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Three science questions pmod 'wrc

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. TSl 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 ...

Werner Schmutz
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Damian Hirst 2019, Oil on canvas, 549 m x 7.32 m
“Greater Love Has No-One Than This Blossom”
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A 1200-year record of
cherry blossom dates

pmod 'wrc

90 .

';‘ ° o @
o o o o o o o
o o o o WO 0O O o o o
—_— oo o ©o o o0 o o
Q 95 o ® o o o oo o oo o o o oco0
+ o o o0 © o o o o @ o o o @ o0 O o o
© o0 o oo o @ o000 O o 00 O COmMED
© oo @ o o © o oo o o amo o oo © 000 ©0 0O On 000 ®
Tt o o o @O O o o o o oo 00D  OEEDOD
< 100 o oo @O © 00 © o 0 O oW 0o © 000 0000 @™ 00
- oo 0O W 000 @ WO WO o o o 0o o 000 oD O
v o o © © 00 O0O®O M O® 0 0000 0 00 ©O0 0 @O0 Ao 000 @
; o @ oo 00ow WO © ®OO0O O0aM 00 0O0OD OO OO0 o @O O
o O MO 000 © 00O @x o 000 00 U® O DO OB DO O BT O
O 105 o o 00 00 o®m 00 o@m 0 000 ap WO WO 00000 W B WO
— oo o o @ o o om o 0 @O0 O0ao com@wWE®@®O © O O
S oo oo o0 om 0o 0 0 MO0 00 O 000 @aw om 000
Y- o o o o o0 O@® 0 0 00 00 ONDO O @O O OMO 000 W O O OWO
E o oo oo oo oo ®@o 0000 0 2000 OB @O0 @ o
o 110 o o 0 00 © O@ o 0 o @ OO d@n OO0 o0
N oo 00 © o o 0 00 omoe o o0 o 0000 00
(7)) o0 o o oo o o000 o0 © 0o DOD® 00 @ ® o o
2 o © 00 ® o oo o oo o 0 0O0D® O
0 o oo o0 © aoo o®
> 115 o o o0 000 o o 00 o
o o oo o o 0o o
S o o o o o o o
L o o o
6 o o0 L+

120 1 1 ol | a | 1 1 aan | al o [ 1 |

800 1200 1600 2000
Year

Kyoto, Japan (Aono & Kazui, 2008)

Werner Schmutz



7.10.2021

A 1200-year record of
cherry blossom dates

pmod 'wrc

90 .

'; o oo m @
o o o o o o o o o
e o o o WO o © o o @ o
—_— o0 o o o o0 o u] mo o)
Q 95 o @ o o o oo o oo o o O o 000
+ o o o0 © o o o o @ o o o @ 0o 0000 o )
© o0 o oo o @ o000 © oo @O0 O COmMED
© oo © © o © o oo o o omp o oo © CooOmMe oD 000 ®
Qo o o o @ o o o o o moo O oEEDOw
< 100 o 0o @O O 00 o © 0 0o oo o DO @ CODMIN ® OO
— oo 0O @ 000 O @O O o o 0 @ pocoOmO @00 © OB ©
Q o o o o 00 OO WM OD 0 0000 0 OO Om M [N KO A 000 @
; o @00 00O @o o @O0 o00 00 M 00 COMDIE MESC MO Omo O O
(@) ®Oo 000 O 00 @PO o 000 00 O® © DEO ON DN DG BT O
o 105 o o 00 00 o® 00 o®m © 000 AU @0 ®OD DOoNGD DN ®Ooo
— o o @ o 0 oW o 0 @®Oo0Ow O0O0MOD 00 00 MEEIE® [ o o
3 oo o0 ©0 om O oD 0 0 00 0 00 O ODEACOOD B O 000
Y o o oo oO®@ © 0 00 ©00 OND @ ®O O OMO OONDMD 000 EE0O
E o oo oo 0o o0 @™o 00000 O OMOOD OF Ob0 BN & o
o 110 o o 0 00 O Oo@o o o op @000 N O @D oo o0
N oo 00 o o o 0 00 OO0 © OmOD [Do0 Eco o0
wv oo o o amoo o @00 o o 0o OEOENDOC MO W O ©
2 o © o0 ® o oo o o oOO oo aocom@® ©
0 o o o o 0 O amo am
- 115 o o o0 000 oon 00 o
o o oo o mo on o
b o o o o o o [
L o @ o
6 o o o

120 1 1 ol | a1 1 1 o0 | ab a o o 1 |

800 1200 1600 2000
Year

Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono, 2015)

Werner Schmutz

6



7.10.2021

A 260-year record of

cherry blossom dates pmod 'wrc

120

[ERY
[EEN
o

oooooooooo

000000
00000

Edo bay DoY

100

00000

90

90 100 110 120
Kyoto DoY

Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono 2015)



7.10.2021

A 260-year record of

cherry blossom dates pmod 'wrc

y=0.37x+65.70
R2=0.14

120

o
o
o

Edo bay DoY

100

90

90 100 110 120
Kyoto DoY

Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono 2015)



7.10.2021

A 1200-year record of
cherry blossom dates

et

pmod 'wrc

';' 90 oo m @
O L] [+] 15 r ean m] u] L+ [+]
|

e y Ill o WMo o © o o @ o
—_— oo o o mo o)
Q 95 o @ o o o 00 o oo o o o o 000
+ o o 00 © © ©o O o @ o o © @ oo OoOO0 © g0
© oo o o o o @@ o000 © 0 oD WO 0 O COmMED
© 00 © © o oo oo Wo o aw o o0 o 0O 0OmMO O 000 |®
Qo o o o @ o o o o o moo O OEEOT
c 100 o 20 @o o oo @ 00 0O0® 00 O DD @ CODEmII @ 00
— oo o @ ©04Qd C© @O WO o o 0 @ oDocoDmO mapO o @ o
Q a o omo 00 ©0d®o MOw 0 0000 0 OO OWNM M [N D An 00 @
; a @ o/ 000D Bol o @0 obollo @ 40 cODDN DOOC IO mPd o ©
(@) a o ool @ 900 || @w o 00 0 00\0® 0| OE0 oD IImO OGN o8 ©
O 105 o a oo a®m o gm o ooo an | ®o oo @oman cna Moo
— o o o ® 0.0 om o 0 ®oodw Loealh Do ot GEORO) B o o
s oo o |po om o o o o @o/o oo o\DMmEONOD @M O 00 O
Y- o o o o Oo o®@ © © po o0 omoe @ o o®ael oonoum 900 MEXO
E o 00 o of oo 8o mo 000300 O OGN O oo0 ENED & o
o 110 o o o 00 0 Q@ o0 oF @DOO DO @Dl oo oo
N oo oo © o 0 oo omdc ¢ OmMODM [DO0 CECC 00
7)) o0 o o oo o 000 © © 00 @OENOOC B0 W © ©
2 o © 00 ® o oo o 000000 @O0 O
0 o o0 ©00 ©O amo om
> 115 o o oo 000 oom oo o
e o oo o @moeocno ©
S o o o o o o D
g o o o
O o o o

120 1 1 al | ol 1 L on | at a o o 1 |

800 1200 1600 2000
Year

Kyoto, Japan (Aono & Kazui, 2008)

Werner Schmutz



7.10.2021

A 1200-year record of

cherry blossom dates pmod 'wrc
— 90
>
) 15-yr mean >9/15 dates per av.
@ 95
%D 100 _'
% .
= 105 * e
g 110 .
S
S 115
6 120 : ' . ' ! |
800 1200 1600 2000

Year

Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono (2015)

Werner Schmutz

10



7.10.2021

A 300-year record of
cherry blossom dates pmod 'wrc

90

95 T

100 r

105 r - L -

110

115

Cherry blossom full flowering date [DoY]

120

1600 1700 1800 1900
Year

Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono (2015)

Werner Schmutz 11



7.10.2021

Comparin

90

Cherry blossom full flowering date [DoY]

120

95

100 r

105 F

110

115

g to solar activity pmod 'wrc

- 1700.0

14C Muscheler et al. (2007)

- 1200.0

- 700.0

Phi 14C

- 200.0

- -300.0

-800.0
1600 1700 1800 1900

Year

Kyoto, Japan (Aono & Kazui, 2008) Edo bay (Aono, 2015)

Werner Schmutz 12



7.10.2021

A historic climate-record correlates
with a solar activity proxy med

Cherry blossom full flowering date
In Japan

!

Solar magnetic modulation of
radionuclide production rates
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A historic climate-record correlates
with a solar activity proxy

Past climate variations

Solar activity variations

Werner Schmutz
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Physical connection

Past climate variations

Terrestrial enerngy equation

Solar activity variations
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Near ground level temperatures [°C]

Terrestrial energy equation

Solar irradiance [W/m?]

Werner Schmutz
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Solar radiation energy Surface radiation energy
reaching Earth’s surface leaving Earth

R So(1 — Ay — o) = 4nR% oT7 (1 — Gerr)

S Solar irradiance 1361 W/m?
T Terrestrial surface temperature 288 K (15 <)
R Terrestrial radius

A Albedo 29.4 %

a Absorption of incoming radiation  23.5 %

G.+ Effective greenhouse effect 59 %

Werner Schmutz 17
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Impact of solar irradiance
variations
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40'(1 — geff) 88@ ’

with 0As/0S. = 00/0Ss = 0Ger/0So = 0 ...
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Impact of solar irradiance
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8T@ o l 88@
T, 4 S,

which yields
aT@ — faS@
with f=T,/(4S,) = 0.053°C/(W/m?)

*

Note that in climate sciences the incoming solar energy is usually
related to the total Earths surface and thus, the solar irradiance i1s
divided by a factor of four, S, = Se ,/4 =340 W/m?, which yields a
climate sensitivity 07Ts = f dS., with a factor of four larger
numeric value f 0.21 oC/(W/m )

Werner Schmutz
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Physical connection pmod

DoY = Temperature
- Aono & Kazui (2008); Aono (2015)

Terrestrial energy equation

Egorova et al. (2018)
14C, 19Be Phi = irradiance

Werner Schmutz
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Reconstructed March temperature
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Reconstructed March temperature
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Fig. A.2. Left panel: 15-year averages of the meal—

Correlation pmod 'wrc
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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. TSl 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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Influence the terrestrial climate?

Irradiance at Earth [W/m?2]
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TSI at 1 AU = Solar Constant = 1361 W/m?

Total Solar Irradiance at Earth
measured from space
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Have we observed the Sun to
Influence the terrestrial climate?

Total Solar Irradiance Data Record
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Have we observed the Sun to
Influence the terrestrial climate?
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Have we observed the Sun to
influence the terrestrial climate? PM0d 'WIC

1362.5 .
Relative TSI measured from space
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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. TSl 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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Could the Sun have an influence

on the future climate? pmod 'wrc

Global warming may
be reduced up to
0.5°C ...

... if the Sun reduces
its irradiance in a

scenario RCP4.5
rcing -6.5 W/m?
i P, |

]TTIVTI

future grand minimum

»

7

V An obvious 'conclusion:
The Sun needs to be monitored

Mittlere gl
Differen
o
o
l | 1 | | J |

continuously !

CONST-1 | :
CONST-2|
LOW-1 '
LOW-2
MINI-1

Climate simulations:
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Arsenovic et al. 2018, Atmos. Chem. Phys., Vol 18, 3469

Anet et al. 2013, Geophysical Research Letters, Vol. 40, 4420
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Coming up: DARA on PROBA3
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