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Abstract. The long-term changes of the VIRGO radiometers have been
re-analyzed in detail in order to resolve the puzzle of the early increase
of the total solar irradiance (TSI) as observed by VIRGO. The exposure
dependent changes can be described by a model which is based on a com-
bination of an early increase of the sensitivity and a degradation with
time which is modulated by the dose of 'solar UV radiation each detector
receives. After correcting for the exposure-dependent behaviour both op-
erational radiometers show an increase of their sensitivity which depends
only on the time they are switched-on. After removing this increase the
VIRGO TSI remains more or less constant during the minimum period
of solar activity and reaches the solar maximum at levels comparable to
the ones of former maxima.

1. Introduction

The early increase of the VIRGO total solar irradiance (TSI) shortly after the
minimum in 1996 was until recently an unresolved issue (Frohlich & Lean 1998;
Frohlich 2000), as it was incompatible with the empirical models based on the in-
fluence of sunspots (PSI), faculae and the network (Mg-II index). The long-term
behavior of the VIRGO radiometry and the corresponding corrections (Frohlich
et al. 1997; Anklin et al. 1998; Frohlich & Anklin 2000) were based on the as-
sumption that changes depend only on the time exposed to solar radiation and
thus can be determined by comparing the operational radiometers PM06V-A
and DIARAD-L with their back-up radiometers PM06V-B and DIARAD-R
which are exposed to the solar radiation 150 and 1200 times less. With in-
creasing solar activity the VIRGO TSI achieved levels of the preceding activity
maxima well before the activity maximum of cycle 23 was reached. Reaching
such a high level before the maximum threw obviously some doubt on the as-
sumption that no exposure independent changes may have occurred. An obvious
question, however, is what could be the physical reason for such a behaviour and
why have other radiometers of similar type in space not shown a similar increase
with time. The latter question seems easier to answer: radiometers are based
on thermal flux measurements and are thus very sensitive to changes in the
thermal environment, which is extraordinary stable on SoHO and on e.g. Earth
orbiting satellite quite variable. Under varying conditions the radiometer never
reach a thermally steady state and the long-term change translate into noise.
A possible answer to the first question will be presented in the following as a
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result of the new analysis. First we examine each type of radiometer separately
for exposure dependent effects and then compare the resulting time series in or-
der to determine their long-term behaviour which are 'independent of exposure
time. The detailed analysis is described in Frohlich & Finsterle (2001), and here
we present a summary of the internally consistent description of the behaviour,
which leads to TSI time series no longer showing the early increase. For the
responsible physical mechanisms some proposals are presented, which still need
to be understood in more detail.

Figure 1. Time-series of the level-l observations from the VIRGO
radiometers PM06V and DIARAD.

2. Determination of the corrections

Figure 1 shows the level 1 product as obtained after reducing the raw data
to physical units and by applying all a-priori known instrumental effects such
as electrical calibration and corrections for the thermal environment and op-
erational corrections for distance and velocity to the sun. These data show a
combination of the variation of the sun's irradiance and instrumental changes.
It is also obvious that the two back-up instruments show more closely the ir-
radiance changes whereas the operational ones are more strongly influenced by
long-term sensitivity changes. Already at this stage of evaluation the different
long-term behaviour of PM06V and DIARAD is very obvious. Also prominent
is the early increase of the PM06V radiometers during the first few days of ex-
posure. We first determine for each radiometer the exposure dependent changes
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Figure 2. Time-series of the level-1 observations of PM06V and DI-
ARAD, after correction of their exposure dependent changes.
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by comparing the operational one with its backup (for details see Frohlich &
Finsterle 2001). For both type of radiometers the degradation model assumes
a sensitivity increase at the beginning and a dose dependent degradation over
the whole mission time. To account for changes related to the paint we assume
a hyperbolic behaviour as function of exposure time a (1 + texp/T)-b. The main
reason for this choice is that a hyperbolic function describes a change in optical
properties and the subsequent change in response to the radiation more physi-
cally than an exponential one. The decrease in sensitivity with exposure time,
normally termed degradation, is assumed to be a linear function, the slope of
which is modulated by the dose of the received radiation weighted with a hy-
perbolic function in time; the latter simulates the decrease of the sensitivity to
irradiation with time. For the dose the MgII index from the SUSIM experiment
on UARS is used (for the data see Floyd et al. 1998). For the period before and
after the SoHO vacations the slope of the linear function is reduced to reflect
possible sensitivity changes during the exposure to the cold environment. This
reduction in slope could, however, also mean that an exponential function would
better represent the long-term behaviour, including the gap. The parameters of
these functions are determined for each type of radiometer assuming the same
influence on each as a function of their exposure time. In the case of DIARAD-R
the total exposure time is about 1.5 days after five years in space and thus it is
assumed to have no exposure dependent change. For PM06V-B, the exposure
time was early in the mission quite important, and reached about 10 days when
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the cadence was changed from once every 8 hours to about once a week (around
mission day 210) and 15 days after 5 years. The parameters are varied in such
a way that the standard deviation from a linear fit to the ratio of the readings
of the back-up to the ones of the operational radiometer is minimized and the
slope becomes zero. It is important to note that the dose dependent degradation
was essential to achieve the low variation around the horizontal line (55.5 and
35.3 ppm for PM06V and DIARAD respectively); without the dose component
the standard deviation is about a factor of two larger for both radiometers.In

Figure 3. Corrections for the exposure independent behaviour of PM06V-
A and DIARAD-L (top panel) and the corrected ratio (lower panel).

the case of the DIARAD-L the corrections are such that the degradation at the
beginning is masked by an increase in sensitivity, which was early in the mission
interpreted as if DIARAD had no long-term change at all. The early increase
is similar to the one of PM06V, but with a longer time constant (66% of the
sensitivity increase is reached after 13.7 and 48.5 days respectively). In parallel
with this increase in absolute sensitivity an increase of the relative sensitivity to
short-term variations by more than 30% is observed for DIARAD (determined
by comparison with the short-term variance of PM06V). This was first detected
during the passage of an active region dominated by facular increase in May
1996 when DIARAD-L saw a smaller amplitude than PM06V-A. For the final
level 2 product this relative increase is corrected for the DIARAD-L data. The
time series for both radiometers with all the exposure dependent corrections are
shown in Fig. 2.
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The comparison of the time series of PM06V-A and DIARAD-L of Fig.
2 shows a trend which has to be exposure independent. As a model for this
increase in sensitivity we propose an exponential function with a time constant
T and amplitude a. First, the period before the SoHO vacations is treated. We
minimize the standard deviation from a regression line to the ratio PM06V-
A/DIARAD-L by varying the parameters a and T for PM06V-A; then we min-
imize T of DIARAD-L and adjust its a coefficient so that the slope becomes
zero.This is done iteratively and the procedure converges well to the curves

Figure 4. Comparisonof the new version3.5 to the version 2.75 (without
exposure independent correction) of the VIRGO level-2 TSI data.

shown in Fig. 3, mainly due to the fact that the time constants of the two
radiometers are (fortunately) quite different. After the SoHO vacations the fit
is done only for the period up to day 1430 when a change in the behaviour is
observed. The minimization yields parameters which are such that the curves
continue from before. It is assumed that the effect starts with the switch-on
of the instrument and is due to the slightly higher temperature of the cavity
relative to the surroundings. Whether the effect was discontinued over the gap
cannot be decided because the effect is already quite small (10% in the case of
DIARAD and less than 1% for PM06V). The effect may again be a change of
the non-equivalence through a change in e.g. the emissivity of the side-walls
of the cavities (inside and outside). After the SoHO vacations a change of 276
ppm of the ratio PM06V-A/DIARAD-L is observed. Presently this change at-
tributed to a change of DIARAD, because a similar change occurred after the
an accidental switch-off of VIRGO for 3 days. More analysis is needed to fi-
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nally determine the share of this change between the radiometers, as well as
their behaviour after mission day 1430 when the ratio of PM06V-A/DIARAD-
L changed. The final VIRGO level-2 irradiance is shown in Fig. 4 together with
a former version, which did not include the exposure independent increase and
had cruder corrections for the exposure dependent changes.

3. Conclusions

The re-analysis of the long-term behaviour of the VIRGO radiometer shows that
there are changes which cannot be determined by comparing one radiometer with
the same type, but much less time of exposure to the solar radiation. It seems
quite possible that the exposure independent behaviour could only be detected
in a thermal environment as stable as on SoHO. The Version 3.5 data of the
VIRGO radiometer are available from http://www.pmodwrc.ch as well as an
updated composite. The comparison of the latter over the last 20 years with a
PSI-MgII-Index model shows now reasonable agreement for the increase of TSI
towards the maximum of cycle 23.
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