VARIABILITY OF SPECTRAL SOLAR IRRADIANCE FROM VIRGO/SPM OBSERVATIONS
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ABSTRACT

The VIRGO SPM on SOHO monitor spectral irradiance
at402, 500 and 862 nm with a 5 nm bandwidth. The long-
term behaviour of the operational channels is dominated
by instrumental degradation masking the solar variability
signature. However, comparisons with the back-up chan-
nels allows to take off some of the instrumental long-term
variation, and the resulting time series can now provide
reliable information about variability with periods up to
about a year. Time series with the long-term variation
removed and the corresponding periodogram show many
similarities between the three channels and total solar ir-
radiance. Details about the spectral redistribution during
changes of TSI are investigated by multivariate spectral
analysis.
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1. INTRODUCTION

Spectral solar irradiance in the near UV, visible and near
IR range were observed with sunphotometers (SPM) by

several stratospheric balloon experiments between 1980

and 1998 and during the following space experiments:
IPHIR on the Russian Mission PHOBOS, SOVA on the
EURECA platform and VIRGO on the ESA/NASA mis-
sion SOHO (e.g. Brusa et al. 1983; Toutain &hlich
1992; Romero et al. 1994; &hlich et al. 1997). These
data were mainly used for helioseismic studies and the
study of irradiance variability was not really possible
because of the lack of long-term stability of the sen-
sors on the missions before SOHO. The SPM data from
VIRGO/SOHO have been used to determine variations
on rotational time scales by Pap et al. (1999) and Pap
et al. (2002). Here we report on an analysis of the in-
strumental long-term changes which allow to asses solar
variability in the three channels for periods shorter than
about a year.
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Figure 1. Degradation of SPM instruments in 3 differ-
ent space experiments. IPHIR and SOVA2 had the same
type of detectors and show a rapid deterioration of the
UV channel. Degradation of the visible channels differs,
probably due to different cleanliness of the spacecraft and
their environment. Clearly, the new filters in VIRGO and
strict cleanliness control of SOHO resulted in much bet-
ter stability. It should also be noted that on SOHO the
sensitivity of the blue channel is still at more than 30% of
its initial value after nearly 6 years in space.

2. INSTRUMENTATION

The VIRGO sunphotometers (SPM) are filterradiometers
with three channels of 5 nm bandwidth centered at 402,
500 and 862 nm using interference filters and silicon de-
tectors. Two apertures of 3.0 and 6.9 mm diameter on
each channel define the radiometric area and the view
geometry (4 full and 1° slope angle). The filters and
detectors are heated to a few degrees above ambient tem-
perature to reduce condensation of gaseous contaminants
on the optical surfaces. An additional radiation-hard
glass window protects the filters from UV radiation be-
low 380 nm. The optical compartment, sealed by O-rings
and an airtight cover, was permanently flushed with pure
nitrogen until just before launch. Moreover, all parts were
vacuum baked before assembling in order to clean them
to the highest possible degree. Figure 1 illustrates the



differences in degradation achieved with differently strin-

gent methods to maintain or not the necessary measures <

to keep the instrument clean during all phases of manu-
facturing, integration, launch and operation in space.

Both instruments in VIRGO were activated with covers
still closed on 6 December 1995 for an out-gassing pe-
riod until on 17 January 1996 when the cover of SPM-A
was opened. Primarily a helioseismological instrument, it
is operated continuously with a one-minute sampling ca-
dence since then. SPM-B is the radiometric instrument,
intended to monitor the solar spectral flux and the degra-
dation of SPM-A. Besides, it may substitute the primary
instrument in case of a failure. It was exposed briefly ev-
ery 60 days until end of 1998, since February 1999 the
SPM backup rate is once every 30 days. SPM measure-
ments are corrected for temperature variations and nor-
malized to solar irradiance at a distance of 1AU using
constant radiometric calibration factors throughout the
mission. Hourly and daily means for SPM-A are derived
from the high cadence readings. In the present analysis
we use hourly values.
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Figure 2. The upper panel shows the results from the
operational SPM-A which is exposed since the beginning
of the measurements in February 1996, the lower panel
the results of SPM-B, the instrument which is exposed to
the sun only about once a month for a few minutes.

3. DETERMINATION OF LONG-TERM CHANGES
AND DETRENDING

Figure 2 shows the levell data for the SPM-A and B on
VIRGO. It is quite obvious that the results of SPM-B
do not reflect solar variability, but mostly instrumental
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Figure 3. (a) shows the deviation from the fit to SPM-B.
Note the pronounced annual oscillation the mechanism
of which is not understood. (b) shows the deviation af-
ter applying the correction determined from ratioing with
SPM-B. Note that the scale for the TSI is 5 times larger
than the one for the SPM. So the corrections for the latter
are more than 5 times larger than for TSI.

ratio of SPM-A/B a 3rd degree polynomial. The resid-
uals from these fits (upper panel of Fig. 3) are distinct
oscillations with a period close to one year. A correlation
with the instrument’s temperature, which has also a basic
period of one year, was inconclusive. Nevertheless we
apply this correction to the data and obtain flattened time
series of SPM-A that follow closely the general behaviour
of SPM-B as intended (see lower panel of Fig. 3). In or-
der to detrend these ‘normalized SPM-A data’, we fitted
them with polynomials of degree 8 as shown in Fig. 3b.

In order to assess the influence of these corrections the
power spectrum is calculated and for the TSI the frequen-
cies where the spectrum crosses the 3db line determined
(Fig. 4). In the low frequency part there are three places
identified at periods of 320, 175 and 122 days, respec-
tively. As will be shown below, the lowest period is rele-
vant for the power spectral analysis and thus is limited to
periods shorter than about 4 to 5 solar rotations.

The time series of the detrended SPM-A channels are
plotted together with the detrended TSI in Fig. 5. The
resemblance of the four time series is remarkable. The
ratios of the variance of the red, green and blue channels
to TSI amount to 0.82, 1.48, and 1.93. But there are also
some differences which are most visible in the time se-
ries during solar minimum, mainly because of lower solar
variability. It is not yet clear whether these differences,
e.g. the oscillations in the blue and green channel, are
still remnants of instrumental effects or of solar origin.

changes. The red and blue channels and to a lesser extent

also the green one show a gradual increase of sensitivity

during the first three years which seem to flatten out a
few month before the interruption during the SOHO va-

cation. Then the green starts to decrease, the red stays

about constant and blue is still, but less than before, in-

4. SPECTRAL REDISTRIBUTION OF THE
VARIANCE

creasing. Some of the early increase can also be seen in

SPM-A, which is, however, mostly hidden in the general
decrease. In order to correct the data we first fit to the

The spectral redistribution can be determined by perform-
ing a multi-variate frequency analysis which accounts
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Figure 4. Power spectra of TSI and SPM: the upper panel
shows the ratio of the power spectra of original and de-
trended TSI. The lower panel those for the three SPM
channels and TSI. It is obvious that variability with pe-

riods less than an year are reliable.
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Figure 5. Time series of detrended TSI and the three
channels of SPM-A.

for the influence of the time-serie§ (t) ..., Xj(t)...,
Xm(t) on Y(t) by constructing the linear transforma-
tion L(Xy(t)..., Xj(t)..., Xn(t)) of these time se-
ries which best approximaté&t). This can be analyzed
in the frequency domain of and the linear transforma-
tions becomen linear spectral filterd; (v), determined
by comparison of the spectréx; with fy made fre-
quency by frequency. The multiple coherenggv) is
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Figure 6. Results of the multivariate spectral analysis for
the three SPM times series against the TSI time series.
The top panel shows the coheren@% the middle the

gain and the bottom one the phase of the linear filter.

Table 1. Summary of the coherence, gain and phase as

average over the spectral ran@289. .. 1.653uHz (pe-
riods7...40days).
channel p?  gain phase (deg)
red 12.2% 0.57 4.7
green 264% 041 -14.1
blue 58.3% 0.42 2.3

fluenced by the way the detrending is performed. Poly-
nomial fits do not only influence the amplitude, but also
the phase. From the plots of the coherence we conclude
that the information below about 0.Q9Hz (period of
~130 days) is more and more contaminated by the de-
trending. This is at about a 3 times higher frequency
than concluded from Fig 4 which was based on a sim-
ple 3db amplitude argument. At low frequencies the blue
and red are contributing lesser to the variance of TSI than
the green channel. It is generally accepted that the slow
variations of TSI are mainly due to changes in the UV
(up to 30% of the variance) and the observed decrease
is somewhat puzzling and may still be due to the data
treatment. At periods below about 70 days there are in-
teresting features as the one at the 27-day solar rotation
where a wide peak in the red fills in the dip in the blue.
Another, even more pronounced sequence is at periods

then a measure of the association between the series andaround 20 and 10 days where the green takes over from

100 x pj (v)? gives the amount in percent of the part in
Y (1) explained by the transformexj; (t). The total coher-
encep(1)? = Y pj (v)? corresponds to the total amount
explained by the variance in the combination of&t).

The basic theory can be found in e.g. Koopmans (1974,

Chapters 5.6f, 8.4f). This analysis is applied to the three
SPM time series aXr, Xg and Xg and the TSI time
series a%y . The results for of the coherence, gain and
phase are shown in Fig. 6 and in Table 1.

The low frequency part of the cross correlations are in-

the blue. Or, the one at 13 days where, as for the 27-day
period, the red compensates for the loss in the blue. This
is indeed astounding as the UV irradiance has a strong
27-day modulation, which may, however, be mainly due
to the strong lines whereas the blue channel at 402 nm
is more representative for the continuum. Variations in
three channels explain 97% of the variance of total so-
lar irradiance, with contributions of 13% from the red ,
26% from the green and 58% from the blue, respectively.
The spectral redistribution is shared by the red, green and
blue as 10 : 2.2 : 4.8. The gain - the factor by which the



SPM reading has to be multiplied to get the TSI signal -
is in general higher for the red, the green and blue on the
other hand are about the same as listed in Table 1. The
phase — the least reliable part of the linear filter because
of its ambiguity of£z — indicates with a positive sign a
phase lead of the SPM relative to TSI. Up to frequencies
of about 0.2uHz (period of~60 days) the green and blue
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channels are more or less constant whereas the red seemsooperative ESA/NASA mission.

to turn around; at higher frequencies the green changes
more than the blue and red. The rather small average
values as listed in Table 1 are probably not significantly
different from zero. Finally, Fig. 7 shows the share of the
power of TSI explained by the three channels.
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Figure 7. Results of the multivariate spectral analysis for
the three SPM times series against the TSI time series
displayed as shares of the TSI power spectrum. The ex-
plained part covers about one order of magnitude which
corresponds to the 97% in the ran@e289. . . 1.653uHz
(periods?...40days).

5. CONCLUSIONS

The long-term trends of the SPM are not understood well
enough to assess the solar cycle variability of the spec-
tral channels. From the spectral analysis of the detrended
time series the 3 db points of the high-pass filter are at
periods of 320, 175 and 122 days, respectively. A closer
look at the coherence determined from a multivariate fre-
guency analysis, however, suggests that the spectra are
reliable only for periods less than about 130 days. This
allows to assess details of the variability in the range of
up to 5 solar rotation periods. In this range 97% of the
variance of TSI can be explained by the combination of
the red, green and blue channel with a spectral redistri-
bution ratio of 10 : 2.2 : 4.8. Interesting information is
gathered about the change of the share at the 27-day rota-
tional period and its first harmonic, indicating that the red
part of the spectrum seems to influence this modulation
more than the blue.
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