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Magnetosphere and upper atmosphere
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Coupled Magnetosphere-lonosphere-Thermosphere model

CMIT = LFM + TIE-GCM
LFM = Lyon-Fedder-Mobarry MHD code (magnetosphere model)
TIE-GCM = Thermosphere-lonosphere-Electrodynamics General Circulation Model
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Influence of magnetic field strength

. Magnetopause lonospheric conductance
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Influence of magnetic field strength

Cross-polar cap potential

Latitude of polar cap boundary

Cnossen, Richmond and Wiltberger, JGR, 2012
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Why the dipole orientation matters for the ionosphere
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Diurnal variation in CPCP, conductivity and Joule heating
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Diurnal variation in CPCP, conductivity and Joule heating

solstice

Equinox:
Larger diurnal variation

for larger dipole tilt

Lower mean CPCP and
Joule heating for larger
dipole tilt

Solstice:

More complicated diurnal
variation pattern for large
tilts due to multiple u=0
crossings

u = angle between dipole
axis and GSM z-axis

Cnossen and Richmond (JGR, 2012)
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TO vs. T30: Joule heating and temperature

equinox 24-h average
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Realistic magnetic field changes 1908-2008
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Magnetic field vs. CO, effects: hF, and f F,
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Sea Level (mm)

Whole atmosphere response to magnetic field changes

Some observational evidence for a magnetic field influence on

tropospheric climate
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Simulations with WACCM-X

WACCM-X = Whole Atmosphere Community Climate Model eXtension (~0-500 km)
Simulations with magnetic field (IGRF) of 1900 and 2000

38 year duration each
High solar activity (F10.7=200); low geomagnetic activity (Kp=2)

Significant changes in neutral temperature and winds down to lower thermosphere

Does this affect the atmosphere below? How??
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Movement/distortion of NH polar vortex

NH Potential vorticity (PV) [pvu] DJF 0.96 hPa
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Surface temperature
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Inconsistent with changes in stratospheric vortex

SH: significant high-latitude cooling (-0.5 K)
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Summary and conclusions

Changes in the Earth’s main magnetic field cause significant long-term
change in the upper atmosphere

Both field strength and orientation are important
Mechanisms mostly understood

Magnetic field changes are as important for upper atmosphere climate as
the increase in CO, concentration!

Upper atmosphere changes can affect the atmosphere below via changes
in wave forcing, which exert a downward influence

Dependent on season (strongest for DJF)
Dependent on longitude (in NH)

Vertical coupling mechanism is sensitive to (inaccuracies in) simulated
background climatology — model improvements needed



Changes in resolved wave forcing (EP flux)
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Changes in wave-induced residual circulations
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