
EGU24-3988, updated on 20 May 2024

https://doi.org/10.5194/egusphere-egu24-3988

EGU General Assembly 2024

© Author(s) 2024. This work is distributed under

the Creative Commons Attribution 4.0 License.

Global warming rates and surface temperature patterns through
2023: A Green’s function based investigation

Bjorn H. Samset1

, Chen Zhou

2

, Jan S. Fuglestvedt

1

, Marianne T. Lund

1

, Jochem Marotzke

3

, and

Mark D. Zelinka

4

1

CICERO, Oslo, Norway (b.h.samset@cicero.uio.no)

2

Nanjing University, Nanjing, China

3

Max Planck Institute for Meteorology, Hamburg, Germany and Center for Earth System Research and Sustainability,

Universität Hamburg, Hamburg, Germany

4

Lawrence Livermore National Laboratory, Livermore, USA

The rate of global surface warming has seemingly been steady since the 1970s. Any progress

towards halting climate change will be heralded by a slowdown in the warming rate, but tracking it

on sub-decadal timescales is challenging because of strong interannual-to-decadal variability.

Recently, we used a physics-based Green’s function approach to filter out modulations to global

mean surface temperature from sea-surface temperature (SST) patterns, and showed how this

results in an earlier emergence of a discernible climate response to strong emissions mitigation.

We have also shown how the filtered observations reveal a marked step-up in warming rate

around 1990, consistent with known increases in ocean heat uptake. CMIP6 models are currently

broadly unable to simultaneously capture the observed long-term warming rate, and such a step-

up in rates over the last decades.

Here, we summarize these results, which were based on the CESM1 Earth System Model, and

extend them to multiple, independently derived Green’s functions. We discuss how this toolkit can

be complementary to existing attribution techniques. Then we apply it to an investigation of the

surprising SST patterns in 2023, and what they imply about the potential causes for the high global

mean surface temperature. Finally, we discuss the prospects for rapid detection of a climate

response to strong greenhouse gas emissions mitigation, modulated by one or more areas of

strong aerosol emissions changes, using Green’s functions or other techniques for reducing the

influences of internal variability.
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