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Assessing Radiation Biases in GFDL AM4 due to Prescribed SST/SIC Datasets: Comparison to CERES Product Collection

Earth radiation budget: obs. vs models

Both coupled model runs and AMIP runs underestimate TOA radiation trends compared to CERES
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Differences between SST products
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Processed SST in model
simulations (1979~2023)

all datasets processed by
PCMDI procedures
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Differences between SST products
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Differences between SST products
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PCMDI-AMIP 1.1.18

« Taylor et al. (2000)

« 1870~2021 monthly; 1° lat-lon

 HadISST1 before Nov 1981 and
NOAA OlIv2.0 after then

» Optimized temporal interpolation

Version 1.1.19 will be used

in CMIP7 experiments

(very similar series compared to
1.1.18 with an additional year)

Similar warming rate with
HadISST 1.1
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Differences between SST products
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HadlSST 2.4.0.0

* No documentation yet
« 1850~2021 monthly; 1° lat-lon

Recommended for
CERESMIP experiments

Significantly faster
warming than HadISST1
and PCMDI-AMIP
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Differences between SST products
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Differences between SIC products
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Differences between SIC products
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Differences between SIC products
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(90°S~45°S; %/Decade)

HadISST 2.2.1.0

More sea ice before 2005
=> more downward trend

Significant sea ice loss in
both hemispheres over
2001~2020

Unable to catch the sea ice
minimum around 2018

Strange SH sea ice
minimum in 1986, closing
the gap between products
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Differences between SIC products
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Time series of TOA radiative fluxes
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Time series of TOA radiative fluxes
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Time series of TOA radiative fluxes
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Comparison of broadband net flux trends
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Comparison of broadband LW flux trends
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Comparison of broadband SW flux trends
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Clear-sky SW flux correlated to Sl trends
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Clear-sky LW flux correlated to T, trends
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Global surface temperature datasets
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Comparison to AIRS Spectral OLR
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Comparison to AIRS Spectral OLR
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Comparison to AIRS Spectral OLR
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Spectral fluxes from CERES?
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Take-home Messages

> Strikingly different trends in the last four decades in different SST and sea ice products
v SST: NOAA OISST V2.1 > HadISST 2.4.0.0 > PCMDI v1.1.18 = HadISST 1.1

v Sea ice: abrupt increase in NOAA OISST V2.1 in 2004, abrupt decrease in HadISST 2.2.1.0 in
2004

> Clear-sky outgoing LW flux positively correlated to SST trends, clear-sky absorbed SW

flux negatively correlated to sea ice trends, resulting in differences in AMIP simulations

when prescribed by different SST / sea ice products

v AM4 NOAA OISST has the most consistent all-sky OLR trend with CERES, but for the wrong
reason (too positive clear-sky OLR trend and weakly negative LWCRE trend); all model
simulations struggle to reproduce negative LWCRE trend in CERES.

v AM4 HadISST 2 has the most consistent clear-sky ASR trend with CERES; all model simulations
fail to reproduce SWCRE trend.

v For net flux trend, AM4 NOAA OISST reports negative net flux trend due to strongly positive OLR
trend and weakly positive ASR trend; AM4 HadlSST has the most consistent trend with CERES.
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Take-home Messages

» Comparison to global surface temperature dataset favors AM4 HadlSST and
AM4 PCMDI simulations

v Spread of SST in SST analysis datasets is larger than the spread of surface temperature
over ocean in global surface temperature datasets.
v AM4 NOAA OISST produces too warm surface temperature over both ocean and land.

> Comparlson to AIRS spectral OLR favors AM4 HadISST simulation.

v~ AM4 HadISST has the best consistency with AIRS spectral OLR product except in ozone
band; compensating errors in atmospheric window band in AM4 PCMDI simulation.

v Model LWCRE trends are very close to the AIRS ones, while they are too weak compared to
CERES product (which is right?).

v CERES provides computed spectral fluxes that could be helpful in further diagnosing the
problem, but it has drifting issues before 2005 and after 2016.
v Diagnosis of spectral SW trend?

> The importance of cross-checking multiple variables from multiple datasets and
identifying compensating errors when comparing model and obs.
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