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Figures S1 to S12 18 

Introduction  19 

As discussed in the manuscript, we consider several parameters of the EMIC wave 20 

presence. Several simulations show similar low MAE.  For each of the simulations, we 21 

compare the evolution of the electron fluxes and the pitch angle distribution with the 22 

observations and the simulation without EMIC waves. The comparison is presented on 23 

the supplementary figures.  24 
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Figures S1-S5 are similar to Figure A2 and show the evolution of the electron flux from 25 

observations, simulation without EMIC waves and selected simulations with EMIC 26 

waves. Each figure corresponds to the single parameter of EMIC wave presence from 27 

Table 1. 28 

 29 

Figure S1 shows the case of EMIC wave presence parameterized by Kp. The simulations 30 

are similar except for the electron flux decay after 8 October 2012. The simulation in 31 

Figure S1e shows better agreement with the observations and corresponds to 32 

simulation with minimum MAE in Figure A1a. 33 
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 34 
Figure S1. Evolution of the 4.2 MeV electron fluxes at the pitch-angle of 75° similar to 35 

Figure A2. c-g) simulations with different Kp index EMIC wave parameterizations.  36 
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Figure S2 shows the case of EMIC wave presence parameterized by Dst. The simulations 37 

in Figures S2e-g show the overestimated flux at the end of the simulations. The 38 

simulations in Figure S2c and S2d are similar. The simulations in Figure S2c show slightly 39 

better agreement than the simulation in Figure S2d due to the flux level at the end of 40 

the simulation and after the 8 October 2012 storm.  41 
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 42 
Figure S2. Evolution of the 4.2 MeV electron fluxes at the pitch-angle of 75° similar to 43 

Figure A2. c-g) simulations with different Dst index EMIC wave parameterizations.  44 
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Figure S3 shows the case of EMIC wave presence parameterized by Vsw. The simulations 45 

in Figures S2e-g show unrealistic dynamics during October 2012. Despite this, the 46 

simulation in Figure S2c does not reproduce the dynamics during October 2012, but it 47 

provides the better agreement with observations and corresponds to the minimum in 48 

Figure A1c.   49 
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 50 
Figure S3. Evolution of the 4.2 MeV electron fluxes at the pitch-angle of 75° similar to 51 

Figure A2. c-g) simulations with different solar wind speed EMIC wave 52 

parameterizations.  53 
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Figure S4 shows the case of EMIC wave presence parameterized by Pdyn. The simulations 54 

in Figures S4c-g are very similar. Simulations in Figure S3e and S3g slightly overestimate 55 

the flux level at the end of the simulation. Simulations in Figures S4c-e better reproduce 56 

the level of the flux decay after 8 October 2012. Simulations in Figures S4e-g better 57 

reproduce the flux dropout in January 2013. The simulation in Figure S4e corresponds to 58 

the minimum in Figure A1d.   59 



 

 

9 

 

 60 
Figure S4. Evolution of the 4.2 MeV electron fluxes at the pitch-angle of 75° similar to 61 

Figure A2. c-g) Simulations with different solar wind pressure EMIC wave 62 

parameterizations.  63 
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Figure S5 shows the case of EMIC wave presence parameterized by AE. The simulations 64 

in Figures S5c-g are very similar. The simulations in Figures S5e-g provide a wider belt 65 

after the 8 October 2012 storm in comparison to the observations. The simulations in 66 

Figures S5c-d are almost identical, and the simulations in Figure S5d correspond to the 67 

minimum in Figure A1e.  68 
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 69 
Figure S5. Evolution of the 4.2 MeV electron fluxes at the pitch-angle of 75° similar to 70 

Figure A2. c-g) Simulations with AE index EMIC wave parameterizations.  71 
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Figures S6-S10 are similar to Figure A3 and show the pitch-angle distribution from 72 

observations, simulation without EMIC waves, and selected simulations with EMIC 73 

waves. Each figure corresponds to the single parameter of EMIC wave presence. 74 

 75 

Figure S6 shows the case of EMIC wave presence parameterized by Kp. None of the 76 

simulations reproduce the observed pitch-angle distribution. The preference can be 77 

given to the simulations in Figures S6d and S6e, since the flux before the rapid depletion 78 

on 1 November 2012 and the time of the depletion is closer to the observations in 79 

comparison to other simulations in Figure S6. In combination with the analysis of Figures 80 

S1 and S6, the simulation that corresponds to the minimum of MAE from Figure A1a can 81 

be selected for comparison with other simulations with different EMIC wave presence 82 

parameters. 83 
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 84 
Figure S6. The pitch-angle distribution evolution of 4.2 MeV electron fluxes at L*=4.5 85 

similar to Figure A3. c-g and j-n) simulations with different Kp index EMIC wave 86 

parameterizations.   87 
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Figure S7 shows the case of EMIC wave presence parameterized by Dst. All simulations 88 

with EMIC waves provide reasonable agreement with the observations; however, there 89 

are several uncertainties. The flux level in Figure S7n is larger than in the observation, 90 

and pitch-angle distribution is wider. In a comparison between simulations in Figure S7c 91 

and S7d, the pitch-angle distribution starting on 18 October 2012 is more narrow in 92 

Figure S7c. This dynamic is not shown by the observations. A combination of analyses of 93 

Figures S2 and S7 show that the simulation corresponding to the minimum of MAE from 94 

Figure A1b can be selected for comparison with other simulations with different EMIC 95 

wave presence parameters. 96 
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 97 
Figure S7. The pitch-angle distribution evolution of 4.2 MeV electron fluxes at L*=4.5 98 

similar to Figure A3. c-g and j-n) simulations with different Dst index EMIC wave 99 

parameterizations.  100 
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Figure S8 shows the case of EMIC wave presence parameterized by Vsw. All simulations 101 

with EMIC waves are very similar, and none of the simulations reproduce the pitch-102 

angle distribution. This makes it difficult to prefer one simulation to another. A 103 

combination of analyses of Figures S3 and S8 show that the simulation corresponding to 104 

the minimum of MAE from Figure A1c can be selected for comparison with other 105 

simulations with different EMIC wave presence parameters.  106 
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 107 
Figure S8. The pitch-angle distribution evolution of 4.2 MeV electron fluxes at L*=4.5 108 

similar to Figure A3. c-g and j-n) simulations with different solar wind speed EMIC wave 109 

parameterizations.  110 
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Figure S9 shows the case of EMIC wave presence parameterized by Pdyn. All simulations 111 

with EMIC waves provide reasonable agreement with the observations except for the 112 

simulation in Figure S9c, S9j. The flux level in Figure S7j significantly underestimates the 113 

observations. The simulations in Figure S9d provide noticeable narrowing of pitch-angle 114 

distribution after 19 October 2012, which is not seen in observations. A combination of 115 

analyses of Figures S4 and S9 show that the simulation corresponding to the minimum 116 

of MAE from Figure A1d can be selected for comparison with other simulations with 117 

different EMIC wave presence parameters.  118 
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 119 
Figure S9. The pitch-angle distribution evolution of 4.2 MeV electron fluxes at L*=4.5 120 

similar to Figure A3. c-g and j-n) simulations with different solar wind pressure EMIC 121 

wave parameterizations.  122 



 

 

20 

 

Figure S10 shows the case of EMIC wave presence parameterized by AE. All simulations 123 

with EMIC waves provide reasonable agreement with the observations. The simulations 124 

in Figure S10c provide noticeable narrowing of pitch-angle distribution after 19 October 125 

2012, which is not seen in observations. A combination of analyses of Figures S5 and S10 126 

show that the simulation corresponding to the minimum of MAE from Figure A1e can be 127 

selected for comparison with other simulations with different EMIC wave presence 128 

parameters.  129 
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 130 
Figure S10. The pitch-angle distribution evolution of 4.2 MeV electron fluxes at L*=4.5 131 

similar to Figure A3. c-g and j-n) simulations with different AE index EMIC wave 132 

parameterizations.  133 
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Figure S11 is similar to Figure 2, but shows the relativistic electron population. 134 

Simulations with and without EMIC waves are practically indistinguishable and provide 135 

reasonable agreement with the observations.  136 

 137 
Figure S11. Evolution of the 0.9 MeV electron fluxes at the pitch-angle of 75° similar to 138 

Figure 2. a) MagEIS observations, on the simulation grid.  139 
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Figure S12 is similar to Figure 5, but as in Figure S11, it shows the relativistic electrons 140 

population. Simulations with and without EMIC waves are practically indistinguishable. 141 

However, despite good agreement between modeled flux evolution and the 142 

observations (Figure S11), the pitch-angle distribution is not accurately reproduced. This 143 

can be related to inaccurate modeling of the plasmapause location which defines the 144 

presence of the hiss and chorus waves. The inaccurate balance of different waves can 145 

lead to the inaccurate pitch angle distribution in the long-term modeling. Accurate 146 

representation of the magnetic field, plasma density, wave spectral properties and their 147 

amplitude and latitude distributions and other parameters can improve the simulation 148 

results and will be a subject of future research. 149 

 150 
Figure S12. The pitch-angle distribution evolution of 0.9 MeV electron fluxes at L*=4.5 151 

similar to Figure 3. a, d) MagEIS observations, on the simulation grid. 152 


