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RESUMEN

Se consideran los valores de los indices AA* de valor mayor que 60 10~? Tesla para caracterizar tormentas geo-
magnéticas ya que las series disponibles de estos indices van desde 1868 hasta 1998 (el més largo intervalo de la
actividad geomagnética existente). Aplicando la técnica del precursor hemos realizado un anslisis de los periodos de
tormentas y la actividad solar obteniendo una buena correlacién entre el numero de tormentas () (caracterizado
por los indices AA*) y las amplitudes de los ciclos solares corriente (€) y el préximo (p). Usando el método de
regresién multiple aplicado a & = A + B( + Cu, las constantes resultaron: A = —33 4+ 18, B = 0.74 £+ 0.13
and C' = 0.56 £ 0.13. El método estadistico presentado indica que el ciclo actual (ntimero 23) tendria un pico de
202 £ 57 manchas mensuales promedio. Este valor indica que la actividad solar seria alta produciendo importantes
efectos en el medio ambiente terrestre.

ABSTRACT

AA* indices of values greater than 60 10™° Tesla are considered in order to characterize geomagnetic storms since
the available series of these indices comprise the years from 1868 to 1998 (the longest existing interval of geomagnetic
activity). By applying the precursor technique we have performed an analysis of the storm periods and the solar
activity, obtaining a good correlation between the number of storms (@) (characterized by the AA* indices) and
the amplitudes of each solar cycle (¢) and those of the next (u1). Using the multiple regression method applied to
a = A+ B( + Cp, the constants are calculated and the values found are: A = —33 + 18, B = 0.74 £ 0.13 and
C =0.56£0.13.

The present statistical method indicates that the current solar cycle (number 23) would have an upper limit of
202 & 57 monthly mean sunspots. This value indicates that the solar activity would be high causing important
effects on the Earth’s environment.
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1. Introduction

The precursor method is a technique that can be used to forecast the amplitudes of the solar cycles. This
method is based on the correlation between the observed phenomena or those originated in the sun, during
a solar cycle and the observations of geomagnetic storms. Besides, it considers that a solar cycle actually
starts some years before the minimum.

We apply this method to forecast the amplitude of solar cycle number 23, to that effect, the AA* indices
which characterize geomagnetic storms are considered. The average daily AA* indices is obtained from
the aa index that has been utilized in previous publications Silbergleit (1999a and 1999b). These indices
are calculated using magnetograms of two observatories located in England and in Australia. An historical
advantage of using the AA* indices is that such indices have been collected since 1868 up to the present
time, in this way a long temporal series of data is obtained. AA* indices are calculated in a way similar
to the Ap but the available series are longer. Due to the difference of units in which the Ap and the AA*
indices are measured, the values are different because different reference values are taken for the beginning
and end of a magnetic storm. Comparing the years when the values overlap, it is shown that the relative
frequency of storms per year is the same. Another reason to analyze them is that an index derived from
values of magnetic disturbances in only two observatories clearly shows extreme values, because the places
where the data are entered located above the ionosphere or due to systems of currents of aligned fields
produce magnetic effects. It is interesting to note that the total level of magnetic disturbances per year has
substantially increased since 1900. The mean annual aa value is greater at the present than the levels of
maximum disturbance obtained before 1900.

The observation of annual distribution of the Ap indices reveals maximum values where the values of
magnetic storms are high. The same distribution is observed in aa indices. In order to calculate AA*, aa
indices are taken in a three-hour period, when the average exceeds 60 nT ( 1 nT = 10~? Tesla) a magnetic
storm is regarded as being in progress. Arbitrarily is considered that such storm continues until the mean
value decreases from 60 nT. The maximum value obtained is referred to as AA*.
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Fig. 1. Values of the AA* index for the period from 1868 to 1998.
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Considering the average of 24 hours of disturbance of maximum geomagnetic storms, it is possible to
obtain these indices from the NOOA home page (The data used in the present article were downloaded via
FTP at ftp://ftp.ngdc.noaa.gov/STP/).

The precursor method was used among others by Thompson (1992). The present paper considers the
observations of the activity up to the present also utilizing these new AA* indices as the measure of
geomagnetic storms. Figure 1 shows the maximum values of the AA* indices for the period from 1868 to
1998.

There also exist different publications about the forecast of the maximum amplitudes of the solar cycle
using the most diverse methods (see Gleissberg, 1942; Joselyn et al., 1997; Silbergleit, 1998; Silbergleit and
Larocca, 2000).

2. Solar activity and geomagnetic indices

Sunspots are the most perceptible proof of the Sun’s magnetic activity. They were observed from the Earth
since the 17*" Century. When the Sun’s activity reaches its peak (during the maximum complexity of the
magnetic field configuration), the number of sunspots has the highest. As it was predicted, the present solar
cycle would has its maximum in the current year.

As sunspots are the signal of the Sun’s activity, the number of magnetic storms is correlated with
the number of the sunspots. Geomagnetic indices are often used to study these interrelationships and to
determine causal sequences.

The aa index is a global index of magnetic activity, it is calculated from the K indices of two nearly
antipodal magnetic observatories. The historical advantage to use aa is that these indices are calculated
from magnetograms of earlier observations, they are derived from 1868 to the present. The level of mean

yearly aa is now much higher than years at maximum disturbance levels before 1900.

The AA* indices are derived for a longer span of years. They exhibit a difference in units of presentation
with the values of Ap*. However their comparison presents relative frequency of occurrence of major storms
per year very similar. An important reason for differences is that the AA* indices easily have larger extreme
values if either input site is well placed to the overhead ionospheric and or field aligned current systems.
The K-index is quasi-logarithmic local index of the 3-hourly rank in magnetic activity related to an assumed
quiet-day curve for a single geomagnetic observatory place. It consists of a single-digit between 0 and 9
for each three-hour interval of the universal time day (UT). The planetary 3-hour-range index Kp is the
mean standardized K-index from 13 geomagnetic observatories between 44° and 60° northern or southern
geomagnetic latitude. This planetary index is designed to measure solar particle radiation by its magnetic
effects.

Examination of the annual distribution of Ap indices revealed UT-days when elevated, clearly magnetic
storm value. Daily regular magnetic field variation arise from current systems caused by regular solar
radiation changes. Other irregular current systems produce magnetic field variations caused by:

1 the interaction of the solar wind with the magnetosphere,

2 the magnetosphere itself,

3 the interactions between the magnetosphere and ionosphere, and
4 the ionosphere itself.

Magnetic activity indices were designed to describe variation in the geomagnetic field caused by these
irregular current systems.

3. The precursor method

From the analysis of the magnetic data it is inferred that the number of geomagnetic storms during each
solar cycle depends on the maximum amplitudes of:
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a) the solar cycle during which it is observed, and
b) the next solar cycle.

According to Thompson (1992), the control of a solar cycle can appear as soon as the previous solar
maximum. It means that each cycle, is a complex mixture between the cycle itself and the next one.

In the present study the data are analyzed taking into account this fact and considering the AA* indices
of geomagnetic activity (that characterize geomagnetic storms). Figure 2 shows the values of the solar
activity measured as the monthly average number of sunspots. Table 1 shows the maximum amplitudes of
each solar cycle for the same period.
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Fig. 2. Number of sunspots for the period from 1869 to 1998. Cycle numbers are shown beside each plotted peak.

Using the linear relationship:

a=A+B(+Cu (1)

and applying the method of the multiple linear regression to the series of data shown in the Table 1, the
constant values are obtained. Their values are equal to: A = —33+18, B =0.74+0.13 and C = 0.56+0.13.

Thompson (1992) used the historical data to verify the results obtained with this method. He studied
the maximum amplitudes of the solar cycles ranging from number 12 to 22 considering Eq. (1).
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N B*g A*p | B*+ A a 4 B

11 103.9 418 145.8 87 140.5 74.6
12 55.2 49.2 104.4 3 74.6 87.9
13 65.05 359 100.9 86 87.9 64.2
14 475 59 106.5 59 64.2 105.4
15 78 43.7 121.7 83 105.4 78.1
16 57.8 66.7 124.5 94 78.1 119.2
17 822 88 170.2 149 119.2 151.8
18 1123 112.7 2249 170 151.8 201.3
19 149 61.9 210.9 187 201.3 110.6
20 81.8 92.1 1739 154 110.6 164.5
21 121.7 88.8 210.5 189 164.5 158.5
22 1173 X X 209 1585 X

Table 1. Data from cycles 11 through 22. The meaning of the symbols presented in this Table are:
: number of storms,
: amplitudes fo each solar cycle,
: amplitudes of the next solar cycle,
: values to be determined.
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Figure 3. Number of magnetic storms in a cycle vs. amplitudes for each solar cycle. Cycle numbers are shown beside each

plotted point. The amplitude and its uncertainty (for the cycle 23) is obtained by using multiple linear regression as
represented by the solid straight line
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Figure 3 shows the linear regression which gives the number of magnetic storms in terms of the amplitudes
of each cycle and the following cycle, considering Eq (2). The best adjustment indicates that:

a = (=30 £ 19) + (0.98 £ 0.12) * (0.74¢C + 0.561) (2)

Where « is the number of magnetic storms, ¢ the amplitude of the current solar cycle and p the amplitude
of the next solar cycle. The coefficient of the linear correlation turned out to be 0.977.

The amplitude of a solar cycle can be forecast using equation (2). The « value represents the number
of magnetic storms observed up to the minimum of the solar activity, previous to the beginning of the new
cycle. A better precision is achieved in the multiple linear regression performed, by taking into account
both terms.

4. The upper limit of the maximum solar activity for cycle No. 23

Equation (2) allows us to make an estimation of the maximum amplitude to be expected during solar
cycle number 23. Using the values of the AA* indices and the number of sunspots as measurements of the
geomagnetic activity and the solar activity respectively, it is found that for the next solar cycle its peak
value would be (202 % 57) monthly mean sunspots. This result agrees with prior publications as:

a) Silbergleit (1998) who forecasts a value of the maximum solar activity for cycle No. 23 of (173 + 14)
monthly average spots and

b) Joselyn et al. (1997) found a maximum expected value of the solar activity of (160 £ 30) smoothed
monthly average spots.

Figure 4 shows the recent sunspot observations and the predicted peak value for the current cycle as
obtained by using the best linear regression fitting adjustment.
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Figure 4. Recent observations of sunspots and their accordance with the predicted peak value of 202 4 57 monthly mean

sunspots as obtained in the present article. Plotted square and dotted straight line show the estimated value and its
uncertainty respectively.
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The maximum spot number observed during the year 2000 is in agreement with the low limit of the
predicted peak value of 202 + 57.

The present article shows a quick manner to evaluate the upper limit of the maximum solar cycle 23 by

using Equation (2). Considering these results it is possible to verify the advantage of this method within
the limits of calculated error.

The occurrence of magnetic disturbances depends on the solar activity during the cycle in which those
disturbances are observed and on the previous cycle, it is important to take this effect into account. Many
applications of the precursor technique only consider the final period of the previous cycle.
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