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ABSTRACT

We show smoothed time series of some solar activity in-
dicators exhibit significant solar cycle dependent differ-
ences in their relative variations during the past three so-
lar cycles 20, 21 and 22. The shapes and the directions
of these differences vary from cycle to cycle. This study
is a continuation of the previous hysteresis effect studies
performed by A.Ö. and T.A. We expand upon previous
work by including some new indices of solar activity such
as the 10.7 cm radio flux (F 10) and the relative sunspot
number.
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1. INTRODUCTION

Some recent works suggest that certain pair of the so-
lar activity indices show hysteresis, e.g., solar cycle de-
pendent differences in their relative variations (Özgüç &
Ataç, 2001; Bachman & White, 1994; Harvey, 1992).
The shapes and the directions of these differences vary
from cycle to cycle. Bachman & White, in particular,
express confidence that hysteresis is a real phenomenon,
not a result of instrumental effects, and estimate lag
times of activity indices compared to the sunspot num-
ber, however, some of their measured delay times can be
significantly larger than the short-time delays associated
with the rotational modulation of enhanced solar activity.
Some other authors go a step further to show the hystere-
sis between oscillation frequency and activity indicators
(Moreno-Insetis & Solanki, 2000; Tripathy et al., 2000;
Jiménez-Reyes, 1998).

In the present paper, we expand upon the above work
to show that hysteresis is present among many pairs of
activity indices during solar cycles 20, 21 and 22. For
this purpose we choose the flare index (FI), the relative
sunspot numbers (SSN), the coronal index (CI), and the
daily radio flux at 10.7 cm (F10) as the indicators of so-
lar activity. Although hysteresis shapes amongst several
indices have been shown in the past (Bachman & White,
1994), this is the first time that such relations are seen in

flare index for three successive cycles.

2. SOLAR ACTIVITY INDEX DATA SETS

The solar activity indicators we used in this study are as
follows:

� The flare index. It is of value as a measure of the
short-lived activity on the Sun. The daily sums of
the index for the northern and the southern hemi-
spheres and for the total surface are divided by the
total time of observation of that day. Because the
time coverage of flare observations is not always
complete during a day (sometimes 75% or 90%), it
is corrected by dividing by the total time of observa-
tions of that day to place the daily sum of the flare
index on a common 24-hour period (Ataç & Özgüç,
1998).

� The relative sunspot number. This is an index of the
activity of the entire visible disk of the Sun calcu-
lated at the World Data Center A in Boulder, Col-
orado using daily observations from the network of
contributing observers. This index is considered to
be consistent with the original Zürich sunspot num-
ber since 1848 (mcKinnon, 1987).

� The coronal activity index. This is derived by Ry-
banský et al. (1994) from the measurements of the
total energy emitted by the Sun’s outermost atmo-
spheric layer (the corona) at a wavelength of 530.3
nm. It gives a radiant energy emitted by the entire
visible corona within Fe XIV spectral line. Lom-
nický S̆tit in The Slovak Republic served as the ref-
erence station for calculating the index.

� The daily solar radio flux values. These are de-
rived from the daily measurements of the integrated
emission from the solar disc at 2800 MHz (10.7 cm
wavelength) which have been made by the NRC of
Canada since 1947. The flux values are expressed
in solar flux units (������� � ��

�����������)
and originate in the chromosphere and corona. The
characteristics of the observations are rewieved by
Covington (1969).
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Figure 1. Plots of smoothed time series of FI, SSN, F10 and CI. Each plot is drawn with 365-day running means for three
successive cycles 20, 21 and 22.

3. ANALYSIS

Figure 1 shows how the activity indicators we used
exhibit variations during the successive three cycles.
We choose flare index to be the abscissa of all plots
in figures except Figure 1, in order to display the
effects of hysteresis most clearly. We perform the
365-day running means using only common days
of data to produce smoother hysteresis patterns for
three successive cycles 20, 21 and 22. The plotted
curve in Figure 2 clearly exhibits a hysteresis: The
flare index does not follow the same path in the ris-
ing and falling parts of the three solar cycles when
plotted against the coronal index. Line styles of the
individual plots are the same in all the three figures
(Figures 2-4). The thicker sections of the curves
with the symbols

Table 1. Position differences between the ascending and
the descending branches of the three cycles.

CI SSN F10
Cycle 20 Negative Negative Negative
Cycle 21 Negative Positive Positive
Cycle 22 Positive Negative Negative

correspond to the rising parts of the cycles (e.g., flare in-
dex increasing with time). Arrows indicate the direction
of time. The saturation effects are seen in all the plots at
the extreme phases. The most interesting finding in Fig-
ure 2 is the separations (width of the hysteresis) between
the two branches for each cycle. These separations are
very large for cycle 20 and 21 but not so large for cy-
cle 22. We can observe the same hysteresis phenomenon
when we draw the plots for SSN and F10 versus FI (Fig-
ures 3 and 4). The separations between the two paths
for each cycle are small but larger than the error limits.
The error bars at the top left corner of each figure indi-
cate �	 values of that plot. The hysteresis is the same for
the three indicators for cycle 20. The hysteresis cycles

shown in Figures 2 - 4 will be said to have positive circu-
lation sense when the flare index is smaller in the rising
half of the cycle (clockwise circulation of the hysteresis).
Similarly, we will say that the inclination of a cycle is
positive (or that it is forward inclined) if the plot of that
cycle moves the clockwise direction if we assume that the
position of the cycle 20 as a base in that figure; otherwise
the inclination will be called negative (and the cycle will
be said to be backward inclined). All the indices we used
shown in figures have negative circulation sense for cycle
20. SSN and F10 have positive circulation sense, how-
ever CI has negative one for cycle 21 and this cycle is

Figure 2. Scatterplots showing the hysteresis phe-
nomenon for the coronal index versus flare index for three
successive cycles (20, 21 and 22). The thick lines with
the different symbols drawn with 365-day running means,
show the ascending branches and the thin lines are the
descending branches. Arrows indicate the direction of
time.



3

Figure 3. Scatterplot drawn with 365-day running means,
shows the hysteresis during the past three solar cycles
(20, 21 and 22) between the relative sunspot number and
the flare index.

forward inclined while cycle 22 is backward inclined. CI
has positive circulation sense and SSN and F10 have neg-
ative ones for cycle 22. This circulation senses are show
in Table 1.

4. DISCUSSION

The choise of activity indicator versus flare index may
strongly influence the resulting hysteresis in a given cy-
cle. For example for cycle 20, the circulation senses are
negative for all the indices; however for cycle 21, the cir-
culation sense is negative only for CI. The width differ-
ences of the hysteresis for each index are very significant
from cycle to cycle. Bachman & White (1994) estimated
lag times for all possible pairs of indices by offsetting
one index in time untill the hysteresis curve collapses
into roughly a straight line. However we could not esti-
mate lag times for the pairs of indices. Because the shape
and the width of the hysteresis vary from cycle to cycle
(e.g., for one cycle lag time to be found 40 days and for
the next cycle is it found 180 days). The difference be-
tween the two cycles is, however, unexpected. Recently
some authors have shown that a hysteresis exists between
the p-mode frequency shifts and the activity indicators
but they investigated for only cycle 22 (Jiménez-Reyes,
et al., 1998; Moreno-Insetis & Solanki, 2000; Tripathy,
et al., 2000). The sign of the inclination of hysteresis
varies from one cycle to the next. Figures 2 - 4 show how
the inclination varies for the different indices for the suc-
cessive three cycles (20, 21 and 22). To summarise, al-
though hysteresis warrants serious consideration as a pos-
sible long-term feature of solar activity but the shape and
width differences between the three cycles are, however,
unexpected. The circulation sense and the inclination of
cycle need more detailed investigations.

Figure 4. Scatterplots showing the hysteresis phe-
nomenon for the radio flux versus flare index for three
successive cycles (20, 21 and 22).
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