
Modeling: NewModeling: New
Challenges andChallenges and
ApproachesApproaches

Katherine GarciaKatherine Garcia
Boston UniversityBoston University
Advisor: W. Jeffrey HughesAdvisor: W. Jeffrey Hughes



In a nutshellIn a nutshell

 The new challenge is the old challenge:The new challenge is the old challenge:
Make a representation of the Make a representation of the geospacegeospace
environment that balancesenvironment that balances
 Accuracy (should we model the LorentzAccuracy (should we model the Lorentz

trajectory of every single particle in thetrajectory of every single particle in the
system?) andsystem?) and

 Speed (hmmSpeed (hmm…… that may not be that may not be
computationally feasible)computationally feasible)



Zoom Out: MHDZoom Out: MHD

 Plasma = fluidPlasma = fluid
 No minimumNo minimum

spatial resolutionspatial resolution
 Fluid equationsFluid equations

invalid at scalesinvalid at scales
< ion scale lengths< ion scale lengths
(~10 km at 3 R(~10 km at 3 REE))

Dorelli et al. [2007]



Zoom In: PIC codesZoom In: PIC codes

 Look at complicated processes on veryLook at complicated processes on very
small scalessmall scales
 Waves & instabilitiesWaves & instabilities
 ReconnectionReconnection
 And moreAnd more……

by Andrew Jordan

High maintenance



Approaches:Approaches:

 Pushing old methods to new heightsPushing old methods to new heights
 Coupling of models in different regionsCoupling of models in different regions
 Inclusion of improved physicsInclusion of improved physics
 Moving beyond model development toMoving beyond model development to

improve analysis and availability of modelimprove analysis and availability of model
resultsresults



Pushing old methods toPushing old methods to
new heightsnew heights

 PIC simulations ofPIC simulations of
the the magnetotailmagnetotail

From Omidi, Blanco-Cano, & Russell [2005]

 2-D and even 3-2-D and even 3-
D global hybridD global hybrid
simulationssimulations
 Shock Shock (FG-3(FG-3))
 Future: ringFuture: ring

current? Or ioncurrent? Or ion
outflow?outflow?

From Pritchett and Coroniti [2000]



Coupling of models inCoupling of models in
different regionsdifferent regions

 MHD-Ring Current Physics: FocusMHD-Ring Current Physics: Focus
Group-8Group-8

LFM only LFM-RCM coupled code

From Toffoletto, ISSS-8



Coupling of models inCoupling of models in
different regionsdifferent regions

 MHD-Ring Current: Focus Group-8MHD-Ring Current: Focus Group-8
 M-I coupling: Focus Group-7M-I coupling: Focus Group-7

Magnetosphere Model

Field-aligned
Currents

Heat FluxElectron & Ion
Precipitation Plasmasphere

Density

Potential

Electrodynamics Model

Ionosphere-Thermosphere Model

Neutral wind FACs

Conductances

Upward Ion Fluxes

Photoelectron Flux

Modified from Ridley, GEM tutorial 2005



Data assimilationData assimilation

 How do you incorporate data self-consistentlyHow do you incorporate data self-consistently
into a model?into a model?
 Mass conservationMass conservation
 Energy conservationEnergy conservation
 Introduction of noiseIntroduction of noise

data + model a perfect description

of life in the

magnetosphere!=

from Koller, Friedel, and Reeves



Inclusion of improvedInclusion of improved
physicsphysics

 Ideal or resistive MHDIdeal or resistive MHD
 Single fluidSingle fluid
 Isotropic pressureIsotropic pressure


 Improvements:Improvements:
 anisotropic pressure:anisotropic pressure:
 Hall MHD:Hall MHD:

 e.g. for improved modeling of reconnection Focuse.g. for improved modeling of reconnection Focus
Group-2Group-2

 Multi-fluid MHDMulti-fluid MHD
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Beyond modelBeyond model
developmentdevelopment

 Validation & Metrics: Focus Group-1Validation & Metrics: Focus Group-1



Beyond modelBeyond model
developmentdevelopment

 Validation & Metrics: Focus Group-1Validation & Metrics: Focus Group-1
 Accessibility, e.g. CCMCAccessibility, e.g. CCMC
 Analyzing model resultsAnalyzing model results



http://ccmc.gsfc.nasa.gov/

Community CoordinatedCommunity Coordinated
Modeling CenterModeling Center



Analysis beyond the Analysis beyond the ““bigbig
picturepicture””

 Go beyond examining the numbers thatGo beyond examining the numbers that
come directly out of the codescome directly out of the codes

 Where isWhere is
reconnectionreconnection
occurring?occurring?

 Energy budgetingEnergy budgeting
 Polar cap potentialPolar cap potential

saturationsaturation

From Pulkkinen, GEM tutorial 2006

to sun



ConclusionConclusion

 Old: Individual model developmentOld: Individual model development
 New: A synthesis of models or models andNew: A synthesis of models or models and

datadata
 Old: Taking the code output at face valueOld: Taking the code output at face value
 New: Creativity in validation and extractingNew: Creativity in validation and extracting

science from codesscience from codes
 Tuesday 8:15 - GGCM Tutorial:Tuesday 8:15 - GGCM Tutorial:

Jimmy Raeder, UNH: "Quo Jimmy Raeder, UNH: "Quo VadisVadis, GGCM?", GGCM?"
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