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Solar-Terrestrial Effects

Sun-Weather-and-Climate Relationship



What are the Causes of Climate Variations?

• Internal oscillations in atmosphere-ocean system

• Variations in energy received from the sun

• Variations in energy radiated from away from the 

Earth
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How do we define Solar Variability?

• Total Solar Irradiance

• UV-radiation changes

• Changes in the Solar Wind (Heliosphere)

• Changes in Cosmic ray amount (Heliosphere)
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Coupling

Solar Wind-Magnetosphere
Interaction

Magnetosphere-Ionosphere
Interaction

Effects on
Neutral Atmosphere

Sun and Solar Variability

Cosmic Rays
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EFFECTS

• Satellite technology
• Spacecraft charging

• Astronauts

• Communication
• Navigation

• Electrical Systems
• Power lines

• Pipelines

• Earth’s global circuit
• Ionospheric currents

• Radars
• Radar Range

• Ionospheric Radio Propagation
• Absorption, Reflection

• GPS Systems

• Modifications on ozone
• Increased UV amounts on the 

surface
– Cancer, 

– Immune system problems, 

– Catarakts etc.

• Upper Atmospheric Heating
• Auroral Heating
• Joule Heating
• Magnetospheric Heating
• Solar energetic particle Heating
• Cosmic Ray Heating

• Modifications on upper 
atmospheric wind systems

• Ionospheric TEC Modifications

• Modifications on Climate

Technological systemsAtmospheric
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Remember: Heat Sources in Upper Atmosphere

• Heat Production

– Absorbtion of solar ultraviolet and X-ray radiation

photodissociation, ionization and censequent reactions that liberate heat

– Energetic charged particles entering the upper atmosphere from the 

magnetosphere

– Joule Heating by ionospheric currents

– Dissipation of tidal motions and gravity waves by turbulence and 

molecular activity
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UV Variability of Solar Spectrum

• Spectral radiation is much 
more pronounced in the 
short wavelength region

Total Solar Irradiance Data

(referred to SARR via ACRIM II)
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Solar Radiation and Upper Atmosphere
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Heat Sources in Upper Atmosphere

• Electrojets and particles

from magnetosphere are

additional sources for heat

• Auroral Electrojets can 

dissipate as much as 0.5 

W/m2 in the ionospheric 

E-region heights during a 

severe storm disturbance

• The energy flux of EUV 

which drives the normal 

tide is much smaller than

this, about 0.5 mW/m2 

above 120 km.
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Magnetospheric energy input

0.5 W/m2 versus 0.5 mW/m2 above 100 km
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Temperature and Density Distributions and Ranges
Diurnal and Solar Cycle
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Thermospheric Temperature and Composition and Solar Activity

Solar Min Solar Max
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Upper Atmospheric Circulation

Robble et al., 1977

Meridional Circulation, Solstice Time

Min Magnetic

Acitivity

Ave Magnetic

Acitivity

Max Magnetic

Acitivity
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Stratospheric Ozone

• Ozone Distroying Chemical Reactions

• NO + O3  NO3 + O2
• NO2 + O3  NO + O2

• NO2 + hn (photon <400 nm)  NO + O

• N2O5 + hm  NO3 + NO2
• NO3 + hv  NO + O2

NO − O3
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Ozone and SEPs

One individual solar 

energetic particle event can 

produce more NOx than the 

galactic cosmic radiation 

during an entire solar cycle 

although the height 

distribution is different

Ionization down to 10 km

Early in the event ionization at 

lower altitudes

In the time course of the event 

ionization shifts to higher 

altitudes

Ion pair production rates up to 

about 104#/cm3s

BASTILLE DAY EVENT

JULY 14, 2000
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HALLOWEEN DAY (October, 29, 2003) NOx

BASTILLE DAY (July 14, 2000) OZONE

NOx and Ozone

• Ozone reduction above 50 km 40% for 2 
days

• Ozone depletion:

– Decreases with decreasing height 

– Lasts longer at lower altitudes

• During the last solar maximum total of 
three events with comparable effects, 
October 2003 and January 2005 even 
larger because longer lasting

Jackmann et al., 2001, GRL, 2883

EPP-NOx enhancements 

accompanied by ozone 

reductions (Lopez-Puertas et al., 

2005)

Red circle: Polar Vortex edge

Ozone and Solar Cycle

• Ozone depletion more pronounced during 
maximum than minimum

• Ozone depletion extends down to mid-
latitudes (during solar maximum, even to low 
latitudes) although particles are incident only 
over the polar cap

ESTEC/ESA
(min)
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IONOSPHERE
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Ionospheric Regions and Solar Activity

Solar Min-Solar Max

Ionization due to 
Solar Flares
Auroral Particles
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Ionospheric Storms

• TEC observations during magnetospheric 

substorms

• Mendillo, 2007, Reviews of Geophysics
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Ion Pair production due to Cosmic 

Ray flux over Thule

“The meteorological variable subject 
to the largest solar-cycle modulations 
in the dense layers of the atmosphere 
is the ionization produced by cosmic 
rays”

E.P. Ney, 1959, Nature



Zerefşan Kaymaz

Charged Particle Density profile

Viggiano and Arnold, 1995
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Solar Connection

• Why/What is the issue with Cosmic Rays?



Sunspots – an “indicator” of Solar energy output
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1996 2000Variable Sun
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Total Solar Irradiance Data



Solar Magnetism, Sunspots and Climate

Zerefşan Kaymaz



Earth’s magnetic field and the Heliosphere

• Solar wind variations 
affect the production 
rate of C14

• Earth’s magnetic 
field and 
production rate of 
Carbon 14 caused 
by cosmic rays
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Production rate C14 and Be 10
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Past Temperatures
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Maunder Minimum
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Maunder Minimum
• Reconstructions of

Solar irradiation
indicate very small
variations at a very low
level

• Beryllium-10 isotope
indicate a significant
modulation caused by
changes in the cosmic
ray flux-likely caused
by changes in solar
magnetic fields

• Reconstructed
temperatures follow Be-
10
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Solar activity and Tree Rings
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Solar activity, icebergs, temperature, winter severity index

C14 variations

Retreat and 

Advance of Glaciers

Sunspot Activity

Retreat

Advance

MMSM

increase



Solar activity and C-14
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Global temperature and Sunspots

Friis Christensen, 1991
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Cosmic Rays and Clouds
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COSMIC RAYS AND THE SOLAR CYCLE

• Solar activity rises and falls with a period of about 11 years. 
• The number of sunspots indicates the level of solar activity.
• Emissions of matter and electromagnetic fields from the Sun increase during high solar 

activity, making it harder for Galactic cosmic rays to reach Earth. 
• Cosmic ray intensity is lower when solar activity is high.
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Cosmic Rays and Cloudiness

in
c
re

a
s
e

in
c
re

a
s
e

in
c
re

a
s
e



Zerefşan Kaymaz

Cosmic Ray and Cloud Types
Cosmic Ray Intensity at Huancayo)

GCR  2 % absolute change in low cloud cover over a solar cycle corresponds to a 

Change in net cloud forcing of ~ 1.2 W/m2
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CLOUD project, Cern, France

• One mechanism that 
suggests GCRs’ 
effect on the cloud 
droplet number 
concentrations is

• Ion-aerosol or ion 
mediated mechanism

• Presence of ions 

– serves to lower the 
nucleation barrier and 
stabilizes the embryonic 
particles which allows 
nucleation takes place in 
lower ambient water vapor 
concentrations than in non-
ionized atmosphere

Ion induced nucleation

• Low clouds are affected

• Implies an effect on water vapor 
clouds –not ice clouds

• Aerosols –via production of cloud 
condenstaion nuclei (CCN) –are 
important for the cloud formation

• How are CCNs formed?
– Insufficient understanding.

• Do electric charges play a role? 
– Yes according to new 

research results, computer 
simulations

• What is missing?
– Experimental proof  

(CLOUD Project at CERN, 
France)

Carslaw, 2002



Summary of sun-cosmic ray-climate

• Changes in total irradiance

• Changes in UV-radiation

• Changes in energetic particle flux

• All components may work together
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Consequences

• Variations in neutral density above 100 km

• Variations in thermospheric circulation

• Variations in ionospheric electron density

• Variations in ozone amount

• Variations in cloud cover/cloudyness
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