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- Within general data services: The 

Virtual Space Weather Modelling 

Centre:

- interactive end-to-end space 

weather simulations, with 

interfaces for forecasters 

- to access, couple, verify, validate 

and run space weather models

- to visualise and compare model 

outputs

- geographically or locally 

distributed
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Virtual SWE Modelling Centre 
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VSWMC models (operational (17) and operational soon (5))

Solar corona models:
• Multi-VP
• Wind-Predict
• EUHFORIA-corona (WSA)
• COCONUT 
• COCONUT-TDm/RBSL

Inner heliosphere wind and CME evolution 
models :
• EUHFORIA 
• ICARUS

Magnetosphere models:
• GUMICS-4 
• GORGON-Space

SEP models :
• SPARX 
• PARADISE (/ PARASOL?)

Inner magnetosphere models:
• CTIP (limited)
• NARMAX-SNRB
• BPiM (Plasma sphere)

• NARMAX-SNGI (Kp + Dst)
• Dst, Kp, magnetopause stand-off distance
• MCM-DTM
• DICTAT & IMPTAM
• CTIP extended
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EUHFORIA in the e-Science Centre

https://esc.pithia.eu/data-collections/DataCollection_EUHFORIA/
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Domain division

0.1 AU 2.1 AU
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“Coronal” model “Heliospheric” model

Parker solar wind (SW): 
- supersonic from 2-3 Rs

- super-Alfvénic from 14 - 17 Rs
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Domain division

- is the SW always 

supersonic & super-

Alfvénic at 

21.5 Rs or 0.1 AU? 

Perhaps not. 

- in such conditions, 

the models might be 

physically unsuitable

12

[Bandyopadhyay et al., 2022]
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“Coronal” model “Heliospheric” model

Parker solar wind (SW): 
- supersonic from 2-3 Rs

- super-Alfvénic from 14 - 17 Rs
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KU Leuven tools

0.1 AU 2.1 AU

14

“Coronal” model “Heliospheric” model
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System level

observational empirical & data-driven physics-

based
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EUHFORIA/ ICARUS: GONG magnetograms
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[Jin et al. 2016]
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EUHFORIA/ ICARUS: StereoCAT / GCS
[NASA, STEREO-A-COR2]
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EUHFORIA/ ICARUS 

- CMEs are modelled as 3D flux ropes: 

bundles of helical B-field lines that 

wind about a common axis

- The precise geometry and magnetic 

field profile depends on the assumed 

model:

- cone

- torus

- spheromak

- Fri3D

23

[Howard et al. 2019]
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[Howard et al. 2019]

[Linan et al. 2024] [Maharana et al. 2022] [Koehn et 
al. 2022]
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The Wang-Sheeley-Arge model [Arge & Pizzo 2000, Arge et al. 2003, Arge et al. 2004]

- PFSS up to 2.6 Rs, Shatten current sheet from 2.3 Rs

- field line tracing to determine the expansion factor:

- then the (radial) SW speed is:

- from which we determine (Bθ = 0):

- with:

26

here d is the minimum 

angular distance of the 

footpoint to the closest 

coronal hole boundary

[Pomoell & Poedts 2018]

[Samara et al. 2021]
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EUHFORIA/ ICARUS ideal MHD 

28

[Pomoell & Poedts 2018]

[Verbeke et al. 2022]

- in the rest of the heliospheric domain (0.1 -

2.1AU):

ideal MHD + gravity

- ICARUS: EUHFORIA, but based on MPI-AMRVAC 

(Keppens et al. 2012) with AMR & grid stretching
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ICARUS: a variety of AMR criteria (Verbeke et al. 2022)

- the criteria can be combined:

tracing ⍴ div(V)  

tracing ⍴ + div(V)

29
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EUHFORIA (Pomoell & Poedts 2018): Preview 
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[Pomoell & Poedts 2018]
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Paradise (Wijsen et al. 2020)

- computes directional particle 

intensity

, where p is the 

momentum magnitude and μ the 

momentum pitch angle cosine, via 

the so-called Focus Transport 

Equation (FTE)

- uses the background field from MHD 

(ICARUS/ EUHFORIA/ COCONUT) and  

does not couple back (it is assumed 

that the effect of SEP on the 

background plasma is negligible)
33

drift velocity

pitch-angle diffusion coefficient
spatial cross-field diffusion tensor

solar wind velocity
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Paradise (Wijsen et al. 2020): Preview

34

http://drive.google.com/file/d/1K2w1XYE05dMsMwntQeiQLWM0odsLcgeT/view
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EUHFORIA/ ICARUS: made more physical? 
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EUHFORIA/ ICARUS: with COCONUT (Perri, Leitner et al. 2022)
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COCONUT global coronal model

41

- originally ideal-MHD + gravity, now also radiation, heat conduction and an approximation of 

coronal heating (Baratashvili et al., submitted)

- based on the COOLFluiD framework (Lani 2002)

- to resolve SW: pseudo-time stepping with

an implicit scheme (CFL >> 1 possible) → 

rapid convergence for operational purposes
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COCONUT global coronal model
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2019 2015

[Kuzma et al. 2023]
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COCONUT: current state (performance)

- up to 35x speedup for data-driven simulations compared to state-of-art

43

[Perri & Leitner et al., 2022]
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EUHFORIA/ ICARUS: with COCONUT (Perri, Leitner et al. 2022)
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EUHFORIA/ ICARUS: with COCONUT (Perri, Leitner et al. 2022)
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COCONUT extensions

- now extended to also model eruption 

and evolution of CMEs (Linan et al. 

2023, Guo et al. 2024)

- instead of steady-state → time accurate

46
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COCONUT extensions

- now extended to also model eruption 

and evolution of CMEs (Linan et al. 

2023, Guo et al. 2024)

- instead of steady-state → time accurate
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[Guo et al. 2024]
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COCONUT extension plans

- still requires performance optimisation for a faster time-accurate convergence

- useful for more fundamental studies of the phenomena occurring in the solar corona

- physical:

- extension down to include the chromosphere and the transition region

- inclusion of Alfvén-wave heating terms for better coronal heating approximation

- including two & three fluid modelling (ion/ neutral and ion/ neutral/ electron)

- numerical:

- inclusion of AMR, reformulation into higher-order reconstruction

- non-dimensionalisation of the multifluid formulation

48
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Summary

0.1 AU 2.1 AU
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EUHFORIA in the e-Science Centre
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Summary

0.1 AU 2.1 AU
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“Coronal” model “Heliospheric” model

COCONUT EUHFORIA & ICARUS

PARADISE

W
an

g-Sh
eeley-A

rge

[Perri & Leitner et al. 2022]

[Pomoell & Poedts 2018]
[Verbeke et al. 2022]

[A
rge an

d
 P

izzo
, 2

0
0

0
]

[Wijsen et al. 2020]

- the software is open-source and 
publications open-access!
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More information? Useful contacts:

- EUHFORIA & ICARUS: christine.verbeke@kuleuven.be, tinatin.baratashvili@kuleuven.be

- Heliospheric CME modelling: anwesha.maharana@kuleuven.be, 

christine.verbeke@kuleuven.be

- PARADISE: nicolas.wijsen@kuleuven.be, antonioesteban.niemela@kuleuven.be

- COCONUT: michaela.brchnelova@kuleuven.be, tinatin.baratashvili@kuleuven.be

- COCONUT CME modelling: luis.linan@kuleuven.be, jinhan.guo@kuleuven.be

- COOLFluiD: andrea.lani@kuleuven.be

- Virtual Space Weather Modelling Centre (VSWMC): stefaan.poedts@kuleuven.be

- Detection of flux ropes and source point determination: andreas.wagner@kuleuven.be
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Thank you for your 
attention!

michaela.brchnelova@kuleuven.be
stefaan.poedts@kuleuven.be
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