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        (a) Left panel: Profile of the GOES X1.0 flare, showing a typical long duration flare. Middle panel: Magnetic field configuration of the NOAA AR 2790 in HMI magnetogram (adapted from the Solar Monitor). Right panel: SOHO/LASCO C2 image of CME, obtained with the Pythea tool (Kouloumvakos et al. 2022). (b) and (c) EUV observations by AIA instrument on board the SDO spacecraft at 304, 193, and 211 Å. The images are almost simultaneous and show the development of the erupting filament (marked with green arrows), the flare brightening, and the dimming regions (marked with blue arrows).

      

    

  
    
      Fig. 10. 
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        Comparison of the in situ observations at Earth and the modelled velocity (top panel) and density time series (bottom panel) obtained in EUHFORIA simulations, for the cases of Earth, at zero degrees longitude and latitude, in the case of Event 1. The in situ data are presented as the green line and the modelled time series have different line styles according to the fitting that they present. We also include with the blue curve the results for Earth, for the case of the DONKI parameters. The modelling results were obtained using the CME characteristics obtained from the GCS fittings (Sect. 3.1.2). The red arrow indicates the observed arrival time of the disturbance at Earth. The blue arrow indicates the estimated arrival time from the measurements of the radio observations. The majority of the modelled Earth arrival times are late in comparison with observations, but they gradually shift towards the observed time as we go from GCS1 up to GCS4 and reconstruct the CME at larger heights. The observed Δt is different for different latitudes, ranging from 20 mins to 20 h.

      

    

  
    
      Fig. 11. 
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        (a) Left panel: Profile of the GOES X1.0 flare showing a typical long-duration flare. Middle panel: Magnetic field configuration of the NOAA AR 2887 observed in the HMI magnetogram. Right panel: SOHO/LASCO C2 image of CME (obtained with the PyThea tool). (b) and (c) EUV observations from the AIA instrument on board the SDO spacecraft. The first column shows the observations at 304 Å; the second and third columns show observations at 193 Å and the 211 Å, respectively. The times of the considered images are different in order to better capture the development of the eruption and the associated wave.

      

    

  
    
      Fig. 13. 
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        EUV observations taken by SDO/AIA in the 304 Å channel. The green arrows indicate the position of the erupting filament during the early stage of the eruption, in which its strong southward propagation direction is clearly observed.

      

    

  
    
      Fig. 14. 
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        Comparison of in situ observations at Earth and modelled velocity (top panel) and density time series (bottom panel) obtained in EUHFORIA simulations, for the cases of the Earth, at zero degree longitude and latitude, for Event 2. The in situ data are presented as the green line and the modelled time series have different line styles according to the fitting that they present. We also include with the blue curve the results for Earth, for the case of the DONKI parameters. The modelling results were obtained using the CME characteristics obtained from the fittings that we obtained with the GCS technique. The red arrow indicates the observed arrival time at Earth. The blue arrow indicates the estimated arrival time from the measurements of the radio observations. The modelled arrival times of the shock waves at Earth are at earlier times at first but they gradually shift towards the observed one as the fittings are done for times that the CME is further from the solar surface. The observed Δt is different for different fittings, ranging from 2–18 h.

      

    

  
    
      Fig. A.2. 

      
        [image: thumbnail]
      

      
        The pair of coronagraph images that we fitted with the GCS technique for GCS3 for Event 2, from STEREO A/COR2 on the left hand side and from SOHO/LASCO C3 on the right hand side. The fitted flux rope is in blue colour.
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