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SUMMARY: We study the local variation of the geomagnetic field measured
by the Huancayo Geomagnetic Observatory, Peru, during 2001-2010. Initially, we
sought to relate the SFI values, stored daily in the NOAA’s National Geophys-
ical Data Center, with the corresponding geomagnetic index; however, no rela-
tion was observed. Nonetheless, subsequently, a comparison between the monthly
geomagnetic-activity index and the monthly SFI average allowed observing a tem-
poral correlation between these average indices. This correlation shows that the
effect of the solar flares does not simultaneously appear on the corresponding mag-
netic indices. To investigate this, we selected the most intense X-class flares; then,
we checked the magnetic field disturbances observed in the Huancayo Geomagnetic
Observatory magnetograms. We found some disturbances of the local geomagnetic
field in the second and third day after the corresponding solar flare; however, the
disturbance strength of the local geomagnetic field is not correlated with the X-class
of the solar flare. Finally, there are some disturbances of the local geomagnetic field
that are simultaneous with the X-class solar flares and they show a correlation with
the total flux of the solar flare.
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1. INTRODUCTION

From the Carrington flare of September 1859
(Shea et al. 2006), the scientific community boosted
research on a relation between the solar activity and
disturbances of the geomagnetic field. Nowadays,
many investigators consider that there is no direct
connection between solar flares and geomagnetic dis-
turbances.

The study of the solar activity in its different
manifestations has a very important role because the

Sun strongly influences climate, telecommunications
and life on Earth (Bai and Sturrock 1989, Cui et
al. 2006, Meza et al. 2009). Specially, solar flares
are capable of radiating far ultraviolet rays as well
as hard and soft x-rays; usually, these flares also
are capable of releasing solar material toward the
Earth, what eventually produces geomagnetic dis-
turbances (Foukal 2004, Remanan and Unnikrish-
nan 2014). Furthermore, the geomagnetic activity
also stems from several phenomena linked to the in-
terplanetary magnetic field and galactic cosmic rays
(Stamper et al. 1999); to the solar wind and coronal
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mass ejections (CMEs) (Legrand and Simon 1989a,b,
Gosling 1993, Youssef 2012), and to others (Legrand
and Simon 1989a,b, Tsurutani et al. 1985, Stamper
et al. 1999).

On the other hand, Cliver and Hudson (2002)
conclude that it is not well established how the so-
lar flares affect the geomagnetic activities. However,
studies carried out by Du and Wang (2012) describe
connections between the geomagnetic activity and
the parameters of flare; they considered 13 months
to be the scale of the mean response time; the delay
time between the peaks of both is predicted about
47%. A similar result was found by Howard and Tap-
pin (2005), who, by using CMEs data, found a de-
pendence between the X-class flares and Ap and Dst
indices for geomagnetic storms (Dst stands for dis-
turbance storm time). Nonetheless, in these works, a
direct connection of the solar flare intensity with the
variation of the geomagnetic field was not shown.

To study the geomagnetic field we use the In-
dices of Global Geomagnetic Activity Ap (Rangara-
jan 1989, Siebert and Meyer 1996), and to analyze
the local geomagnetic field we use magnetograms
measured by the Huancayo Geomagnetic Observa-
tory (HGO), which is operated by the Geophysical
Institute of Peru, Rosales Corilloclla et al. (2011).
The HGO is located at 12°02/28.69"” south latitude
and 75°19'14.11" west longitude, with an altitude
of 3314 meters above the mean sea level; the HGO
has an inclination-declination MAG-01H Fluxgate
magnetometer, Bartington model, and a proton pre-
cession magnetometer, too. Since the first magne-
togram, obtained in March 1922, it was a surprise
to find that the diurnal variation of the geomagnetic
field was more than twice the expected, and much
larger than the observed in other observatories lo-
cated in similar geographical latitudes (Giesecke and
Casaverde 1998).

2. DATA

We have divided the information about the
used data into five parts.

2.1. The local geomagnetic field

The values obtained through the HGO mag-
netograms are recorded every minute, and they
are available on the website of the Geophys-
ical Institute of Peru. These data are also
sent to the world net of observatories INTER-
MAGNET, and they are available on its website
http://www.intermagnet.org/data-donnee/data
plot-eng.php. After a treatise with NOAA,
NOAA’s NCEI can obtain these data directly from
INTERMAGNET and store them in WDC-A; NCEI
means National Centers for Environmental Informa-
tion (NCEI 2015) and WDC-A, World Data Center-
A. The former NGDC was recently merged into the
151(]]121; NGDC stands for National Geophysical Data

enter.
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The HGO measures the horizontal and verti-
cal components of the geomagnetic field. For this
work we have selected magnetograms corresponding
to 2001-2010. The monthly selection of the magnet-
ically quietest days and the magnetically most dis-
turbed days (Q-days and D-days, respectively), is
based on a statistical criterion of the global geomag-
netic storm indices Kp (Mayaud 1980). To find out a
possible correlation between solar flares and the ge-
omagnetic field behavior, graphs corresponding to 3
652 days have been studied.

2.2. Undisturbed diurnal variation

To identify the magnetic disturbances corre-
sponding to solar flares, we firstly need to recog-
nize the shape and maximum mean value of the
diurnal variation of H in normal quiet days. For
this reason, we take as reference values the quiet
days stored by the Data Analysis Center for Geo-
magnetism and Space Magnetism, Kyoto University
(DACGSM 2015). For each month this database has
ten magnetically quietest days and five magnetically
most disturbed days, which allow us to notice the be-
havior of the diurnal variation in the HGO data and
to select those having the least possible disturbance
caused by some external phenomenon.

In Fig. 1, we have the shape of the diurnal
variation in the magnetic field observed by the HGO.
The variation of H, the blue color line, is shown as a
steeper curve at local noon, and with a mean ampli-
tude ranging between 100 and 200 nT. By having the
mean shape of the diurnal variation in the HGO, we
can identify the local geomagnetic-disturbance days
during 2001-2010 in the registered magnetograms.

2.3. Flare indices

In searching to quantify the daily flare activ-
ity over 24 hours per day, Kleczek (1952) introduced
the solar flare index defined as QQ=it, where i repre-
sents the intensity scale of importance of a flare in
Hea images (Table 1) and ¢ is the flare duration mea-
sured in minutes (Knoska and Petrdsek 1984, Atag

and Ozgiig 1998). This relationship is assumed to
give roughly the total energy emitted by a flare.
Solar flare indices were extracted from the
database of the NOAA’s NCEI (NOAA-flares 2015),
which provided us the flare indices throughout the
solar disk during 2001-2010. The annual tables of
the flare indices furnished us with the corresponding
daily values, the monthly mean, and also the yearly
mean over the period being studied. Because the
local geomagnetic-field disturbances can be caused
by different phenomena, whether atmospheric or so-
lar, we will take into account only the highest data of
the flare indices. However, we need to set a minimum
value which can be used as a gauge to consider a flare
as outstanding. This value is selected by considering
the respective highest values of the indicators for the
size and brightness representing the flare (Table 1);
size and brightness are obtained from the Ha image.
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Table 1. Classification of flares by their area and brightness observed in Ha images.

Size of the flare Bright of the flare
Indicator Actual area Apparent area* Indicators
S Area<2.0 Area<200 fn,b
1 2.1<Area<5.1 200<Area<500 fon,b
2 5.1<Area<12.4 500<Area<1200 fn,b
3 12.4<Area<24.7  1200<Area<2400 fn,b
4 Area>24.7 Area>2400 f;n,b

*The actual area is measured in square degrees. The
apparent area is measured in millionths of the solar disk.
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Fig. 1.

Q1-day magnetogram of January 2001 (the first quietest day). The red line corresponds to the

declination angle measured in minutes; the blue line, to the horizontal component measured in nanoteslas;
the green line, to the vertical component measured in nanoteslas too. This figure was taken from Huancayo

Geomagnetic Observatory.

Table 2. Conversion between the intensity scale of
importance and the intensity scale of importance of
a flare.

Intensity Scale of Intensity Scale of
Importance of the Flare Importance ¢
SF, SN, SB 0.5

1F, IN 1.0

1B 1.5

2F, 2N 2.0

2B 2.5

3F, 3N, 4F 3.0

3B, 4N 3.5

4B 4.0

Table 2 shows the conversion between the in-
tensity scale of importance and the intensity scale of
importance of a flare. By considering a flare hav-
ing the greatest size (4) and one having the greatest
brightness (b), we have a flare 4b with optical im-
portance coefficient i=4.0. For a minimum duration
of t=1 minute, we get index SFI=4; this reference
value limits the study to the brightest flares having
area greater than 2400 millionths of the solar disk
after elapsing one minute.

2.4. Magnetic activity indices Ap

To study the Earth’s magnetic field, we use
Kp and Ap indices. The Kp magnetic index is a
code associated with the maximum fluctuations of
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the geomagnetic-field horizontal component (H) ob-
served in a magnetometer relative to a quiet days;
whereas, the Ap magnetic index is a planetary index,
which arose from the need to obtain daily informa-
tion on the global geomagnetic behavior.

To relate the daily performance of the flare in-
dex with daily changes of the global magnetic field
during 2001-2010, we use as reference the global
geomagnetic activity index Ap, daily and monthly
(Mayaud 1980), which was obtained from the World
Data Center for Geomagnetism, Kyoto University.
For the period being studied, we selected 74 dates
presenting an index Ap>48, whose value is related to
the existence of geomagnetic storms (Remanan and
Unnikrishnan 2014). For the HGO magnetograms
satisfying this condition, in dates corresponding to
a global geomagnetic storm, we verified an anoma-
lous local change in the geomagnetic field registered
by the HGO. This selection allows us to relate Ap
values with those corresponding to SFI on the same
dates (Fig. 2).

2.5. X-class flares

NOAA has a database of solar flares along
with its X-ray intensity as a function of time, in-
dicating start, end, and the maximum peak of the
flare (NOAA-NGDC 2015). This classification of X-
ray flares are X, M, C, B and A according with their
strength. In this work, we considered only X-class

flares having a large intensive radiation, and pre-
sumably a large emission of particles too. In the
data collected, we identify 87 X-class flares during
73 dates in the period studied.

3. ANALYSIS AND RESULTS

Seeking clarity, we have separated this section
into four blocks.

3.1. Connection between the daily SFI index
and HGO magnetograms

For 2001-2010, we found 489 dates wherein
SFI>4 holds. For these days we revised the HGO
magnetograms, and we detected only 267 days when
the local geomagnetic field was disturbed; this repre-
sents 54.6% of the data, whereas nearly half (45.4%)
did not record a disturbance.

This result indicates that either the value
adopted SFI>4 is still too small to ensure that there
is a disturbance of the local geomagnetic field or all
the flares do not produce disturbances that are de-
tected at the HGO. This detection can also depend
on the flare location on the solar disk. Another possi-
ble explanation would be that the effect of the flares
does not manifest instantly in the HGO magnetome-
ters.
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Therefore, since the flare index does not pro-
vide accurate information about the emergence of a
flare (such as start and end), this index is not enough
to study the local perturbation of the geomagnetic
field.

3.2. Connection between daily SFI
and Ap indices

For the period being studied, 74 dates having
Ap>48 were selected from the Ap index database.
This value is associated with the existence of geomag-
netic storms. In analyzing all the days of global geo-
magnetic storms, we verified that there is an anoma-
lous local behavior in the magnetograms. This al-
lowed us to relate the daily Ap indices with their
corresponding SFI indices (Fig. 2). In this figure,
gve observe that there is no relation between the two

ata.

Therefore, the daily SFI and Ap indices are
not adequate to find any relationship between the
two data.
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3.3. Connection between monthly SFI
and Ap indices

To prove that the events already mentioned
are not necessarily simultaneous, we proceed to com-
pare the SFI and Ap indices, but now by using their
monthly average. We take the monthly average of
both indices and plot them as a function of time;
thus, in Fig. 3 we see a strong correlation between
the monthly indices, specifically for values of SF1>2
and Ap>10. Although the values of both indices
have been reduced because of the monthly mean, we
realize that most of the peaks of both indices coin-
cide. Therefore, this result shows that the solar flare
events and the local magnetic disturbance are not
simultaneous; however, they have a time delay.

One possible explanation is that the dis-
charges triggered by a solar flare, like the release of
particles or CMEs, take days to reach the Earth.
This would partially explain why 45.4% of the HGO
magnetograms shows no disturbance on the same
date, even though the daily SFIs have high values.
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Fig. 3. Monthly Ap mean (green line) and monthly SFI mean (red line) during 2001-2010.
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Table 3. Dates of X-class flares with their start hour, end hour, and the maximum peak of the flare at UT.

Date Start  End Maximum  Class Date Start  End Maximum  Class
(M-D-Y) hour hour value hour (M-D-Y) hour hour value hour
03-29-01 09:57 10:32 10:15 X1.7 10-23-03  19:50 20:14 20:04 X1.1
04-02-01 10:04 10:20 10:14 X1.4 10-26-03  05:57 07:33 06:54 X1.2
04-02-01 10:58 12:05 11:36 X1.1 10-26-03 17:21 19:21 18:19 X1.2
04-02-01 21:32 22:03 21:51 X20.0 | 10-28-03 09:51 11:24 11:10 X17.2
04-03-01  03:25 04:55 03:57 X1.2 10-29-03  20:37 21:01 20:49 X10.0
04-06-01 19:10 19:31 19:21 X5.6 11-02-03 17:03 17:39 17:25 X8.3
04-10-01  05:06 05:42 05:26 X2.3 11-03-03 01:09 01:45 01:30 X2.7
04-12-01 09:39 10:49 10:28 X2.0 11-03-03  09:43 10:19 09:55 X3.9
04-15-01 13:19 13:55 13:50 X14.4 | 11-04-03 19:29 20:06 19:50 X28.0
06-23-01 04:02 04:11 04:08 X1.2 02-26-04 01:50 02:10 02:03 X1.1
08-25-01 16:23 17:04 16:45 X5.3 07-15-04 01:30 01:48 01:41 X1.8
09-24-01 09:32 11:09 10:38 X2.6 07-15-04 18:15 18:28 18:24 X1.6
10-19-01 00:47 01:13 01:05 X1.6 07-16-04 01:43 02:12 02:06 X1.3
10-19-01 16:13  16:43 16:30 X1.6 07-16-04 10:32 10:46 10:41 X1.1
10-22-01 17:44 18:14 17:59 X1.2 07-16-04 13:49 14:01 13:55 X3.6
10-25-01 14:42  15:28 15:02 X1.3 07-17-04  07:51 07:59 07:57 X1.0
11-04-01 16:03  16:57 16:20 X1.0 08-13-04 18:07 18:15 18:12 X1.0
11-25-01  09:45 09:54 09:51 X1.1 08-18-04 17:29 17:54 17:40 X1.8
12-11-01 07:58 08:14 08:08 X2.8 10-30-04 11:38 11:50 11:46 X1.2
12-13-01 14:20 14:35 14:30 X6.2 11-07-04  15:42 16:15 16:06 X2.0
12-28-01  20:02 21:32 20:45 X3.4 11-10-04 01:59 02:20 02:13 X2.5
04-21-02 00:43 02:38 01:51 X1.5 01-01-05 00:01 00:39 00:31 X1.7
05-20-02 15:21 15:31 15:27 X2.1 01-15-05 00:22 01:02 00:43 X1.2
07-03-02 02:08 02:16 02:13 X1.5 01-15-05  22:25 23:31 23:02 X2.6
07-15-02 19:59 20:14 20:08 X3.0 01-17-05 06:59 10:07 09:52 X3.8
07-18-02 07:24 07:49 07:44 X1.8 | 01-19-05 08:03 08:40 08:22 X1.3
07-20-02 21:04 21:54 21:30 X3.3 | 01-20-05 06:36 07:26 07:01 X7.1
07-23-02  00:18 00:47 00:35 X4.8 | 07-14-05 10:16 11:29 10:55 X1.2
08-03-02 18:59 19:11 19:07 X1.0 | 07-30-05 06:17 07:01 06:35 X1.3
08-21-02 05:28 05:36 05:34 X1.0 | 09-07-05 17:17 18:03 17:40 X17.0
08-24-02 00:49 01:31 01:12 X3.1 09-08-05 20:52 21:17 21:06 X5.4
08-30-02 12:47 13:35 13:29 X1.5 | 09-09-05 02:43 03:07 03:00 X1.1
10-31-02  16:47 16:55 16:52 X1.2 | 09-09-05 09:42 10:08 09:59 X3.6
03-17-03 18:50 19:16 19:05 X1.5 | 09-09-05 19:13 20:36 20:04 X6.2
03-18-03 11:51 12:20 12:08 X1.5 09-10-05 16:34 16:51 16:43 X1.1
05-27-03  22:56 23:13 23:07 X1.3 09-10-05 21:30 22:43 22:11 X2.1
05-28-03  00:17 00:39 00:27 X3.6 | 09-13-05 19:19 20:57 19:27 X1.5
05-29-03 00:51 01:12 01:05 X1.2 09-13-05 23:15 23:30 23:22 X1.7
06-09-03  21:31 21:43 21:39 X1.7 | 09-15-05 08:30 08:46 08:38 X1.1
06-10-03  23:19 00:12 00:02 X1.3 12-05-06  10:18 10:45 10:35 X9.0
06-11-03  20:01  20:27 20:14 X1.6 12-06-06  18:29 19:00 18:47 X6.5
06-15-03  23:25 00:25 23:56 X1.3 12-13-06  02:14  02:57 02:40 X3.4
10-19-03 16:29 17:04 16:50 X1.1 12-14-06  21:07 22:26 22:15 X1.5
10-23-03  08:19  08:49 08:35 X5.4

3.4. X-class flares and the variation of
the H horizontal component of
the geomagnetic field

We have found that solar flare events are not
necessarily simultaneous with the local perturbation
of the geomagnetic field. Thus, we now look at Huan-
cayo data which have disturbances after the date of
the corresponding solar flare.

We selected the most intense flares according
to their X-class classification; we identified 87 solar

flares having a total flux higher than 10~* W/m?2, all
92

in 73 dates during 2001-2010. These solar flares are
shown in Table 3. Therein it is indicated the date;
start time, end time and maximum peak time (at
UT); and the corresponding X-class.

We analyze the HGO magnetograms until
three days after each flare. In 52 dates, after the
occurrence of a solar flare, we found notable dis-
turbances in the local geomagnetic field (Table 4);
likewise, in other 9 dates, three days after the flare
(Table 5). This represents approximately 83% of the
73 dates.
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Fig. 4. Horizontal component’s variation, two days
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three days after the flares from Table 5. The dates
have Day-Month-Year format.

To estimate the maximum disturbance of the
geomagnetic field during those days, we compared

after the flares from Table 4. The dates have Day-

the different magnetograms with the monthly mean
diurnal variation. These changes in the geomagnetic
field are shown in Tables 6 and 7, respectively, for
two and three days after the corresponding event.
From these measurements we realize that these dis-
turbances vary from 36 to 595 nT, corresponding to
solar flares classified as X6.5-class and X17.2-class,
respectively. The maximum value of the disturbance
for each day is shown in the Figs. 4 and 5, corre-
sponding to two and three days after the solar flare,
respectively.

Additionally, in observing the HGO magne-
tograms corresponding to dates of the flares selected
from Table 3, in 23 out of 87 cases we observed the
emergence of peaks of the variation of H in the time
corresponding to the solar flare. For instance, in the
upper panel of Fig. 6, we have the peak of the solar
flare at 17:40 UT for the X17-class flare on Septem-
ber 7, 2005; whereas in the lower panel of Fig. 6,
we find a peak of the disturbance of the geomagnetic
field at 17:54 UT in the HGO magnetogram. To view
better the result, in Fig. 7 we displayed the start and
end of the flare, as well as the time of the peak of
the geomagnetic disturbance; it is observed that all
peaks are within the flare duration time, whereas in
the HGO magnetograms all these events occur within
an interval from 09:00 to 24:00 UT. To see if the
peak overlapping has a preferential relationship with
the flare occurrence location on the solar disk, we
proceed to place them on it (Fig. 8). We observe
that these flares are mainly located in the southern
hemisphere, but they are also located in the northern
hemisphere between -30° to 10° longitude, and from
-20° to 20° latitude. In Fig. 8, it is also indicated the
class of the X-flare and the maximum disturbance of
H. No connection of these data with their location
on the solar disk is observed.
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Table 4. Data wherein a disturbance appeared in
the HGO magnetograms 2 days after an X-class flare.

Table 5. Dates wherein a disturbance in the HGO
magnetograms appeared 3 days after an X-class flare.

94

Date Class Date Class
(M-D-Y) (M-D-Y)
03-29-01 X1.7 10-28-03  X17.2
04-02-01 X1.4 10-29-03  X10.0
04-02-01 X1.1 11-02-03 X8.3
04-02-01 X20.0 | 11-03-03 X2.7
04-03-01 X1.2 11-03-03 X3.9
04-06-01 X5.6 11-04-03  X28.0
04-10-01 X2.3 02-26-04  X1.1
04-12-01 X2.0 07-15-04  X1.8
08-25-01 X5.3 07-15-04  X1.6
09-24-01 X2.6 08-18-04  X1.8
10-19-01 X1.6 11-07-04  X2.0
10-19-01 X1.6 11-10-04  X2.5
10-25-01 X1.3 01-01-05 X1.7
11-04-01 X1.0 01-15-05 X1.2
12-11-01 X2.8 01-15-05 X2.6
12-13-01 X6.2 01-17-05 X3.8
12-28-01 X3.4 01-19-05 X1.3
04-21-02 X1.5 01-20-05 X7.1
05-20-02 X2.1 07-30-05 X1.3
07-03-02 X1.5 09-07-05 X17.0
07-15-02 X3.0 09-08-05 X5.4
08-24-02 X3.1 09-09-05 X1.1
10-31-02 X1.2 09-09-05 X3.6
03-18-03 X1.5 09-09-05 X6.2
05-27-03 X1.3 09-10-05 X1.1
05-28-03 X3.6 09-10-05 X2.1
05-29-03 X1.2 09-13-05 X1.5
06-15-03 X1.3 09-13-05 X1.7
10-19-03 X1.1 09-15-05 X1.1
10-23-03 X5.4 12-05-06 X9.0
10-23-03 X1.1 12-06-06 X6.5
10-26-03 X1.2 12-13-06 X3.4
10-26-03 X1.2 12-14-06 X1.5

Date Class
(M-D-Y)
04-15-01 X14.4
10-22-01 X1.2
11-25-01 X1.1
07-18-02 X1.8
07-20-02  X3.3
03-17-03  X1.5
06-11-03  X1.6
10-30-04 X1.2
07-14-05  X1.2

Table 6. The geomagnetic field’s maximum varia-
tion two days after the dates from Table 4.

Date Class of AH Date Class of AH
(M-D-Y) flare (nT) | (M-D-Y) flare (nT)
03-31-01 X1.7 -505 | 10-28-03 X1.2 -206
04-04-01 X20 248 10-30-03 X17.2 -595
04-05-01 X1.2 203 | 10-31-03 X10 -438
04-08-01 X5.6 -168 | 11-04-03 X8.3 -118
04-12-01 X2.3 =375 | 11-05-03 X3.9 -112
04-14-01 X2 64 11-06-03 X28 -115
08-27-01 X5.3 124 02-28-04 X1.1 -91
09-26-01 X2.6 -199 | 07-17-04 X1.8 -165
10-21-01 X1.6 376 08-20-04 X1.8 -121
10-27-01 X1.3 74 11-09-04 X2 -451
11-06-01 X1 =472 | 11-12-04 X2.5 -135
12-13-01 X2.8 -49 01-03-05 X1.7 -154
12-15-01 X6.2 106 01-17-05 X2.6 -304
12-30-01 X3.4 -152 | 01-19-05 X3.8 -204
04-23-02 X1.5 -168 | 01-21-05 X1.3 499
05-22-02 X2.1 -T2 01-22-05 X7.1 -123
07-05-02 X1.5 -64 08-01-05 X1.3 73
07-17-02 X3 136 09-09-05 X17 120
08-26-02 X3.1 158 09-10-05 X5.4 -136
11-02-02 X1.2 -111 | 09-11-05 X6.2 -191
03-20-03 X1.5 -169 | 09-12-05 X2.1 -180
05-29-03 X1.3 -346 | 09-15-05 X1.7 -363
05-30-03 X3.6 =227 | 09-17-05 X1.1 -90
05-31-03 X1.2 -113 | 12-07-06 X9 -63
06-17-03 X1.3 -253 | 12-08-06 X6.5 -36
10-21-03 X1.1 -194 | 12-15-06 X3.4 -284
10-25-03 X5.4 -84 12-16-06 X1.5 -92

Table 7. The geomagnetic field’s maximum varia-

tion three days after the dates from Table 5.

Date Class of AH
M-D-Y flare (nT)
04-18-01 X1.8 -151
10-25-01 X3.3 141
11-28-01 X1.1 198
07-21-02 X1.8 44
07-23-02 X3.3 61
03-20-03 X1.5 169
06-14-03 X1.6 144
11-02-04 X1.2 -38
07-17-05 X1.2 -75

In Fig. 9, we show a comparison between the
integrated flux of X-class flares and the peak of the
local geomagnetic-field disturbance. A weak corre-
lation between the two data appears whenever the
integrated flux is greater than 0.5; and, finally, in
Fig. 10 we have a plot of geomagnetic field distur-
bance versus X-class flares.
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Fig. 6. (a) An X17-class flare happened on September 7, 2005; the maximum peak recorded at 17:40
UT. The 1-8 Angstrom passband for GOES 10 X-ray fluz is almost imperceptible (purple lines). Taken from
NOAA/NWS Space Weather Prediction Center. (b) HGO magnetogram for the previously indicated date;
the mazximum peak recorded at 17:54 UT. The colors in this magnetogram have already been explained in Fig.
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Fig. 7. Start hour and end hour of X-class flares compared with the hour when the sudden disturbance of
H appears in the HGO magnetograms. Blue circles stand for the start hour and red circles represent the end

hour; white rectangles are the peak hours of H.

4. CONCLUSIONS

For the period 2001-2010, we conclude that
there is no relationship between the daily flare in-
dices and the daily global-magnetic-activity indices.
However, a peak overlapping appears when we con-
sider the corresponding monthly indices which indi-
cates that the solar flare events and the disturbance
of the local geomagnetic field are not simultaneous.
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For more than 80% of the X-class flares, a
strong disturbance of the geomagnetic field is ob-
served after two to three days. However, when we
plotted the intensity of the disturbance versus the
classification in X class, there was no relationship
between them.

Some solar flares coincide with the disturbance
peak of the geomagnetic field. In these cases, there
is a weak correlation between the magnitude of the
disturbance and the total flux of the solar flare for
values higher than 0.5 of the total flux.
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Fig. 9. Geomagnetic field disturbance versus the integrated flux of X-class flares. Integrated flur means the
X-rays emission in the region of the peak that we consider to be related to the local geomagnetic field.
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I[IpoyuaBasu cMO JOKAJHY Bapujallnjy reo-
MArHETHOT II0Jba M3MEPEHY Ha YaHKajo reoMar-
HeTHOj omcepBaropuju y llepyy, y mepmomy oxn
2001. mo 2010. roguue. [IpBOOUTHO CMO TPaAKUIN
omuoc uamebhy SFI BpemnocTu Koja ce cBakomHeB-
HO IpUKyI/ha y HammoHamHOM reo(pr3myKoOM IeH-
Tpy 3a momatke, NOAA, u oaroeapajyher reo-
MarHEeTHOT WHIEKCA, AJM Be3a HUje YyCTAHOBJhE-
na. [lopebeme m3mebhy meceuHor WHIEKCA TeO-
MarHeTHE aKTUBHOCTHU U IIPOCEYHE MECEUYHE BPEJ-
voctu SFI unnekca je mame omoryhwiao mocmar-
pame BpeMeHCKe Kopesanuje mamehy oBUX mpo-
ceuHux uHaekca. VI3 oBe kopenamuje ciemu na
ce CyHueBe epymnuje He OApaKaBajy MUCTOBPE-
MeHO Ha oaroBapajyhe marserne wmuzaekce. /[la

OuCMO UCTPAKUIU OBY MOjaBy, mu3abpaju CMO
HAjUHTEH3UBHUje epylIyrje Kiaace X, a 3aTuM
nocMmaTpanu mnopemehaje MarmerHor moJsba U3
MarserorpaMa ca YaHKajo reoMarHeTHe OICep-
BatTopuje. Ilpomamau cmo Herke mopemehaje y
JIOKAJIHOM T'€OMATrHETHOM IIOJbY Yy JOPYIOM U
tpehiem mamy maxkom omrosapajyhe Cynuese
epynmuje, mebyrum mumje mabema kopesamnuja
u3Mely Beamuwmbae mnopemehaja JOKAJIHOT Treo-
MarsHeTHOr mosa u kjaace X CyHUYeBUX epyI-
muja. Konauno, npumehenu cy mexu mopemehaju
y JIOKAJHOM TI€OMAarHeTHOM IIOJbY KOjU Cy WC-
ToBpeMmenu ca kiaacom X CyHUeBUX epymnmuja, u
OHU IIOKa3yjy KopesaIlujy ca YEYIHUM (QIYKCOM
CyHueBe epymiyje.
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