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Not only greenhouse gases.

Why the Earth is already 1.5 C warmer than at
the end of XIX century?

Szymon Malinowski
University of Warsaw, Faculty of Physics
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Earth’s temperature depends on energy balance: absorption of Solar energy AQs
and emission of energy to space

Input knob:

Output knob:
albedo

greenhouse effect

Planetary temperature increases when AQs>
Planetary temperature decreases when AQs<
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Greenhouse effect — a principle
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Energy fluxes in Warsaw - examples
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Total Net Flux at Surface 1988 to 2009 Average https://science.larc.nasa.gov/gewex-srb/
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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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Forcings and feedbacks in climate system.

Climate feedbacks are processes that result from forcings, and
cause additional climate change.
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Climate Feedback (W m~2 °C™1)

Assessment of Climate Feedbacks
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Orbital forcing (A) and tem feedbacks (A) lead to remarkable radiative
forcings (D) and consecutive tzrnperature variziions which explains
mechanism of ice ages.
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https://keelingcurve.ucsd.edu/
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Another anthropogenic forcing: aerosols
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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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Carbon dioxide
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Net TOA Radiation or
Planetary Heat Uptake (Wm™)

Energy imbalance increases ...
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... ahd surface temperature increases.
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A CERES Planetary Albedo Anomaly 2_023
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Global Warming Has Accelerated: Are the United Nations and the Public Well-Informed?
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Figure 11 of 39
Figure 6. Earth's albedo (reflectivity, in percent), seasonality removed.**
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Global Warming Has Accelerated: Are the United Nations and the Public Well-Informed?
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Figure 10 of 39
Figure S5. Sulfate aerosols and sulfur limit on emissions, p.p.t.v. = parts per trillion by volume,**
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Figure 11. Global and 30-60°N Sea Surface Temperature anomalies.**
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Global surface air temperature
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Tru Color

Effective Particle Radius {um)
: TN

Optical Thickness
: N

Number of aerosol particles
which act as cloud
condensation nuclei in given
thermodynamic and dynamic
conditions influences droplet
sizes and droplet number
concentration.

Two effects:
- albedo
- lifetime.
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Article

Observations of Aerosol, Cloud, Turbulence,
and Radiation Properties at the Top of the
Marine Boundary Layer over the Eastern
North Atlantic Ocean
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f N Major advances since ARS
pisingier Trapopayse - Comprehensive assessment of feedbacks in
Rising high clouds (+) different cloud regimes (cf. Table 7.9)
o Increased confidence of the positive low-cloud
,,,,, Fewer anvil clouds (-) amount feedback
S — - Improved understanding of the cloud phase
g =, Enhanced stability T change feedback
" \_ J

Rising of tropopause

Enhanced stability

/-l—

Fewer low clouds
(+) Moreliquid from ice (-)

.J"(.!"'_’

-
-

https://www.ipcc.ch/report/ar6/wg1/figures/chapter-7/figure-7-9/
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Possible climate transitions from breakup of
stratocumulus decks under greenhouse warming
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Mechanisms and Impacts of Earth System Tipping Elements
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Open access

Atlantic overturning inferred from air-sea heat fluxes
indicates no decline since the 1960s

Jens Terhaa
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Here, we use 24 Earth System Models from the Coupled Model Intercomparison Project
Phase 6 (CMIP6) to demonstrate that these temperature anomalies cannot robustly
reconstruct the AMOC. Instead, we find that air-sea heat flux anomalies north of any
given latitude in the North Atlantic between 26.5°N and 50°N are tightly linked to the
AMOC anomaly at that latitude on decadal and centennial timescales. On these
timescales, air-sea heat flux anomalies are strongly linked to AMOC-driven northward
heat flux anomalies through the conservation of energy. On annual timescales,
however, air-sea heat flux anomalies are mostly altered by atmospheric variability and
less by AMOC anomalies.

Based on the here identified relationship and observation-based estimates of
the past air-sea heat flux in the North Atlantic from reanalysis products, the
decadal averaged AMOC at 26.5°N has not weakened from 1963 to 2017
although substantial variability exists at all latitudes.
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Exceeding 1.5°C global warming could trigger multiple

climate tipping points
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Changes resulting from forcings and feedbacks, if pass tipping
points, may lead to new feedbacks and cascade effects.
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Lenton, T. M., H. Held, E. Kriegler, J. W. Hall, W. Lucht, S.
Rahmstorf, and H.J. Schellnhuber, Tipping elements in
the Earth's climate system, Proc. Natl. Acad. Sci. U.S.A.

105, 1786-1793 (2008).

Ghil, M., V. Lucarini, The physics of climate variability
and climate change, Rev. Mod. Phys. 92, 035002
(2020).
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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 mean temperatures in Cenozoic era and climate projections.
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Cascading global climate failure.

This is a causal loop diagram, in
which a complete line represents a
positive polarity (e.g., amplifying
feed-back; not necessarily positive
in @ normative sense)

and a dotted line denotes a
negative polarity (meaning a
dampening feedback).



Carbon Dioxide Exchange Between Atmosphere and Ocean and
the Question of an Increase of Atmospheric CO, during the
Past Decades

By ROGER REVELLE and HANS E. SUESS, Scripps Institution of Oceanography, University
of California, La Jolla, California

(Manuscript received September 4, 1956)

Tellus IX (1957), 1

“Thus human beings are now carrying out a large scale geophysical
experiment of a kind that could not have happened in the past nor be
reproduced in the future. Within a few centuries we are returning to the
atmosphere and oceans the concentrated organic carbon stored in
sedimentary rocks over hundreds of millions of years....”

Can we control this experiment any more?



Toward a Cenozoic history of atmospheric CO,
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1600

Atmospheric CO, (ppm)

270 s 0.3 5.6 13.6
AGMST (K relative to preindustrial)

I
51 338

Millions of years before present

16

2.6



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 46
	Slide 49

