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Lead by Karina von Shuckmann and a cast of thousands, thanks also to Chunlei Liu
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INTRODUCTION
• Energy budget fundamental diagnostic of climate change

• Earth’s Heat Inventory can be part of Global Stocktake of Paris agreement

• Latest Heat Inventory 1971-2020: von Schuckmann et al. (2023) ESSD

•Heating of oceans, 

•Heating of land, 

•Melting/heating of ice

•Warming/moistening of atmosphere 

• Is heating increasing? Changes in Earth’s Energy Imbalance from satellite
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https://doi.org/10.5194/essd-15-1675-2023
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MULTI-DECADAL EARTH RADIATION BUDGET RECORD

• Diagnose global climate 

forcing and feedback 

response

• Evaluate regional 

radiative processes 

related to climate

• Understand drivers of 

variability and trends

• Homogeneity, sampling 

& calibration issues 

• Consistency with heat 

content/sea level e.g.

Loeb et al. (2012) Nat. 

Geosci; Allison et al. 

(2020) ERC; Cheng et al. 

2017 Sci. Adv.
3Wong et al. (2006) J Clim; Wielicki et al. (2002) Science

20°N to 20°S

http://www.nature.com/ngeo/journal/v5/n2/abs/ngeo1375.html
https://doi.org/10.1088/2515-7620/abbb39
https://doi.org/10.1088/2515-7620/abbb39
http://advances.sciencemag.org/content/3/3/e1601545.full
http://advances.sciencemag.org/content/3/3/e1601545.full
http://journals.ametsoc.org/doi/full/10.1175/JCLI3838.1
http://www.sciencemag.org/content/295/5556/841
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PLANETARY HEATING SINCE THE 1980S 
FROM MULTIPLE INDEPENDENT DATASETS

Allison et al. (2020) ERC doi:10.1088/2515-7620/abbb39

See also Cheng et al. 2017 Sci. Adv.

Heating:

• 1985-1999: 0.10 ± 0.61 W m−2

• 2000–2016 0.62 ± 0.1 W m−2

Liu et al. 2020 Clim. Dyn

• Surface temperature 

determined by upper mixed 

layer ocean heat                       

e.g. Allan (2018) Nature Clim. 

https://doi.org/10.1088/2515-7620/abbb39
http://advances.sciencemag.org/content/3/3/e1601545.full
https://doi.org/10.1007/s00382-020-05451-8
https://doi.org/10.1038/nclimate3282


LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

5

OCEAN 

HEAT 

CONTENT

GJ per m2 of 

60oS-60oN ocean 

area

Also shown, 

equivalent Wm-2

for global 

surface area 



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

ATMOSPHERIC HEAT CONTENT
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0.003 Wm-2

0.01 

Wm-2 0.001 Wm-2

0.004 

Wm-2



LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT

HEATING OF THE LAND

7*including heat storage within inland water bodies 0.0002 Wm-2 since 1960, 

with permafrost thawing accounting for 0.002 Wm-2
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HEAT USED MELTING ICE
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89%

5%

4%
2%
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https://doi.org/10.5194/essd-15-1675-2023
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ACCELERATING CLIMATE CHANGE?
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Can we monitor rate of change of heating?? 
von Shuckmann et al. (2023) ESSD

e.g. Smith et al. (2015) GRL found 

inconsistencies in trends of heating & related 

this to ocean observing system

https://doi.org/10.5194/essd-2022-239
https://doi.org/10.1002/2014GL062669
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CURRENT ENERGY BUDGET CHANGES

r = 0.7

r = 0.57

r = 0.46

?

Liu et al. (2020) Clim. Dyn.

• Large uncertainty in pre-CERES EEI remains

• Update to using AMIP6 adjustments 

increases change from ~0.3 Wm-2 (Liu et al. 

2017) to ~0.5 Wm-2 (Liu et al. 2020) & 

uncertainty range

• Consistent with ocean heat content changes 

(Cheng et al. 2017 Sci. Adv.), lower than 

Resplandy et al. (2019) Sci. Rep. Who have 

larger range following correction (0.3-1.3 Wm-2)

• ERA5 does not capture observed ASR increase 

after warming slowdown (e.g. Loeb et al. 2018)

• ↑Heating 2015/16

• Cloud plus aerosol? Calibration drift?
?

?

https://doi.org/10.1007/s00382-020-05451-8
http://advances.sciencemag.org/content/3/3/e1601545.full
https://www.nature.com/articles/s41598-019-56490-z
http://www.mdpi.com/2225-1154/6/3/62
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ROLE OF LOW 

ALTITUDE CLOUD?
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ΔReflected Shortwave (Wm-2)

https://doi.org/10.1029/2019GL086705
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SUMMARY

• Heating of climate system accelerating 

… but needs to reduce to “net zero”)

•0.48 Wm-2 1971-2020 → 0.74 Wm-2 2006-2020

•89% in ocean, 5% in land, 4% melting ice, 2% atmosphere

•40% of ocean heating in upper 300m; 91% in upper 2000m

• Comparison to independent ocean heat content & sea level rise records good 

consistency check

• Decreased low altitude cloud in subtropical Pacific contributed to recent 

additional heating (also decreases in OLR relating to water vapour & trace 

gases plus ice melt) Loeb et al. 2021 GRL

• Gaps in record major issue in assessing changes in energy budget crucial in 

understanding radiative forcing, heating of the system and feedback response

https://doi.org/10.1029/2021GL093047
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