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SUMMARY: Multiple plasma model framework simulation compared with circuit representation of plasma in earth’s magnetosphere. Individual components show strong discrepancies from 
high fidelity simulation without losing overall predictive capability. Illustrates unequal weighting of plasma phenomena and opportunity for revisiting circuit type models.

SWMF The Space Weather Modeling 
Framework couples several plasma 
models for spatial regions. What is 
shown in Figure A1 is visualization of 
the BATS-R-US MHD field data. This 
MHD formulation is “ideal” with only 
numerical contributions to resistivity.
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A: SPACE WEATHER MODELING FRAMEWORK B: WINDMI

Fig C4: Perpendicular Kinetic Energy

D: CONCLUSIONS

Fig A1: Surfaces/Volumes of Integration 
Computed visualized in Tecplot
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Surface construction 3D surfaces are 
constructed by field line tracing via 
Tecplot, then the datapoints are 
processed using Python scripts and fed 
back for visualization and integration.

Current 
Accounting EM 
energy contributions 
from the ionospheric 
region are separated 
by type (Electric, 
Magnetic, Thermal). 
The location is 
determined by the 
signs of the potential 
and field aligned 
currents.

Fig B1: WINDMI Circuit Diagram

Component comparison 
Circuit models like WINDMI 
have the capacity to predict 
important plasma dynamics 
which can be beneficial for 
space weather forecast as seen 
in Figure D1. Improvements to 
the WINDMI component 
modeling could improve 
predictive capability at little 
extra cost.

Fig D1: Space Weather Index and Energy

Fig C1: Driving Energy Input

Fig C2: Magnetic Energy

Fig C3: Parallel Kinetic Energy
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Table B1: WINDMI Fixed Parameters
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WINDMI Circuit Model The WINDMI model treats plasma populations as circuit 
elements which carry and transfer electric, magnetic and thermal energy. The 
advantage of this approach is near instant run time for space weather prediction.
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Fig E1: Ionosphere current systems as circuit elements
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