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Simulating Interplanetary Propagation of a Coronal Mass

Ejection Based on AWSoM+FGL

DAI Xinghua

(School of Physics and Electronic Engineering, Shanxi Normal University,
Taiyuan 030031)

Abstract Coronal Mass Ejections (CMEs) are an important factor influencing
space weather. To predict their arrival time at Earth and their geoeffective impact,
accurate background solar wind simulations and three-dimensional reconstructions
of CMEs are required. This paper selects a CME event that occurred on January 7,
2014. Using the steady-state mode of the Alfvén Wave Solar atmosphere Model
(AWSoM), two background solar wind scenarios—incorporating the corona and
inner heliosphere—were simulated based on GONG and ADAPT-GONG
magnetograms, respectively. The three-dimensional velocity, density, pressure, and
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magnetic field of the CME were reconstructed using the Fitting of Gibson—Low
(FGL) method, based on observations from three vantage points: SOHO,
STEREO-A, and STEREO-B. The reconstructed three-dimensional CME was then
inserted into the steady-state background corona, and the interplanetary
propagation process of the CME from the corona to Earth was computed using the
time-accurate mode of AWSoM. The errors between the CME arrival times at Earth
calculated using the two background solar wind scenarios and the actual measured
times were both within one hour, validating the effectiveness of the AWSoM+FGL
approach.

Key words Coronal mass ejections, Solar wind, Space weather, Numerical

simulation, Three-dimensional reconstruction
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Fig. 1 GONG (2014-01-07T20:04, 2145.39) and ADAPT-GONG (2014-01-07T20:00,
2145.50) composite magnetograms. To clearly display the overall distribution of the
magnetic field, the maximum and minimum saturation values for the magnetic field are set
to +50 and -50 Gauss, respectively.
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Fig. 2 Background solar wind simulation using the GONG magnetogram as input for
AWSoM, with PFP = 0.33. First row: velocity; second row: proton number density; third row:
proton temperature; fourth row: magnetic field. First column: solar equatorial plane on

January 7, 2014, 19:08; second column: solar meridian plane containing Earth on January 7,
2014, 19:08; third column: magnetic field distribution near Earth from December 11, 2013,
07:08 to January 7, 2014, 19:08. The black curve represents the measured values from the

ACE satellite, and the red curve represents the simulation results from AWSoM at Earth's

location. The tick interval on the third column's horizontal axis is one day.
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Fig. 3 Background solar wind simulated using the ADAPT-GONG magnetogram as input
for AWSoM, with PFP = 0.21. First row: velocity; second row: proton number density; third
row: proton temperature; fourth row: magnetic field. First column: solar equatorial plane at

07:08 on December 11, 2013; second column: solar meridian plane containing Earth at 07:08
on December 11, 2013; third column: magnetic field distribution near Earth from 07:08 on
December 11, 2013 to 19:08 on January 7, 2014. The black curve represents the measured

values from the ACE satellite, and the red curve represents the simulation results from

AWSoM at Earth's location. The tick interval on the third column'’s horizontal axis is one day.

#F 1 ETF GONG 1 ADAPT-GONG FF#E 8y PCCFI MAPE
Table 1. PCC and MAPE based on GONG and ADAPT-GONG magnetograms

V Ne Te B
PCC, MAPE PCC, MAPE PCC, MAPE PCC, MAPE
CR-GONG 0.274,32.7 -0.0965, 86.8 0.242,109.1 0.325,64.1
CR-ADAPT 0.295, 159 -0.0880, 132.6 0.233,70.1 -0.207, 80.6
CR-GONG(+7) 0.910, 139 0.0857, 102.5 0.798, 54.0 0.424,73.1

CR-ADAPT(-2.75) 0.583,17.8 0.265, 138.0 0.327,77.1 0.612,61.3
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Fig. 4 A CME that occurred on January 7, 2014. First column: STEREO-A/COR?2
coronagraph observation image; second column: STEREO-B/COR?2 observation image; third
column: SOHO/C3 observation image. The black contour of the FGL-reconstructed CME and

its main propagation direction are overlaid on each coronagraph image.
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Fig. 5 Observations of the source region of the CME on January 7, 2014. Top left:
SDO/HMI magnetic field observation; top right: SDO/AIA EUV observation. The triangle
marks the location of the X1.2-class flare that occurred in the source region, and the
diamond marks the radial projection position of the reconstructed CME on the solar disk.
Bottom left: the source region marked by a square; bottom right: the direction of the
symmetry axis of the GL model (thick black straight line) determined on the enlarged source
region.
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Fig. 6 The evolution of the CME in the background solar wind generated from the
GONG magnetogram. The first and second columns show cross-sectional views at 24 hours
after the CME was inserted into the SC module (January 8, 2014, 19:08). The horizontal
coordinate of the red vertical dashed line in the third column corresponds to the time of the
first and second columns. The tick interval on the third column's horizontal axis is one hour.
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Fig. 7 The evolution of the CME in the background solar wind generated from the
ADAPT-GONG magnetogram. The first and second columns show cross-sectional views at
24 hours after the CME was inserted into the SC module (January 8, 2014, 19:08). The
horizontal coordinate of the red vertical dashed line in the third column corresponds to the
time of the first and second columns. The tick interval on the third column's horizontal axis is
one hour.
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Fig. 8 The evolution of the CME in the background solar wind generated from the
GONG magnetogram. The first and second columns show cross-sectional views at 48 hours
after the CME was inserted into the SC module (January 9, 2014, 19:08). The horizontal
coordinate of the red vertical dashed line in the third column corresponds to the time of the
first and second columns. The tick interval on the third column's horizontal axis is one hour.
The time resolution of the ACE data is one minute.
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Fig. 9 The evolution of the CME in the background solar wind generated from the
ADAPT-GONG magnetogram. The first and second columns show cross-sectional views at
48 hours after the CME was inserted into the SC module (January 9, 2014, 19:08). The
horizontal coordinate of the red vertical dashed line in the third column corresponds to the
time of the first and second columns. The tick interval on the third column's horizontal axis is
one hour. The time resolution of the ACE data is one minute.
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