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About me



Hvar Observatory

Hvar double solar telescope



Influence of solar variability on the
Earth’s climate requires knowledge of



About the Sun



Structure of the Sun



Life phases of the Sun



Solar cycles



Origin of solar cycle
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Promineces (filaments)

Coronal Mass Ejections (CME)



Solar flares



Coronal Mass Ejections (CME)






Solar Energetic Particle (SEP) events

Ground Level Enhancement (GLE)
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Solar wind



Corotating Interaction Regions (CIR)

High speed
streams (HSS)

Corotating
Interaction Regions (CIR)



Solar influences on Earth
Space Weather
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Solar activity modulates cosmic rays



CMEs modulate the cosmic ray flux
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Cosmic ray flux on Earth depends on



Solar cycle and Total solar irradiance
(TSI) changes



Solar activity and climate in the past



Cosmogenic radionuclides allow to reconstruct
solar activity thousands of years in the past



Different TSI reconstructions
(cosmogenic radionuclides)



Solar activity and climate



Solar activity and climate



According to IPCC solar influences
on climate are minor




Schematic overview showing various
climate forcings of the Earth’s atmosphere



Mechanisms of solar influences on climate

EPP



TSI variations
“Bottom-up” mechanism

Total solar irradiance (TSI)



UV variations
“Top-down” mechanisms

« Ultraviolet (UV) spectral irradiance

WARMING

COOLING



UV variations
“Top-down” mechanisms



North Atlantic Oscillation (NAO) index



Energetic particle fluxes (EPP)

« EPP (including electrons) and solar proton events (SEP)

winter

summer



lonization rates of energetic particles and
solar radiation in the Earth’s atmosphere



Amplification mechanisms!?

109 times
smaller



Earth’s radiative balance and clouds



Proposed amplification mechanisms
for GCR-cloud link

(a) lon-mediated nucleation (”’clean air” mechanism)

(b) "Near cloud” mechanism:



“Clear-air” mechanism



“Near-cloud” mechanism
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Cloud datasets
ISCCP

MODIS



The hypothesized link between
cosmic ray flux and cloud cover

Long-term studies
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Marsh and Svensmark, 2003

Low Cloud anomalies — % acbsolute

High cloud anomalies — % absolute
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Many critics for a found correlation...

However...

”Cosmoclimatology”

These (incorrect) arguments are still used today!



Long-term cloud data doesn’t
support GCR-cloud link

Low clouds (<3.2km), global

CR flux (NM)




Artificial anti-correlation exists between low
and high/middle troposphere cloud

these data are not reliable!

A

changes in the satellite constellation



Correlations between CR flux and
clouds are artificial

If linear trends in CR and cloud data are removed correlation
becomes weak



Timeline of geostationary satellite operation
at equator over ISCCP observation period

Cloud data should not be
used for long-term
analysis

20 years later

from: NOAA/NCDC, satellite data, ISCCP resource



CERN CLOUD experiment

lon-induced aerosol nucleation
10x faster than binary
homogeneous nucleation

100 do 1000x

1000x



Organic particles also play a major role
in particle nucleation

GCR

10-100 times

no GCR



Model studies show minor impact to
alter CCN populations



Simulations using particle nucelation
from CLOUD measurements
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There are numerous issues that may affect the
results of long-term solar-terrestrial studies

Can short-term studies solve these issues?



Conclusions

false-positives

No compelling evidence

Cosmic rays doesn’t influence the global cloud cover and it is not a
major factor in climate change or global warming! (opposite to
believing of climate sceptics)






