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The Sun has a largé
\L ffect on climate

.

Part of the 20th century
warming is solar

(about 1/> to?2/3)

Effect is through
COSMIC ray
modulation of
cloud cover

(Svensmark next talk) Future warming will

be benign
(0.152+0.2°C/decade)



Solar effect on climate (is large)



Solar Activity & Climate

o Solar activity varies in time. This manifests itself in small changes in
the irradiance, but large changes in UV, solar wind, magnetic field,
sunspots, and indirectly, cosmic rays.
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Solar forcing according to IPGC
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Solar forcing according to [IPCC
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Solar forcing according to [IPCC
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The link over several millennia
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The link over several millennia
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Link over the 1 1-year Cycle

Sea Level
Change Rate
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H(mm)

(With linear trend removed!)

Satellite Alumetry
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Ocean Heat Flux
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https://www.ncei.noaa.gov/access/global-ocean-heat-content/basin_heat_data.html

Link over the 1 1-year Cycle

TSI
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20th century increase of solar activity
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Figure 19. Time series of the reconstructed heliospheric modula-
tion potential ¢ including solar-cycle variations. The thick green
line is the modulation potential reconstructed for the period 1951

2014 using data from the worldwide neutron monitor (NM) network
(Usoskin et al., 2011).

Matthes et al. 2017



Solar forcing according to [IPCC
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What is climate sensitivity?
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+ All atoms/molecules in the atmosphere except N», O, & Nobel Gases absorb
IR radiation. The radiation going to space is smaller than leaving the surface.
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The Greenhouse Eftect

- I i
- / Area = 394 W/m? = }ti(lg Th)
400 | H,0 (lﬂ Area = 307 W/m? —f=2
\ f
lﬂ ﬂ‘ i . --- lransparen! almosphers
300 | CO; CO, == CO-. =0 ppm
NOs -~ CO, =400 ppm
\ CO; —-CO. 800 ppm
200 N2O
' CHy
, ‘
100 I / Area = 274 W/m / ‘ H,0
/ Area =277 W/m? /.
‘ 20 2

0
0 500 1000 1500 2000
Frequency v (em™!)

* Adding more greenhouse gases reduces radiation going to space by
3-4 W/m?2 (compared with 240 W /m? that reaches the surface)
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+ To compensate for the reduced radiation to space, the surface temperature has
to increase. If everything stays the same, AT = 1.0-1.2°C per CO» doubling.




Cloud Feedback is a large uncertainty
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Feedback uncertainty according to AR6
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(a) Feedbacks in the Climate System
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What is'Climate sensitivity?



ATx2 )

P,(A) [(Wm™)/K]

Empirical over di

AT‘i]ﬂterva,l

AF;

interval

AFyo

1 5 v T T T
A. .
| ulf
o
|
I .
& I L
h - v e
E d.‘ ~
~< i:E# [ Ccr ]
05 - ]
L -
0 1 1 ]
0 2 4 8
4T [K)

AT,, ['K]
0 2 4
T T T T T LI T T —
== Phanerozoic / Max LACC .
| | 7
! | |
/\ GCMs (IPCC) )
|
N\ A=const. A=a+bAT ]
) With CRF -
\ SO e e No CRF 1
YIERY
| - ’ I?J" 1 Il A .\A'::\-‘-L | _l
D 0. 1 1.5
ALK/ (Wm-2)]

fferent um

1.5

e scales

| I

(,
] *uv

Shaviv 2005



Variations over the Phanerozoic
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Clearsky OLR (W/m?)

Clear sky feedback & sensitivity
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Measuring total (fast) feedback?

(a) Feedbacks in the Climate System
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Basic Climate Model
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20th century warming

o Best fit (i.e., after parameter optimization) Comparison: IPCCARG
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Standard Explanation to 20th century warming

Anthropogenic Explain observed
Forcing Only 20th century warming
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Modified interpretation

Another Positive
Forcing

Anthropogenic ‘ Explain observed

Forcing ' 20th century warming

Low Climate Predict Small AT
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2 1st century temperature increase
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2 1st century temperature increase

(d) Temperature change
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Warming smaller than predicted by GCMs
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T'ake Away Points

Part of the 20th century
warming is solar

(about 1/> to?2/3)
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Climate Sensitivity
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(Svensmark next talk) Future warming will

be benign
(0.152+0.2°C/decade)



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




