Possible effects of galactic cosmic rays
on climate and weather

Sun

_ Earth
Heliosphere

Hiroko, MIYAHARA (BRUAF)
ICRR — Musashino Art University
miyahara(at)musabi.ac.jp

Collaborators

Yusuke Yokoyama (AORI, The Univ. of Tokyo)
Wataru Sakashita (AORI, The Univ. of Tokyo)
Yasuhiko T. Yamaguchi (AORI, The Univ. of Tokyo)
Takeshi Nakatsuka (Nagoya University)

Hong K. Peng (The Univ. of Tokyo)

Yukihiro Takahashi (Hokkaido University)
Mitsuteru Sato (Hokkaido University)

Hiroyuki Matsuzaki (MALT, The Univ. of Tokyo)
Fuyuki Tokanai (‘YYamagata Univ)

Yosuke Yamashiki (Kyoto Univ)

Shuhei Masuda (Jamstec)

John P. Matthews (Kyushu Univ)

Kazuki Munakata (Shinshu Univ)

Ryuho Kataoka (Tokyo Tech)




Topics

Radiocarbon dating

Reconstruction of Galactic Cosmic Rays (GCRs) and
solar activity in the past

GCR variations at the Maunder Minimum (AD1645-
1715)

Detecting the GCR impact on climate variations
Possible pathway of GCR impact on climate system

27-day solar rotational period found in tropical cloud
activities and global lightning activities
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Before AD1993, the variations of carbon-14 production
had not been taken into account.
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Construction of the
Calibration Curve
for the radiocarbon
dating
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Figure 2. Radiocarbon calibration curve obtained by dating tree rings (Stuiver
and Kra 1986, Kromer and Becker 1993) .
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The “wiggles” in the calibration curve is due to
1. the secular variation of geomagnetic field intensity (>3000 yrs)
2. solar magnetic field variations (<3000 yrs)
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“Best” reconstruction of cosmic ray intensity
obtained by Principal Component Analysis
of all of the data available so far.

(Steinhilber et al., PNAS, 2012)
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Cause of the uncertainties In the
reconstructed incident GCR flux

 Regional climate effect (geographical)

 Global climate effect (deduction of oceanic
circulation, change in carbon cycle etc.)

 Uncertainty of reconstructed geomagnetic
field intensity

» (Measurement errors)



Deriving the information of Galactic
Cosmic Rays (GCRs) and solar activity



Solar modulation of Galactic Cosmic Rays (GCRs)

- Charged particles (mainly protons)
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“11-year” cycles of solar
activity and the flux of
galactic cosmic rays

Solar magnetic polarity
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Annually resolved measur
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Amplified “22-year” period in GCRs
at the Maunder Minimum

Oulu neutron monitor data
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22-year period of solar magnetic polarity reversals

Tilt angle (degree)

300

200
100

Sunspot Number

0 1 ka1
1980 1985

8

1990

1995

2000

2005

Solar Cycle 21

Solar Cvcle 22

Solar Cycle 23

Heliospheric Current
Sheet

V

\

2005

Year AD

2008

AEBEL BN

e o ERE

AERELIE (¥ 5 gD
[ElEzrs]

Neutral sheet
(current sheet)

3750 Ripzelim) field

0, 40.5, 1, 2.5, 5, 10 MizzoTesla

4 3T TLTIITA0T20 28T 2726 2R 22123122 21120 1918 1T AT S AT AT 2T T pr 9 TR T T e
L

111 LI S |

rb0m b

I I I e B I e i

H {
B A A
2'\ o0 300
| | | | | | | | | | | |

L] 360 %0 120 130 180 210 240
207

Tilt angle



Heliospheric current sheet
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Drift effect of cosmic rays % Bx VB drift
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Drift effect of cosmic rays Bx VB drift
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Tilt angle vs GCR flux Vivahara etal, 2010
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Possibly extremely flattened current sheet at the
Maunder Minimum

Based on
Kota&Jokipii, 1983; 2003
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Detecting the GCR impact on climate variations



Evidence from the past:

Influence of Solar activity on climate variations

Bond et al., 2001
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Possible mechanisms of
solar influence on climate change

Solar activity
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How to detect the cosmic ray effect?

Astronomical phenomena

- Crossing the galactic arms (Shaviv, 2003)
- Vertical oscillation of solar system in the galaxy (Medvedev & Melott, 2007)

Geomagnetic Excursions / M-B Geomagnetic Reversal

- Some evidence of cooling from low latitude region (Kitaba et al., 2010; 2012)

Forbush Decrease (dalily)

-Positive results  (Kniveton , 2004; Svensmark, 2009; Kataoka 2010)
-Negative results (Sloan & Wolfendale, 2008; Kristjansson+, 2008; Calogovic+, 2010)

Maunder Minimum/Medieval Period

- unique periodicities ~22-years in cosmic rays (Miyahara+, 2008; Yamaguchi+, 2010)

Maunder-like period during the Glacier period

- Under much more ice forming condensation nuclei (suggested by Tinsley, 2009)

Nuclear bomb test/nuclear power plant accident
- No effect found (Erlykin et al., 2009)



How to detect the cosmic ray effect?

Evidence from the Matsuyama-Burunhes Geomagnetic reversal
Kitaba et al., PNAS, 2012
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Climate response to cosmic-ray spikes during the Maunder Minimum
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Superposition of four 1-year spikes
for 14C (GCR) and 80 (climate)
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How GCRs affect climate system?

- Possible impact of GCRs on
tropical cloud activities



Important findings of CLOUD
experiment at CERN
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Where can be the most
sensitive place?

= Sufficient water vapor & SO,

= Low temperature
= Sufficient ionization
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Solar rotational period in tropical cloud activity
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> Monthly-scale cloud activity is known to present at
Equatorial region (Madden-Julian Oscillation)
but the origin of the cyclicity is unknown.



Solar rotational period Sato et al., 2005
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thunderstorm-related events shown in Fig. 11. showing the presence
of a 26-day period (line). The dashed line and dotted line corre-
spond to 40 and 3 o fluctuations expected for white noise in each
period. respectively.



Solar flare and Forbush decrease
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Next step:
Observational study on the GCR
effects on cloud microphysics
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Future prospects

Trace the impact of GCR on equatorial cloud
activities and its propagation by utilizing the 27-day
GCR variations

Improve the accuracy of climate and weather
forecast

Search for the impact of astrospheres on the climate
condition of extra-solar planets

Reinterpretation of the history of the Earth



