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SPACE WEATHER AT NRL: FUTURE
NRL ISES-OE ARI Program (PI: Judith Lean)



SPACE WEATHER AT NRL: FUTURE
NRL ISES-OE Program (PI: Judith Lean)



ONE DAY FORECASTS
Initial (future) effort



FIRST-PRINCIPLE MODELS
Challenge: Self-consistent coupling

SAMI3 (NRL ionosphere model)

LFM (Outer magnetosphere model)

RCM (Inner magnetosphere model)

TIMEGCM (Thermosphere model)



ELECTRODYNAMIC COUPLING
Magnetosphere and Thermosphere

∇ · J = 0 J = σE → ∇ · σE = 0

Field-line integration:
∫
∇ · σE ds = 0

∇ ·Σ∇Φ = S(J‖, Vn, ...)

E = −∇Φ

Σ: Field-line integrated Hall and Pedersen conductivities

J‖: Magnetosphere driven (penetration)

Vn: Solar and magnetosphere driven (dynamo)
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NRL SAMI3 IONOSPHERE MODEL
Global ionosphere model

Magnetic field: dipole model (aligned, tilted, offset and/or
IGRF-like)

Plasma motion

E×B drift perpendicular to B (vertical and zonal)
Dynamo electric field obtained from Fejer/Scherliess empirical
model – not self-consistent (yet)
Parallel ion inertia

Seven (equal) ion species (H+, He+, O+, N+, N+
2 , NO+, O+

2 )

Solve continuity and momentum for all 7 species
Solve temperature for H+, He+, O+, and e−

Neutral species: NRLMSISE00/HWM93 and TIMEGCM

EUV models (EUVAC, NRLEUV, FISM)

Nonorthogonal, nonuniform fixed grid (closed)

Global coverage (±89◦ magnetic latitude)



SCOPE OF SAMI3
Electron density isosurfaces



SPACE WEATHER AT NRL: PAST
Huba et al., GRL, 2005
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SAMI3/LFM RESULTS
17 April 2002 storm
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SAMI3/RCM RESULTS
17 April 2002 storm



SAMI3/RCM RESULTS
17 April 2002 storm
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EQUATORIAL SPACE WEATHER: SPREAD F
‘Everyday’ occurrence (Jonathan Makela)



SAMI3/ESF WEDGE MODEL
3D results (Huba et al., GRL, 2008)



SUMMARY

Comprehensive modeling program under development at NRL

Address both storm-time events as well as quiet-time events
(e.g., equatorial spread F )



NEW CUSTOMER FOR SPACE WEATHER?
Social Agencies


