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1. Scientific Objective 

(1) Provide global context for all CME events 
investigated by the ISEST team:

a. Make comparison among the popular numerical 
models, and the observations for these CME events;

b. Try to improve the numerical prediction ability

(2) Investigate processes of the CME initiation, 
heliospheric propagation, and CMEs interaction 

(3) Develop tools to assist collaboration of numerical 
modelers, theoreticians, and observers 



2. Presentations in WG3

(1) Invited talk by Dusan Odstricil:
“Near Real-Time Simulation of Heliospheric Space Weather”
(2) Contributions by:
a. Fang Shen:
” Three-dimensional MHD simulation of solar wind using a 
new boundary treatment: Comparison with in-situ data at 
Earth” 
b. Isabell Piantschitsch
“Simulation of fast-mode MHD waves interacting with low 
density regions such as coronal holes” 
c. Andrei Afanasev
“Numerical simulations of coronal loop kink oscillations 
excited by different driver frequencies“



Density Structure  — “Cone” vs “Spheromak”

Cone Spheromak

▪ “Cone” is launched with the initial density enhancement to crudely simulate CME expansion and initially 

overpressure hydrodynamic structures cannot resist to dynamic compression when interacting with 

background solar wind  — large peaks and narrow extent of ejecta

▪ Spheromaks can provide more realistic density structures no need for the initial density enhancement

Near Real-Time Simulation of Heliospheric
Space Weather



CME Event 2012-07-12   — bthe2e4

Strong magnetic field within a spheromak causes its expansion and this leads to a low-density cavity.

Such a cavity can be detected by heliospheric imagers before the ICME encounters Earth.

In case of well-observed strong events, this might be used for “mid-course” suggestions in ensemble modeling



CME Event 2012-07-12   — btot2e4

(see talk by Dusan Odstrcil) 



Summary

• WSA-ENLIL-Cone “hybrid” modeling system:

- routine, event-by-event, much faster than real time

- operational version used at NOAA/SWPC, NASA/CCMC, UK/MetOffice, Korea/KSWC

- research version is under continuous development

• Cone model enables:

- predictions of ICME arrival times (ejecta and/or shock)

- SEP alerts and predictions

- synthetic white-light imaging (J-maps, mid-course correction)

• Launching of spheromaks is less realistic than launching of flux ropes but it enables:

- operational predictions in the inner- and mid-heliosphere

- utilization of existing tools

• Improvements over hydrodynamic cone model:

- more realistic radial extent = duration of the event at Earth, planets and spacecraft

- more realistic density structure (peaks, cavity) = comparison with remote imaging

- estimate strength and duration of the Bz effect at Earth = geospace events

• Ongoing activities include calibration and ensemble modeling of the background solar wind with 

ADAPT, reducing the model-free parameters of the CME-like ejecta



Three-dimensional MHD simulation of solar 
wind using a new boundary treatment: 
Comparison with in-situ data at Earth

• New boundary Treatment 

(see talk by Fang Shen) 
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Ranges of free parameters at the lower boundary

Parameters Lmax 𝑉𝑠(km·s-1) 𝑎2(°) 𝑁0(cm-3) 𝐵0(nT)

Minimum 6 250 2.0 1.3 2.6

Maximum 15 300 4.0 2.7 5.3



Simulation Results——2007

Distributions at the lower boundary

In the heliospheric equatorial and  meridional 
plane

Distributions at 1AU

𝑉𝑟 𝑁

𝑇 𝐵

CR2053  (from 4 February 2007 to 4 March 2007)





Discussion and Summary 

➢ In this work, we employ an improved 3D IN-TVD MHD model with a new boundary 

treatment to simulate the propagation and distribution of the solar wind into the 

heliosphere；

➢ In the boundary conditions, we reserve five free parameters, so as to simulate the 

solar wind for different phases of solar cycle, and to improve the prediction of solar 

wind parameters;

➢ Using the improved MHD model with the new lower boundary conditions, we 

simulated the background solar wind from 2007 to 2017. Our simulation could 

reproduce most of the characteristic solar wind structures, e.g., HSSs, sector boundary 

as well as the amplitudes of solar wind parameters near the Earth, including V, N, T, B

and Br ;

➢ In our model, the parameters for tuning freely are very few and the ranges are also 

relative small. Further, based on the simulation of  past 11 years, these parameters can 

maintain unchanged for quite long time (several CRs to several years). Therefore the 

improved IN-TVD model with the new boundary treatment can be applied for 

prediction/forecast of solar wind parameters near the Earth .



Simulation of fast-mode MHD waves interacting with 
low density regions such as coronal holes

(see talk by Isabell 
Piantschitsch) 





(also see talk by Isabell Piantschitsch) 

Simulation of fast-mode MHD waves interacting with 
low density regions such as coronal holes



Numerical simulations of coronal loop kink oscillations 
excited by different driver frequencies

(see talk 

by Andrei 
Afanasev ) 



Numerical simulations of coronal loop kink oscillations 
excited by different driver frequencies

(see talk by Andrei Afanasev ) 







• 3. Presentations in WG4 but related to simulation

(1) Meng Jin in WG4 (Invited talk):

“Sun-to-Earth Modeling of Coronal Mass Ejections with 
a Global MHD Model: Facilitating Physical 
Understanding and Space Weather Forecasting”

(2) Camilla Scolini in WG4 (Invited talk):

” Observation-based Sun-to-Earth simulations of geo-
effective Coronal Mass Ejections with EUHFORIA” 



Sun-to-Earth Modeling of Coronal Mass Ejections with a Global MHD Model: 
Facilitating Physical Understanding and Space Weather Forecasting 

CME-driven Shocks (2011 March 7 Event)

Shock Evolution in the Simulation Shock Parameters from Observation

Kwon et al. 2018

Shock Parameters from Simulation

Compression Ratio Shock Alfven Mach

(see talk by Meng Jin) 



CME-driven Shock Evolution  (2014 September 1)

Compression Ratio Shock Speed

Earth View Zoomin

Shock Alfven Mach ThetaBN

(see talk by Meng Jin) 



E E G G L: E ruptive E vent G enerator (G ibson and Low )
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M ore inform ation: https://ccm c.gsfc.nasa.gov/eeggl/

W eighted C enters
P olarity Inversion Line (P IL)
G L Flux R ope Location

• EEG G L uses observational data to specify input 
param eters for the G ibson-Low  flux rope m odel 
(G ibson &  Low  1998)so that it m ay approxim ately 
reproduce observed C M E events.
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(see talk by Meng Jin) 



M odel V alidation &  Future D evelopm ent

2012 July 12 E vent S im ulation using E E G G L E xtensive E vents R un

M anchester &  W elling 2018  

• M ore validation studies are being conducted at the m om ent. The results w ill be used to im prove the 
current E E G G L m odule. 

• N ew  developm ent (e.g., autonom ous source region identification) is on-going.

(see talk by Meng Jin) 



Summery

• The first-principles-based MHD global models play an 

important role in understanding the fundamental physical 

processes of CME propagation and interaction in the 

heliosphere. Although still very challenging, it shows promising 

potential to provide space weather forecast in the near future.

• Data-driven Models: The flux rope is self-consistently formed in 

the simulation driven by the electric or magnetic fields from 

observations (e.g., Cheung et al. 2012, Jiang et al. 2016).

• More Observations: 

– L5/polar mission (more coverage of surface magnetic field)

– Sub-L1 constellation mission (better understanding of flux 

rope magnetic field)

– coronal magnetic field/plasma measurements (erupting flux 

rope structure)

• How these “missing data” influence our modeling capability 

needs to be understand.



EUHFORIA: Introduction

Solar wind model:
Semi-empirical Heliosphere model:

Time-dependent 
3D MHD

Magnetogram:
GONG

Coronagraph 
Imagery + others

CME model:
- Cone model

- Flux rope model

0.1 AUEmpirical / data-
driven models

Observational data
Physics-based 

model
2 AU

Newly developed heliospheric 3D MHD model 

Pomoell & Poedts 2018

Observation-based Sun-to-Earth simulations of geo-
effective Coronal Mass Ejections with EUHFORIA

(see talk by Camilla Scolini) 



EUHFORIA: Spheromak CME
Flux rope modeled as Linear Force Free Spheromak

• Start time of CME

• Propagation velocity of CME

• Latitude of centre of CME source region

• Longitude of centre of CME source region

• Half-width of CME

• Density of CME

• Temperature of CME

• Title angle of the CME

• Helicity of the CME

• Total toroidal flux

CME 
kinematics
Cone model

Flux rope 
parameters

𝐵𝑟 𝐵𝜃 𝐵𝜙

(see talk by Camilla Scolini) 



ISEST WG4 Event 1

CME simulated using observation-
based parameters

• CME arrival time and peak
density/speed well reproduced
by both models

→ Magnetospheric compression

• IMF rotations: well reproduced
with spheromak

• Min Bz prediction improved by 
+40% using spheromak compared
to cone

→ Dayside reconnection
& geomagnetic activity

ICMEshockV

n

B

Bz

July 12 2012 CME
Spheromak vs cone model:

predictions @ L1

(see talk by Camilla Scolini) 



3. Conclusion---Future

❂ Simulations have really reached the point where very 
different simulations are used for different goals: 
❖ Real-time forecasting: ENLIL, EUHFORIA 
❖ Providing environment for analyses of real events: ENLIL, 
EUHFORIA, SWMF, AWSOM, H3DMHD, CESE, COIN……
❖ Understanding causes of eruption: complex initiation mechanism, 
as much realistic physics as possible 
❖ CME-CME interaction: Most advanced domain where people are 
using simulations + data analysis (remote + in-situ) to learn new things. 

❂ Future: individual progress can be expected: e.g., KU 
LEUVEN, STELab, NSSC, Michigan, IRAP-CDPP, LMSAL…

Next Year, 2nd China-Europe Solar Physics Meeting, the 
same location, in 6-10 May…..



3. Conclusion---Future

❂ For coordinated work, 1-2 event(s) should be chosen - in 
coordination with other WGs (1 isolated, 1 multiple? ISEST-
simulation campaign events). 
❂ What is importance of solar initiation? What are the key model-
input parameters for CME simulation? Direction? Speed? How to 
determine orientation at 0.1 AU? 
❂ What are forecasting-performances of different empirical, 
analytical, and numerical models? 
❂ How well models reproduce heliospheric kinematics of ICMEs? 
❂ What can be done regarding the geomagnetic-activity 
forecasting? 
❂ At the Parker Solar Probe and Solar Orbiter era, what aspect can  
be expected to improve further? E.g., Short-time forecast? Testing 
theories on the structure and heating processes of the solar corona? 
(See the talk by R. F. Pinto and P. Hess)
……




