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Abstract. Variations of total solar irradiance, 10.7 cm radio emission, the He I 10830 Å equivalent
width and the solar magnetic field flux measured for the entire Sun are compared with variations of the
energy index of the global solar magnetic field and the index of the effective solar multipole for years
1979 – 1992. It is shown that photospheric radiation and that generated in the upper chromosphere and
corona display different relationships with the global magnetic field of the Sun, and that interaction
between the magnetic field and the solar irradiance is much more complicated than the traditional
blocking effect.

1. Introduction
Harvey (1992) compared the total solar magnetic flux measured for the entire Sun
with the rotation-averaged values of the total solar irradiance (ACRIM), the 10.7 cm
radio flux, the He I 10830 Å equivalent width, and the short-wave radiation in L
and 1–8 Å X-ray flux. The comparison revealed a different character of the relationship between the magnetic field and the total irradiance coming mainly from the
photosphere, on the one hand, and between the magnetic field and chromospheric
and coronal radiation, on the other. In this paper we analyze these relationships by
comparing the total solar irradiance (SI), the 10.7 cm radio flux (RI), and the He I
10830 Å equivalent width (HeI) with the total solar magnetic flux measured for
the entire Sun (MFT), the energy index of the global solar magnetic field I (Br )
and the index of the effective solar multipole (n). We study the crosscorrelation
functions of short-term variations of these parameters of the solar irradiance and
the total solar magnetic flux.

2. Data Base
In our analysis, we have used daily measurements of the total solar irradiance (SI)
from the Nimbus-7, SMM, NASA ERBS, and NOAA-9, 10 satellites, the 10.7 cm
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radio flux data (Ottawa, RI), the equivalent widths of the helium 10830 Å solar
absorption line (HeI, in mÅ) averaged over the solar disk (NSO/Kitt Peak), the
line-of-sight magnetic field strengths (MFT, in G) measured with 1 arc sec pixels
and averaged over the full disk (NSO/Kitt Peak), and the energy index of the global
solar magnetic field (I (Br )) and the index of the effective solar multipole, (n),
calculated for every rotation during 1979–1992.
The energy index of the global magnetic field, I (Br ), and the index of the
effective solar multipole, n, were introduced by Obridko and Ermakov (1989),
Obridko and Shelting (1992), Ivanov, Obridko, and Shelting (1997) to characterize
the energy and structure of the global magnetic field of the Sun.
2
2
I (Br ) = hB i, on a surface of radius r , where hB i is the square intensity of
the magnetic field radial component averaged over the solar surface, and r is the
radius of the sphere over which the field is averaged. The index was calculated
by using the Stanford magnetic maps and their extension in Legendre polynomials
performed by Hoeksema (1984).
The index of the effective solar multipole, n, describes the contribution of
different components of the global magnetic field at various stages of the 11-year
solar cycle:
n
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It is determined by taking the logarithm of the ratio of the I (Br ) value at the source
surface, Iss , to that in the photosphere, Iph (Ivanov, Obridko, and Shelting, 1997).
In fact, when passing from the photosphere to the source surface, the magnetic
flux changes in accordance with the expression Bss = Bph r ,n , where n = 3 for
a dipole source, n = 4 for a quadrupole source, and n > 4 for a higher-order
multipole source. When the field under consideration is a combination of fields
from several sources with different weight, n can assume values from 3 to 4 (in
the case of combined dipole and quadrupole sources) or higher (in the case of a
higher-order multipole field).

3. Processing Methods
Short-term variations of SI, HeI, RI, and MFT were obtained by subtracting the
daily SI, HeI, RI, and MFT values, smoothed over 28, 90, and 180 days, from the
daily unsmoothed SI, HeI, RI, and MFT values. After that, the cross-correlation
functions of the differences obtained – DSI, DHeI, and DRI against DMFT – were
calculated for every half-year interval during 1979–1992. The cyclic curves of
correlation coefficients and displacements of the main correlation maxima were
juxtaposed with the respective cyclic curves of the global magnetic field energy
index, I (Br ), and the index of the effective solar multipole, n. Since the crosscorrelation functions of DSI, DHeI, and DRI against DMFT, as well as their cyclic
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variations proved not to differ very much for different smoothing intervals, we shall
only consider variations with a characteristic period of <90 days.
4. Results
4.1. CROSS-CORRELATION FUNCTIONS OF DSI, DHEI, AND DRI AGAINST DMFT,
AND THEIR BEHAVIOR DURING A SOLAR CYCLE

Figure 1(a) illustrates the cross-correlation functions of the short-term variations
of SI, RI, and HeI (henceforth denoted as DSI, DRI, and DHeI) against the shortterm variations of MFT (denoted as DMFT) for every year from 1979 to 1992.
As seen from the figure, the chromospheric (He I 10830 Å equivalent width) and
coronal (10.7 cm radio flux) radiations differ from those of mainly photospheric
origin (solar irradiance) as far as their relationship with the total solar magnetic flux
is concerned. The character of the relationship simplifies when passing from the
photosphere to the corona, which can readily be seen from a simpler shape of the
correlation function and a weaker dependence on the phase of the cycle. Besides,
DRI and DHeI correlate with DMFT, whereas DSI and DMFT in the photosphere
display a negative correlation.
The pronounced maximum of the cross-correlation function, corresponding
to 27 days, will be interpreted as evidence of 2-sector structure, and the less
pronounced maximum at 13–14 days – as evidence of 4-sector structure of the
large-scale solar magnetic field. Then in HeI and 10.7 cm, one can readily see
2-sector (and at the growth and decay of the cycle – 4-sector) structures of the
large-scale solar magnetic field. Smaller elements are also visible in HeI.
The relationship between DSI and DMFT is much more complicated and
changes from year to year. Besides the noticeable minimum near zero, the crosscorrelation function has other extreme values that significantly change in their
magnitude and position depending on the cycle phase.
Figure 1(b) illustrates the cross correlation between DSI and DMFT for various
phases of the solar cycle. At the solar minimum (1985–1986), the character of the
relation between DSI and DMFT changes sharply. The cross-correlation minimum
shifts from nearly a zero position to about 10–16 days. A more intricate general
shape of the cross-correlation function implies a more complicated magnetic field
structure and, hence, its specific impact on the emitting elements in the photosphere.
The field affects in a different way various structural elements, such as sunspots,
plages, and network.
Figure 2 illustrates cyclic variations of the main maximum of the correlation
function of DSI, DRI, and DHeI against DMFT at a characteristic variation period of
<90 days. The correlation coefficients and shifts were specified by approximating
the cross-correlation function in the vicinity of the main maximum of the secondorder curve.
The figures imply that:
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Figure 1. (a) Cross correlations of short-term variations (diurnal minus averaged over 90 days) of the
solar irradiance (DSI), He I 10830 Å equivalent width (DHeI), and 10.7 cm radio flux (DRI) with the
same short-term variations of the total solar magnetic flux (DMFT) measured over the entire Sun for
every year from 1979 to 1992. (b) The same for short-term variations of the solar irradiance (DSI)
for every half-year interval from 1979 to 1992 in different phases of the solar cycle. The dashed lines
mark the periods of sharp changes of the cross-correlation function (consecutively – second half of
1979, first half of 1981, second half of 1982, second half of 1984, first half 1988, and first half of
1990).
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Figure 2. Cyclic variation of the cross correlations and shifts of the short-term variations of SI, HeI,
and RI against short-term variations of MFT at a characteristic variation period of 90 days.

<

(1) The positive correlation of DMFT with DHeI and DRI and the negative
correlation with DSI change during the 11-year cycle, the respective correlation
and anticorrelation coefficients growing with the solar activity. During most of the
cycle (though with a change of phase at the minimum) the DRI–DMFT and DHeI–
DMFT curves display a quasi-annual variation of the cross-correlation coefficient.
In DSI–DMFT, the variation is also noticeable at the maximum and at the decay
of cycle 21.
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(2) The main cross-correlation maxima for DSI, DHeI, and DRI as a function
of DMFT shift about zero in a different way during the solar cycle:
(a) The shift of DSI relative to DMFT is positive all over the 11-year cycle,
except the maximum epochs (1980–1981 and 1988–1991), when it is negative or
close to zero (see Figure 2). At the minimum of the cycle (from the second half of
1984 to the second half of 1986), the character of the relationship between SI and
MFT changes drastically. The cross-correlation coefficients for the shifts near the
zero point are close to 0 or even become positive. At the same time, one can see a
noticeable anticorrelation (up to kcor = ,(0:35–0.40) in 1984 and 1985) for the
shift of about 10–16 days (see Figure 1(b)).
(b) The shift of DHeI and DRI relative to DMFT changes periodically from
positive to negative values with a quasi-period of 1–2 years during most of the
time interval under investigation (1979–1992). It should be noted that the positive
shift is more significant for DRI and the negative for DHeI. The shift of DRI with
respect to DMFT has a quasi-period of 1.5 years at the maximum and in the
decay phase of cycle 21 and 2 years at the growth phase and at the maximum
of cycle 22. The shift of DHeI about DMFT displays a quasi-biennial variation at
the maximum and decay phase of cycle 21 and at the growth phase and maximum
of cycle 22. At the minimum of cycle 22, the variation is quasi-annual. The cyclic
curves, that describe the correlation of radio emission and HeI radiation with the
magnetic field, are very much alike. On the other hand, the shifts in radio emission
and HeI behave in an absolutely different way.
4.2. GLOBAL MAGNETIC FIELD INDICES
The global magnetic field of the Sun has a complex hierarchic structure that changes
during an 11-year cycle. The hierarchy of solar magnetic fields, from granulation
and supergranulation to large-scale systems of giant and supergiant cells (McIntosh
and Wilson, 1985; Ivanov, 1986; Abdussamatov, 1993), is most likely due to the
multi-layer solar convection. Practically all active events on the Sun are related
to one or another of these systems, being concentrated at the cell boundaries, and
depending on their dynamics.
To characterize the global magnetic field of the Sun, we have used the energy
index of the global magnetic field, I (Br ), and the index of the effective solar
multipole, n.
Unlike the total magnetic flux of the Sun (MFT) used by Harvey and White
(1996), the I (Br ) index was derived from the sum of the square intensities of the
radial field component, rather than from the sum of their absolute values. As a result,
more intensive fields contribute to I (Br ) with a bigger weight. Besides, the Stanford
maps are obtained with a resolution of  30 , whereas the resolution of the NSO/Kitt
Peak magnetic maps, used to calculate the total magnetic flux of the Sun, is close
to 100 . Comparison of the cyclic curves for I (Br ) and MFT (Figure 3(a)) shows
their similarity. Remove the cyclic trend by subtracting the curve, smoothed over

VARIATIONS OF SOLAR INDICES AND MAGNETIC FIELD STRUCTURE

223

14 solar rotations, from the cyclic variation. Then the resulting curves (Figure 3(b))
are very similar at the decay phases (1981–1983 and 1990–1991) and display
some differences at the maximum and minimum of the 11-year cycle (1980, 1984
–1987, and 1989–1990), where the contribution of the intensive fields of sunspots
and active regions to MFT and I (Br ) is most significant.
It is shown that the most pronounced maxima on the cyclic curve of the global
magnetic field energy index, I (Br ), correspond to the similar maxima on the
cyclic curves of different solar activity indices, and coincide with the moments of
reconstruction of the large-scale structure of solar magnetic fields and with sharp
changes in the solar activity regime as a whole.
Figure 4 illustrates cyclic variation of the index of the effective solar multipole,
n, calculated at the source surface (r = 2:5 R0 ). As seen from the figure, n changes
during the solar cycle (from 3 to 5), which indicates variation of the large-scale solar
magnetic field structure. At the growth phase of the cycle, in the epoch of minimum,
and in the decay phase, the large-scale structure with characteristic elements >90
(corresponding to a source with n < 4) dominates. At the maximum of the cycle,
the role of smaller-scale fields (n > 4) and their contribution to the total flux
increases.
4.3. RELATIONSHIP BETWEEN THE CYCLIC CURVES OF CORRELATION
COEFFICIENTS AND SHIFTS OF DSI, DHEI, AND DRI AGAINST DMFT, ON THE
ONE HAND, AND THE CYCLIC CURVES OF I (Br ) AND n INDICES, ON THE
OTHER

Figures 5 and 6 illustrate cyclic variations of the correlation coefficients and shifts
of the cross-correlation functions, DSI, DHeI, and DRI against DMFT, calculated
for every half-year interval during 1979–1992, and cyclic variations of the global
field indices, I (Br ) and n, smoothed over half-year intervals. Since the correlation coefficients and shift values are calculated at half-year steps, the error in
determining the corresponding time moments on the cyclic curves is 3 months.
Comparison of the curves brings us to the following conclusions:
(1) The cyclic variation of the correlation (or anticorrelation in the case of DSI)
coefficients of the functions DSI, DRI, and DHeI against DMFT corresponds on
the whole to the cyclic variation of the I (Br ) and n indices, with maximum values
at the solar maximum and minimum values at the solar minimum. Quasi-annual
and quasi-biennial variations of the correlation (or anticorrelation in case of DSI)
coefficients of DSI–DMFT, DHeI–DMFT, and DRI–DMFT functions, on the one
hand, and I (Br ) and n indices, on the other, are also synchronous, except for the
sign reversal period at the maximum of cycles 21 and 22 (1980, 1990), when the
DHeI–DMFT and I (Br ) change in anti-phase. The relation of quasi-annual and
quasi-biennial variations of the correlation coefficients of functions DSI–DMFT,
DHeI–DMFT, and DRI–DMFT to n is not the same in various phases of the solar
cycle and needs further investigation.
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Figure 3. (a) Cyclic variations of the energy index of the global magnetic field I (Br ) and of the
rotation-averaged values of the total solar magnetic flux, MFT, measured for the entire Sun for years
1979 – 1992. (b) The same for I (Br ) and MFT with the cyclic trend removed (obtained by subtracting
a curve, smoothed over 14 solar rotations, from the cyclic variation), i.e., DI (Br )14 and DMFT14 .
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Figure 4. Cyclic variation of the index of the effective solar multipole, n, calculated at the source
surface (r 2:5 R0 ) for years 1975 – 1993.

=

(2) A cyclic variation of the shift is only detected in the case of DSI: from
negative values at the maximum to positive at the minimum of the cycle. DRI and
DHeI do not display any systematic shift with the phase of the cycle. We can only
state that the negative shift in DRI is larger than the positive one. On the contrary,
in the case of DHeI, the positive shift values are larger than negative. Quasiannual and quasi-biennial variations of the shift reveal the following behavior:
(a) anticorrelation in all phases of the cycle for DRI and n, (b) anticorrelation at
the maximum and correlation at the growth and decay phases of the cycle for DHeI
and n, (c) anticorrelation during cycle 22 and most of cycle 21 for DSI and n.
No noticeable dependence is revealed between the shift of the cross-correlation
maximum of functions DSI, DHeI, and DRI against DMFT and the I (Br ) index.

5. Conclusions
The study of short-term variations of SI, HeI, and RI as a function of MFT shows
that radiations generated in the photosphere (SI) and those generated in the upper
chromosphere (HeI) and corona (RI) display a different relationship with the global
magnetic field of the Sun (MFT). In both cases, variations are likely to be due to
changes in the respective emitting elements, controlled by one or another structure
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Figure 5. Comparison of cyclic variations of the correlation coefficients of the cross-correlation
functions, DSI, DHeI, and DRI versus DMFT (solid curves) (with a characteristic period of 90 days)
with cyclic variations of the global field indices, ( r ) and (dashed curves), smoothed over halfyear intervals, i.e., ( r )6 and 6 .
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of the global magnetic field of the Sun, as well as to a certain effect of the magnetic
field on energy transport in various layers of the solar atmosphere.
The character of cross-correlation functions of short-term variations of SI, HeI,
and RI versus MFT implies that the effect of large-scale solar magnetic fields on the
structure of the emitting elements grows when passing from the photosphere (SI)
to the chromosphere (HeI) and corona (RI). As a result, the index of the large-scale
solar magnetic field structure, n, displays the best correlation with RI. If one or
another structure of the global magnetic field is determined by the corresponding
convection element in the convective layer on the Sun, then the larger the elements
of the predominant field structure, and therefore the emitting elements (i.e., the
smaller n), the deeper is the base of the corresponding convection layer and the
larger is the shift (delay) of the radiation variation relative to variations of the
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Figure 6. Comparison of the cyclic variations of the shifts of the cross-correlation functions, DSI,
DHeI, and DRI versus DMFT (solid curves) (with a characteristic period of 90 days) with cyclic
variations of the global field indices, ( r ) and (dashed curves), smoothed over half-year intervals.
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magnetic field of the given structure at its base. If we know the dimensions of
elements of the structure that determines this radiation, then the delay time of
variations can be used to calculate the propagation velocity of the corresponding
wave and to understand its physical nature. The negative shift (outstripping) of
the radiation variations relative to the magnetic flux variations is more difficult
to interpret. If it is not an artifact, then we must suggest the existence of some
mechanism that makes the energy released at the base of the convection layer
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propagate ahead of the magnetic field. Thus, interaction between the magnetic
field and the solar irradiance is much more complicated that the traditional blocking
effect.
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