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Influence of the initial shock speed excited by solar flares

on shock arrival time prediction
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Abstract By using Hakamada-Akasofu-Fry (HAF) solar wind model, we simulated 48 solar
flare events during Carrington Rotation 1981 to 1985 and compared the simulated shock arrival
time with observations by satellites at 1 AU. It is found that the initial solar wind shock speed

deduced from the metric Type II radio burst observations plays an important role in the shock
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arrival time prediction. The match between predicted and observed shock arrival times (SATs)

was considerably improved by iteratively adjusting the initial shock speed. We obtained the

adjustment factors as a function of the initial shock speed for different hemispheres by statistical

analysis and applied them to adjust the initial shock speed driven by the solar flares which

occurred in the following five Carrington rotations (1986~1990), the mean absolute error of the

shock arrival time was reduced from 16 (15) hours to 12 (11) hours for the flare occurred on the

western (eastern) hemisphere. This indicates that there can be significant improvements for the

shock arrival time prediction by adjusting the initial shock speed using the statistical functions.
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Fig. 2 Three possible interplanetary structures which can generate shock waves

(a) Pure flares or CMEs; (b) Pure CIRs; (¢) CIR-ICMEs/{lares.
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Fig. 3 Comparison between simulated results and observations

(a) Simulations before adjustments of the initial shock speed; (b) Simulations after adjustments of the initial shock speed.
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Table 1 Comparisons of the shock arrival time between simulated and observed results

Flare Date Time Vs Prediction Vi Observation
Number YYMMDD HHMMlLocation LATLON (km/s) MMDD HHMM (km/s) MMDD HHMM Factor
01 20010920 0507 S17 E57 950 0923 1200 1050 0923 0931 0.11
02 20010922 0921 N24 W07 725 0925 0200 550 0925 2030 — 0.24
06 20010928 0830 N10 E18 680 1001 0600 1000 0930 1922 0. 47
08 20011008 0815 S12 W100 581 Interacting Event 1150 0.77
09 20011009 0737 N19 E67 585 Interacting Event 885 0.51
10 20011009 1055 S23 E17 650 1012 1500 1150 1011 1706 0.77
13 20011019 0101 N16 W18 914 Interacting Event 800 — 0.12
14 20011019 1624 N15 W19 738 1021 1200 700 1021 1647 — 0.05
15 20011021 0441 S18 E15 536 Interacting Event 500 — 0.07
16 20011022 1453 S21 E18 955 Interacting Event 900 — 0.06
17 20011022 1759 S18 E16 1043 1024 2200 850 1025 0835 — 0.19
18 20011025 1456 S19 W20 1091 1028 0100 950 1028 0315 — 0.13
19 20011027 0347 N11 E50 359 Interacting Event 550 0.53
20 20011029 1112 N12 E25 609 1102 0300 1250 1031 1425 1. 05
21 20011104 1610 NO02 W23 1329 1106 0400 1150 1106 1108 — 0.13
26 20011117 0540 S28 E42 560 1120 2300 1050 1119 1809 0. 88
27 20011121 1321 S15 W18 700 Interacting Event 950 0. 36
28 20011122 2027 S25 W67 900 Interacting Event 1300 0. 44
29 20011122 2231 S15 W34 459 1124 2100 650 1124 0553 0.42
30 20011128 1636 No04 E16 674 Interacting Event 900 0. 34
31 20011129 0152 No4 E12 600 Interacting Event 700 0.17
32 20011129 1409 N05 E03 684 1201 1800 750 1201 0439 0. 10
33 20011209 0443 N26 E08 839 Interacting Event 650 — 0.23
34 20011210 0940 S25 W19 978 1211 1900 800 1212 0835 — 0.18
35 20011211 0808 N16 E41 940 1214 0000 700 1214 2150 — 0.26
36 20011213 1429 N16 E09 931 Interacting Event 1000 0.07
37 20011214 0856 N06 E100 800 1216 0000 1050 1215 2116 0. 31
38 20011226 0502 NO08 W54 1500 1228 0900 950 1229 0540 — 0.37
39 20011228 2005 S20 E97 1359 Interacting Event 950 — 0.30
40 20011229 0944 S08 W85 1092 0101 0300 1350 1230 2030 0.24
41 20020103 0221 S11 E12 465 0106 2200 650 0106 1329 0. 40
42 20020104 0935 N38 E87 900 0109 2200 900 0109 2225 0. 00
43 20020114 0607 S18 W115 1500 0119 0400 1050 0119 1133 — 0.30
44 20020123 1341 N12 E29 562 0123 0900 1350 0125 0838 1.40
48 20020206 0445 S17 W48 457 0206 0600 457 0206 0600 0. 00
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Fig. 4 Shock arrivals at Earth of the 22 shock waves after adjusting the initial shock speed
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Fig. 5 The distribution of the corrective factors in terms of V.,

(a) Solar flares occurred on the western hemisphere; (b) Solar flares occurred on the eastern hemisphere.
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Fig. 6 Comparison between simulated results and observations

(a) Simulations before adjustments of the initial shock speed; (b) Simulations after adjustments

of the initial shock speed by using the statistical functions.
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