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Earth’'s temperature depends on energy balance: absorption of Solar energy AQs
and emission of energy to space /0

AQc

Input knob:

Output knob:
albedo

greenhouse effect
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Net TOA Radiation or
Planetary Heat Uptake (Wm)

Energy imbalance increases ...
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Earth's Energy Imbalance. Front.
Clim. 5:1202161.
httfs://doi.org/10.3389/fclim.2023.12
02161


https://doi.org/10.3389/fclim.2023.1202161
https://doi.org/10.3389/fclim.2023.1202161

... and surface temperature increases.
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Forcings and feedbacks in climate system.

Climate forcings are the initial drivers of a climate shift.

SORCE/TIM TSI Reconstruction
Reconstruction bosed on NRLTSI2 (Coddington et al., BAMS, 2015)
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Examples: solar irradiance, changes in the planetary orbit,
anthropogenic or volcanic emissions of greenhouse gases.



Forcings and feedbacks in climate system.

Climate feedbacks are processes that result from forcings, and
cause additional climate change.

1960 1882 1DB4 1986 TSGR 19B0 1000 1904 1906 1808 2000 2002 2o B 4 -3 - -1 6 1 % 3
Year Trend (3fyear)

Examples : ice-albedo feedback, water vapor feedback.



Orbital forcing (A) and tem feedbacks (A) lead to remarkable radiative
forcings (D) and consecutive terperaiiire viriaiions which explains
mechanism of ice ages.
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CO, concentration: once feedback, today forcing
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https://keelingcurve.ucsd.edu/
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Carbon emissions are partitioned among the atmosphere and carbon sinks on land and in the oce:
The “imbalance” between total emissions and total sinks is an active area of research

Balance of sources and sinks
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Anthropogenic CO2 climate forcing: since when?
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Observed warming is driven by emissions from human activities, with
greenhouse gas warming partly masked by aerosol cooling

Observed warming
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Future is hardly predictable.

But we may do something about this:
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a) Global temperature change
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Sea level rise will continue for millennia, but how
fast and how much depends on future emissions

a) Sea level rise: observations and projections 2020-2100, 2150, 2300 (relative to 1900)
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Changes in Earth's Surface Temperature Distribution
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Atmospheric CO, concentration and global surface temperature change

§ during the last 60 million years and projections for the next 300 years SSP5-8.5
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Methane [CH,] (ppvb)
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The abrupt and simultaneous upward trajectories of human population and greenhouse gases after the start of
the Industrial Revolution (~1750), and the distinct acceleration after the start of the Green Revolution (~1950),
show that the Human System has become the primary driver of these gases and the changes in the Earth System.
Adapted from Fu & Li (2016), CC-BY, https://doi.org/10.1093/nsr/nww094.

Mote S, et al. 2020.
Annu. Rev, Earth Planet. Sci. 48:657-83
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Chemical energy stored in biomass. Time horizon.

35

] 30
£ 2
s 80,000
E 20 1900
E 15
E 1800
o 10 70,000 1700
5 1600
0 1500
0 500 1000 1500 2000 2500 60,000
Year AD 1400
1300
50,000 1200
j 1100
B N .. 00 1960 1970 1980 1990 2000 2010
2 Year AD
G [1°]
& A
30,000 “‘
P - chemical energy of biomass
B - population —
N - metabolic energy per person per year '
10,000

0 500 1000 1500 2000 2500
Year AD

John R. Schramski et al. PNAS 2015;112:31:9511-9517 PN A S

©2015 by National Academy of Sciences



Ea rth'S mammals Humans RESEARCH ARTICLE | ECOLOGY | 3 f¥inB® :
byltotalbiomass S The global biomass of wild mammals
1 Mt = 1 06 ton Lior Greenspoon € Eyal Krieger, Ron Sender &, +7 , and Ron Milo © B authors Info & Affiliations

Edited by Pablo Marquet, Pontificia Universidad Catolica de Chile, Santiago, Chile; received March 20, 2022; accepted January 2, 2023

February 27,2023 120 (10) 2204892120 https://dol.org/10.1073/pnas.2204892120

100%- - Other 4%
Wild Terrestrial ‘ Wild Marine ' - e s S N ”f'(ﬁs
~20 Mt /Q ~40 Mt wox- TR e
Elephants i ﬁ & |
Baleen whales ol -
—--Even-hoofed mammals {Artiodactyla)
i -
a i +- Carnivores (Carnivara) st
Domesticated . SR e T A
O= 10 Mt ”630 Mt = Bats (Chiroptera) ;
. . . . Rodents (Rodentia) .
Wild Terrestrial Wild Marine %% Species Individuals Biomass
zoom in zoom in
Rodents N Beaked whales The global biomass distribution of the
Primates RTINS Y :
e i mammalian class, represented by a

Voronoi diagram.

ay
I o
x\
“J

B

A MRt | The area of each cell is proportional to
ek Even hoofed oobhinsana.  LNE DIomMass contribution of each
ephants mammals .
Carnivores \ PHESSSS g ro u p .
Bats

(O=1Mt ()=1Mt

Baleen whales To compare: ants are equivalent to

~80 Mt of biomass.



The past: “Empty World” == The present: “Full World”

When the Human System was small relative to the The Human System has grown so large that
Earth System, the two could be modeled separately. both must now be modeled coupled to each other.

EJARETEHESEY SITREYV BARITEHESIYESITREM

Capacity of Earth System sources was large relative Now, Human System inputs and outputs are so
to Human System inputs. Human System outputs were small large relative to the Earth System, they threaten
relative to absorption capacity of Earth System sinks. to deplete its sources and overwhelm its sinks.

Adapted from Motesharrei et al. (2016), CC-BY, https://doi.org/10.1093/nsr/nww081.

l._ Mote S, et al. 2020.
A8 Annu. Rev. Earth Planet. Sci. 48:657-83



Changes resulting from forcings and feedbacks, if pass tipping
points, may lead to new feedbacks and cascade effects.
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Exceeding 1.5°C global warming could trigger multiple
climate tipping points
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Stability landscape showing the pathway of the Earth System out of the Holocene and thus, out
of the glacial-interglacial limit cycle to its present position in the hotter Anthropocene.
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Global daily average sea surface temperature

Jan.1,1979, to May 4, 2024
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Data: Copernicus Climate Change Service/ERAS; Chart: Axios Visuals



Human activities, principally through emissions of greenhouse gases, have unequivocally
caused global warming, with global surface temperature reaching 1.1°C above 1850-1900 in
2011-2020. Global greenhouse gas emissions have continued to increase, with unequal
historical and ongoing contributions arising from unsustainable energy use, land use and land-
use change, lifestyles and patterns of consumption and production across regions,

between and within countries, and among individuals (high confidence).

Widespread and rapid changes in the atmosphere, ocean, cryosphere and biosphere have
occurred. Human-caused climate change is already affecting many weather and climate
extremes in every region across the globe. This has led to widespread adverse impacts and
related losses and damages to nature and people (high confidence).

Continued greenhouse gas emissions will lead to increasing global warming, with the best
estimate of reaching 1.5°C in the near term in considered scenarios and modelled pathways.
Every increment of global warming will intensify multiple and concurrent hazards (high
confidence). Deep, rapid, and sustained reductions in greenhouse gas emissions would

lead to a discernible slowdown in global warming within around two decades, and also

to discernible changes in atmospheric composition within a few years (high confidence).

Climate change is a threat to human well-being and planetary health (very high confidence).
There is a rapidly closing window of opportunity to secure a liveable and sustainable future for
all (very high confidence).

https://www.ipcc.ch/report/aré/syr/


https://www.ipcc.ch/report/ar6/syr/

James Ephraim Lovelock
born Jul 26, 1919, deceased Jul 26, 2022

“The planet we live on has
merely to shrug to take some
fraction of a million people to
their deaths,”

Lovelock wrote in 2006.

“But this is nothing compared
with what may soon happen;
~we are now so abusing the
Earth that it may rise and
move back into the hot state it
was in 55m years ago, and if it
does, most of us, and our
descendants, will die.”
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