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Department of Meteorology

TRUTHS potential contributions in atmospheric modelling 

and understanding changes in Earth’s radiation budget
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SPOT THE 

IMBALANCE…

 Earth’s present day 

energy budget

Forster et al. (2021) Chapter 7 

of IPCC report, Figure 7.2

CERES adjusts reflected 

shortwave to force small 

imbalance to agree with 

Argo ocean heating

e.g. Loeb et al. (2018) J. Clim

→ Energy – water cycle 

uncertainty e.g. Stephens et 

al. (2012) Nature Geosci.

+2
+2

-4

+8

Latest bottom up estimate: von Shuckmann et al. (2023) ESSD

https://www.ipcc.ch/report/ar6/wg1/figures/chapter-7/figure-7-2/
https://doi.org/10.1175/JCLI-D-17-0208.1
https://doi.org/10.1038/ngeo1580
https://doi.org/10.1038/ngeo1580
https://doi.org/10.5194/essd-2022-239
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HEMISPHERIC IMBALANCE

4Liu et al. (2020) Clim. Dyn.; Loeb et al. 2016 Clim. Dyn 
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https://doi.org/10.1007/s00382-020-05451-8
http://link.springer.com/article/10.1007/s00382-015-2766-z
https://doi.org/10.1002/2014RG000449
https://doi.org/10.1002/2014RG000449
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HEMISPHERIC IMBALANCE & PRECIPITATION

Zhang et al. (2023) Adv.Atmos.Sci.; Pearce & 

Bodas-Salcedo (2023) J. Clim; Rugenstein & 

Hakuba (2023) GRL; Diamond et al. (2022) 

Comm. Earth Env.; Jonsson & Bender (2022) J. 

Clim. …

Loeb et al. 2016 Clim. Dyn

Frierson et al. (2013) Nature Geosci. 

https://doi.org/10.1007/s00376-023-3002-0
https://doi.org/10.1175/JCLI-D-22-0149.1
https://doi.org/10.1175/JCLI-D-22-0149.1
https://doi.org/10.1029/2022GL101802
https://doi.org/10.1029/2022GL101802
https://doi.org/10.1038/s43247-022-00546-y
https://doi.org/10.1038/s43247-022-00546-y
https://doi.org/10.1175/JCLI-D-20-0970.1
https://doi.org/10.1175/JCLI-D-20-0970.1
http://link.springer.com/article/10.1007/s00382-015-2766-z
https://doi.org/10.1038/ngeo1987
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HEMISPHERIC SHORTWAVE 

DIFFERENCE & OCEAN CIRCULATION

6

Menary et al. (2021) GRL

https://doi.org/10.1029/2020GL088166
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• Subtle contrasts in 

reflection of sunlight 

crucial in understanding 

& addressing systematic 

biases in climate models
Hyder et al. (2018) Nature Comms

INTRANSIGENT SYSTEMATIC BIASES

https://doi.org/10.1038/s41467-018-05634-2
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ANCIENT HISTORY

Allan et al. (2007) QJRMetS

https://doi.org/10.1002/qj.166
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GERB4 VS ERA5 HOURLY
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• ERA5 minus 

observations 

(% albedo)

• Monthly daily 

mean (CERES)

• Monthly 12-13z 

mean (GERB4)

10
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OPTICAL DEPTH 

FEEDBACKS

• Sensitivity of cloud 

albedo to cloud optical 

depth changes 

increases rapidly for 

dimmer clouds  

11
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image of Loeb et al. (2020) GRL

HAVE CLOUDS BEEN 

DISSOLVING? 

12

ΔReflected Shortwave (Wm-2)

CERES Extended AMIP (7 models)

Loeb et al. (2020) GRL

https://doi.org/10.1029/2019GL086705
https://doi.org/10.1029/2019GL086705
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INCREASING NET HEATING OF PLANET

r = 0.57

r = 0.46

Liu et al. (2020) Clim. Dyn. based on method in Allan et al. (2014) GRL

https://doi.org/10.1007/s00382-020-05451-8
http://onlinelibrary.wiley.com/doi/10.1002/2014GL060962/full
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IS THE PLANET IS SOAKING UP 

MORE SUNSHINE?

Global mean anomalies in absorbed sunlight
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ERA5

CERES

Both CERES and ERA5 show increased absorption of 

sunlight, but this effect is larger in CERES and in ERA5 

LW emission compensates for SW absorption



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

• Change in 

CERES-ERA5 

differences 

• Large signals 

over subtropical 

stratocumulus 

cloud

• …which ERA5 

poorly represents

• East Asia aerosol 

has reduced more 

than ERA5 (which 

uses CMIP historical & 

projection scenarios)

• Arctic ice melted 

more than in ERA5
21
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Trend: 2000-2023

Loeb et al. (2024) Surv. Geophys 

https://doi.org/10.1007/s10712-024-09838-8
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OPEN QUESTIONS

• TRUTHS + Argo = SW + LW? Constraint on global energy & water cycles.

• How bright are clouds? Where do clouds end?

• How are aerosols affecting clouds and Earth’s albedo?

• How does hemispheric asymmetry control climate?

• Is systematic bias in absorbed sunlight affecting simulated warming patterns?

• Why is the Earth becoming dimmer?

• Earth’s energy imbalance has increased rapidly over past 10 years 

… from 0.67 Wm-2 in 2006-2020 to 1.85 Wm-2 in 2022/23

• due to more absorbed sunlight over the ocean

• Dominated by cloud effects 

• Not captured by ERA5

•  Are current changes subject to sensor degradation?

•  Space and time sampling can dominate estimation of biases… 23
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