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ABSTRACT

Fourier analyses of total and spectral solar irradi-
ance show a similar behavior for periods between two
minutes and 50 days (0.23 - 8300 mHz) as found in
the first result paper with a much shorter time se-
ries (Frohlich et al., 1997). With the extension of
the time series, lower frequencies become accessible.
With bi- and multivariate spectral analysis the con-
tribution of three spectral channels, 402 nm, 500 nm
and 862 nm, to the variance of the total channel are
determined. Although the coherence between the dif-
ferent time series is around 75 % for most of the high
frequency range, we find a low coherence between 4
and 60 pHz. In this frequency band the instrumental
noise dominates the solar noise and the low coherence
stems from the individual behaviour of the different
instruments, i.e. the absolute radiometers and sun-
photometers.

1. INTRODUCTION

The continuous measurements from VIRGO (Vari-
ability of Solar IRradiance and Gravity Oscillations)
onboard the ESA/NASA mission SOHO (SOlar
and Heliospheric Observatory) allows us to produce
power spectra without any modulation sidebands of
total and spectral solar irradiance. VIRGO con-
tains two different active-cavity radiometers, PMOG6-
V and DIARAD, for monitoring the total solar irra-
diance, and two 3-channel sunphotometer (SPM) for
the measurements of the spectral irradiance at 402,
500 and 862 nm with a bandwidth of 5nm. Here, we
will mainly use total solar irradiance measurements
from PMOG6-V and three spectral irradiance channels
from SPM. The instrumentation is described in de-
tail in Frohlich et al. (1995) . In the first result paper
(Frohlich et al., 1997) power spectra analyses on time
series of 4-6 months were presented. The new analy-
ses performed here on time series which are extended
to almost two years duration are in general in agree-
ment with the results from the first result paper.

2. POWER SPECTRA ANALYSES

For the frequency analyses we have used level 1 data
of total and spectral solar irradiance. Level 1 data
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Figure 1. Power spectra of the total and three spectral
solar irradiance channels. The power spectra cover the p-
mode oscillation (2000-4000 pwHz), the granulation (800-
3000 (1Hz), the meso-granulation (80-1000 (Hz), and the
super-granulation (10-100 jtHz).

are corrected for all a priori known influences such
as distance from the sun, thermal and electrical cor-
rections and the radial velocity to the sun. Data be-
tween 1 May, 1996 and 1 April, 1998 (700 days, 1.008
million data points) have been used with one minute
resolution and with only few gaps in the time se-
ries due to interruption of the experiment. The level
1 data have been detrended with a triangular run-
ning average over 60 days (full width) and apodized
with a Hanning window to calculate the power spec-
tra shown in Fig. 1. The frequency resolution is
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Figure 2. Bivariate analysis between the total and the blue
channel. The top panel indicates the coherence squared
between the total and the spectral channel. The middle
panel shows the gain and the bottom panel shows the phase
beween the two channels. Note that between 4 and 100
WHz the coherence squared is very low. This feature will
be discussed in more detail in Section 4.
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Figure 3. Bivariate analysis between the total and the
green channel (see also caption to Fig. 2).

0.0165 pHz (corresponding to a 700 day period) and
the Nyquist frequency is at 8.33 mHz (corresponding
to a 2 minute period). The power spectra exhibit
the prominent p-mode oscillations between 2000 and
4000 pHz. The granulation covers the interval 800 -
3000 pHz, the meso-granulation 80 - 1000 Hz, and
the super-granulation 10 - 100 mHz. The g-modes
are expected between 10 - 300 pHz. Since the duty
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Figure 4. Bivariate analysis between the total and the red
channel (see also caption to Fig. 2).

cycle of the SPM is >90% and the one of the active
cavity radiometer (PMO6-VA) is only 33%, the spec-
tral channels exhibit less noise and no aliasing at high
frequency. This illustrates clearly the importance to
operate solar radiometers with high duty cycles to
get good power analyses in the high frequency range.

3. BI- AND MULTIVARIATE ANALYSES

The method of bi- and multivariate spectral analyses
is briefly described in Finsterle et al. (1998). Here
we calculated bi- and multivariate power spectra be-
tween the total and the three spectral channels. The
results of the bivariate analyses are shown in Fig. 2-4.
For these analyses the power- and cross spectra are
calculated by smoothing the Fourier spectra with a
running mean of 31 bins (0.5 yHz) and by setting the
first and last 16 bins to invalid. Fig. 2-4 show coher-
ence squared, gain, and phase between total and red,
green, and blue channels, respectively. The bivariate
analyses exhibit high coherence between 2 and 3.5
wHz and between 100 and 3000 pHz. At low frequen-
cies this is due to the strong signal of solar activity
and at high frequency due to convection and p-mode
oscillation. Between 4 and 60 pHz, however, the co-
herence is low in all combinations of the four Fourier
spectra. Thus, the low coherence squared must come
from instrumental behaviour, which is discussed in
more detail in Section 4. For frequencies below 4000
1Hz, the average gain in the different bivariate analy-
ses are about 1.20 (red), 0.68 (green) and 0.47 (blue).
The phase shows no systematic deviation from zero.

Multivariate analyses allows us to calculate partial
coherence between total irradiances, which are mod-
eled simultaneously by the three spectral channels.
Using the total channel as dependent and the three
spectral channels as independent parameters, we get
a similar behaviour for the coherence squared as
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Figure 5. Time series from inverse Fourier transform
of the frequency band from 5 - 20 pwHz. This frequency
band corresponds to the range with low coherence between
the different channels. The inverse transform shows only
little similarities between the different time series indicat-
ing that the low coherence is indeed due to instrumental
effects.

shown in Fig. 2-4. From 0.5 to 3.5 pHz and 200 to
2000 puHz 75 % of the total spectrum can be explained
by the three spectral channels in average, whereas be-
tween 4 and 10 pHz only about 18 % is explained.

4. FILTERED TIME SERIES; LOWPASS
BETWEEN 5 AND 20 uHz

To investigate the cause of the low coherence squared
in the bivariate and multivariate analyses shown in
Fig. 2-4, we calculate inverse Fourier transform for
the frequency range between 5 and 20 pHz (corre-
sponding to periods 14 h to 56 h). The correspond-
ing filtered time series are shown in Fig. 5, where the
panels exhibit from top to bottom inverse transform
of PMO6-VA, DIARAD, SPM red, green, and blue
channel. The time series shown are also corrected
for apodization. PMO6-VA exhibits more noise than
DIARAD, which is due to different operation modes
of the two absolute radiometers; i.e. PMO6-V is 8 h
open and 6 min closed, and DTARAD is 1.5 min open
and 1.5 min closed. These time series exhibit little
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Figure 6. Amplitude ratio of total and the three spec-
tral channels, smoothed with a 14,400 bin running mean
(about 240 pHz). Up to about 4 mHz the blue channel
(upper most curve) exhibits 3-4 times higher amplitudes,
the green channel (middle curve) 2-3 times higher ampli-
tudes and the red channel (lower curve) 1-1.5 times higer
amplitudes than in the total channel. Above J mHz the
ratios decrease mainly due to aliasing in the total channel.

similarities between the total and the spectral chan-
nels, and there are only few similarities between the
SPM channels. This confirms that the noise in the
power spectrum (Fig. 1) within this frequency band
is indeed due to different instrumental behaviour.

We will use the results of bi- and multivariate analy-
ses to reduce the instrumental noise in the time series
and, thus, to get a more accurate determination of
the power in solar irradiance data, especially in the
frequency range from 4 to 100 pHz.

5. AMPLITUDE RATIOS OF THE
FREQUENCY SPECTRA

The amplitude ratios of the total channel is shown
in Fig. 6, smoothed with a 14,400 bin running mean
about 240 pHz). Similar to the first result paper
Frohlich et al., 1997) we find about 3 to 4 times
higher amplitudes in the blue channel, about 2 to 3
times higher amplitudes in the green channel, and
about 1 to 1.5 times higher amplitudes in the red
channel than in the total channel. In the first re-
sult paper Frohlich et al. (1997) found rather con-
stant ratios for the frequency range of granulation
and meso-granulation, whereas a broad hump was ob-
served between about 3 to 20 pHz. While extending
the time series to nearly two years, we find similar
amplitude ratios although the broad hump can not
be confirmed. The amplitude ratios between 0 and
4000 pHz show no large variations. As shown above
most of the power between 3 to 20 puHz stems from
instrumental noise and, therefore, the broad hump in
the first result paper is due to different instrumental
behaviour, which is now averaged out in the longer
time series. Towards higher frequencies, i.e. above
about 4000 ©Hz, the ratios decrease, which is mainly
due to aliasing of the Fourier spectrum of the total
irradiance due to the low duty cycle.



6. CONCLUSIONS

Throughout most of the high frequency spectrum
75% of the variations of the total solar irradiance can
be explained by the three spectral channels (862 nm,
500 nm, 402 nm). However, between 4 and 20 pHz
only 17 % of the total spectrum can be modeled by
the spectral channels. The low coherence in this fre-
quency band is due to differences of the behaviour
of the instruments; irregular and among the instru-
ments uncorrelated spikes in the data produce this
noise spectrum. As shown in Fig. 1, the meso-
granulation does not add to the solar noise. Between
10 and 100 pHz the increase in power is partly due
to instrumental noise and only about 10 to 30 % of
the increase stems from super-granulation. At low
frequencies below 4 ;Hz the coherence is again high
indicating that the variance due to solar activity is
much larger than the instrumental effects.
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