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Part of the 20th century 
warming is solar                   

(about  1/2  to 2/3)

Take Away Points

Climate Sensitivity       
is low                         

(∆Tx2 ~ 1-2°C)

The Sun has a large 
effect on climate

Future warming will   
be benign           

(0.15±0.2°C/decade)

Effect is through 
cosmic ray 

modulation of 
cloud cover

(Svensmark next talk)



Solar effect on climate (is large)



Solar Activity & Climate
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.



Solar forcing according to IPCC

Note that typical variations are very small, of order 0.1 W/m2

Compared to 1-2 Wm2 of Greenhouse Gases

IPCC AR6



Solar forcing according to IPCC

IPCC AR6



Solar forcing according to IPCC

IPCC AR5

SPM
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from black carbon absorption of solar radiation. There is high confidence that  aerosols and their interactions with clouds 
have offset a substantial portion of global mean forcing from well-mixed greenhouse gases. They continue to contribute 
the largest uncertainty to the total RF estimate. {7.5, 8.3, 8.5}

• The forcing from stratospheric volcanic aerosols can have a large impact on the climate for some years after volcanic 
eruptions. Several small eruptions have caused an RF of –0.11 [–0.15 to –0.08] W m–2 for the years 2008 to 2011, which 
is approximately twice as strong as during the years 1999 to 2002. {8.4}

• The RF due to changes in solar irradiance is estimated as 0.05 [0.00 to 0.10] W m−2 (see Figure SPM.5). Satellite obser-
vations of total solar irradiance changes from 1978 to 2011 indicate that the last solar minimum was lower than the 
previous two. This results in an RF of –0.04 [–0.08 to 0.00] W m–2 between the most recent minimum in 2008 and the 
1986 minimum. {8.4}

• The total natural RF from solar irradiance changes and stratospheric volcanic aerosols made only a small contribution to 
the net radiative forcing throughout the last century, except for brief periods after large volcanic eruptions. {8.5}

Figure SPM.5 |  Radiative forcing estimates in 2011 relative to 1750 and aggregated uncertainties for the main drivers of climate change. Values are 
global average radiative forcing (RF14), partitioned according to the emitted compounds or processes that result in a combination of drivers. The best esti-
mates of the net radiative forcing are shown as black diamonds with corresponding uncertainty intervals; the numerical values are provided on the right 
of the figure, together with the confidence level in the net forcing (VH – very high, H – high, M – medium, L – low, VL – very low). Albedo forcing due to 
black carbon on snow and ice is included in the black carbon aerosol bar. Small forcings due to contrails (0.05 W m–2, including contrail induced cirrus), 
and HFCs, PFCs and SF6 (total 0.03 W m–2) are not shown. Concentration-based RFs for gases can be obtained by summing the like-coloured bars. Volcanic 
forcing is not included as its episodic nature makes is difficult to compare to other forcing mechanisms. Total anthropogenic radiative forcing is provided 
for three different years relative to 1750. For further technical details, including uncertainty ranges associated with individual components and processes, 
see the Technical Summary Supplementary Material. {8.5; Figures 8.14–8.18; Figures TS.6 and TS.7}
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Radiative forcing relative to 1750 (W m−2)

Level of
confidenceRadiative forcing by emissions and drivers
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The link over several millennia

Neff et al., 2001

= proxy for 

solar activity

= climate proxy



The link over several millennia

Bond et al. 1997



Solar Activity

Sea Level 

Change Rate

Shaviv, 2008
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Link over the 11-year Cycle



HOWARD ET AL.: SOLAR AND ENSO FORCING FROM OCEAN ALTIMETRY X - 27

1995 2000 2005 2010

-6

-4

-2

0

2

4

THyearL

H
Hm
m
L

Figure 2. Sea level data and the model fit. The blue dots are the linearly de-trended

global sea level measured with satellite altimetry. The purple line is the model fit to the

data which includes both a harmonic solar component and an ENSO contribution. The

shaded regions denote the one � and 1% to 99% confidence regions. The fit explains 71%

of the observed variance in the annually averaged filtered detrended data.
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Ocean Heat Flux

OHC - World Ocean Atlas (NOAA) https://www.ncei.noaa.gov/access/global-ocean-heat-content/basin_heat_data.html 

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

Shaviv 2008, Howard et al. 2015
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 20th century increase of solar activity

Matthes et al. 2017



Solar forcing according to IPCC

IPCC AR5

SPM
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from black carbon absorption of solar radiation. There is high confidence that  aerosols and their interactions with clouds 
have offset a substantial portion of global mean forcing from well-mixed greenhouse gases. They continue to contribute 
the largest uncertainty to the total RF estimate. {7.5, 8.3, 8.5}

• The forcing from stratospheric volcanic aerosols can have a large impact on the climate for some years after volcanic 
eruptions. Several small eruptions have caused an RF of –0.11 [–0.15 to –0.08] W m–2 for the years 2008 to 2011, which 
is approximately twice as strong as during the years 1999 to 2002. {8.4}

• The RF due to changes in solar irradiance is estimated as 0.05 [0.00 to 0.10] W m−2 (see Figure SPM.5). Satellite obser-
vations of total solar irradiance changes from 1978 to 2011 indicate that the last solar minimum was lower than the 
previous two. This results in an RF of –0.04 [–0.08 to 0.00] W m–2 between the most recent minimum in 2008 and the 
1986 minimum. {8.4}

• The total natural RF from solar irradiance changes and stratospheric volcanic aerosols made only a small contribution to 
the net radiative forcing throughout the last century, except for brief periods after large volcanic eruptions. {8.5}

Figure SPM.5 |  Radiative forcing estimates in 2011 relative to 1750 and aggregated uncertainties for the main drivers of climate change. Values are 
global average radiative forcing (RF14), partitioned according to the emitted compounds or processes that result in a combination of drivers. The best esti-
mates of the net radiative forcing are shown as black diamonds with corresponding uncertainty intervals; the numerical values are provided on the right 
of the figure, together with the confidence level in the net forcing (VH – very high, H – high, M – medium, L – low, VL – very low). Albedo forcing due to 
black carbon on snow and ice is included in the black carbon aerosol bar. Small forcings due to contrails (0.05 W m–2, including contrail induced cirrus), 
and HFCs, PFCs and SF6 (total 0.03 W m–2) are not shown. Concentration-based RFs for gases can be obtained by summing the like-coloured bars. Volcanic 
forcing is not included as its episodic nature makes is difficult to compare to other forcing mechanisms. Total anthropogenic radiative forcing is provided 
for three different years relative to 1750. For further technical details, including uncertainty ranges associated with individual components and processes, 
see the Technical Summary Supplementary Material. {8.5; Figures 8.14–8.18; Figures TS.6 and TS.7}
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Radiative forcing relative to 1750 (W m−2)
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The Sun has a large 
effect on climate

Climate Sensitivity       
is low 

Part of the 20th century 
warming is solar                   

(~ ‎1/2 to 2/3)

Future warming will   
be benign

Effect is through 
cosmic ray 

modulation of 
cloud cover

(Svensmark next talk)



What is climate sensitivity?



The Greenhouse Effect

❖ All atoms/molecules in the atmosphere except N2, O2 & Nobel Gases absorb 
IR radiation. The radiation going to space is smaller than leaving the surface. 



The Greenhouse Effect

❖ Adding more greenhouse gases reduces radiation going to space by 
3-4 W/m2 (compared with 240 W/m2 that reaches the surface)



The Greenhouse Effect

❖ To compensate for the reduced radiation to space, the surface temperature has 
to increase. If everything stays the same, ∆T = 1.0-1.2°C per CO2 doubling.



Cloud Feedback is a large uncertainty

❖ The feedback through clouds “used to 
be” the largest uncertainty governing the 
numerical climate models. According to 
the AR6, we understand it much better.

?

Cess et al. 1989



Feedback uncertainty according to AR6

Cess et al. 1989

∆Tx2 ~ 3.7 W/m2 / <this number>
3.71.81.2 ∆Tx2∞



What is climate sensitivity?
the



Empirical over different time scales

Shaviv 2005
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Variations over the Phanerozoic

Reconstruction (black) + Model Fit (Green)

Solar Constant increase

CO2 contribution

Galactic cosmic rays

Shaviv Svensmark Veizer 2021



Clear sky feedback & sensitivity

Cess et al. 1989

3.71.81.2 ∆Tx2∞

Koll & Cronin PNAS 2019

{Fast clear 
sky feedbacks

?



Measuring total (fast) feedback?

Cess et al. 1989

3.71.81.2 ∆Tx2∞

R. Spencer’s website (2016)

{
{

All fast feedbacks

<latexit sha1_base64="dRzc6Jbk89uNWUwH62c08EQL2CE="></latexit>

(�Fm+1 ��Fm) vs. (�Tm+1 ��Tm)
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(�Fm) vs. (�Tm)

without slow feedbacks



Basic Climate Model

Ziskin & Shaviv, 2012
(elboration of Lindzen & Giannitsis,1998)
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20th century warming

Ziskin & Shaviv, 2012

Best fit (i.e., after parameter optimization)

Residual more 
than twice smaller 
than with GCMs 
(without solar 
amplification)

Comparison: IPCC-AR6



Standard Explanation to 20th century warming

Anthropogenic 
Forcing Only

High Climate 
Sensitivity

Explain observed 
20th century warming

Predict Large ΔT 
over 21st century

X



Modified interpretation

Anthropogenic 
Forcing

Low Climate 
Sensitivity

Explain observed 
20th century warming

Predict Small ΔT 
over 21st century

Another Positive 
Forcing
+

(
)

X



21st century temperature increase
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21st century temperature increase
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The global climate of the 21st century

(d) Temperature change
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Figure 5: The global climate of the 21st century will depend on natural changes and the response of the climate system to human activities. 

Climate models project the response of many climate variables – such as increases in global surface temperature and sea level – to various

scenarios of greenhouse gas and other human-related emissions. (a) shows the CO2 emissions of the six illustrative SRES scenarios, which are

summarised in the box on page 18, along with IS92a for comparison purposes with the SAR. (b) shows projected CO2 concentrations. (c) shows 

anthropogenic SO2 emissions. Emissions of other gases and other aerosols were included in the model but are not shown in the figure. (d) and (e)

show the projected temperature and sea level responses, respectively. The “several models all SRES envelope” in (d) and (e) shows the

temperature and sea level rise, respectively, for the simple model when tuned to a number of complex models with a range of climate sensitivities.

All SRES envelopes refer to the full range of 35 SRES scenarios. The “model average all SRES envelope” shows the average from these models

for the range of scenarios. Note that the warming and sea level rise from these emissions would continue well beyond 2100. Also note that this

range does not allow for uncertainty relating to ice dynamical changes in the West Antarctic ice sheet, nor does it account for uncertainties in

projecting non-sulphate aerosols and greenhouse gas concentrations. [Based upon (a) Chapter 3, Figure 3.12, (b) Chapter 3, Figure 3.12, (c)

Chapter 5, Figure 5.13, (d) Chapter 9, Figure 9.14, (e) Chapter 11, Figure 11.12, Appendix II]
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Warming smaller than predicted by GCMs
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Take Away Points

Climate Sensitivity       
is low                         

(∆Tx2 ~ 1-2°C)

The Sun has a large 
effect on climate

Part of the 20th century 
warming is solar                   

(about  1/2  to 2/3)

Future warming will   
be benign           

(0.15±0.2°C/decade)

Effect is through 
cosmic ray 

modulation of 
cloud cover

(Svensmark next talk)



What is the moral?


