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Outline

Previous lecture

* Intro to atmosphere structure and processes
e Absorption of solar radiation

* Atmosphere composition

* Energy balance

* |onization

e Conductivity

* Low latitude currents

This lecture

» Effects of variations in solar radiative forcing
(examples)
* Interactions between radiatively driven processes and
* Solar wind-magnetosphere processes
* Earth’s magnetic field
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Solar cycle effects on the upper atmosphere
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Long-term mass density variations

Global mean density at 400 km altitude
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envelope of expected decline
due to increased CO,



Density {ng/m>)

Long-term mass density variations

From Solomon et al. (2010)
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Vertical structure of the atmosphere
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Long-term variations in f_F, and h_F,

Observations from
Juliusruh/Rugen, Germany
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Spatial electron density variations
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Annual mean electron
density

Observations from
COSMIC

From Liu et al. (JGR, 2009)

Equatorial ionization anomaly:

Peaks on either side of magnetic equator in afternoon



Spatial electron density variations

F REGION IONIZATION
TRANSPORT PROCESSES

EXB

From Liu et al. (JGR, 2009)

Equatorial ionization anomaly:

Peaks on either side of magnetic equator in afternoon



Magnetic Latitude ( °)

Diurnal/seasonal electron density variations
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Diurnal/seasonal electron density variations
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Solar wind-magnetosphere-ionosphere coupling
Southward IMF

Field-aligned
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Magnetosphere convection

©The COMET Program




lonospheric convection
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Coupled Magnetosphere-lonosphere-Thermosphere model

B CMIT =LFM + TIE-GCM
B LFM = Lyon-Fedder-Mobarry MHD code (magnetosphere model)
B TIE-GCM = Thermosphere-lonosphere-Electrodynamics General Circulation Model

LEM TIE-GCM
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Graphics courtesy of Binzheng Zhang



Magnetosphere-ionosphere coupling: seasonal effects
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Current (MA)
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Magnetosphere-ionosphere coupling: seasonal effects
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North-South asymmetries in magnetic field

B | at400 km altitude (IGRF only)
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Magnetic field in Northern high Erom Eérster and
latitudes is weaker Cnossen (2013)

Offset between geographic and
magnetic pole in the North is smaller



North-South asymmetries in sunlit fraction of
high magnetic latitude region
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North-South asymmetries in ExB drift speeds

1050 Maan convection spead at dawn-dusk merdian with CPCP = 100 kY
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Neutral winds at high latitude

Northern Hemisphere Southern Hemisphere
AU = 103.5 &V

AU =82.0kV 12

max: 559.7 m/s max: £23.7 m/s
Neutral wind velocity @ pressure level 25 DOY 87 16:38 UT 27 MAR 2008

From Forster and Cnossen (2013)

Neutral wind velocity (m/s)



Terrestrial Atmosphere ITM Processes

Energetic Solar Energetic Particle Chain
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summary

= Solar radiative forcing varies with...
= Latitude
* Time of day
= Season

= Solar cycle

= This introduces corresponding variations in many upper
atmosphere variables, e.g.,

= Temperature
= Neutral mass density

= Electron density

= Solar radiation also affects ion-neutral coupling and solar
wind-magnetosphere-ionosphere coupling processes



Spare slides, additional info



Conductivity equations
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