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Solar modulation of Galactic Cosmic Rays (GCRs) 

 @Earth     

║Charged particles (mainly protons) 
║Accelerated at supernova remnant 
 
 

║diffusion 
║advection by solar wind 
║drift 
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Cosmic ray variation & Solar magnetic polarity 

1. Magnetic polarity 
 
 
 
 

2. Tilt angle 

Cosmic rays 
 

Sunspot number 

Heliosphere 

  
Earth 

Sun 

Heliosphere 

Negative  
polarity 

Positive  
polarity 

Jokipii&Kota 2007 

 

  

 

 

  

 

  
  
  
  
 C
o

s
m

ic
 r

a
ys

  
  
  
 

 

       S
u

n
sp

o
t n

u
m

b
e

r 

 

  

 

Solar cycle minimum 
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v =B× Bɳ 
Gradient B drift 

v =B× Bɳ 
Gradient B drift 
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(degree) 
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Reconstructed solar decadal cycles in the past 

Sunspot Number 
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     (a) 0 deg. at cycle min      

     (b) 5 degs. at cycle min  
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Pattern of cosmic ray variation at the Maunder Minimum and present 
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Berggren et al., 2009 



Solar cycle 

      Cosmic-Ǌŀȅ άнн-year (28-ȅŜŀǊύέ ǾŀǊƛŀǘƛƻƴ ŀǘ ǘƘŜ aŀǳƴŘŜǊ aƛƴƛƳǳƳ 

Ice core: 
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Berggren et al.,  
2009 

Cosmic rays 

Year AD 

Maunder Minimum 

Features of cosmic-ray variation 
 

║ Periodic cosmic ray enhancements, but only at the negative polarity  
   (~28-year periodicity) 
 

║ 1-year scale enhancement, 30-50% higher than those for positive polarity 
 
║ Significant manifestation of drift effect 

Miyahara et al., IAU proc., 2009, Yamaguchi et al., PNAS, 2010 
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Climate response to cosmic-ray spikes during the Maunder Minimum 

Temperature in Greenland 

Vinther et al., 2003  

 

 

 

Humidity in Japan  

around June  

(Yamaguchi, Miyahara et al., 2010) 

Maunder Minimum 

Errors =0.2% 

Our results 

Vinther, 2003 
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These spikes can be utilized to trace 
GCR effect on climate system 
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Yamaguchii, Miyahara et al., PNAS, 2010 



Yamaguchi, Miyahara et al., PNAS, 2010 

~4 sigma 

No time lag!   
   

Humidity anomaly 
 
 
 
 
 
 
 
 
 
 
 

GCR anomaly  



Possible influence of solar rotation on clouds?  
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Takahashi et al., ACP, 2010  
Hong, Miyahara et al., JASTP, 2010 

27-days 

54-days 

Unsolved periods with 30-60 days in tropical clouds  
(Madden-Julian Oscillation) may be under the influence  
of solar rotation  

120-140 E, 0-20 N 
Frequency spectrum of cloud height variation 27-day signal in solar related parameters 
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Cloud height 
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  Hong, Miyahara et al., JASTP, 2010 

Solar rotational signals are  
imprinted on to Madden-Julian Oscillation 
(only at solar cycle maxima) 
 

Possible influence of solar rotation on clouds?  



QBO East/ Solar Max QBO West/ Solar Max 

QBO East/ Solar Min QBO East/ Solar Min 

 
> QBO influence on tropospheric cloud activity 
 
> Stronger Stratosphere-Troposphere interaction at solar max?  
 

Influence of QBO on 27-day signal at solar max 
  Hong, Miyahara et al., JASTP, 2010 


