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Outline

• Es formation theory (background)
– Electric field driver at high latitudes
– Simple 1-D model

• Diffusion (w/ examples)
• Advection/evolution of layers (examples)
• Summary
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Theory
Continuity and steady-state ion momentum 
equations, single ionization, quasi-neutrality

Nygren et at. (1984), Bristow and Watkins (1991), 
Kirkwood and von Zahn(1991)
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Ion Velocities
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Ion Velocities
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Es Formation via E Fields
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981212 Sporadic E Measurements
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Eddy Diffusion
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981212 Measurements
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PFISR 2007-10-16



16 August 2008 URSI General Assembly

PFISR 2007-10-16
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PFISR 2007-10-16
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Simulations of Es Dynamics

Full Model No Eddy 
Diffusion

No Eddy 
Diffusion, 
Constant Wind

E Field:

15-17 UT: 25 mV/m, 
Southward

17-24 UT: 0 mV/m

Neutral wind:

100 m/s N, 
100 m/s W
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2007-10-18
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PFISR 2007-11-01
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PFISR 2007-11-01
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PFISR 2007-11-01
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Es Propagation
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Summary
• One dimensional simulations appear able to describe many of 

the features of the metallic ion sporadic E observations at high 
latitudes.

• The addition of eddy diffusion is sometimes necessary to 
explain the temporal evolution of horizontally homogeneous 
layers.  At other times eddy diffusion is apparently not present.  
This may represent a new way to estimate this difficult-to-
measure quantity.

• Three dimensional measurements of the advection and 
evolution of sporadic E layers reveal complicated behavior.  This 
is not completely unexpected, given that the ion motion is 
largely horizontal.  Understanding that behavior will undoubtedly 
require three dimensional simulations.

• Similarly, these measurements promise a way to test theories 
about the source of the horizontal structure in sporadic E
ionization.


