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1. INTRODUCTION
In the present study, we estimate the effects of solar energetic protons during super storms (Dst index < −300

nT) over the total ozone column for the last 32 year. We select a total of seven super storm events that occurred
during solar cycles 22–24 having Dst index < −300 nT. we have applied superposed epoch analysis (SEA) to
verify the impact of storm events on the quantitative variation of total ozone column and on UV radiations during
super storm events.

2. DATAAND METHODOLOGY
The hourly values of Dst index were obtained from the World Data Center for Geomagnetism at the University

of Kyoto (http://wdc.kugi.kyoto-u.ac.jp/dst final/index.html), while hourly data of solar wind proton density used in
this study were obtained from the GOES-11 satellite available on NASA’s Space Physics Data Facility
(https://spdf.gsfc.nasa.gov/data_orbits.html). For ozone, the database used consists of hourly values of the total
ozone column amount in DU for the years 1986 to 2016, which were obtained from the Total Ozone Mapping
Spectrometer (TOMS) at the Toronto station in Canada and available on World Ozone and Ultraviolet Radiation
Data Centre (http://woudc.org/data/explore.php). Data on the UV index were also taken from the same Toronto
station, which is available on the WOUDC website.

In the present study we have used superposed epoch analysis (SEA). It was first introduced by Chree (1913 a,b).
The basic idea of SEA is to test for a significant relationship between the occurrence of a super storm event (key
event) and variation in total ozone column during corresponding days (key response). The superposed epoch is a
row-column array in which the ‘response’ index values filling any row form the data pertaining to a single key
event. Thus, the number of rows is the sample size for such events. The columns compose the index values in fixed
time relation to the key times and the column average comprises the “superposed epoch analysis.”

Table 1 List of occurrence times and peak values of Dst index, solar proton density, total ozone column and UV
index for all seven events under consideration.
S. No. Dst Index Solar Proton Density Total Ozone Column UV Index

Date Time
(UT)

Min. Value
(nT)

Date Time
(UT)

Max. 
Value
(cm-3)

Date Time
(UT)

Min. Value
(DU)

Date Time
(UT)

Peak 
Value

1 09-02-1986 01:00 -307 09-02-1986 16:00 97.80 09-02-1986 14:00 298.8 09-02-1986 12:30 6.43

2 14-03-1989 02:00 -589 14-03-1989 18:00 55.64 14-03-1989 23:00 324.2 14-03-1989 11:18 6.39

3 09-11-1991 02:00 -354 09-11-1991 13:00 32.00 09-11-1991 23:00 253.1 09-11-1991 12:57 6.14

4 16-07-2000 01:00 -301 13-07-2000 11:00 32.80 16-07-1991 06:00 299.5 16-07-2000 13:40 5.36

5 31-03-2001 09:00 -387 31-03-2001 23:00 38.20 31-03-2001 18:00 289.3 31-03-2001 11:10 5.72

6 20-11-2003 22:00 -422 20-11-2003 23:00 22.10 20-11-2003 23:00 212.7 20-11-2003 11:49 5.24

7 08-11-2004 07:00 -374 08-11-2004 19:00 89.20 08-11-2004 19:00 221.0 08-11-2004 13:24 5.81

3. RESULT AND CONCLUSIONS

We have chosen seven super storm events that
occurred during solar cycles 22 (1986–1996), 23
(1996–2008) and 24 (2008–present), with Dst < −300
nT, and have analyzed the impact of SEP events on the
ozone column and on the UV radiation level. We have
plotted all seven storm events together in Figure 1.
Figure 2 shows the variations in solar proton density
during the seven storm events, which are denoted as
Case 1 to Case 7 respectively. In Figure 3, the variation
of ozone column during all seven storm events is
plotted all together. Figure 4 illustrates all seven curves
of UV index.

Fig. 1 Variation of Dst index for all seven events selected for the
study. The super storm day is assigned as 0 (zero), and + and –
indicate the subsequent post- and pre- storm days respectively.

Fig. 2 Solar proton density variation during the same storm events
investigated in this study. The super storm day is assigned 0 (zero),
and + and − indicate the subsequent post- and pre- storm days
respectively.

Fig. 3 Total ozone column variation during chosen storm events. The
super storm day is assigned as 0 (zero), and + and – indicate the
subsequent post- and pre- storm days respectively.

Fig. 4 Variation in daily maximum UV index during chosen storm
events. The super storm day is assigned as 0 (zero), and + and −
indicate the subsequent post- and pre- storm days respectively.

Fig. 5 The results of SEA have been described taking the super storm
event as 0 (zero) day, and + and − indicate the subsequent post- and
pre- storm days respectively.

We have observed that the total atmospheric ozone was reduced up to 22 ± 6.8% after the storm events
commenced (Bhargawa and Singh 2019). When the super storms occurred, the density of solar energetic protons
increased suddenly and this enhancement in proton density created an imbalance in the cycle of creation and
destruction of the ozone content, and as a result a sudden decrement in the total ozone column was observed.
Finally the decrease in total ozone column resulted in a slight increase (26±11.2%) in the value of UV radiation
during super storm days.

Table 1 presents the details of all these seven
events and lists the occurrence time and peak values of
Dst index, solar proton density, total ozone column and
the value of UV index during the storm event, from top
to bottom respectively. Results obtained from SEA
have been depicted in figure 5.
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