AMIP simulations (2003-2022)



−𝜆 𝑣 :  the short-term feedbacks (year-to-year variations)

2003 to 2022 2008 to 2019



Spectral trend vs. Forcing + Feedback（2003 - 2022）



Spectral to broadband estimates
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(K/decade
)

2003 to 
2021

0.31±0.64 0.33±0.60 0.19±0.65 0.28 -0.22 1.84 0.27

2003 to 
2022

0.31±0.59 0.25±0.55 0.17±0.60 0.28 -0.22 1.96 0.25

2022: Hunga Tonga eruption; Aqua spacecraft anomaly since April; EBAF switched to NOAA20





Spectral trend vs. Forcing + Feedback (2008-2019)

2008 to 2019
!#
!"

from EBAF4.2 (Wm-2/yr) 0.081±0.125

!#
!"

from collocated CERES 
with AIRS (Wm-2/yr)

0.072±0.120

!#
!"

from AIRS (Wm-2/yr) 0.067±0.128

!#
!"

from IASI (Wm-2/yr) 0.089±0.129
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0.050

!
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𝑅𝐹 (Wm-2/yr) -0.026

-𝜆 (Wm-2/K) 1.587
!$!"#$%&'

!"
(K/yr) 0.047

The lower feedback+forcing is due to cloud feedback

Cloud feedback is calculated from 2008 to 2019



Spectral trend vs. Forcing + Feedback (2008-2019)

Cloud feedback is 
calculated from 2003 to 
2022



Conclusions and reflections

• We have enough data now to start to
• looking the spectral dimension of the longwave radiative forcing and feedback 

from observations
• painting the whole picture from concerted observations

• Interannual variability is not small
• Continuity is the key as the secular signal starts to stand out of the internal 

fluctuation: gaps in observations will be a showstopper
• Cloud feedback in response to CO2 is most difficult to estimate from 

observations; other LW feedbacks likely can be estimated confidently from 
current observations. 
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