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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

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)
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New model predictions based on Kp, compared and improved in

trough using RBSP Trough BSPM: CA92 extrapolated to all MLT
_Pierrard et al., Front. Astron. Space Sci., doi:10. .3389/fspas. 2021.681401, 2021
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Van Allen Probes observations

Low inclination (<20°) elliptical orbit ranging from 600 to 30 600 km

Plasmasphere. density. EMFEISIS.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.
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Home > All Scientific Metadata > Data Collection-related Metadata > Data Collections > BSPM: 3D-Kinetic pla

BSPM: 3D-Kinetic plasmasphere model

The BSPM (Belgian SWIFF Plasmasphere Model) is a 3D-Kinetic semiempirical model of the plasmaspher:
developed by the Solar Wind Division of the Royal Belgian Institute for Space Aeronomy (Pierrard et al.,
2021 for the last version). Based on physical mechanisms for the plasmapause formation and trajectories
of particles trapped in the Earth’s magnetic field, it provides the number density and the temperature of
the electrons and protons inside and outside the plasmasphere, as well as the position of the
plasmapause, as a function of the geomagnetic activity driven by the Kp index. During geomagnetic
storms, the plasmasphere is eroded and structures like plasma plumes and channels can appear (Pierrarc
and Stegen, 2008). During quiet times, the ionosphere refills the plasmasphere. The model is coupled to
the International Reference lonosphere (IRI) model (http://irimodel.org/ %) used to determine the numbe

density and temperatures of the particles between 60 and 700 km of altitude (Pierrard and Voiculescu,
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Stegen, K, 2008. A three-dimensional dynamic kinetic model of the plasmasphere. Journal of Geophysical
Research: Space Physics, 113(A10); Pierrard, V. and Voiculescu, M., 2011. The 3D model of the
plasmasphere coupled to the ionosphere. Geophysical Research Letters, 38(12); Pierrard V., E. Botek and F.
Darrouzet, 2021. Improving Predictions of the 3D Dynamic Model of the Plasmasphere, vol. 8, p. 69, Front,
In Astron. Space Sci, 8681401, doi;10.3389/fspas.2021.6814071; Botek, E,, Pierrard, V. and Darrouzet, F.
2021. Assessment of the Earth's cold plasmatrough modeling by using Van Allen Probes/EMFISIS and
Arase/PWE electron density data. Journal of Geophysical Research: Space Physics, 126(12).

Interact
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The BSPM is a 3D-Kinetic semiempirical model of the plasmasphere developed by the Solar Wind Division of the Royal Belgian Institute for Space Aeronomy.

Start typing to filter sections...

Execute  RunRetums the status of execution by date: year-month-day V
Retrieve Executions  Retums a list of executions completed by the user A
Retrieve a list of user executions. Vv

Plot  Retums the plot image .
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Retuns the status of execution by date: year-montf-day

Parameters

Name Description

date* "¢ Datein the format'YYYY-MN-DD!

string

(query)

Enable




Execute  Run/Retums the status of execution by date: year-month-day A

Execute the BSPM by passing the date. r

Returns the status of execution by date: year-month-day

Parameters Cancel

Name Description

date * " Date in the format 'YYYY-MM-DD'

string

20221212
(query)

" —



Plot  Returns the plot image

Plot the output image by passing the execution date and hour.

Returns the plot image.

Parameters Cancel

Name Description

date * required

2022-12-12
string
(query)
hour * required

3

integer

(query)
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Download  Returs the ZIP file of all outputs, including .png and .csv files.

Download all the outputs by passing the execution date.

Returns the ZIP file of all outputs, including .png and .csv files.

Parameters Enable

Name Description

date * required

string

(query)



v dens_mer 2023-05-02 02h00m _at

Insert  Page Layout Formulas Data Review View () Tell me what you want to do.

'n'c}{,Cut Lo =

DEC -
Paste B ~opy BIU- - &,Av =

- ~ Format Painter

=€ Wrap Text General

Il
N
4

1|
1111
i
hl

Merge & Center ~ &7+ % 9
Clipboard M Font M Alignment = Number

G9 v Jx

A | B8 | ¢ | o | e | f |I'me |l w | 1 | |
r[Re],MLT[hours],Lat[Deg],density _mer[1/cmA?3]
5.590,0.000,-26.565,2.052
5.545 0.000,-25.622,2.131
5.502,0.000,-24.664,2.219
5.460,0.000,-23.691,2.315
5.420,0.000,-22.703,2.418
5.381,0.000,-21.701,2.528
5.344 0,000,-20.684,2.643
5.309,0.000,-19.654 2.764
5.276,0.000,-18.610,2.890
5.244,0.000,-17.554,3.018

5.214,0.000,-16.484,3.149

00~ O AW o=

W

—
o=

=1
=3

—
M2



S

Ce s DITHIA
R bl e
i § .'rr. I

)" e-Science Centre

Home  Scientific Metadata ¥  Space Physics Ontoloc

https://esc.pithia.eu/

Home

PITHIA e-Science Centre
Scientific Metadata

Q S

Search Data Collections Data Collection Simple _
Data Collections Ca
by Content Search


https://esc.pithia.eu/

Computational Models

BOB1_gModel

BSPM: 3D-Kinetic plasmasphere model
DTM2020-operational: semi-empirical thermosphere model
EPB_detectionTool

EUHFORIA: EUropean Heliospheric FORecasting Information Asset

Mixed

EDP: Electron Density Profile

eSWua IONORING tool: Nowcasting TEC maps over Italy



to 10 Earth radii inside and outside the plasmasphere. The density in the plasmatrough region has recently
been improved using observations of Van Allen Probes (Botek et al., 2021). The model is running in a near-
_real-time basis by the name of 'SPM' at the Space Situational Awareness site (https://swe.ssa.esa.int/bira-

swiff-federated/ ) of ESA (European Space Agency) using a previous IDL-Fortran version that evaluates

the electron density and temperature without the ionosphere coupling, and providing animations of the
equatorial and meridian plasmasphere dynamics for all the archived dates since 2017. A PYTHON-Fortran
version BSPM by the name of 'BPIM' is available in the frame of the ESA Virtual Space Weather Modeling
Center (https://swe.ssa.esa.int/kul-cmpa-federated/ ) for on-demand executions. In the present
implementation at the PITHIA eSC, a more updated version of the PYTHON-Fortran implementation is
available providing the electron density of the plasmasphere, the ionosphere coupling as well as the
electron density beyond the plasmapause, i.e., the plasmatrough for the requested day. Output of the
model consists of text files and figures for every hour of a simulated day. References: Pierrard, V. and

Stegen, K., 2008. A three-dimensional dynamic kinetic model of the plasmasphere. Journal of Geophysical
Research: Space Physics, 113(A10); Pierrard, V. and Voiculescu, M., 2011. The 3D model of the
plasmasphere coupled to the ionosphere. Geophysical Research Letters, 38(12); Pierrard V., E. Botek and F.
Darrouzet, 2021. Improving Predictions of the 3D Dynamic Model of the Plasmasphere, vol. 8, p. 69, Front.
In Astron. Space Sci., 8:681401, doi:10.3389/fspas.2021.681401; Botek, E., Pierrard, V. and Darrouzet, F.,
2021. Assessment of the Earth’s cold plasmatrough modeling by using Van Allen Probes/EMFISIS and
Arase/PWE electron density data. Journal of Geophysical Research: Space Physics, 126(12).
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CLUSTER 7

4 satellites launched in July and
August 2000

Polar elliptic orbit

Perigee: 19000 km (4 Re)
Apogee: 119000 km (19 Re)
Period: 57 h
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Q  Cluster Search

Exact match

Found 2 results for “Cluster".

Activityindicator: Collection of Kp, ap, and Ap indices by GFZ, with F10.7 from DRAQ and Sn from WSC SILSO

No description

WHISPER/Cluster collection of Electron Density and Electron Plasma Frequency in the Plasmasphere

No description
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Result Time

Name (from Collection
Results > Source >

Online Resource)

URL (from Collection
Results > Source >
Online Resource >

linkage)

Protocol (from

i rallartimarm Roacyilic =

Data Provider

Royal Belgian Institute for Space Aeronomy

Not used

Cluster Science Archive (CSA) Landing Page

https://csa.esac.esa.int/csa-web/ [

HTTPS
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Also on PITHIA:
CLUSTER-WHISPER Spectrogram / OCT 23, 2011 (Day 296)

- WHISPER/CLUSTER: »

60
Cc1

40

Frequency (kHz)

Plasmapause

Waves of Hlgh frequency
and Sounder for Probing
of Electron density by
Relaxation

(¢
N
Frequency (kHz)

Fp
3\=f 2
N(cm~3)=f *(kHz)/8I z
3
. g c3 3
Time-frequency electric field 8
spectrograms for a plasmasphere g
crossing
:
c4 3
=
g
'8
uT 17:00:00 18:00:00 19:00:00 20:00:00 21 :00:0 22:00:00
R(Re) 8.12 6.48 4.58 235 2.07 4.31
LT_sm(h) 18.54 18.08 17.36 15.39 5.26 2.61
Lat_sm(deg) -30.83 -23.00 -11.14 16.34 6.89 -20.98

L 10.34 7.44 4.80 2,62 2.02 4.78




07 May 2002

CLUSTER-WHISPER Spectrogram / MAY 07, 2002 (Day 127
Plume o il Doy 20
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uT 08:20:00 09:00:00 09:40:00 10:20:00 11:00:00

R(Re) 4.88 4.49 4.35 4.50 4.90
Lat_gse(deg) -37.85 -18.78 3.13 24.91 43.58
LT_gse(h) 20.82 20.16 19.58 18.98 18.24
Lat_Inv(deg) 68.99 63.13 60.76 64.33 71.34

L 7.78 4.90 4.19 5.33 9.77



5@ Conclusions

BIRA+IASB 1964+2014
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Plasmasphere BSPM model available on
NASA BSPM
ESA BPIM

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

put: Density, temp

- Plasmapause by interchange instability re—

- Animated PS in equatorial and meridian planes -l:,data files =

- Semi-empirical Kp dependent Mcllwain E-flel,cl > ip——

- 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

Plasmaspheric wind 9

During prolonged quiet periods: plasmaspause further from the Earth
eed Kp during several days
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Flasmaspheric wind

Equatarial distance in earth radius
] Plasrmaspheric wind FAl Sap 14 2007 1485/ IFLVP,LDKS

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



