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Project objective: Forecasting CME impacts
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Objective
● to forecast the arrival of CMEs at a given location in the heliosphere (e.g. Earth) in 

terms of its geo-effectiveness (the ability to drive geomagnetic storm)

Event selection (historical cases)
● selection of the strongest solar activity events in solar cycle (SC) 24: 2009-2019

Methodology
● using remote sensing, in situ observations and transport modeling (DBEM)

Validation
● comparison of the forecasted results with in situ and ground-based measurements



Event selection
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Event selection: Solar flare
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2017-Sep-06    X9.3  (#1)  11:53/12:02/12:10  S08W33

https://hesperia.gsfc.nasa.gov/goes/goes_event_listings/

https://hesperia.gsfc.nasa.gov/goes/goes_event_listings/


Event selection: CME
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2017-Sep-10: 3163 km/s 16:00 (#1)
https://cdaw.gsfc.nasa.gov/CME_list/ 

https://cdaw.gsfc.nasa.gov/CME_list/


Event selection: SEP
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2012-Mar-07: GOES >10 MeV: 6530 pfu (#1)

https://umbra.nascom.nasa.gov/SEP/

https://umbra.nascom.nasa.gov/SEP/


Event selection: Geomagnetic storm
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2015-Mar-17: 23:00 -223 nT (#1)
http://wdc.kugi.kyoto-u.ac.jp/dst_pr
ovisional/201503/index.html 

http://wdc.kugi.kyoto-u.ac.jp/dst_provisional/201503/index.html
http://wdc.kugi.kyoto-u.ac.jp/dst_provisional/201503/index.html


Event properties and inter-associations
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Date Solar flare CME SEP Geo-storm
2017-Sep-06  X9.3 (#1) 

11:53/12:02/12:10  
S08W33

1571 km/s 
12:24 
360/201 

339 pfu
03:00+1d

-124 nT
02:00+2d
(Hit)

2017-Sep-10 X8.2
15:35/16:06/16:31
[S09W84]

3163 km/s
16:00
360/262 (#1)

1139 pfu
01:00+1d

No
(Missed)

2012-Mar-07 X5.4
00:02/00:24/00:40
N17E15

2684 km/s
00:24
360/57

1532* pfu (#1)
16:00
*corrected

-132 nT
14:00+2d
(Hit)

2015-Mar-17 C9.1  
01:15/02:13/03:20-2d
S22W25

719 km/s
01:48-2d
360/240

2.78 pfu
9:00-2d

-223 nT (#1)
23:00
(Hit)



Deducing the 3D parameters of the CMEs 
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StreoCat Analysis Tool 
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https://ccmc.gsfc.nasa.gov/analysis/stereo/

No available data! 



HelCats Catalogue 
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No available data! 



The Graduated Cylindrical Shell (GCS) Model 
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● During the implementation of the GCS model for estimating the 
3D properties of the CMEs, the tilt angle, aspect ratio, 
half-angle, latitude, longitude, and height are assumed to be 
variable in order to make the best fit in the given frame of 
SOHO/LASCO C2 

● The CME aspect ratio, latitude and longitude might differ a bit 
from that of the associated flare in order to fit the model 

● The solar wind speed is taken as the minimum value within the 
day before the CME launch time 



The Graduated Cylindrical Shell (GCS) Model 
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https://github.com/johan12345/gcs_python 

https://github.com/johan12345/gcs_python


The Graduated Cylindrical Shell (GCS) Model 
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Steps of estimating the CME speed from the LASCO data: 

1. Fit the 3D mesh of the GCS model onto the LASCO image in the 
first frame in which the CME shows up, so that the upper edge of 
the mesh matches the leading edge of the CME 

2. Repeat the same for the second frame 
3. Take the difference in CME heights and times 
4. Calculate the CME speed by V = dX/dt 



Run the model for CME propagation
using the deduced inputs
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CME propagation using DBEM-tool 
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http://phyk039240.uni-graz.at:8080/DBEMv3/dbem.php 

http://phyk039240.uni-graz.at:8080/DBEMv3/dbem.php


Analysis: CME propagation (projected vs. 3D) 
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Result: Hit
Result: Missed

Event 1 



Analysis: CME propagation (projected vs. 3D) 
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Result: Missed

Result: Missed

Event 2 



Analysis: CME propagation (projected vs. 3D) 
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RositsaObservations: Hit
Result: Missed

Result: Hit

Event 3 



Analysis: CME propagation (projected vs. 3D) 
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Result: Missed

Result: Hit

Event 4 



Comparison with in-situ observations 
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IP shocks at Earth database
http://ipshocks.fi/database 

Event  1

No IP shock 
reported?

Event 2

No IP shock 
reported

ICME database
http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm 

No ICME 
reported

ICME reported

http://ipshocks.fi/database
http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm


Comparison with in-situ observations
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IP shocks at Earth database
http://ipshocks.fi/database 

Event 3 Event 4

http://ipshocks.fi/database


Conclusions
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● Utilizing the freely available data and tools for making fast predictions of 
the CMEs 

● De-projection efforts are needed
● Stereoscopic views are crucial for Earth-directed events - take into 

consideration another point of view while estimating the 3D CME 
properties to constrain the parameters and get more accurate estimations 

● Important CME parameters:
○ direction
○ width 
○ speed 

● Direction and spreading of the CME are more important than the 
propagation speed 



Thank you 
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