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2000/02/27 CME event observed by LASCO coronagraph on board SOHO. 
Source: https://sohowww.nascom.nasa.gov
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Coronal Mass Ejections

Earth effects

• Interference of telecommunication to and from satellites;

• Increase in radiation exposure to high-altitude and/or high latitude aircraft fliers and 
astronauts;

• Increase in atmospheric drag on orbiting spacecraft, thereby reducing orbit
lifetime;

• Interference in spacecraft circuitry;

• Damage to spacecraft hardware (e.g. solar cells);

• Interference/damage to ground-based micro and nanocircuitry;

• Unexpected current generation in power lines, resulting in power station
damage.
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Forecasting methods of CMEs arrivals 

- Empirical/Statistical

- MHD simulations

- Simplified dynamical models
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Foundations of the Drag-Based Model

• Gravity and magnetic field only play a role during formation and launch of CMEs 
(heliocentric distances within 20 solar radii) (Chen 1996)

• ICMEs which are faster than the ambient solar wind are decelerated, whereas 
those slower than the solar wind are accelerated by the ambient flow 
(Gopalswamy et. al 2000);

• The forces acting on the ICME in interplanetary medium must lead to an 
equalisation of the ICME and solar wind velocities (Cargill 2004);
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The Drag-Based Model

Assumptions

• ICME evolution is entirely governed by fluid dynamics (i.e. the interplanetary 
magnetic field plays no role);

• ICME dynamics always act to achieve kinematic equilibrium with the solar
wind;

• This model describes the propagation of the leading edge (not the shock).
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Foundations of the Drag-Based Model 

- Shapes of CMEs appear to be consistent with a nearly perfect circular cross section;

(Schwenn et al. 2005).
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- Shapes of CMEs appear to be consistent with a nearly perfect circular cross section;

(Schwenn et al. 2005).



The Drag-Based Model

Foundations of the Drag-Based Model 

- Self expansion: cone angles and shapes of CMEs are  
usually well maintained (Schwenn et al. 2005).

- Radial propagation of 
CME elements

- Cross section

time
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The Drag-Based Model

Leblanc  model for the solar wind density from Sun to 1 AU (Leblanc et al. 1996)

Aerodynamic Drag ( )

1 AU



Aerodynamic Drag

The Drag-Based Model

approximation of dense ICMEs
(Cargill 1996)

drag parameter

radial equation

constant during ICME propagation



With constant solar wind speed and drag parameter
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Constant solar wind speed and drag parameter
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Cone model (Fisher & Munro 1984, Vrsnak & Zic 2005)
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Advanced Drag-Based Model
Cone model (Fisher & Munro 1984, Vrsnak & Zic 2005)

AU

AU
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Test of the Advanced Drag-Based Model
Data sample 
Tong Shi et al. 2015
- (shock or magnetic effect in 

WIND data) for 14 events;

- known errors on determination of leading 
edge position and speed from coronagraphic
images.

- known CME morphology (Cone Model) 
thanks to reconstruction of ICME shape 
obtained by means of multiple point of view 
observations (STEREO spacecrafts);

- unknown drag parameter and solar wind 
values
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Distribution of initial conditions and parameters
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Probabilistic Advanced Drag-Based Model

drag parameter distribution obtained by inversion of DBM equations by employing a sample of 
91 CME events. (Vrsnak et al. 2012)
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Probabilistic Advanced Drag-Based Model

Lognormal distribution of drag parameter 
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Probabilistic Advanced Drag-Based Model

Lognormal distribution of drag parameter Gaussian distribution of solar wind speed   



Probabilistic Advanced Drag-Based Model

• Gaussian distribution of leading edge position;
• Gaussian distribution of speed;
• Lognormal distribution of drag parameter;
• Gaussian distribution of solar wind speed (Fast or Slow).

randomly chosen from:
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Probabilistic Advanced Drag-Based Model

• Gaussian distribution of leading edge position;
• Gaussian distribution of speed;
• Lognormal distribution of drag parameter;
• Gaussian distribution of solar wind speed (Fast or Slow).

randomly chosen from:



Time distribution

Probabilistic Advanced Drag-Based Model



calculated vs observed times (1σ error bar) 
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Probabilistic Advanced Drag-Based Model
Time of arrival of shock for 10 events

(Mikic & Lee 2006)



Probabilistic Advanced Drag-Based Model

(Mikic & Lee 2006)

Time of arrival of shock for 10 events
For 7 out of 10 shock events



Probabilistic Advanced Drag-Based Model
Time difference between shock detection and magnetic effect (149 events from Schwenn’s sample)
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Probabilistic Advanced Drag-Based Model



• The Drag-Based Model effectively describes ICME propagation in 
interplanetary space;

• Importance of ICME morphological features for forecasting;

• Probabilistic approach is able to give uncertainty on single prediction 
in short computational times.

Conclusions



Conclusions

Future works
• Analysis employing a larger data sample;

• Re-examination of initial conditions and parameter distributions;

• Extension of the model by inclusion of the effect of interplanetary 
magnetic field and shock on ICME propagation.

• The Drag-Based Model effectively describes ICME propagation in 
interplanetary space;

• Importance of ICME morphological features for forecasting;

• Probabilistic approach is able to give uncertainty on single prediction 
in short computational times.
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Forecasting methods of ICMEs arrivals 

Empirical/Statistical MHD simulations

(Schwenn et al. 2005)

Wang-Sheeley-Arge ENLIL model
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Foundations of the Drag-Based Model

- Acceleration mechanism dependent on the solar 
wind speed;

(Gopalswamy et. al 2000)
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Foundations of the Drag-Based Model

- Tendency of the ICME velocity to the solar wind speed;

(Manoharan 2006)
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Foundations of the Drag-Based Model

- Tendency of the ICME velocity to the solar wind speed;

(Cargill 2004)
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Foundations of the Drag-Based Model

- Radial propagation alone and maintenance of a 
coherent structure lead to a flattening of the CME 
(pancaking);

(Crooker & Horbury 2005)
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Foundations of the Drag-Based Model 

- Shapes of CMEs appear to be consistent with a nearly perfect circular cross section;
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• Circular cross section
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• GCS model



Probabilistic Advanced Drag-Based Model
For 7 out of 10 shock events (red dots)
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Aerodynamic Drag ( )



Aerodynamic Drag ( )

The Drag-Based Model

Leblanc  model for the solar wind density from Sun to 
1 AU (Leblanc et al. 1996)
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Data samples 

Schwenn et al. 2005

Manoharan 2006

LASCO CME catalog

for 38 events 

unknown and CME morphology

Test of the Drag-Based Model



Test of the Drag-Based Model

(Vrsnak et al. 2012)

Istogrammi stessa range
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Correlation between solar wind and drag parameter
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Mean value and standard deviation  of time difference distribution



Advanced Drag-Based Model
Cone model (Fisher & Munro 1984, Vrsnak & Zic 2005)

AU

AU

AU
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Test of the Drag-Based Model
Reconstruction of CME geometry through multiple point of 
view observations: the STEREO mission (Kaiser et al. 2008)
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Probabilistic Advanced Drag-Based Model

drag parameter distribution obtained by inversion of DBM equations by employing a sample of 
91 CME events. (Vrsnak et al. 2012)
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Probabilistic Advanced Drag-Based Model

Lognormal distribution of CME speeds (Yurchyshyn et al. 2005)



Distribution of initial conditions and parameters

Probabilistic Advanced Drag-Based Model

Lognormal distribution of CME speeds (Yurchyshyn et al. 2005)



Test of the Drag-Based Model
Reconstruction of CME geometry through multiple point of 
view observations: the STEREO mission (Kaiser et al. 2008)



Advanced Drag-Based Model

Data sample 

Tong Shi et al. 2015

- (shock or magnetic effect in 
WIND data) for 14 events;

- known CME morphology (Cone Model) 
thanks to reconstruction of ICME shape 
obtained by means of multiple point of view 
observations (STEREO);

- known errors on determination of leading 
edge position and speed from 
coronagraphic images



Time distribution

Probabilistic Advanced Drag-Based Model
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