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Introduction

This poster is a summary of Fröhlich (2014) which is a
working paper updated when ever new material becomes
available. At present this new version of TSI is based on
the level 1 data as available from the VDC. Especially the
data of the PMO6V radiometer are still using the origi-
nal procedure to produce level 1 data and thus show still
the noise from inadequate interpolation of missing temper-
atures, such as the noise during the SOHO keyholes. Fur-
thermore, the scale is still on the original WRR related value
for PMO6V and on the original for DIARAD.

Corrections for the VIRGO PMO6V and
DIARAD time series

For the analysis of the long-term behaviour of the radime-
ter an appropriate model is needed. It is based on the sun-
burn of quartz by dissociation of SiO2 at the surface and de-
scribed in detail in Fröhlich (2014). It depends on the dose
during exposure for which the MgII index is used and on
temperature. Moreover, it includes also a term for a possi-
ble recovery during non-exposure periods. The model used
in the following analysis has a total of 6 coefficients.

The early behaviour of PMO6V is characterized by a
rapid increase which is the result of a darkening of the illu-
minated part of the precision aperture, and hence a reduc-
tion of the reflected light into the baffle and an increase of a
possible aperture heating. At first the explanation of this ef-
fect was difficult mainly because of its rather large value of
about 500 ppm for PMO6V-A, 350 ppm for B, 590 ppm for
ACRIM-I and about 1000 ppm for HF (Fröhlich, 2006). So,
the scattered light from the precision aperture into the baffle
and back to the receiver could be an explanation, the amount
of which obviously changes with the reflectivity of the pre-
cision aperture. This effect was also suspected to explain
the large difference in absolute values of about 0.3 % be-
tween the classical radiometers HF, ACRIM, PMO6V and
DIARAD and TIM on SORCE. However, the correspond-
ing correction was measured by Brusa and Fröhlich (1986)
with a laser illuminating the precision aperture and measur-
ing the radiation scattered back through the aperture with a
Silicon detector; the result was of the order of 350–500 ppm
- no way to explain a 0.3 % influence. With a reflectivity of
about 60% the baffle receives about 40 mW which is mostly
absorbed. Hence, the infrared radiation from the heated baf-
fle could certainly be important and can possibly explain the
effect. Comparison at TRF of spare radiometers of PMO6V
and ACRIM with a cryogenic radiometer have shown that,
indeed, the amount of scattered and infrared radiation from
the baffle is large enough to explain the scale difference (e.g.
Kopp et al., 2012). It is interesting, that DIARAD does not
show an early increase and the recent TRF comparison con-
firm also that it has no effect of ’scattered’ radiation. The
fact that DIARAD has a curved precision aperture which fo-
cuses the radiation falling on it back into the view-limiting
aperture and thus out of the radiometer, explains its non-
sensitivity to ‘scattered’ radiation. The scale correction for
DIARAD has a completely different reason due to the sub-
stantial difference in area covered by the electrical heater
and the irradiance.

The level-1 VIRGO data are corrected for all
known effects, such as electrical calibration, temperature,
instrument-sun distance and radial velocity. The normal

practice to correct level-1 data (Fig. 1) for degradation and
other changes in space is based on the comparison of the
measurements from the operational radiometers with those
of the less exposed ones, the back-ups. For DIARAD this
procedure is straightforward because the backup is exposed
very little during the mission (about 10 days during the now
18 years in space) and can be assumed as having no degra-
dation. The correction depends, however, on how the ratio
DIARAD-R/L is determined. The present evaluation is di-
rectly based on the DIARAD level 1 files from the VDC
(VIRGO Data Center at Tenerife, operated by the IAC).
As the left and right channels of DIARAD cannot be op-
erated at the same time, the algorithm calculates the ra-
tio (or difference) from the linearly interpolated DIARAD-
L values during that day and the average of DIARAD-R,
shown as ’new R/L and ’new R/L outliers on Fig. 2. For the
PMO6V radiometers this procedure is complicated by the
fact that the shutters of both radiometers could no longer op-
erated after about 70 days in space and had to be replaced
by opening and closing the covers at 8-hour intervals (see
e.g. Fröhlich et al., 1997). At the beginning of this new
operational mode PMO6V-B was quite frequently exposed
and thus these measurements need to be corrected for the
early increase before they can be used to correct PMO6V-A.
From mission days 83-218 the cover was normally closed
and opened every 8 hours for 30 minutes, up to the SoHO
vacation every 7 days and afterwards every 10 days.

For version 6.4 a new algorithm has be developed for the
interpolation between the rarely measured back-up data. It
is based on splines (in IDL use the functions spl init
and spl interp) which yields values for the final cor-
rections of L or A which now show also some variations
related to temperature because they are less smoothed. For
DIARAD the result is shown on Fig. 2 as ’new from R/L.
DIARAD has also some changes related to the switch-off
of the experiment during the mission, which extended for
2 to 3 days six times during the 18-year operation due to
Emergency Sun Re-acquisition (ECR) of SoHO and once
due to a latch-up-induced switch-off of the VIRGO power
supply. After the event in September 1996 it became clear
that DIARAD showed a slow recovery after the experiment
was switched on again and a similar recovery was also iden-
tified after the SoHO vacations. The later events, however,
were no longer as clear as the ones before. Both the cor-
rections for versions up to 6.002 and for 6.004 are shown in
Fig. 2 as ’old’ and ’new switch-off’. With all these correc-
tions the DIARAD level 1.8 values can be determined. In
the course of the mission it became clear that the DIARAD
must have also a non-exposure-dependent change of its sen-
sitivity, both from comparison with PMO6V and other ra-
diometers in space, and it was likely that this change can
be modeled by an exponential. In the present version the
difference between the level 1.8 DIARAD and the level 1
PMO6V-B is fitted to the model for the early-increase for
PMO6V-B and to an exponential for DIARAD. The coeffi-
cients for PMO6V-B are then used to correct it and by com-
parison with ACRIM the change over the SoHO vacations
is determined. The procedure and the results are shown in
Fig. 3 and it is quite interesting that PMO6V-B does not
show any significant change over the SoHO interruption.
These changes may have the same reason as the long-term
sensitivity change, namely a change of the thermal contact
of the cavity and the heat-flux meter (probably due to ex-
posure to the space environment), and hence a change in
the non-equivalence due to the difference in area covered

by electrical substitution heater which is larger than the ir-
radiated area by a factor of about 2.5. Normally these two
area are the same size and coincident by design and hence,
there is no influence of a change of the thermal resistance
for ’normal’ radiometers. With the coefficients of the ex-
ponential the final DIARAD level 2 values can now also be
determined.

Before we can determine the level 2 PMO6V-A we need
to correct the A values at the beginning for the early in-
crease. For this early increase correction we need TSI val-
ues to compare with. As DIARAD starts at mission day 68
only, we expand these data with the proxy model back to
mission day 48. For fitting the model a further parameter
is added, representing the typical degradation of 2 ppm/day.
The result is shown in Fig. 4. With the level 2 PMO-B se-
ries the corrections for PMO-A over the whole mission can
be determined and interpolated by the method of splines to
the hourly values as shown in Fig. 5 and the change over
the SoHO interruption is determined by comparison with
ACRIM (top plot). Again, the PMO-A has not changed sig-
nificantly during SOHO vacations as PMO-B.

VIRGO TSI is defined as the average of the PMO6V
and DIARAD values and is determined by weighting. The
weights are deduced from the difference of the variances,
the standard deviation squared, of PMO6V minus the one of
DIARAD, each determined from a 81-day-running period
and shown by the green line on the top panel of Fig. 6, again
smoothed with a 131-day boxcar. It is normalized in such a
way that the absolute maximum is set to 0.5 and a positive
difference means that the noise of PMO6V is higher and its
weight correspondingly lower and a negative one that the
noise of DIARAD is higher. So, the derived weights 0 . . . 1
are shown as red and blue dashed lines (on the left hand
scale). DIARAD has in general less noise than PMO6V
with e.g. the spikes during the keyholes due to the fact that
still the original level 0-to-1 algorithm. For the moment, it
seemed, however, more important to have an internally con-
sistent way to produce level 2 data, than improving on the
noise of PMO6V.

As far as the absolute value is concerned VIRGO TSI
is still on its original scale, because the detailed analysis of
the absolute scale of PMO6V and DIARAD data is not yet
completed, but new values will be available soon. Besides
the absolute value, the major results can be summarized as
follows:

• Relative to TIM VIRGO TSI has a downward trend
of 13.1 ± 1.9 ppm/a which would yield a difference
of about 150 ppm over a solar cycle.

• Relative to ACRIM 3 VIRGO TSI has during the pe-
riod of TIM an upward trend of 20.2 ± 1.9 ppm/a.

• VIRGO TSI has still the artefact during the keyholes
of SOHO which are coming from the PMO6V data
due to some inadequate temperature interpolation of
missing values in the present level 0-to-1 evaluation.
In general the PMO6V values have less medium- to
long-term deviations relative to TIM than DIARAD,
but the noise of PMO6V is higher. This is already
seen in the comparison of DIARAD with PMO-B
(see Fig. 3).

The new VIRGO TSI is certainly more reliable from a
VIRGO-only point of view. No other time series are used

besides ACRIM 2 to bridge the gap during the summer va-
cations of SOHO. However, we found that both PMO6V do
not show a significant change - so a posteriori we could use
this fact in the evaluation and leave out all the tests with
ACRIM 2.

From the final result we can determine the change of
PMO6V over the SOHO gap as 13.3 ± 27.6 ppm and for
DIARAD as 288.7 ± 15.7 ppm. These results can be used
to determine the 1-σ uncertainty as less than 30 ppm due to
the SOHO gap. Together with the uncertainty of the slope
to TIM over cycle 24 of 12×1.9 = 23 ppm (from Fig. 7), an
estimate of the uncertainty of the difference between the last
two minima in 1996 and 2008 by summing the two com-
ponents amounts to 50 ppm or if we use the rms value to
35 ppm. This value is lower than the 92 ppm reported in
Fröhlich (2009) and makes the change between the min-
ima of now 124 ppm more significant. However, the present
value is smaller than the one reported in (Fröhlich, 2011) of
168 ppm for version 6 002 1110).
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Figure 1: Measurements (Level 1) of the two operational
radiometers, PMO6V-A and DIARAD-L and their back-ups,
PMO6V-B and DIARAD-R.
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Figure 2: Corrections of DIARAD-L from comparision with
DIARAD-R for degradation and with PMO6V-A for switch-offs
for both versions, the ’old’ 6.002 and the ’new’ 6.004.
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Figure 3: The top panel shows the difference between
PMO6V-B and DIARAD level-1.8 used to fit the early increase
and the exponential model. The middle panel shows the com-
parison of the corrected PMO6V-B with ACRIM-II to deter-
mine the change over the SoHO vacations, and the bottom
panel the corrected data as dashed lines.
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Figure 4: Top panel: Ratio of the irradiance of PMO6V-A to
a combination of the proxy model and DIARAD. The change
of absolute values due to change from shuttered to covered
operation of -0.280 Wm−2 is also determined. Bottom panel:
Corrected PMO6V-A values ’with new corrections’ compared
to the former ones as ’with old corrections’.
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Figure 5: The bottom panel shows the corrections for both
versions, the ’old’ 6.002 and the ’new’ 6.004 of PMO-A from
comparison with the corrected PMO-B and the top panel the
comparison with ACRIM for the determination of the change
over the gap.

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
−0.6
−0.4

−0.2

0.0

0.2

0.4
0.6

V
ar

(A
)−

V
ar

(L
)

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

0.0

0.2

0.4

0.6

0.8

1.0

w
ei

gh
ts

DiffAL <−
PMO6V−A −>
DIARAD−L −>

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

1363

1364

1365

1366

1367

1368

V
IR

G
O

 T
S

I (
W

m
−

2 )

VIRGO TSI
PMO6V TSI
DIARAD TSIVersion: 6_004_1312

1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
0.2
0.3

0.4

0.5

0.6

0.7
0.8

N
ew

−
ol

d 
(W

m
−

2 )

Daily difference 6_004_1312 −  6_002_1302
365−day filtered difference

Figure 6: The top panel shows the variance of DIA-L and
PMO-A as used to weight each for the average VIRGO value.
The middle panel shows the three final time series and the bot-
tom panel the difference between the new version 6 004 and
the old one 6 002.
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Figure 7: The top panel shows the time series of VIRGO and
TIM and their difference and the bottom panels the difference
to PMO6V and DIARAD respectively. DIARAD shows less
short-term noise than PMO6V, on the other hand PMO6V has
less longer term deviations relative to TIM.
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Figure 8: VIRGO TSI is compared to ACRIM and TIM. The
ACRIM values are on the scale of ACRIM 3 (version 1311).
It is interesting to note that the slope relative to ACRIM for
the whole period and for the TIM period only are very similar,
although the ACRIM time series is composed of ACRIM 2 and
3.


