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Corona: 
Semi-Empirical WSA model

Synoptic Magnetogram (1 Rsun)

PFSS model
(1 - 2.6 Rsun)

SCS model
(2.3 Rsun - 0.1 AU)

MHD parameters (0.1 AU) using 
empirical relations

Heliosphere: 
3D time dependent ideal MHD model

Evolves MHD parameters v, n, B, T
(0.1 - 2.0 AU)

vr
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Solar wind relaxation CME insertion @0.1 AU Forecasting
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Pomoell & Poedts, 2018

Credit: Anwesha Maharana

EUHFORIA 
‘European heliospheric forecasting information asset’
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Presenter Notes
Presentation Notes
EUHFORIA is a physics-based heliospheric wind and CME evolution tool 
It consists of two parts:
with a semi-empirical coronal domain which provides solar wind plasma parameters at the inner boundary 0.1 AU using a data-driven approach. 
Using the synoptic magnetometer data and assuming current free field, in the lower corona, magnetic field lines are radially extrapolated using the Potential Source Surface (PFSS) model up to 2.6 solar radii. 
In the upper coronal domain, Schatten Current Sheet (SCS) model is employed to extrapolate the field up to 0.1 AU. 
Other plasma parameters are computed using empirical relations using a modified Wang-Sheeley-Arge approach.
These parameters are used as boundary conditions to drive the 3D time dependent MHD model of inner heliosphere up to 2 AU. 
First, we obtain a steady state solution for the solar wind, to mimic the conditions before the CME was released. 
The figures on the right show equatorial and meridional slice of radial velocity and scaled number density of a steady state solar wind solution. 
Then CMEs are inserted into the domain as time dependent boundary conditions and self-consistently evolved by MHD equations. 
A finite volume numerical scheme and constrained transport approach is applied to advance the magnetic field components in a divergence-free way. 
Finally, the plasma parameters are also evolved using a cell-average finite volume method and forecasting is done at Earth or any point in the 3D domain.


https://euhforia.com/


Virtual SWE Modelling Centre

• An open end-to-end (Sun to Earth) 
space weather modeling system, 

• enabling to interactively run &
"couple" various space weather 
models in an integrated tool, 

• with the models located either 
locally or geographically 
distributed (≠ CCMC)

Basic set-up of federated service with 
geographically distributed system elements
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www.nasa.go
v

artist’s 
impression

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 extended5

Presenter Notes
Presentation Notes
NEED for integrated Space Weather model frameworks

SW needs to be predicted so that mitigation is possible
Physics based models are needed as empirical & semi-empirical models do not always work satisfactorily
Simple (G)UI needed for easy of use of (often very complicated) simulation models

Cf. last week: Space X lost 40 of the 49 satellites they launched in the beginning of February!!!


http://www.nasa.gov/
http://www.nasa.gov/


EUHFORIA in the e-Science Centre
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https://esc.pithia.eu/data-collections/DataCollection_EUHFORIA/


Centre for mathematical  Plasma Astrophysics

Short demo (slide show of screen prints)
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Coupling of models via the VSWMC
❑ New ‘trend’ in space weather modelling

❑ Enables better predictions
• Example: MULTI-VP + EUHFORIA Heliosphere

⮚ Better capturing of HSSs due to improved coronal model (Multi-VP vs 
WSA)

• Example: EUHFORIA + PARADISE (SEP model)
⮚ Using (EUHFORIA) simulated IMF instead of Parker spiral

❑ Enables earlier predictions/warnings
• Example: EUHFORIA + OpenGGCM/Gorgon/GUMICS

⮚ replacing L1 data by synthetic/simulated data three days ahead
⮚ Enables forecasts 2-3 days ahead instead of nowcasts!
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New Sun-to-Earth model chains – daily runs

Operational!
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New Sun-to-Earth model chains

Another 10 model chain example:
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Most used model chain (via CLI)
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VSWMC Command-Line Interface (1)
https://pypi.org/project/vswmc-cli/

• Install with pip: > pip install --upgrade vswmc-cli
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.

https://pypi.org/project/vswmc-cli/


VSWMC Command-Line Interface (2)

• List available simulations: 
> vswmc –u username –p password simulations list

e.g. (from D. Barnes)
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



VSWMC Command-Line Interface (3)

• Start a run: 
> vswmc run [--param-file PARAM_FILE] [--param PARAM=VALUE ...] --
SIMULATION
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



• Input parameters:
> vswmc –u username –p password simulations describe euhforia

VSWMC Command-Line Interface (4)
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



• List runs: 
> vswmc ps [--simulation SIMULATION] [-a, --all]

e.g. (from D. Barnes, with ps -a)

VSWMC Command-Line Interface (5)

Filter on simulation List all runs (default 
shows only ongoing)
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



• Checking the status of a run:
> vswmc -u USERNAME -p PASSWORD ps -a | grep “5f83ff24b16a671f66c842fc”

• Printing the logs of a run:
> vswmc -u USERNAME -p PASSWORD logs 5f83ff24b16a671f66c842fc

• List all results files from a run:
> vswmc -u USERNAME -p PASSWORD ls -l 5f83ff24b16a671f66c842fc

• Copy results files of a run:
> vswmc -u USERNAME -p PASSWORD cp 5f83ff24b16a671f66c842fc:euhforia_Earth.dsv $resdir

Fetching results 
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



Using the VSWMC API with scripts 
cfr. David Barnes
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



New ESA HMT/EUHFORIA 2.0 models 

1. COCONUT (global MHD EUHFORIA-corona) 
+ FR CME models (TDm, mMT, RBSL)

2. ICARUS (more efficient EUHFORIA-heliosphere) 
+ advanced FR CME models 

(FRi3D, Gibson & Low, torus CMEs)

3. PARADISE (SEP acceleration and transport, 
using EUHFORIA as background wind and CME evolution)

(these models are being added now)
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Next upgrade (ESA HMT project)

EUHFORIA corona 
(WSA+SCS)

EUHFORIA 
heliosphere (cone 

CMEs only)

EUHFORIA 
visualization

Equatorial and 
meridional cuts

Time profiles at 1AU

COCONUT 
(global MHD corona)

COCONUT CME 
initiation (TDm / mMT)

ICARUS (radial grid 
stretching AMR + FR CMEs)

Comparison with OMNI 
or ACE data at L1

SEP visualization

Particle densities 
superposed on radial 

velocity 

Time profiles 
intensities and 
anisotropies

Extended PARADISE model
(starting from low corona) 

• Use this novel tool for improved space weather forecasts

• Study SEP events due to complex CME-CME interactions 

• Make new prediction tool available to everybody! (Open Source)

Current EUHFORIA 
model
integrated in the ESA 
modelling centre

upgrade upgrade upgrade

68



● EUHFORIA models the environment from Sun to Earth and 
beyond

● VSWMC integrates different models
● Since 6 October 2022 the VSWMC was extended:
○ 15+ operational models 
○ many extra model chains operational

● The VSWMC GUI functionality is accessible via a CLI
● Simulations can be requested via scripting
● More models and model couplings will be added soon 

Summary
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Presenter Notes
Presentation Notes
pip is a standard package manager used to install and maintain packages for Python.



THANK YOU!

Credit: NASA 
Goddard
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https://www.swsc-journal.org/articles/swsc/abs/2020/01/swsc190070/swsc190070.html
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