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INTRODUCTION

 Earth’s energy imbalance is driving climate change 8
* Need to reduce this imbalance to zero to limit climate change 2
 But the imbalance increasing... what is causing this and is it
contributing to the apparent spike in global temperatures?
Berkeley Earth - Global 35 | | | - | | _|
| : i | | “ —— Observed Global Temperature
1.8 . m— GHG Warming [ECS = 1,2°C/(W :11:1]
) e GHG Warming (ECS = 1,0°C/(W/m?)]
ﬂ y.lr V h - -E’j-“ B Aerosol Cooling (Faustian Bargain)
R
w # J 08 %
L% 04 E
1980 1990 1995 2000 2005 2010 2015 2020 | | 850 l HI'F.‘? l*JIIDIZI 1 EI'IE."'- 1950 ll}l’?ﬁ 000 2025

LIMITLESS POTENTIAL | LIMITLESS OPPORTUNITIES | LIMITLESS IMPACT


https://doi.org/10.5194/essd-15-1675-2023
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https://www.ipcc.ch/report/ar6/wg1/figures/chapter-7/figure-7-2/
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CURRENT ENERGY BUDGET CHANGES
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https://doi.org/10.1007/s00382-020-05451-8
http://onlinelibrary.wiley.com/doi/10.1002/2014GL060962/full
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CERES ANet Extended AMIP (7 models)

ROLE OF LOW
ALTITUDE CLOUD?
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https://doi.org/10.1029/2019GL086705

Anomaly (Wm™2)

Anomaly (Wm™2)

CERES and ERAS global changes in SW and LW 2000-2023
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 Globally, increases in

absorbed sunlight only
partially offset by
increased infrared
emissions to space

Observed longwave
changes quite well
represented by ERAS

Increase in CERES-
ERAS absorbed SW
(early part affected by
Terra-only issues?)

But both ERAS5 and
CERES show increase
in absorbed solar (but
ERAS SW increase is
compensated by LW)
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https://doi.org/10.1175/JAMC-D-16-0406.1
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* Change in

CERES-ERA5
difference

 Large signals

0 over subtropical
stratocumulus
cloud

* ...which ERA5
poorly represents

» East Asia aerosol
has reduced more

than ERAS (which
uses CMIP historical &
projection scenarios)
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TBD: WHAT IS CAUSING INCREASE IN ENERGY IMBALANCE @ University of
AND IS IT LINKED TO 2023 TEMPERATURE SPIKE? Reading

» Loeb et al. (2021) GRL attribute increased absorbed solar radiation to decreased reflection by clouds and
sea-ice and decreased outgoing longwave radiation (OLR) due to increases in trace gases and water vapor

» Greenhouse gas forcing e.g. Kramer et al. (2021) GRL: instantaneous radiative forcing has increased 0.42-
0.64 Wm-2 from 2003 to 2018.

« Declining aerosol forcing: Subba et al. (2020) ASL: increasing forcing 2000-2017 (+0.17 Wm-2/decade
TOA), see also Quaas et al. (2022) ACP; additional shipping fuel regulations maybe +0.1 Wm= e.qg.
Diamond et al. (2023) ACP: Hansen: arxiv.org/abs/2212.04474 ; indirect cloud effect?

* Temporary (?) shiftin SST patterns, unlike model simulations (e.g. Andrews et al. 2022 JGR) that have
decreased low-altitude cloud cover/reflection (e.g. Loeb et al. 2020 GRL)

* More recent changes & temperature spike: flip from La Nifa to El Nifo (increasing global temperature but
would tend to reduce net energy imbalance)

* Hunga Tonga stratospheric water vapour injection Millan et al. (2022) GRL ; Jenkins et al. (2023) Nature
Clim.:+0.16 Wm-2 ? (Schoeberl et al. (2023) GRL: suggest cooling effect but seem to suggest infrared
heating of upper troposphere does not affect surface?)

» Other things: Less Sahara Dust warmed NE Atlantic? (Claire?) Approaching peak in 11-year sunspot cycle;
Wildfire effects? Yu et al. (2023) GRL: ERF -0.18 W m-=, dT -0.06 K (cooling) 2014-2022; AMOC effects on
North Atlantic SST/S. Ocean, stratification of ocean regions e.g. NE Atlantic? COWL effects (cold ocean,
warm land) e.g. Thompson et al. (2008) Nature ; Wallace et al. (1995) Science 11
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Factors Contributing to Global Temperature Change - Last 10 Years
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https://berkeleyearth.org/september-2023-temperature-update/

NVENTORY i
T,i"r\ ATMOSPHERE
SUMMARY

* Heating of climate system accelerating ST
. but needs to reduce to “net zero”) o——
00 48 Wm-2 1971-2020, 0.74 Wm-2 2006-2020 (von Shuckmann et al. (2023) ESSD)

* 0.5 Wm=2 increase 2000-2010 to 2011-2020 (increased absorbed sunlight
partly offset by increased outgoing longwave)

- Radiative forcing is increasing, but decreased low altitude cloud in subtropical
Pacific relating to SST pattern may be contributing Loeb et al. 2021 GRL

- Both CERES and ERAS5 show increased absorption of sunlight, but this effect is
larger in CERES and in ERAS LW emission compensates for SW absorption

* How are aerosol decreases contributing to heating through cloud effects?

» Multiple components combine to produce 2023 temperature spike (GHGs,
aerosol, Hunga Tonga, solar cycle, ENSO, transient ocean/land effects)

* Is net energy imbalance related to temperarature spike? To be discussed...
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https://doi.org/10.5194/essd-2022-239
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EXTRA SLIDES
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MORE RECENT CERES-ERA5 ANOMALIES

CERES—ERAS 2020—-2023 anomalies CERES—ERA
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* 2015-2023 minus
2000-2014
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https://doi.org/10.1029/2022JD036728
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EARTH HEAT INVENTORY :
& + J

SUMMARY '

» Heating of climate system accelerating
... but needs to reduce to “net zero”)
*0.48 Wm= 1971-2020 - 0.74 Wm2 2006-2020 2006-2020 (171-2020)
*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

	Slide 1: Some Discussion on the increase in earth’s heating rate
	Slide 2: introduction
	Slide 3
	Slide 4: CURRENT Energy Budget Changes
	Slide 5: Latest CERES EBAF v4.2
	Slide 6
	Slide 7: Role of low  altitude cloud?
	Slide 8
	Slide 9
	Slide 10
	Slide 11: TBD: What is causing increase in Energy Imbalance  and is it linked to 2023 temperature spike?
	Slide 12
	Slide 13: Summary
	Slide 14: Extra slides
	Slide 15: More recent CERES-ERA5 anomalies
	Slide 16
	Slide 17
	Slide 18
	Slide 19: Summary

