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Possible contributions of GCRs o
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How to distinguish the cosmic ray impact?

Monthly cycle (Forbush Decrease associated with solar flares)

*Positive results  (Kniveton , 2004; Svensmark, 2009; Kataoka 2010; Svensmark, 2021)
*Negative results (Sloan & Wolfendale, 2008; Kristjdnsson+, 2008; Calogovic+, 2010)
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22-yr cycles of GCRs

(Miyahara+, 2008; Yamaguchi+, 2010)
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* Impact of galactic arm crossing?? (Shaviv, 2003)
* Vertical oscillation of solar system in the galaxy (Medvedev & Melott, 2007)
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Possible contributions of GCRs o

e

coagulation

molecules critical cluster condensation ©
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:§ : condensation growth
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cloud condensation
nucleus (CCN)

scavenging by
pre-existing
aerosol (loss)

1. Nucleation
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(Kirkby et al., 2011; Almeida et al., 2013; Svensmark et al., 201
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(Tinsley, 2000; Zhou et al., 2009; Tinsley, 2022)
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Cutoff rigidity field (GV)

——  geomagnetic equator
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CLOUD experiment @ CERN
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Material and Methods

« Outgoing Longwave Radiation (1 x 1 degree resolution) for 1979-2021

(Low OLR suggests presence of high-altitude clouds)

« Daily data -> Monthly percentage of days OLR is lower than threshold values (170~260 W/m?2)
 Long-term trend was subtracted from the monthly series

e Data for 1991 — 1992 were excluded from the analyses

_ GCR data
« Compared to the monthly neutron monitor data /—\ « Oulu + Climax (combined)
e Linearly detrended

« Correlations were obtained for January and August s oolarit
(A) magnetic polarity
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(See Miyahara et al. (2023) for the details) Year CE



Response of high altitude clouds to GCRs

August
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Response of high altitude clouds to GCRs

August

E@i$MEE~ v 7 (p<0.05)

Lag: 0 yrs
Xl 'y }

(m\.‘;—vJ : Wu‘z.

3) £

! N
120" E 180 120° W

BEOFELE
60 |
40
20

o

<)

(%) z4/M 002>
40 uonoe.

]

45 N

30

20+

10

Percentage of anomalies (%)
o

GCR

1980 1985 1990 1995 2000

Year CE

2005 2010 2015 2020

iy %
f\-? - B
E 60 E 120°E 180 E
, . ’ r Y , ’ — 15
-~ High Clouds

(%) Alewoue ¥9o

~15

1

120°W

60°W

(Miyahara et al., 2023)




Response of high altitude clouds to GCRs

January
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Why land (coastal) areas?
« Deeper convections compared to oceans (promote the encounters between

ions and aerosol precursors, lower cloud-top temperatures, fewer pre-existing aerosols)
« Aerosol precursors of both forest and marine origin

 Diurnal cycles (renewed cloud system prevents umbrella effect) e

(F7-13EEBE)

Mechanism A EBREQE BT

% Change in q %

<[Nucleation -> increase of latent heat, reduced size of cloud droplet

Promotion of collision-coalescence -> increase of latent heat ¥ ¥ 20
— invigoration/prolongation of deep convective clouds i i :2
Why August? B
+ Excursion of [TCZ to the higher geomagnetic latitudes g -14.0
and its overlap with lands 8H 18 ® i : N =0
(a) (b) 0" : i 28.0
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Possible mechanisms

hEIKISIEIN
Bottom-up mechanism (TSI)

TSI — kiR — KSEE - B
t |

74 =Ky

Top-down mechanism (SUV)
SUV — pEB A V&R - INEL
— JRB-13RiE 0 R E AR
— K5fER (RPEE etc.)

Svensmark hypothesis(GCR)
GCR — BFLOEEE

ICRET B -

“Deep-convective-clouds-mediated” mechanism (GCR)

Miyahara et al., 2023
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Summary

Sun-climate connection may be mediated by deep convective clouds

Areas susceptible to GCRs are seasonally variable

Synchronized invigoration of convections over land results in the intensification of
Walker circulation and the trade wind, resulting in the greater east-west gradient of

sea surface temperatures

Detailed mechanisms of GCR’s impacts on cloud microphysics should be further

investigated



