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Fig. 2. The thick curve displays the 12 months running average of total cloud cover given as changes in per

cent (ISCCP—C2 monthly data). The data are from the area over the oceans covered by geostationary

satellites. The end points of the ISCCP—C2 curve (first and last 6 points) have been discarded. The thin

curve represents the normalized monthly mean counting rate of cosmic ray intensity from Climax, Colorado,
drawn to the same scale.
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Lean et al., 1995
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Reid, 1999 ® 0
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Fig. 5. Eleven-year munning mean sunspot numbers and departures of sea-surface temperatures from the long-term mean (units:
hundredths of a degree Celsius; data from Bottomley ct al., 1990).
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Perry, 1994&1995 quoted by Tsiropoula, 2003
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Fig. 7. Average flow of the Mississippi River at St. Louis, Missouri and solar irradiance variations lagged 35 years (Courtesy of C.A. Perry).
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Lighting and solar climate
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Takahashi et al., ACP, 2010 ’

Power of 25-30 days periodicity in cloud (OLR) for 25 years

WPWP: Western Pacific Warm Pool




Averaged spectra for all max. and min. periods
Cloud (OLR)
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Power Spectrum (pT2/Hz)

SIXRETE
Global lightning
(half solar cycle)

0.010

0.001

Solar max

Solar min

100

50

period (day)
by M. Sato

]
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
a

N
I
s
&
£
=
S
=
3,
@
Q
0p)
©
3
o
L

EATHDE
OLR (cloud) in WPWP

(25 years)

—

10 ©

100 80 60 0 20
period (day)

by Takahashi et al.




HADETMZER—HRRETREL-HYVDHK

Monthly variation observed by GEON (Global ELF Observation Network)
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Takahashi et al., ACP, 2010

WPWP: Western Pacific Warm Pool (1990)
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at “high solar active” phase for 1-month variation
= high F10.7 (UV), low galactic cosmic rays
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2. Total Solar Irradiance  (TSI)
- FEEFAICK > TEFHNEZY—TEDLIIC

IRIEI0.1%D A — 5 —
LD UKEGIIIEERIEHGD TEEFETETRWN?

\ N4
4’9‘ b




3. NUV [C

Uuvinzr -> /REBRESR - KB
MEAFADEER > XiRE

%

KBRERB

JI[IE=Y

I

| [E R I%

=7 488

CRV=

-UVOZENIRIBIZ AR LD EN B D KEW (#%)

INSL—E LG E

-EEEE THERNRMEE 20 TH, thEAM
DREEREZZZA5N5
- EBRRIAREDM S R BER S DL
i thig



SABER Ozone Difference (%)
Max 2002/2003 Min 2008/2009

1072 X

Pressure (hFA)

120

-60 40 -20 0 20 40 60

Latitude

80

40

(wy)) apmny sleukixoiddy

Published Merkel et al. 2011

Annual zonal mean trends

~) v
S . Night
(QV] - - E
o 1.02¢ 1.02 ]
b :
A 1.00 -
S :
3 .
0.98F

= . : .
o 0.961 , . . . .1 096l . . . . .

2002 2004 2006 2008 2010 2012 2002 2004 2006 2008 2010 2012

Year Year
Lower Mesosphere Stratosphere

= Qut-of-phase with solar cycle * In-phase with solar cycle
® Trend in day, absent|at night * Trend similar for day and night
= photolysis ceases at|night = |Less driven by photochemistry
= Very little diurnal variation

10.7cm Radio Flux Prediction (2014/09)
T

N
0
0

200

150

a
0
0

l|||||‘|\\l|llll

VKL A0S~ XCFT 0=O0PD

0
0

2000 2005 2010 2015 2020
DATE



CESM (WACCM4) for SSI study

* Transient runs 1955-2005 including all
observed forcing. Imposing observed QBO.

« SSI: wavelength < 120 nm uses F10.7 proxy
« SSI: 120 nm < wavelength < 100 pm:

Shows the downwelling solar
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Images from: Carnegie Institute Reports, Carnegie Institute web site and Fleming J.A., Terrestrial
Magnetism and electricity

Observation by research vessel “Carnegie”

but still there remain mysteries and even fundamental questions
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Carnegie curve was explained by thunderstorm activity.
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TLEs as connectors between upper and lower regions
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150kV max in ionosphere
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