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Q Did the Sun influence the climate in the past?

A Yes, with 99.99% probability

Q Have we observed the Sun to influence the terrestrial climate?
A No. TSI is stable since we measure it from space

Q Could the Sun have an influence on the future climate?

A Yes, potentially. If the Sun is decreasing its TSI …
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Focus of today’s talk

Q Did the Sun influence the climate in the past?

A Yes, with 99.99% probability

One
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Cherry Blossom
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Damian Hirst 2019, Oil on canvas, 5.49 m x 7.32 m
“Greater Love Has No-One Than This Blossom”



A 1200-year record of 
cherry blossom dates
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A 260-year record of 
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Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono 2015)  
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15-yr mean  >9/15 dates per av.
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A 300-year record of 
cherry blossom dates
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14C Muscheler et al. (2007)



A historic climate-record correlates 
with a solar activity proxy
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Cherry blossom full flowering date 
in Japan

Solar magnetic modulation of 
radionuclide production rates



A historic climate-record correlates 
with a solar activity proxy
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Past climate variations

Solar activity variations



Physical connection
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Past climate variations

Terrestrial energy equation

Solar activity variations
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Near ground level temperatures [℃]

Terrestrial energy equation

Solar irradiance [W/m2]



Terrestrial energy equation
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S Solar irradiance 1361 W/m2

T Terrestrial surface temperature 288 K (15 ℃)
R Terrestrial radius
A Albedo 29.4 %
a Absorption of incoming radiation 23.5 %
Geff Effective greenhouse effect 59 %

Solar radiation energy
reaching Earth’s surface

Surface radiation energy
leaving Earth



Impact of solar irradiance 
variations
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with ….
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Physical connection
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DoY è Temperature
Near ground level temperatures 

Terrestrial energy equation

Solar irradiance [W/m2]
14C, 10Be Phi è irradiance

Aono & Kazui (2008); Aono (2015) 

Egorova et al. (2018) 
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21

Kyoto

Edo bay (Tokyo)

Thermometer
measured

Mean
<Kyoto +Edo>
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Reconstructed March temperature
from dates of cherry blossom (Japan)
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22

Egorova et al. (2018)

… compared to reconstructed TSI

Schmutz (2021) JSWSC, in press
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Correlation
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Fig A.2 of Schmutz (2021)

R = 0.82
p = 0.00005

Urban warming and
global warming

has nothing to do with
solar forcing

For 1650-1890
the probability of solar forcing

on the terrestrial climate is 
>99.99%
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Fig A.3 of Schmutz (2021)

1410-1890
R = 0.60
p = 0.0075

1230-1890
R = 0.54
p = 0.016

For 1230-1890
the probability of solar forcing

on the terrestrial climate is 
98.4%
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Q Did the Sun influence the climate in the past?

A Yes, with 99.99% probability

Q Have we observed the Sun to influence the terrestrial climate?
A No. TSI is stable since we measure it from space

Q Could the Sun have an influence on the future climate?

A Yes, potentially. If the Sun is decreasing its TSI …



Have we observed the Sun to 
influence the terrestrial climate?
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TSI at 1 AU = Solar Constant = 1361 W/m2

Total Solar Irradiance at Earth
measured from space

TIM/SORCE v18



Have we observed the Sun to 
influence the terrestrial climate?
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problems with
absolute
calibration !

TSI measured from space
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absolute
calibration !



Have we observed the Sun to 
influence the terrestrial climate?
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past 21 yr average
Relative TSI measured from space

Influence on climate:
DTSI=-0.1 W/m2 à DT⊕=-0.01 ℃
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Q Did the Sun influence the climate in the past?

A Yes, with 99.99% probability

Q Have we observed the Sun to influence the terrestrial climate?
A No. TSI is stable since we measure it from space

Q Could the Sun have an influence on the future climate?

A Yes, potentially. If the Sun is decreasing its TSI …



Could the Sun have an influence 
on the future climate?
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Climate simulations:
Anet et al. 2013, Geophysical Research Letters, Vol. 40, 4420
Arsenovic et al. 2018, Atmos. Chem. Phys., Vol 18, 3469 

Climate scenario RCP4.5
Solar forcing -6.5 W/m2

Global warming may 
be reduced up to 

0.5℃ ...
... if the Sun reduces 

its irradiance in a 
future grand minimum An obvious conclusion:

The Sun needs to be monitored
continuously !
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Thank you 
for your attention !

Coming up: DARA on PROBA3


