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The Solar - Climate Link



The Sun is a variable star!

Early 1997 Mid 1998 Late 1999

Soho images at 19.5nm (UV from Tron at 100K)



The link over several millennia
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The link over several millennia
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Link over the 11-year cycle

Sea Level
Change Rate

P~
I
oy
=
O
<C
Y
Qe
Yom—
Q
o9

L

[Ww/M] ueIsuo) Jejos pajonlisuoday

Sea Level Change Rate

—-—---- Solar Constant

11366.5

11366.0

11365.5

11365.0

Shaviv, 2008

1960 1980

1940

1920

0.

2000

Year



(With linear trend removed!)
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Ocean Heat Flux
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Volcanic Forcing - NASA GISS https:/ / data.giss.nasa.gov/modelforce /Fe_H11_1880-2011.txt
Solar Modulation - Matthes et al. 2017 doi: 10.1093/mnras /stx190



https://www.ncei.noaa.gov/access/global-ocean-heat-content/basin_heat_data.html

Link over the 11-year cycle
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Link over the 11-year cycle
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Solar forcing according to the IPCC

Total Solar Irradiance (W m™)
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Note that typical variations are very small, of order 0.1 W/m?
Compared to 1-2 Wm? of Greenhouse Gases



IPCC 5AR forcing graph
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The Cosmic Ray - Climate Link
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Modeling the 20th century



Basic Climate Model
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20th century warming

o Best fit Gi.e., after parameter optimization) Comparison: IPCC-ARS
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2ISt century temperature 1ncrease

25 runs — all forcings GHG scenario A1B (Moderate)
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Earth’s climate sensitivity



Climate Sensitivity

+ To predict the temperature increase, we need to know
how sensitive is the climate:

Amount of warming (°C) ATxo

Energy budget change (W /m?2) iy W /m2)

Climate sensitivity =

Energy budget change (W /m?2)

Climate feedback =
Amount of warming (°C)

Caveats: Not all drivers are the same (is 1 W/m? of CO; the same as 1W /m?2 of solar forcing?), you have to wait
long enough, do you allow ice and vegetation to change?



Chimate Sensitivity - [PCC range

+ Canonical Range set by a federal commuittee in 1979.
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Cloud Feedback is a large uncertainty

+ The feedback through clouds is

the largest uncertainty governing

the numerical climate models.
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Feedback uncertainty according to AR6
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Cloud Feedback is a large uncertainty

Response of Cloud Radiative Effects and Precipitation
to a uniform +4K in CMIP5 aqua-planets

Stevens and Bony, 2013
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Variations over the Phanerozoic
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Response to volcanic eruptions 1s small
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Measuring total (fast) feedback?

(a) Feedbacks in the Climate System
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Lack of tropospheric “hot spot”

Full Model
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2ISt century temperature 1ncrease

25 runs — all forcings GHG scenario A1B (Moderate)
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Warming smaller than predicted by GCMs
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What is the moral?

hat gets us info frouble
Is not what we don’t know

it's what we know for sure
that just ain’t so




