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3D dynamic kinetic model of the plasmasphere BSPM
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Inner magnetosphere
cold plasma (low energy ~ 1-10 eV)          RB (e- > 500 keV, p+> MeV)

dense (10-104 electrons/cm-3) 90% H+, 10% He+ (+ O+, He++, N+, O++, N++)
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The 3D dynamic kinetic model of the 

plasmasphere

Belgian SWIFF Plasmasphere Model
https://esc.pithia.eu/Input: date

Output:

Kp index

Plasmapause location 

Density

Temperature

Coupling with 
ionosphere IRI

Plasmatrough VAP

Plume

Physics-based and 
semi-empirical

In Python

Pierrard and Stegen, JGR, 113, A10209, 2008.

Pierrard and Voiculescu, GRL, 38, L12104, 2011

Pierrard et al., Frontiers.  doi:10.3389/fspas.2021.681401, 2021

https://esc.pithia.eu/
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Kp obtained from B at the surface

Magnetospheric currents 
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Plasmapausedynamics
3-7 Re
Sharp boundary due to interchange 

instability where the centrifugal force 

becomes larger than gravity 

High activity:

Plasmaspause closer

Plasmasphere eroded 
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Kp=1

Kp=6

Volland-Stern from OGO3 and 5 E5D from ATS5 and 6

Electric potential in the geomagnetic equatorial plane

Erotation + Econvection (Kp)
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3D BSPM dynamic model

Number density (e, p, He) provided inside and outside the 

plasmasphere with MLT dependence,  from analytical empirical 

relations, coupling with ionosphere (IRI2016) used below 700 km, 

circulating along B

Pierrard and Voiculescu, GRL, 

38, L12104, 2011

H2020 PITHIA (plot, takes 30 min)
https://pithia-nrf.eu
Community Coordinated Modeling Center 
NASA https://ccmc.gsfc.nasa.gov (takes 2 days)
BPIM (older version):
ESA SSA (nowcasting):
http://swe.ssa.esa.int   space radiation
ESA Virtual Space Weather Model Center 
https://swe.ssa.esa.int/kul-cmpa-federated
Projects: H2020 SafeSpace
https://safespace.ufa.cas.cz/ (prediction 6h)

https://pithia-nrf.eu/
https://ccmc.gsfc.nasa.gov/
http://swe.ssa.esa.int/spaceradiation
https://swe.ssa.esa.int/kul-cmpa-federated
https://safespace.ufa.cas.cz/
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http://swe.ssa.esa.int      space radiation
SPM in real time or at a given date after 2017 

(Fortran+idl)

Density

http://swe.ssa.esa.int/spaceradiation
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http://swe.ssa.esa.int      space radiation

Temperature

http://swe.ssa.esa.int/spaceradiation
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Coupled to 

International 

Reference 

Ionosphere 2016
(2001 on PITHIA)

Bilitza et al., 2022
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Temperatures 
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Plume in co-rotation
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New model predictions based on Kp, compared and improved in the 
trough using RBSP     Trough BSPM: CA92 extrapolated to all MLT

Ne observed 
by RBSP

Ne predicted 
by BPIM 
model

Kp forecast 
(NOAA)
Kp definitive
(Potsdam)

Pierrard et al., Front. Astron. Space Sci., doi:10.3389/fspas.2021.681401, 2021
Botek et al., JGR, doi: 10.1029/2021JA029737, 2021 
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Van Allen Probes observations
Low inclination (<20°) elliptical orbit ranging from 600 to 30 600 km
Plasmasphere density: EMFISIS and EFW

Fluxes in the radiation belts : ECT (MAGEIS)  

Ripoll et al., Front. Astron. Space Sci. 10:1096595. doi: 10.3389/fspas.2023.1096595, 2023.

Botek et al., JGR, doi: 10.1029/2021JA029737, 2021
Pierrard et al., Frontiers in Astronomy Space Sciences, 8, DOI: 10.3389/fspas.2021.728531, 2021
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M. De Mazière, Senate Space Working Group Brussels, 27 march 2014

https://esc.pithia.eu/

https://esc.pithia.eu/
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M. De Mazière, Senate Space Working Group Brussels, 27 march 2014

BSPM
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CLUSTER

4 satellites launched in July and 

August 2000

Polar elliptic orbit

Perigee: 19000 km (4 Re) 

Apogee: 119000 km (19 Re)

Period: 57 h

42
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Also on PITHIA: 

WHISPER/CLUSTER: 

Plasmapause
Waves of HIgh frequency 

and Sounder for Probing 

of Electron density by 

Relaxation

N(cm-3)=fp
2(kHz)/81

Brussels, 27 march 2014

Time-frequency electric field 
spectrograms for a plasmasphere 
crossing
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07 May 2002

Plume
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Conclusions

Plasmasphere BSPM model available on https://esc.pithia.eu/
NASA BSPM https://ccmc.gsfc.nasa.gov
ESA BPIM  http://swe.ssa.esa.int/space-radiation

- Input: date, time (for Kp PP and coupling with IRI)

- Output: Density, temperature inside PS, outside (trough)
- Plasmapause by interchange instability
- Animated PS in equatorial and meridian planes + data files
- Semi-empirical Kp dependent McIlwain E-field
- Plasmaspheric wind and refilling on request

viviane.pierrard@aeronomie.be

Pierrard, Botek, Darrouzet, Front.  doi:10.3389/fspas.2021.681401, 2021 (PS)
Botek et al., JGR, doi: 10.1029/2021JA029737, 2021 (trough)
Pierrard et al., Frontiers, doi: 10.3389/fspas.2021.728531, 2021 (Aurora, RB, PP)

https://esc.pithia.eu/
https://ccmc.gsfc.nasa.gov/
http://swe.ssa.esa.int/space-radiation
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Plasmaspheric wind 
During prolonged quiet periods: plasmaspause further  from the Earth
Need Kp during several days

Pierrard et al., Frontiers.  doi:10.3389/fspas.2021.681401, 2021


