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ABSTRACT

Context. The PREcision Monitoring Sensor (PREMOS) is a solar radtenen board the French PICARD mission that was launched
in June 2010 and decommissioned in April 2014.

Aims. The PREMOS radiometer obtains solar irradiance measutsnmespecific spectral windows in the UV, visible, and near-
infrared. In this paper, the PREMOS data and calibratiorhott are presented.

Methods. Using back-up channels, the degradation can theoretiballgssessed to correct operational channels. Howevegreay str
degradation within all PREMOS channels requires the agiptin of additional methods, namely using back-up charmedsassess-
ing the degradation via a proxy-based model.

Results. The corrected Level 3 PREMOS data are then usedfifaréint contexts in order to be validated. First, the sigreatdithe
p-mode are retrieved from the PREMOS data. The Venus traligits us to empirically determine the intrinsic noise lewéhin

the PREMOS high cadence data for the visible and near-gdrahannels. We then compare the PREMOS data directly to dalte
sets, namely from the SOLar-STellar Irradiance Comparisgeriment (SOLSTICE) and the Solar Irradiance MonitoMBhstru-
ments on board the SOlar Radiation and Climate ExperimédR(SE) spacecraft. Regarding the UV channels, we found azllert
correlation over the lifetime of the PREMOS mission. Théorhetween SORCE and PREMOS observations is always lesq #an
Regarding the SSI measurements in the visible and nearéuy a comparison of short-term variations (i.e. 27-dagutagion)
shows a rather good correlation by taking into considenatie intrinsic noise within both SIM and PREMOS observation

Key words. Sun: activity — Instrumentation: photometers — Sun: UVatidn — solar-terrestrial relations

1. Introduction leading to solar irradiance variability by measuring thealtso-

lar irradiance (TSI) and solar spectral irradiance (SSI3d-
The French micro-satellite mission PICARD (Buisson et atific wavelengths from the middle ultraviolet to near-iméd.
2006) built by Centre National d’Etudes Spatiales (CNE§he PICARD payload was composed of three experiments in-
France), was successfully launched into a Sun-synchron@&ligling the PREcision Monitoring Sensor (PREMOS) instru-
dawn-dusk orbit on 15 June 2010. It was then commissiongent (Schmutz et al. 2009), described in Sect. 2. The SOlar
on October 2010 and decommissioned on April 2014. The s&lameter and Surface Mapper (SODISM) instrument was de-
entific goals of the PICARD mission were to investigate the irsigned to measure the solar diameter, to monitor the sotar as
fluence of solar forcing on Earth’s climate (Thuillier et2006). phericity, and to perform helioseismologic observatidvisftah
As a result of the interplay of the fiierent forcing mechanisms, €t al. 2014b). The SOlar VAriability PICARD (SOVAP) instru-
it is clear that further chemistry-climate models (CCM) sim ment was devoted to observation of the TSI (Conscience et al.
lations are needed to quantify th&fext of solar variability on 2011; Meftah et al. 2014a).
the Earth’s climate (see e.g. Ermolli et al. 2013). In additithe
PICARD mission was designed to address the physical preselBREMOS (Fig. 1) hosted two experiments: one measuring the
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TSI with absolute radiometers and the other measuring the SS
at six wavelengths with elierent filter radiometers. The key fea-The long-term monitoring of the solar irradiance, howeisg
tures within both TSI and SSI observations are the 11-year awajor challenge. Generally, space instrumentaticfiess! sig-
tivity cycle and the 27-day rotational modulation. Whileeth nificantly from degradation and signal contamination, wvahic
TSI variability is less than 0.1% over the 11-year solar eycis particularly severe for instruments devoted to SSI olaser
(Frohlich 2013), the SSI variability is a strong functiohwave- tions (BenMoussa et al. 2013). Two methods are usually used
length (see e.g. Fig. 1 from Barthelemy & Cessateur 2014h Bdo correct the degradation. The first is to rely on redundant
TSI and SSI measurements are of primary interest for spayestems in which rarely exposed spectral channels are osed t
weather and space climate studies. The planetary climate periodically correct the degradation of the operationarch
sponse to the solar irradiance is sensitive to the 11-yedecy nel. This method is used for most of the radiometers such
when considering the Earth (Egorova et al. 2004; Ermolliet as SoHQ@QVIRGO, PICARODPREMOS, and PROBARYRA
2013) as well as planetary objects such as the jovian icy modilochedez et al. 2006; Dominique et al. 2013). The second op-
(Cessateur et al. 2016a). The 27-day solar modulation a@ls@ h tion is to use reference data, such as periodic rocket lasmch
strong impact on mesospheric neutral species such as hyidraf a clone instrument, or stable external sources, such -as se
(e.g. Shapiro et al. 2012). lected stars (in the case of the SOLSTICE | and Il instruments
or calibrated lamps (in the case of the SOLSPEC instrument).
Modelling aside, our current understanding of the solaxdiir However, the SSI variability over the long-term (i.e. 11ayeo-
ance variability relies on measurements obtained fromespac lar cycle) is highly uncertain because of the accumulateeun
most cases from an Earth’s orbit. Ermolli et al. (2013) gave dainty. There are indeed conflicting trends between SIM nlase
overview of the diferent space instrumentation devoted to S3pns and VIRGO data (Wehrli et al. 2013) and between SSI ob-
observations since the late 1960's. Regular observatibtieeo servations and semi-empirical models, such as SATIRE-&; ov
UV spectral bands (120-400 nm) were provided by the SOLdhe whole spectrum (see Yeo et al. 2014, for a review).
STellar Irradiance Comparison Experiment (SOLSTICE) and
Solar Ultraviolet Spectral Irradiance Monitor (SUSIM) ins  In Sect. 2, the PREMOS instrument is described where the fo-
ments aboard the UARS (Upper Atmosphere Research Satellites is on the strategy of observations as well as a desgriptio
spacecraft (Rottman et al. 2004) from 1991 to 2001 and 20@8,the ditferent data levels. Section 3 provides an overview of
respectively. Complementary observations of the spebaatl the PREMOS in-flight performance including the PREMOS first
between 200 and 400 nm were also made by the NOAA SBUIght, the non-solar features which should be extracteohftioe
(Solar Backscatter UltraViolet) instruments series (Caleial. PREMOS data, as well as the procedures that are to be applied t
1998) from 1986 to 2005. Those experiments strongly outligerrect the PREMOS data from degradation. In Sect. 4, asserie
the important variability of the irradiance in the UV. Hoveey of tests is performed on the corrected PREMOS data, inatudin
the solar cycle variability for wavelengths above 250 nrii stia comparison with SORGEOLSTICE and SORCEBIM ob-
remains unclear because of the long-term instrumentaibiist servations to validate the PREMOS data. Conclusions faifow
ity. Following these experiments, the SOLSTICE Il instrurhe Sect. 5.
(Snow et al. 2005), aboard the SOlar Radiation and Climate
Experiment (SORCE) spacecraft (Rottman 2005), has been ac-
quiring daily observations of the solar UV irradiance fro801
and 310 nm since 2003. Merging all of the UV observations into
a single composite is affiicult task (see e.g. Schdll et al. 2016).
Missing observations can be filled vigidirent statistical meth-
ods using solar proxies. However, it has been shown thatane
the current solar proxies can properly reconstruct ther ddla
irradiance on all timescales (Dudok de Wit et al. 2009), mgki
direct observations of the UV irradiance mandatory for pdlce
weather applications (Lilensten et al. 2008).

Regarding the visible and NIR spectral bands, several in-
struments have been launched into space to acquire irradi-
ance observations as summarized by Ermolli et al. (2013).
Instruments, which have simultaneously conducted obsensa
with PREMOS, include the following: Firstly, the VIRGO-SPMiq 1 assembled PREMOS experiment: SSI radiometers are behind
instrument aboard SoHO has been measuring the irradianee tihe ypper three covers while the two TSI absolute radiorsetes lo-
series at 402 nm, 500 nm, and 862 nm since 1996 (Frohlighted in the lower part. Image provided by Schmutz et al. 4200

et al. 1995). Secondly, the Solar Irradiance Monitor (SIK i

strument (Harder et al. 2005) aboard SORCE has been still ac-

quiring daily spectra from 310 nm to 2400 nm since 2003; we

perform a direct comparison with PREMOS channels in the vig- ; _

ible and near-infrared spectral ranges with these spéntaaldi- 2. PREMOS instrument description

tion, the SOLSPEC instrument (Thuillier et al. 2009) abdhed The calibration and correction methods for the PREMOS TSI
International Space Station (ISS) has been conductingjamae observations was previously discussed by Schmutz et al3(20
measurements from 200 nm to 2400 nm since 2008. Howeudere, we focus on the PREMOS SSI observations. The SSI in-
the SOLSPEC data have so far mainly been used to study #tieimentation consists of three heads, named A, B, and Ggwhe
27-day solar modulation during specific observation cagnmi each head is equipped with an individual cover and is com-
as described by Thuillier et al. (2014). prised of four spectral channels. The wavelength charatitsr
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of PREMOS are indicated in Table 1. Heads A and C are de-
signed to be identical in terms of spectral coverage and éilid
detector characteristics. The central wavelengths fordsléa
and C are 210nm, 266 nm, 535 nm, and 782 nm. Head B is alsoe |
composed of four channels measuring 215 nm and 607 nm withé
two operational channels and two back-ups. Figure 2 shoss th
filter characteristics of each channel, together with a tsgtitt
quiet sun spectrum calculated with the COde for Solar |enack £
(COSI; Haberreiter et al. 2008; Shapiro et al. 2010). Table 12 'O
presents a summary of all units and their accompanying chan- 200 200 500 200 1000
nels, their central wavelengths, and their respective FWHh Wavelength (nm)

visible light and infrared filters are narrowband filtersiwt fil-

ter width ranging from 0.58 nm to 1.73 nm. The PREMOS U¥ig. 3. normalised transmittance for the PREMOS 215 nm filter from
filters are broadband filters with a full width at half maximuni90 nm to km.

(FWHM) of 20 nm (for 210 and 266 nm channels) and 10 nm

(for 215 channels).

10° -

ttance

107

malised

ing the Herzberg continuum, has the same spectral window as
The PREMOS UV filters are a combination of two UV filtersthat on PROBAZYRA (Hochedez et al. 2006; Dominique et al.
one narrowband with one broadband filter to maximise the o@913). However, while LYRA uses experimental diamond detec
of-band rejection. Figure 3 shows the normalised tranamit tors (BenMoussa et al. 2009), PREMOS utilises classidabsil
of the PREMOS filter at 215 nm from 190 nm touin. Using detectors for all channels. The UV filters are of primary impo
a solar composite spectrum from the SORCE experiment, t@mce to ozone and molecular oxygen chemistry of planetary a
out-of-band rejection of 16 for visible and near-infrared spec-mospheres. The filter design of the UV channels at 215 nm, and
tral bands is obtained. Similar characteristics were akesefor  the visible-light (VIS) and near-infrared (NIR) channels aim-
the 210 and 266 nm channels. Using two combined filters algar to that of SODISM (Meftah et al. 2014b). The filter design
has the advantage that pinhole pollution is prevented, &s itwere chosen to measure the continuum, by minimizing interfe
very unlikely that two pinholes are aligned. The completerfd ence from spectral lines.
(i.e. broadband and narrowband) were characterised isehou
at Physikalisch-Meteorologisches Observatorium DaWiwld The ground calibration of the PREMOS instrument was dis-
Radiation Center (PMO®VRC) as solar blind in the visible andcussed by Schmutz et al. (2009) and only key values are briefly
near infrared. The SODISM filters, which have been manufagentioned here. The filter radiometer channels in the \gsibl
tured in the same way as the PREMOS filters, are also solat bland near infrared were characterised in-house at P,
in these spectral ranges. However, the UV channels were calibrated at the Physikalisc
Technische Bundesanstalt (PTB) Berlin. The measurement pr
cision for the UV channels is 1.2 % for the 210 and 215
nm and 1.4 % for 266 nm and, thus, is comparable with
the SORCESOLSTICE instrument for which the measurement
precision is about 1-2 % between 200 and 300 nm (Snow
et al. 2005). Regarding the visible and near-infrared chbnn
Schmutz et al. (2009) determined a relative uncertaintyoofia
4 %. This is somewhat larger than for the SORSIM instru-
ment, for which the uncertainty budget is less than 2.8 % dkeliar
et al. 2005).

Intensity, W n¥ nm*

Intensity, W n nmi*

2.1. Observation strategy

As mentioned previously, Heads A and C are similar from a
spectral point of view. However, both units are not exposed t
the Sun in the same way. This is also the case for the chamnmels i

Intensity, W n nm*

% e — Head B. Those diierences in terms of exposure time result from

S Lo /// V\\ T 1 the definition of a redundancy strategy to estimate respitysi

205 50 nm - L ] loss due to exposure time to sunlight. An attempt to assess in

£ ook \ \ \ \ —_————1  strument degradation was made, in a self-consistent wéirsty,
780.5 781.0 781.5 782.0 782.5 783.0 783.5 784.0

Wavelength, nm referring operational measurements to occasional backap o
ations, and then correcting the backup channel by initialrag

Fig. 2. Bandpasses of theftitrent PREMOS filters, centred at 210 nm the operational channel. The strategy is the following:

215 nm, 266 nm, 535 nm, 607 nm, and at 782 nm along with the COSI

spectrum of the quiet Sun (black). . . .
P a ( ) — Head A is operated continuously at six measurements per

minute with an integration time of 9.911 seconds for the

normal mode. Head A is in permanent use and is therefore
The PREMOS instrument covers an important part of the so- most dfected by degradation as discussed in Sect. 3.3. The
lar spectral range, from the UV to the near-infrared. Thespas UV channels have indeed lost more than 99 % of the signal,
bands of the filters and their accompanying widths were ahose about 100 days after the start of the mission, making the UV
to maximise their scientific value. The 210 nm channel, measu channels mostly blind to any solar signal.
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Table 1.Key characteristics of the PREMOS filters, including cemiezelength and full width at half maximum.

Channell Channel2 Channel3 Channel 4

Heads A& C A 210 nm 266 nm 535.69nm 782.26 nm
FWHM 20 nm 20 nm 0.58 1.73 nm

Head B A 215 nm 607.16 nm 215 nm 607.16 nm
FWHM 10 nm 0.89 nm 10 nm 0.89 nm

— Head C, back-up of Head A, is exposed only once per d&jV filters, as evaluated from filter witnesses antfetient cali-
for three minutes. bration runs, decrease with time. These authors reporigdif-s
— Head B is a self-consistent system with two pairs of idehticacant 8 % drop of the peak responsivity of the UV filter transmi
channels. The first pair is exposed every fourth orbit for oriance between two calibration campaigns six months aphig. T
minute, while the second pair is exposed once per week fasponsivity drop exceeds the measurement uncertairty?41.
two minutes. compared to 8 %). The 266 nm channels exhibffedent be-
haviour with an irradiance excess of 5.8 % and 1.2 % for Heads
A and C, respectively, compared to SORCE observations. This
was not expected, based on ground calibrations performed by
PREMOS data are organised irffdrent levels, from 0 to 3 as Schmutz et al. (2009), where a similar degradation of the 266
described below: nm filters to the 210 and 215 nm filters was also observed. One
possible explanation is the fact that PREMOS observations a
— Level 0: Raw Data from PREMOS without any correctiofeing conducted in space, where the temperature impacton th
applied in units of counts per second. filter cannot be neglected because there might befiegent heat
— Level 1: The data is converted from counts per second dissipation. The filter transmittance can then change cisihe
voltage. The data are corrected for temperature variatiansthe visible window, allowing more sunlight through the- fil
on the voltage-to frequency converters using ground alibiter and then increasing the resulting measurement. Thisiuute
tions. The Earth-Sun distance correction is also applied. contradict the possibility that the UV filter at 266 nm alspex-
— Level 2A: Data are converted into solar irradiance units (i@nces a similar degradation compared to the 210 nm and 215 nm
W m==2 nm). filters. Both the temperature impact and degradation peases
— Level 2B: The temperature sensitivity of the detectorgould happen at the same time. Regarding the filter at 266 nm,
is corrected for the visible and near-infrared channelthe temperature impact might overcompensate the trarssrodt
Instrumental artefacts within the data are removed. Nodegradation. This would thus suggest that the degradatitihreo
solar features, as described in Sect. 3.2, are also removgVl.filters at 210 and 215 nm are more pronounced than initially
The degradation is not yet corrected. suggested. Without any further information, it igfdiult to make
— Level 3: Final PREMOS data set. The data are corrected famy conclusions on this matter. One solution would be toensdr
the degradation using either internal means (i.e. using-baeach head to perform post-flight characterisation; thimiem
up channels) or proxy-based modelling (see Sect. 3.3). tunately not possible. Tests could be conducted using spare
struments, but one mainfiiculty would be to recreate the same
The resulting Level 3 PREMOS data are thus compared wightposure conditions.
other data sets in Sect. 4.

2.2. Data products

For the channels at 535 nm and 782 nm, it seems that there was
also a degradation prior to launch. Heads A and C exhibit-a dif
3.1. PREMOS first light ference of -4.8 % and -1.7 %, respectively, at 535 nm, whike th

. . . difference is -4.6 % and -3.7 % at 782 nm. The Head B channels
Head A was exposed to sunlight for the first time on 27 Julyt 607 nm exhibit a-4.3 % and+5.3 % irradiance increase for
2010 and Head C on 6 August 2010. HeadB was exposgthnnel 2 and 4, respectively. The irradiantiset is within the

on 6 September 2010. Table 2 summarises the first light v@iscertainty of the calibration, which is thus satisfactory
ues obtained with PREMOS for thefidirent spectral channels.

These values are compared to the SOLSTICE (level 3, version
15) and SIM (level 3, version 22) instruments aboard SORCE.
SOLSTICE and SIM observations for corresponding dates &
convolved with the actual transmittance of the PREMOS f§ilte
and normalised by the total area under the bandpass cuiing gi
normalised values.

3. In-flight performance

llowing this evaluation, the PREMOS channels are scaled t
€& SORCE measurement in terms of absolute values of the ir-
adiance, using the SORCE value measured on the day of the
‘PREMOS first light.

There is an important irradiancéfset in the 210 nm and 215

nm channels compared to SORCE observations. Heads A ang & non-solar features

show a diference of 14 % and 20 %, respectively, for the irradi-

ance at 210 nm. For the channels 1 and 3 from Head B, observ-

ing at 215 nm, the dierence is 28.6 % and 17.5 %, respectivelyAlong with the degradation processes discussed in Secth®3
This general behaviour can only be explained by degradafionPREMOS data are alsdfacted by undesired features, which
the UV filters prior to the launch. Schmutz et al. (2009) algea have to be removed before we can evaluate the solar signal var
expressed this concern by noticing that the transmittahtfeeo ations.
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Table 2.normalised values in W M nm* for the PREMOS first light at 1 astronomical unit, for the Ui4ibsle, and infrared channels. fiérences
between PREMOS and SORCE observations for the same datedarated in brackets.

PREMOS 210 nm 215 nm 266 nm 535.69 nm 607.16 nm 782.26 nm
Head A 24910 (-14 %) 0.198 £5.8%) 1.856 (-4.8 %) 1.138 (-4.6 %)
Head C 2.33 1 (-20 %) 0.189¢1.2%) 1.883(-1.7 %) 1.121 (-3.7 %)
Head B (Channels 1 & 2) 2.64 19(-28.6 %) 1.806 4.3 %)
Head B (Channels 3 & 4) 3.05 10(-17.5 %) 1.824 5.3 %)
3.2.1. Temperature effects detectors making the signal very noisy. Figure 5 show daiigt

ries for the UV channel at 210 nm, for the early and mid-phas

The observations in the visible and near-infrared by PREMCE?the mission, which illustrates the evolution of the sigiza

are very sensitive to orbital temperature variations. Fgd ,iqe ratio. Between these two dates, the PREMOS signain th
shows an example of a full day of quiet-Sun observations wi !

the visible ch | at 535 d the t i decreased by more than one order of magnitude. Some SAA
€ visible channel a nm an € temperature respoisfinytions are clearly visible, especially around 9 am2@

of the PREMOS instrument. The PREMOS filter-detector sy§yhe 2011, The PREMOS signal was high enough to prevent
tem is clearly sensitive to temperature variations as ateit the observations from domination by SAA perturbations bar t

in Fig. 4. The PREMOS orbit induces a temperature modulgeq; 15 gays of the mission. This is not the case afterwands a
tion with a period of 99 min. This was not characterised prigy

L . e . igh cadence data in the UV spectral range are very sengitive
to launch, so the_correct|on 'S.e”?p'”ca' and is dwect!y!mp electronic noise and are no longer reliable. PREMOS data, es
to the data. The interferometric filters used for the visihel :

frared itive o t ¢ h th pecially in the UV, must therefore be used with caution. &imi
near infrared are very sensitive to temperature, whit#tés the |, opaviour has also been noticed in the visible and neaasidr

PREMOS measurement. By filtering out this non-solar mOdEh nnels (see in Fig. 5). Despite the fact that their sigmal-
:?"“0”’ tze same d%"?/ time series zetco[)nes fmorle or less ?: Bise ratio is higher than that from the UV channels throwgho
ine, and any variability Is assumed to be of solar origint Fq,, p|cARD mission, PREMOS signals for the visible and near-

longer timescales, a similar temperatuffeet has not been iden- . :
e ; 1e . ; nfrar ral ran reim he SAA and m I
tified. As discussed in Sec. 3.3, visible and near-infrarkd flbe Ssi%ﬁ?hcigut%ngesa e impacted by the SAA and must als

ters are also féected by contamination inducing a similar ef-

fect as the temperature variations. It is worth mentioniivag the

UV channels are notfected by this temperaturéfect on any 3.2.3. Occultation

timescales. No oscillation patterns have been clearlyrobde )

in the UV PREMOS channels. However, the temperature mighf® PICARD satellite encountered the Earth’s shadow from

have an impact on the absolute values of the irradiancemist%\!ovembe”o February. When pointing at the Sun, the PREMOS

in Sect. 3.1. The PREMOS experiment does not provide enouggnal is then progressively attenuated until total extog re-

information about this specific issue. Future solar radiemse Sulting inan artificial eclipse. Those eclipses are eaditified

should address this particular problem. as shown in Fig. 6. Such events are not actually removed from
PREMOS observations for all data Levels. The PREMOS mea-
surements of irradiance profiles during solar eclipses bspe

25 October 2010 cial interest, as the irradiance data acquired during suehts

1.669F E allow the centre-to-limb variations (CLV) of the solar bitgess
1.668 \/\M E to be assessed. The layers of the solar atmosphere can lelprob
1687F y/\\/\m% using the solar radiance coming fromffdrent disk positions

1.666 that radiate at dierent heights. Solar atmosphere models can be
tested during these occultation events, as performed WIERAL

=1

nm™")

-2

02:24 07:12 12:00 16:48 21:35

Irradiance (W.m

Time (hh,/rm) data (Shapiro et al. 2013) using the Herzberg channel (200-2
nm).
5 i:i 3.3. Correction for degradation of PREMOS data
= 28.3 ¢ This section presents thefidirent correction procedures that
280k are used throughout the present study to correct the PREMOS
02:24 07:12 12:00 16:48 21:35 data from degradation to produce PREMOS Level 3 data from

Time (hh/mm) Level 2B. This step is mandatory and allows us to compare

_ . _ ) PREMOS data with those from other experiments, as is pre-
Fig. 4. Daily time series of PREMOS observations at 535 nm (top pan€lanted in Sect. 4.

and temperature of the Head A on the same day (lower panel).

3.3.1. Heads A& C

: The PREMOS radiometer experienced a degradation throwghou
3.2.2. South Atlantic Anomaly the whole PICARD mission, which was particularly severe for
PREMOS signals in the UV channels are particulaffeeted Head A. As shown in Fig. 6, more than 99 % of the signal for
when transiting the South Atlantic Anomaly (SAA). Secondarboth UV channels, at 210 and 266 nm, was lost, while it is more
electrons generated by high energetic protons can hitlicersi than 50 % for the visible channel. More than 80 % of the signal
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. Fig. 7. normalised Level 2B data for the PREMOS Head C, including
remained for the near IR channel. Head @exed from a very jradiance observations at 210 nm and 266 nm (in red and t#spec-

pronounced degradation, as shown in Fig. 7. The UV chanbelsigely, in the top figure), and 535 nm and 782 nm (in black arebgy
210 and 266 nm lost 20 % and 14 %, respectively. However, agspectively, in the lower figure) from September 2010 todW&2014.
unexpected behaviour for the channels at 535 (-1.1%) and 782
nm (+1.5%) was encountered. There is indeed some intensity
oscillations within the PREMOS data for the visible and neain the SODISM instrument (see Fig. 27 from BenMoussa et al.
infrared channels, and for both Heads A and B. 2013), for which the visible and infrared filters share thmsa
key characteristics as the PREMOS filters. Temperatur@-vari
The degradation is thought to be due to the polymerisation tidns of the instrument also have a strong impact on PREMOS
contaminants on filter surfaces under solar UV exposures Thobservations, while the induced variability ranges frorityda
specific issue is regularly encountered when using simédar donger timescales as discussed in Sect. 3.2.1. However, a di
diometer designs (see BenMoussa et al. 2013, for a revidwe). Trect comparison with the instrument temperature shows no ev
degradation of the UV channels follows a decreasing functiadent correlation with these oscillations for the chanral$35
The signal for channels in the visible and the infrared esslvand 782 nm. In addition, both visible and near-infrared cleds
differently over time compared to UV channels, with an intershould show correlated oscillations if only temperaturdara
sity oscillation. Unlike the UV filters, visible and infraddil- tions are responsible, which is not the case (Fig. 6). It énth
ters are interferometric types. The thickness of the comam most likely that the degradation is due to the combination of
layer therefore plays a major role on the transmittanceitead the polymerisation of contaminants on the surface of filtard
to intensity oscillations. Such behaviour has also beeervisl the temperature variation of the channels. To better uralels
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this unexpected degradation over the PREMOS missionriteti value of the corresponding day. This gives the UV dose foncti

in the visible and near-infrared channels, we are invetitiga (expressed in 8x photons. crm?), which estimates the number
cross calibration between SODISM and PREMOS observatiawfssolar UV photons that were received by the PREMOS chan-
and will be addressed in a forthcoming paper. nels.

The high cadence data (i.e. from Head A) are veffidilt to Figure 8 shows the daily average value at 210 and 266 nm from
correct for long-term degradation without a proper refeeen PREMOS according to the UV dose. The degradation trend can
Since Head C strongly fiered from degradation in all chan-then be fitted as a function of the UV dosé(d+ bTyy), where

nels, it is not possible to use it to assess the degradatidead a and b are the cdigcients of the regression angyTis the UV

A. Therefore, high cadence data are mostly interestingdoy v dose. The PREMOS data at 210 and 266 nm are now corrected
short-term variability, that is from minutes to hours whéie t and ready to be compared with other irradiance data sets (see
signal-to-noise ratio is very high. However, the UV chasneBect. 4.2).

have a very low signal-to-noise ratio roughly 150 days dfter

beginning of the mission (see Sect. 3.2.2). The degradation

indeed very fast as shown in Fig. 6. Regarding the visible and . 210 nm

near-infrared channels from Head A, PREMOS data can be used 0.024 - f

throughout the PREMOS mission but only to study very short E g

term variability. v oo p ]
Z 0.020 .

Regarding the visible and near-infrared channels from H&ad ¢ -

PREMOS data are primarily suitable to study short-termf@nt 5 o018 B

timescale of one solar rotation) variability of solar ir@ate  © r

by de-trending the PREMOS data. Slow variations, which are °°'®F ]

understood not to be of solar origin, are thus removed using a 0.0 0.5 1.0 R 2.0
Butterworth filter with a cut-ff at 81 days. UV Dose (107" photons.cm™)

266 nm

We now focus on degradation correction of the UV channels 020
from Head C at 210 and 266 nm. The data after May 2013 ar@
not taken into accountin the following. Irradiance dataldl @m c.
and 266 nm from Head C fier from high instrumental noise af- 't o.18
ter May 2013. There are thus some concerns regarding the dat&
quality about the solar variability. Those data are alsoatided

for another reason. As a result of malfunctions, PREMOS ob-
servations were stopped for several weeks in September 2013
seems that the UV channels somehow recovered from degrada-
tion once normal operation had started again. The reasbats t

to overcome internal problems, the instrument temperdtade

to be increased, which probably led to a partial destruatibn

the contaminant layer. This is clearly visible in the ir@uie at Fig. 8. Daily average irradiance value from Head C at 210 nm (top

266 nm (in blue in Fig. 7), where there are two regimes for ¢ nel) and at 266 nm (lower panel) according to the UV dose lifikar
degradation before and after September 2013. Howevergthe gregS,on fit is also p(lotted En reé) g

problemis the fact that PREMOS data at 210 nm and 266 nm are

noisy after May 2013. The first approach, which has been used

to infer the degradation in the UV, was to compare Head A with

Head C. The time exposure is an important parameter andﬁ@z Head B

first approach relies on comparing the initial Sun exposare ="

both Heads A and C. However, the initial ageing wetetlent, Head B, and the strategy which lies behind it, is now consid-

which implies that the degradation does not only depend en thred. As a reminder, Channels 1 and 2 are exposed every fourth

time exposure. orbit for one minute, while Channels 3 and 4 are exposed once
per week for two minutes. Figure 9 presents the Level 2 time

The nature of the degradation is considered a polymerisafio series for the Head B Channels, including the 215 nm and 607

carbon contaminant on top of the filters induced by solar Ukim observations. The curves of Channels 1 and 3 presented her

photons (BenMoussa et al. 2013; Meftah et al. 2014b). In our Fig. 9 have not yet been corrected for degradation, bué hav

case, both the amount of solar UV photons and carbon concbaen corrected for numerous observational artifacts.ixily,

tration are the two primary parameters that constrain tiggade the observational strategy was to assume that Channels 2 and

dation. Since the degradation of the UV channels for Head4from Head B were urfiected by the degradation. While it is

does not reach an asymptotic limit (see Fig. 7), we assunte th@ore likely to be true for the 215 nm Channel (upper paneh, th

the carbon concentration is not a limiting factor here. Westh is clearly not the case for Channel 4 at 607 nm.

defined a UV dose using the Lymanindex, which should re-

flect the number of solar UV photons received by the PREMOBth observations at 607 nm, i.e. Channels 2 and 4 from Head

channels from Head C. We first compute daily average valuBshave indeed dtered from degradation with a signal loss of

for irradiance at 210 and 266 nm. Each PREMOS measuremahbut 1 % and less than 0.3 %, respectively. The intensit- osc

represents nearly 10 seconds of exposure. The daily time- exjations, already noted for irradiance observations at 585782

sure can thus be calculated and multiplied by the Lymarmex nm, also &ect both visible Channels from Head B. However,

0.19

=
~

=4
[e)

Irradiance

P L L M e L

0.5 1.0 1.5 2.0
UV Dose (10"".photons.cm™)
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there is a more pronounced correlation with the temperature

unlike the other visible and near-infrared channels. Beeaaf "' | o ‘ ‘ ‘ ‘ 1008z
its degradation, Channel 4 cannot be used as a back-up dhanne £ o590 I
to assess the degradation of Channel 2 from Head B. The te:gn T w‘""’é“ SRR, W» N oo tosass ;,,,o s 0001 E
perature dependence can still be corrected, but the comtamiz £ ° ° Tt T £
tion layer, which grows with time and impacts the overalhga 2 - h 00302
mittance, requires more information than would be avadlabl £ F WA <
fully correct the irradiance at 607 nm. Regardless of thigble < 08- T e 100295
data from Head B can actually be used to assess the vagabilit _E £

over the short-term. However, numerous data gaps withaaliir ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
ance measurements from Channel 2 can indeedpleatﬂ“anaﬁt 10710 03/11 08/11 01/0102te0(6n<'1nz/;y1)/12 04/13 09/13 02/14
degradation regimes, as clearly visible in June 2012. Ttés p
vents us from having an overall picture of even the shomiter , ,
variability (i.e. modulation at 27 days). To overcome tlsislie,

the data from Channel 2 are first scaled against the data fromo:
Channel 4. The resulting time series is then more homogendus
in terms of degradation. Temperatufieets and degradation arg ; o,
then removed by smoothing out the resulting irradiance gme %

ries with a Butterworth filter with a cutfbat 81 days However gt

all information about long-term variability is lost in thisse, \“"W
leaving only short-term variability. Cross-comparisoeseen g

PREMOS channels observing at 535 nm and 607 nm are thus 10/10 03/11 08/11 01/12 06/12 11/12 04/13 09/13 02/14
performed. This final step allows us to identify daily irradce Date (mm/yy)

values, which do not share the same coherency, and can thus be
removed. Fig. 9. Level 2 data for the Head B, including irradiance observetiat

215 nm and 607 nm from September 2010 to March 2014. Channels 1

Regarding UV observations from Head B at 215 nm, we app&ngsz(?r:(i:(%rmahsed (in black), while Channels 3 and 4 areddiance

the strategy described in Sect. 2.1 to correct the more expos
channel using only the back-up channel. Channel 1 from Head

B has lost roughly 25 % of its signal. Channel 3 is assumed $pectrum is much noisier than those we obtained for the visi-
be undfected by the degradation. Measurements from Chani¢ and infrared channels, which is probably because of afow
1 are then corrected for its intrinsic degradation by scalitose  Signal-to-noise ratio.

data against the observations from Channel 3. We applied no
further corrections, except for well-known instrumentaifacts.

The motivation here is to fully test the redundancy stratmiggy

to figure out for how long this strategy can be applied without
any additional degradation correction. We proceed to a#id . 10" E
the Level 3 PREMOS data by comparing them to other data sets F ]
in the next section.

1.830

-

m

9
%o,
2, 11.825
° &”Oo owm%«»&@o e, <
00,
%, ° R &
Qsi: w%w 3

o
$
8

o

N

o

winy vt A g
n!/“"”’ MW’"‘W WA
12 0.99

e’
o

Irradiance (W.m™2,

m\mu‘m\mu‘umém‘mmm

)
o

782 nm

Amplitude

107" _

4. Validation of the PREMOS data

4.1. High cadence data ; 2 3 1; 5 5 7 8
. . Frequency (mHz)
4.1.1. Helioseismology

With one measurement every 10 seconds for HeadA, tﬁ'géé%\Powerspectrum density at 782 nm as observed by the PREMOS
PREMOS data set has the advantage of a good time resolution "

compared to the timescales of solar oscillations. Howessdjs-

cussed previously, continuous exposure has the disady@aofa

leading to a very strong degradation. The PREMOS data from 2. Solar flare events

Head A is useful to assess the variability over the very short

term, from minutes to hours. The first step is to de-trend #te d High cadence SSI data might also display signatures of solar
to remove any long-ternfiects, i.e. the 27-day solar modulatiorflares. For example, the LYRA instrument has been used used
cycle and longer trends. After these corrections, PREMQ8& d#&o characterise the flare signal in Lyman(Kretzschmar et al.

can be used in a helioseismology context. Figure 10 shows &@®13). However, no clear signature has been detected within
power spectrum for irradiance at 782 nm. We combined 40 sUBREMOS observations from the UV spectral range to near-
series, each from one day (earlier days of the mission), tw#m infrared, even for the most important events that occurrad d
out the instrumental noise. Acoustic oscillations or P-mbdve ing the PICARD mission. Superposed epoch analysis has been
frequencies that are greater than 1 mHz and are very strong &lle to detect solar flares in TSI and SSI measurements where
tween 2 and 4 mHz (Corbard et al. 2013). Such a signaturethe flare contrast is low. With this technique, flares havenbee
clearly visible in the 782 nm channel. We obtained a sim#ar rdetected in TSI observations from SoHO (Kretzschmar et al.
sult for the 535 nm channel. We also observed P-modes with 2@10), and the blue, green, and red channels of the VIfSB®

UV channels at 210 and 266 nm. However, the resulting powiestrument (Kretzschmar 2011), but also using the full sola
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GOLFHSoHO data (Cessateur et al. 2010). We tried to detqmit data &ects the simulated outputs when convolving SORCE
flare signatures, however, the PREMOS mission was not loabservation with PREMOS channels. When focusing only on
enough anfbr the signal-to-noise ratio of the relevant channekhort-term variability for the visible and near-infrarqukstral
decreased too quickly to reveal flare signatures with thik-te ranges, slow variations are removed using a Butterwortér filt
nigue. with a cut-df at 81 days.

4.1.3. Venus transit 4.2.1. Comparison between PREMOS UV channels

During the June 2012 Venus transit, irradiance time seregw We investigate the comparisons between irradiance in the UV
acquired by Head A from PREMOS. Figure 11 shows the higts measured by PREMOS. It is well known that the SSI shows
cadence irradiance at 535 and 782 nm, where an irradiance @eemarkable coherency, which is manifested by a similae tim
crease of about 1100 ppm is caused by the Venus transit. Egolution of the irradiance observed affdrent wavelengths and
the sake of comparison, the PREMOS TSI measurement is apactral bands (Dudok de Wit et al. 2005; Cessateur et al.)201
shown (in black). By comparing the overall shape of the trafthis high correlation is due to the strong dependence of gela
sit curve, we conclude that the centre-to-limb variatiortited radiance variability on the magnetic field (Domingo et al02p
solar disk is practically identical for the two waveleng8@&5 It can then be expected that a linear relationship betwdénal
and 782 nm, as well as for TSI. On a shorter timescales (TBREMOS channels is observed. As a first test for the UV chan-
has two minute time resolution) the three channels share sinels, key values of the relationship between UV channels are
ilar signatures; for example an irradiance drop just aftét-m provided. Figure 12 shows the irradiance at 215 nm and at 266
night. Nevertheless, the correlation €ibgent between irradi- nm plotted against the irradiance at 210 nm. The resultimg co
ance measurements is surprisingly low during the Venusitrarrelation codicients are 0.86 and 0.87, respectively. When con-
(R? < 0.3). A noise level within PREMOS channels at 535 ansidering the number of points heitd,= 690; this is an excellent
782 nm for Head A can thus be estimated by taking2remos ~ correlation for both curves based on the Pearson definifibe.
whereopremosis the standard deviation of the irradiance me&-sigma interval is also plotted and the cloud of points aendo
surement during the Venus transit. By doing this, a noisellesbe well within those boundaries. The PREMOS data at 215 and
of about 139 ppm and 157 ppm can be estimated for the Hea@86 nm from September 2010 to May 2013 can be expressed
channels at 535 nm and 782 nm, respectively. with respect to the irradiance at 210 nm by a linear relatigns
a+bxlz10. Table 3 shows the key values of the linear regression
No signature of the Venus transit has been detected for thewell as the standard error values. As a reminder, we nate th
PREMOS UV channels, probably because the signal-to-naisethe absolute irradiance values of the PREMOS data used here
tio was already too low for both UV channels at 210 and 266 nhave been set to SORCE observations.
in June 2012.
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Fig. 11.Transit of Venus from 6 June 2012 as measured with PREMOS§ 0.189 *
at 535 nm (in red) and at 782 nm (in green). The PREMOS TSI & als & 0 188% el
plotted (in black). CTEC z B
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4.2. Solar irradiance variability . ) . N
Fig. 12. Irradiance at 215 nm plotted against the irradiance at 210 nm
In order to validate the variability of the PREMOS data fongh (top figure), and irradiance at 266 nm plotted against treliance at
and long-term variability, both internal comparisons begwthe 210 nm (lower figure). The regression lines are shown (re@ddines),
UV PREMOS channels and comparisons to SORCE obser@a-well as the 2~ intervals (blue dotted lines).
tions are analyzed. We consider data taken from instruments
aboard SORCE, namely the SOLSTICE instrument (Level 3,
version 15, from 180 to 310 nm) and the SIM instrument (Level
3, version 22). We obtained the daily spectral measuremeatg.2. Comparisons with SORCE observations

used here from the LISIRD architeWe use these data with-
out the application of further corrections. Any artifacttire in- e compare the Level 3 PREMOS data and SORCE observa-

tions. First, the irradiance at 210 nm, 215 nm, and 266 nm are
1 httpy/lasp.colorado.edlisird/ compared without de-trending the data. Both short-teren ¢o-
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Table 3.Key values of the linear relationship between channels @t 21lbrated the PREMOS channel at 215 nm by internal means, using
215, and 266 nm as measured by PREMOS. The unassoidoe, are  the back-up channel from Head B. There is a good correlation
W m=? nmrt, codficient between the two data sets, where=R.91 (R =
5 = T 0.84). The ratio obtained with the SOLSTICE data versionsl3 i
3+ b X210 R Terr © P aisoindicated in Fig. 14 for comparison (in green). Bettgea-
l215=0.011+ 0.893x Iy 0.867 0753 110  0.27%  mentjs found when using the version 15: The independent and
l266=0.127+2.04x 1510 0.869 0.756 2210 0.12% internally calibrated PREMOS observation confirms thedirra
ance variability observed by SORCFOLSTICE for this spec-
tral range from September 2010 to August 2013. Interestingl

lar modulation induced by the rotation) and longer term. (i.&v0 independent instruments converge towards the same vari
variability over the PREMOS lifetime) are thus comparedeith ability. The underlying observation strategy for Head Bngs

visible and near-infrared channels are also compared, iyt 0©Nly one back-up channel exposed once per week, is success-
for short-term modulation. ful for assessing the irradiance variability in the UV spalt

range. After August 2013, it is flicult to reach any conclu-
sions without other observational data sets for comparitba

UV spectral range PREMOS 215 channel could be used to fill the irradiance gap
from SORCE from August 2013 to February 2014 using various

Figure 13 shows the direct comparison between the PREM&tistical methods and comparisons with solar modeliTigs
and SOLSTICE observations at 210 nm (top panel) as well W4l be addressed in a forthcoming paper.

the ratio PREMOS over SOLSTICE (lower panel) for the period
between September 2010 to May 2013. The ratio indicates that
both data sets agree within 1 %. The absolute scale is based.qn
SOLSTICE observations. There is a rather good correlatisn b'e F
tween both data sets with a Pearson correlatioficient, R, of = “9%%°F
0.85 (R =0.72, see Table 4). The main discrepancies arise from 0.0375 1

data after November 2012, where there is féedénce of about

c g
0.8 % on the absolute value. However, the variability in w#ta  ; 90370F

sets is very similar. By considering data prior to Novemi&r2,  ~ (o365t ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

the correlation coficient increases to R 0.93 (R2 = 0.87). 06/10 10/10 03/11 08/11 01/12 06/12 11/12 04/13 09/13 02/14
For the irradiance at 210 nm, the correction procedure using Date (mm/yy)

UV dose based method leads to &elience of less than 0.5 %
for the period between October 2010 and November 2012. Aftery
November 2012, an uncorrected trend leads toffemince of
about 0.8 % compared to the SOLSTICE data.
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Fig. 14. Same as in Fig. 13 except for irradiance at 215 nm. The
PREMOS to SOLSTICE ratio is shown using both versions 13 (in
green) and 15 (in black) of the SOLSTICE data.
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Figure 15 shows the irradiance at 266 nm as seen by PREMOS

and SOLSTICE, along with their ratio. First, the SORCE data

are noisier than for the previous two channels. This could pa

tially explain the correlation cdicient of about R 0.67 (R =

0.44). Their ratio suggests good overall agreement withf-a di

ference less than 0.5 % for the whole period from September

‘ ‘ ‘ ‘ ‘ ‘ ‘ 2010 to April 2013. Because of the internal noise of the SORCE

10/10  03/11 08/11 01/12 06/12 11/12 04/1 observations, the PREMOS data at 266 nm could be used as a
Date (mm/yy) reference for the period considered in Fig. 15.

Ratio PREMOS/SORCE

o
3
LR

[N STTTRTTTN INTYRTINTI ETARTTRIRAIRRTONAN!

Fig. 13. Level 3 PREMOS data for 210 nm (in black) and convolvegaqarding the correction of 210 and 266 nm channels. we used
SOLSTICE observations with the PREMOS filter at 210 nm (in) re hegLyma?}a index as proxy. We also used other proxiés such
from September 2010 to May 2013 (top figure). The PREMOS {0 . !

s g : as the F10.7 or the magnesium index (Mg Il), and found similar
SOLSTICE ratiois also indicated (lower figure). results with a 1-2 % relative flerence. Better agreement has,
however, been found with SOLSTIZEORCE data when using
the Lymanw index. The level 3 version of PREMOS data for the
Figure 14 shows the irradiance at 215 nm as seen by PREM@® and 266 nm channels are thus not fully corrected indepen-
and SOLSTICE along with their ratio. As a reminder, we caldently, but are in good agreement with the SOSLT/SBRCE
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Table 4. Values of R and R(in brackets) for the UV channels betweeng
PREMOS and SORCE observations. 2
210 nm 215nm 266 nm jé

PREMOS vs SORCE 0.85(0.72) 0.91(0.84) 0.67 (0.44) 3

g

data version 15. The channel at 215 nm, however, has been ¢or-o® !

rected by internal means, completely independent of angrotfy
data. g

Differe

1.0010
1.0005
1.0000
0.9995

0.9990
0.9985
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by PREMOS (in black) and by SORCE (in red) from July 2011 to
E g July 2012 (panel (a)). The fiierence (in ppm) between PREMOS and
w SORCE is also plotted (panel (b)) for the correspondingagerThin
s rore Aw E vertical lines indicate the passage of a sunspot. Panelh@yss the
2 E Jawi,. ot 1 probability density function (PDF) of the fiierence between both in-
A e PV bk /‘M V; struments (solid line) along with the respective Gaussiadished
e line).
5 0 E
10/10 03/11 08/11 Doteognggf/m 0e/12 11/12 04/13 sity function (PDF) could give us more information about the

quality of the data. The PDF describes the normalised hikeld

of a specific deviation of the data values from the most prob-

able value, where the most probably value is the value where

the PDF has its maximum. The probability to obtainfiedence

of +0.5 ppm is 0.0015 (see Fig. 15(c)). To obtain a continuous

PDF from our discrete data set, namely the approximately 800

measurements, we use a Gaussian kernel density estimiagor. T

crucial parameter for the Gaussian kernel density estinmatbe

In the following, the comparisons between PREMOS and SlIbandwidth selection, which corresponds to the window wadth

observations at 535 nm, 607 nm, and 782 nm are discussed. flstograms. Scott's Rule (Scott 1992) is used here, whitih es

solar irradiance variability in this part of the spectrummisch mates the bandwidtiv based on the number of poirisand the

smaller than for the UV spectral range regardless of theidensdimensiond as follows:

ered timescales (Ermolli et al. 2013). The signal-to-no@&m®

is also lower than for the PREMOS UV channels. It should hg = n~%/(@+4), (1)

noted that only the short-term variability is discussedhsince

since we removed the long-terrfects (solar signal and degra-

dation). By taking into account that the noise in SIM measurements is
about 150 ppm (Harder et al. 2009), the noise level of PREMOS

Figure 16 shows the irradiance at 535 nm as observed d&ita can be estimated by the following equation:

PREMOS compared to SIM observations. In order to make the

figure clearer, only the July 2011 to July 2012 period is shown 5 5

The full time series is given in Annex A. As a reminder, we confZPREMOS= /07515 ~ T5im> )

pleted the analysis of the PREMOS data over the full timeeseri

From a direct comparison with the normalised data (top paneVhereo o is the sigma deduced from the PDF of th&elience

both data sets show an excellent correlation during surpmet between PREMOS and SIM observations, which gives an esti-

sages (indicated by thin lines). Except for two cases whive Smate of the combined noise level. Table 5 presentstigmos

observations are probablyfacted by some outliers, theftlir- noise level within PREMOS observations. Figure 16 also show

ence between PREMOS and SIM irradiance is generally closeato envelope representing the appropriate uncertaintgnati

zero for sunspot passages. Over the full PREMOS mission, itee 210 ppm. When considering this intrinsic noise levehini

correlation cofficient between PREMOS and SIM observationBREMOS data, SIM observations are generally in good agree-

at 535 nm is R= 0.63. The correlation is rather low because ahent with PREMOS observations at 535 nm, however, their dif-

the intrinsic noise level within PREMOS and SIM observasionference is sometimes significant for a limited time interval

Fig. 15.Same as Fig. 13 except for irradiance at 266 nm.

Visible and near-infrared spectral ranges

Looking at the diference as well as the resulting probability demAs discussed above, the PREMOS and SIM measurements agree
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well for sunspot passages (with irradiance variations frong o

IS

1000 ppm to -600 ppm). They also agree within their uncer-re=; | |1y f o] | " \W: o ik
tainties for time periods dominated by enhanced plage800 § "¢ / TR f oy &WVH /}\,%\f
! L |

0.9990

ppm). However, they dier significantly for intermediate ir-¢ “'””E(u)
radiance variations from -400 ppm to -200ppm and closeto

[\ H
| H

+300 ppm. The reason for this discrepancy is not obvious.,Also
the PREMOS distribution is more Gaussian compared to that

10/11 12/11 02/12 04/12 06/12

Date (mm/yy)

for SIM, as shown in Fig.17. A possible explanation would besa o
higher intrinsic noise level in PREMOS data, both widening t& >
distribution and making it more Gaussian.
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Fig. 17. Probability distribution function of the irradiance as ebsed Fi9- 18.Same as in Fig.16 except for irradiance at 607 nm.

by PREMOS (in black) and SIM (in red) at 535 nm with their uncer
tainties and with the respective Gaussian fit (dashed line).

1.0010

1.0005

sed dato

1.0000 If

95

A similar approach has been used to study the irradiance7at EsonZZgo
and 782 nm as measured by PREMOS. Figures 18 and 19 shows

o

:
:

the corresponding curves for 607 and 782 nm, respectively) f_

10/11 12/11 02/12 04/12 06/12

Date (mm/yy)

July 2011 to July 2012. As for 535 nm, the full time series f@r
607 nm and 782 nm are presented in Appendix A. Howevgr,
PREMOS data at 607 nm after September 2013 are not ¢pn-

500

sidered because of a high uncertainty. The noise level in ghe,m:%www

PREMOS observations has been estimated in the same wa¥y as.

é

z

z

2
=

for 535 nm, and is summarised in Table 5. An envelope of abBut
+ 245 ppm ande 125 ppm has been added to the PREMOS ob-

|
I
|
1
10/11 12/11 02/12 04/12 06/12

Date (mm/yy)

0.0025

servations for 607 nm and 782 nm, respectively. As for 535 nm,
there is a good overall correlation when taking the noisellef '

0.0020

0.0015

PREMOS data into account, despite rather low correlati@f-co .,
ficients (see Table 5). & oooust

a =
0.0000C

T
o

~
Lol

o Lun
3
S

-1000

Table 5. Number N of common days shared by the full PREMOS time

=500 500

0
Irradiance (ppm)

series with SORCE observations for the visible and neasiiaél chan- Fi9- 19.Same as in Fig.16 except for irradiance at 782 nm.

nels, along with R and R(in brackets) values, and the noise level data
within the diferent PREMOS channels.

N R (R%) o (in ppm)
858 0.62 (0.39) 210
0.57 (0.32) 245
0.59 (0.35) 125

535 nm
607 nm 636

applied.
782 nm 835 PP

dependencies and non-solar features are extracted, amd defi
tion of the Level 3 data, where a correction for degradatias w

For the channels at 210 nm and 266 nm, a proxy-based model
was used to correct the long-term degradation (i.e. over the
PREMOS lifetime). Regarding the irradiance at 215 nm, the
degradation correction was conducted using only the back-

5. Conclusions

up channel, which was exposed once per week. The Level

3 PREMOS data in the UV were then compared to the
In this paper, we have presented the in-flight performantleeof SORCESOLSTICE observations, and excellent agreement was
PREMOS instrument aboard the PICARD satellite. For neadlgund with a ratio always less than 1%. One important out-
three and a half years, PREMOS demonstrated its abilityde pcome of the PREMOS experiment clearly is the result reggrdin
duce time series of solar irradiance from the UV spectrageanthe 215 nm channel. The degradation of this UV channel was
(observed at 210 nm, 215 nm, and 266 nm) to the visible andrrected using one measurement every week over a period of
near-infrared spectral ranges (with observations at 535607 nearly three years. It is flicult to reach any conclusions over
nm, and 782 nm). We presentedfdirent correction procedures,Jonger periods since no external data sets are availabtofar

leading to the definition of Level 2B data, where the tempagat parison.
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Cessateur, G., Dudok de Wit, T., Kretzschmar, M., et al. 2011
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PREMOS data set, which can be used to address several scieretzschmar, M. 2005, Annales Geophysicae, 23, 3055
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detection of flares. However, more analysis related to tei¥e  Geophys. Res. Lett., 31, 6119
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on the solar surface. We also mentioned the possibility ef us Atmospheric Chemistry & Physics, 13, 3945
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Appendix A: Full PREMOS time series for the
visible and near-infrared spectral ranges
The time series for 535 nm, 607 nm, and 782 nm, from October

2010 to December 2013 are shown in Figures A.1 to A.3. The
analysis of those curves is presented in Sect. 4.2.2.
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December 2013.
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