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Abstract. We present model calculations of facular and sunspgésting that the basic approach is sound. There were, however,
contrasts as a function of wavelength and limb angle on tH#ferences to the observations that demanded improvements.
Sun. These are the first such calculations; they assume LUREthis paper, we drop some of the original simplifications
and are based on opacity distribution functions (ODFs). Tled model the different contributions much more accurately.
calculated facular contrasts as a function of limb angle fitinto thghile the assumption of LTE is kept, we now calculate the
general picture of contrast measurements, and the behaviount#nsities and fluxes using Kurucz's ATLAS9 (Kurucz 1992a;
the contrast with wavelength at a given limb angle is in excelle@astelli & Kurucz 1994) spectral synthesis code. In addition,
agreement with the measurements. we also present the first calculations of the spectral facular con-

The calculated intensity spectra are used to construct thast as a function of limb distance. These results are compared
solar flux spectrum for different levels of solar activity. It isvith the relevant observations.
assumed that the irradiance or flux variations are due to changeskKnowledge of the spectral facular contrast as a function of
in the sunspot and facular filling factors. The model atmosphédimb angle is an important ingredient when modelling the irra-
used to calculate the facular intensities has been tuned so thiahce from a known surface distribution of faculae and spots.
the calculated irradiance variations match the observed total aiere is considerable debate about the plage contributions to the
spectral irradiance variations during the last solar cycles.  Sun’s irradiance variations, and in particular about the question

The model calculations have also been used to estimate dfievhether an additional contribution, arising e.g. from latitude-
relative importance of continuum and spectral-line variatiomependent temperature changes (Kuhn et al. 1985, 1988; Kuhn
in producing irradiance variations. The results suggest that d.ibbrecht 1991) or from changes in the magnetic network
continuum variations only contribute negligibly to the total ir{Foukal et al. 1991), is needed. The current paper is the next
radiance variations on solar-cycle time scales. step in improving the modelling and understanding of spectral

irradiance variations. We stress, however, that we do not use

Key words: Sun: activity — Sun: faculae, plages — Sun: photdhe centre-to-limb variations of the spectral facular contrast to
sphere — Sun: sunspots — Sun: UV radiation reconstruct the irradiance in this paper. This will be the subject
of a further publication.

In the following section we introduce our model. We then
) calculate the intensities of the different components. Bect. 3
1. Introduction compares the model limb-dependent intensities of the quiet Sun
In a previous paper (Solanki & Unruh 1998, henceforth plp the observations of Neckel & Laps (1994) gnd Jéct. 4 looks
per I), we have shown that the spectral irradiance variations c&hthe colour dependence and the limb behaviour of the facular
not be modelled by a simple temperature increase alone. Tﬁgq/”ltrast. In Sedtl5 we integrate the intensities to obtain fluxes
can be relatively well fitted, however, with a three-componeffid Proceed to compare our results with disk-integrated solar
model consisting of quiet-sun, spot and facular contributiorfidtain ananalysis similar to the one performedin Papers land 1.

Our earlier approach was relatively crude in the way the active
flux was calculated: itrelied on the simplifying assumptions that The model
the flux was given by Planck’s function at each wavelength point

and that the formation height of the quiet-sun and the facuf@Hr model has three components, namely a quiet-sun, a facular
contributions was the same. and a spot contribution (see Paper Il for details). In order to cal-

The simple model of Paper | was compared with a f&ulate fluxes, intensities and limb-dependent contrasts of each

wider variety of data by Fligge et al.(1998), henceforth P&f these components, we employ Kurucz’s ATLAS9 program

per 1I). On the whole, the model fared reasonably well, sugith opacity distribution functions (ODFs). The program (as
rewritten by J. B. Lester) and the ODFs were obtained through

Send offprint requests 1.C. Unruh CCP7 (Collaborative Computing Project No. 7). Kurucz’s so-
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lar model atmosphere was used to obtain the quiet-sun fluxes 7500

and intensities (Kurucz 1992a, 1992b, 1992c). Our approach to 7000
modelling solar irradiance variations, although in many ways
similar to that taken by Fontenla et al. (1999), is also comple— 6500
mentary to theirs. They model selected parts of the spectrun‘*g 5000
using NLTE and, where necessary partial redistribution, thus2
achieving much greater realism than our LTE approach. How-& ssoo
ever, the simplification of LTE and the use of ODFs allows us to g
calculate the whole spectrum from 160 nm to 160 000 nm witha 9000
spectral resolution of better than 200 in the visible. Whereas in
theory, we are able to calculate the solar spectrum down to about -
10 nm, the discrepancies between the calculated and observed 4000 ] a ] ‘
solar spectrum become prohibitively large below 160 nm, so %%t 00010 OO0 eomy o0 10:0000
that we do not consider this extreme UV region in our compar-

isons. The spot fluxes (from umbra and penumbratogether) werez.0-10*
calculated from a model atmosphere of 5150 K which in turn

was interpolated from the Kurucz grid of model atmospheres.

Using separate models for umbra and penumbra produced‘*@d 510
significant changes in the emerging spectrum.

Rather than making up the facular model atmosphere froﬁn
scratch, we used model P of Fontenla et al. (1993) (FAL P) aga
starting point. Following very small modifications, this modeé
had proved remarkably successful in our previous attempt & 3

T L S 5.0-10
model the spectral irradiance variations (see Papers | and II).

The model as used in Papers | and Il had to be further al-
tered in order to be used with ATLAS9. The original hot chro- N e
mosphere produced strong excess emissioninthe UV aswellas 4200 4400 4600 4800 5000 5200 5400 5600
emission reversals in all the Balmer lines and in numerous UV temperature [K]
lines, due mainly to the simplification of LTE that we employFig. 1a and b. The original and the modified facular models in com-
We therefore truncated the atmosphere at about the temperaparson:a the temperature as a function of column masshe gas
minimum and extrapolated down to lower temperatures (usinggssure as a function of temperature. The solid lines in both plots
ATLAS9). The resulting model was then further adjusted to inghow model P as given in Fontenla et al. (1993) and the dashed lines
prove the fits to the spectral irradiance variations (see [Sekt. £hgw our current facular model. For comparison, Kurucz's solar model
and to the VIRGO data (see S&cil5.2). The modifications cdh@!SC plotted using dotted lines.
sisted mainly in a small temperature decrease in the deeper at-
mospheric layers, along with a flatter temperature gradient be-
tween optical depths 0.002 and 0.4 (i.e. column masses of 0.1Qur calculated flux-to-intensity ratios are consistently lower
to 3) The original model P as well as our current facular m0d®y less than 1%, howe\/er) than the measurements of Neckel &
are shown in Fig.J1. Labs (1993 . A comparison between measured and modelled
CLV of anumber of selected filters (plotted in Hi§. 2b), indicates
that this is mainly due to our lower intensities at intermediate
limb angles (1 ~ 0.3 to 0.6). Apparently, small departures from
Before we determined the facular contrast as a function of limédiative equilibrium are present in the solar atmosphere, which
angle, we first checked the centre-to-limb variation (CLV) @é not surprising in view of the presence of solar convection.
the intensity at different wavelengths produced by the quiet- The calculated disk-centre intensities also agree reasonably
sun model against the measurements made by Neckel & Lakedl with the disk centre measurements by Neckel & Labs
(1994) . This allows us to test in how far the intensity calcul¢1984) and Burlov-Vasiljev et al. (1998a, 1998b). In the blue,
tions approach the solar behaviour at all limb angles, and caur calculations are somewhat closer to the measurements by
give us a rough indication of the importance of effects that wéeckel & Labs (1984) , but they show better agreement with
have neglected, such as non-LTE, granulation and other inliwe data by Burlov-Vasiljev et al. (1998a) in the red. The aver-
mogeneities. age deviation between the calculated and measured fluxes over

The dashed line in Fifl 2a shows the disk-integrated flitkxe range of 330 to 1050 nm is of the order of 1.5% for both
divided by the intensity at disk centre as measured by Neckklta sets, the deviation between the two observed intensity sets
& Labs (1994) (see their Fig. 3a) and the solid line shows theing 0.8%. When only the wavelength range between 450 and
same quantity as obtained with ATLAS9 and the radiativd050 nm is taken into account, the deviation between all three
equilibrium solar model atmosphere of Kurucz (1992a) .  datasets is below 0.7%.

1.0-10%

3. The quiet photosphere: centre-to-limb variations
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Fig. 3. Selected facular contrast measuremefits,— 1,)/1,, as well

as contrasts calculated using our model, plotteduvs. cos 6, where

6 is the angle between surface normal and the line of sighand

1, are the facular and quiet-sun intensity respectively. The solid lines
linking the different symbols show the measurements of facular con-
trast. The squares, crosses, diamonds and triangles indicate data by
Frazier (1971), Auffret & Muller (1991), Wang & Zirin (1987) and
Taylor et al. (1998) respectively. The curve linking the plus signs is the
parameterisation adopted by Lawrence (1988) for his measurements
taken with a filter centred at 524.5 nm. For the Wang & Zirin mea-
surements, the set with the higher contrast values was taken with a
filter centred at 386 nm, the lower set with a filter centred at 525 nm,
although the passband was not specified. The measurements by Taylor

1.0

o o
=) o)

I
I

normalised intensity

0.2 et al. (1998) are in arbitrary units. We have normalised them so that
e they agree with the measurements by Frazigr at0.55. The dotted,
1.0 0.8 0.6 0.4 0.2 0.0 dashed and dot-dashed curves are the calculated contrasts in different
u filters. The dotted line is for 572-578 nm, representative of the filter

used by Auffret & Muller; the dashed line is for 470-550 nm. Above

Fig. 2. aThe dashed line shows the disk-integrated flux of the S%Bo nm, the contrast hardly depends on the filter width. The dashed
g

divided by the intensity at disk centre as measured by Neckel & L Se should therefore be representative for the measurements by Fra-

(1994). The solid !lne shows the same quantity as calculated Wlth zler (1971), Lawrence (1988) and the lower set of Wang & Zirin (1987)
LAS9 and Kurucz’s solar model atmospheselhe CLV of the quiet- . X s )

) : ) that were all taken with a green filter. The dot-dashed line is for a filter
sun flux for a number of selected filters. The lines show the fits from

Neckel & Labs (1994), the symbols show the intensities obtained W&ﬁntr_ed at3genm. In thls wavelength region, the filter width becomes
very important — changing the passband from 50 nm to 10 nm predicts

ATLAS9. The numbers nextto each line indicate the central wavelen%t . .
: . ontrasts that are almost twice as high.
of the narrow-band filters in nm.

4. The facular intensities at aroundu = 0.25 to 0.3 and then decreases again towards the
limb (Libbrecht & Kuhn 1984; Auffret & Muller 1991).

Fig[3 shows a selection of contrast observations, as well as
Although the rough behaviour of the facular contrast as a funmudr calculations. This figure illustrates some of the problems
tion of limb angle is well established, there is disagreemethiat arise when trying to use observed contrast values in order
concerning the details. The contrast is in the following definéd constrain facular models. The contrast not only depends on
as(Iy — 1,)/1,, wherel is the intensity of the faculae arfg the wavelength (as can be seen by comparing the two data sets
the intensity of the quiet Sun. In general, the contrast is low @rresponding to different wavelength$ of Wang & Zirin 1987),
disk centre, (at IR wavelengths sometimes even negative but also on the magnetic filling factor or average field strength,
sufficiently large magnetic filling factors; Foukal et al. 1990and very significantly on spatial resolution (compare the curve
Wang et al. 1998), and increases out to limb angles of at lea§Auffret & Muller 1991 with that of Frazier 1971). Obviously,
cosf = 0.3 (Frazier 1971, Stellmacher & Wiehr 1973; Chapa good fit to all the data is not possible, or even physically
man & Meyer 1986). But there is considerable debate asdesirable with a single model.
whether the contrast continues to increase towards the limb In order to correctly reproduce most facular contrast
as suggested by the measurements of Lawrence & Chapmaasurements, one would have to construct a complex, com-
(1988) and Taylor et al. (1998) , or whether the contrast peak®hensive model that includes the fine structure in the faculae,

4.1. Centre-to-limb variation
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i.e. magnetic flux tubes located at the boundaries of (abnormal)
granules. For this, one has to know the geometry (size, ex-1
pansion with height, Wilson depression, seele.g. Spruit[1976),
and the correct temperature structure inside the magneticl2
features (e.g. Bellot-Rubio et al. 1997, Briand & Solanki 1998,
Frutiger & Solanki 1998) as well as in their surroundings. Thg 1 o
variation of these quantities, e.g. size (Spruit & Zwaan :L98§,
Keller 1992, | Grossmann-Doerth et al. 1994) and tempe§-
ature  [(Solanki & Stenflo 1984, [ Solanki & Stenflo 19858
Solanki & Brigljevic 1992), with the amount of flux must&
be included. Finally, the emerging spectrum from the model 0.6
for the magnetic filling factor (usually unknown because
unmeasured) that is appropriate to the observations must b4l . . . . . . . . . . . o . 7}
calculated including the spectral lines and then filtered with the 400 600 800 1000 1200
same filter profile as underlies the observations. The magnetic wavelength [nm]

filling factor is the fraction of a given part of the solar surfac&ig. 4. The spectral variation of the facular contrast. The diamonds are
covered by magnetic field. the data from Chapman & McGuire (1977). They were obtained from

This is obviously a daunting task. And even after all thig€asurements between 16 and §a = 0.18 to 0.33). The dotted line
effort, it is likely that success will only be partial, due to théhows the inverse wavelength fit suggested by Chapman & McGuire.

incompatibility between the various observations, and the often

unknown magnetic filling factor, spatial resolution and filtefegression to individual measurements that show large scatter.
function appropriate to the observations. The individual contrast values at= 0.2, e.g., lie between 2
The facular model we use is one-dimensional and henggd 12%. His average curve hence corresponds to a relatively
neglects all the fine-scale structure. It corresponds to a givgg filling factor.
(but uncalibrated) magnetic filling factor. Our main aim in this  The steep increase of the contrast near the limb predicted
paper is to carry out the last step of the procedure outlingg our model is at least partly the result of the plane-parallel
above, namely to calculate the spectral contrast as well asgfproximation we make. Although this may be an artefact, we
centre-to-limb variation and compare it with measurements @ not expectit to seriously influence irradiance reconstructions,
this quantity (see Se€f. 4.2) since the relative effect of these parts of the solar disc very close

The general centre-to-limb variation of the calculated copy the limb is small, due to their small contribution to the disk
trast agrees reasonably well with the measurements by Fragigfa and the limb darkening.

(1971) and Stellmacher & Wiehr (1973) (not shown, but similar
to that of Frazier), though our contrast values tend to be higher at i i
disk centre. The absolute value of the contrast probably just fe2: Colour dependence at a given limb angle

flects the different magnetic fl”lng factors Underlying the ObSET-he colour dependence of the facular contrast has been mea-
vations and the model. Frazier (1971) has shown that the facafed by a number of authors, e.g. by Chapman & McQuire
contrast increases with increasing spatially averaged magnetig77) and Lawrence (1988). Chapman & McQuire (1977) mea-
field strength, which is equivalent to the magnetic filling facsured the facular contrast in five filters between a limb distance
tor. His measurements for the faculae with the strongest figJfl16” and53”, i.e. x = 0.18 and0.33. After normalising the
strengths are in relatively good agreement with the calculatioggntrasts by setting the contrast value at 530 nm to unity, they
albeit still lower. The more recent, high-spatial-resolution megsund that their data followed an inverse wavelength depen-
surements by Auffret & Muller (1991) (crosses) indicate mucilence. We find excellent agreement between our calculations
larger contrasts, though the limb-dependence of their contraghi their measurements. This is shown in[Fig. 4 where their nor-
values are not in very good agreement with our model. Not@alised contrast measurements (diamonds), the inverse wave-
however, that their contrast measurements are of the netwpdikgth law (dotted line) and the contrasts calculated from our
bright points and not of spatially averaged faculae, as descrifggular model (solid line) are plotted. Note that the colour de-
by our model. Chapman & Meyer (1986) have parameterizgdndence of the contrast does not simply scale with changing
their measurements intermsaf /T = b(~' —a) andfound  |imb angle. We found that the curves become slightly steeper
to be about 0.1 whemwas taken to be unity. This yields a muchowards the blue, and show less variation over small wavelength
steeper gradient than any other measurements presented Rgiges towards the limb. These small-scale spectral variations
or indeed our calculations. Using the same parameterisatigfe due to spectral lines, which show a heightened contrast rel-
Lawrence (1988) Lawrence 1988 finds coefficienta 6f 0.8 ative to the continuum most strongly at largeThe effect is
andb = 0.018 at 524.5 nm. The resulting curve (indicated byelatively small, however, as can be seen from[Hig. 5.

the plus-signs in Fi§l3) is in good agreement with our calcula- | awrence (1988) measured the contrasts of a large number
tions, in particular if we take into account that his coefficieniss faculae, most of them between limb angles,of= 0.15

are for “average” faculae, as they were determined by linegd;, = 0.8. As pointed out earlier, the contrast values show

0.8
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Fig. 5. The spectral variation of the facular contrast for different limb ,;©
angles. The solid line is for the disk centre, the dashed and the dotted [
lines are for limb angles gf = 0.6 and 0.3 respectively. The contrasts  g|-
have all been normalised to be unity at 530 nm. At 530 nm, the contrast
at the disk centre is about 1.3 and 2.5 times smaller than-at0.6 = 6l
and 0.3 respectively.
4,
a large scatter (probably for some of the reasons mentioned in,!
Sect[4.1). When the contrasts in the different wavelength bands [
are plotted against each other, the scatter is reduced noticibly,-"-—————— o o — . ..}
. 5 10 15 20 25
and the ratios between the colour contrasts can be calculated. green
This confirms our suspicion that a large part of the scatter in , _
the contrast measurements is due to different magnetic fillingiz - ]
factors. i T ]
These ratios (for three differentfilters) are shown as the solid*°f
lines in Figgha to c, along with an indication of the error onthe - )
slope (dotted lines). Our calculations of the ratios for the differ- | 0 8 ]
ent limb angles are in good agreement with the measuremeffts;s|- P i
they are plotted as the diamonds on Fijys 6a to c. We stress that | Fa ]
the model (i.e. the temperature stratification) was not in any way 4 e 7
optimised by us to fit either of these data denote that the in- i 4 ]
clusion of line blanketing (via the ODFs) in our modelling is of

crucial importance for the reproduction of the spectralcontrast. ot . . . ., . . . . . 0]
0 5 10 15 20 25
red

5. Flux variations Fig.6. Facular contrasts in percent for three different colour filters

After investigating the limb behaviour of the faculae, we testd@reen, red and IR, see Lawrence 1988) plotted against each other. The
; : lid lines are the ratios derived from the contrast measurements of
how well the flux spectrum, determined by adding together ap- NN . X
P y gtog ﬁwrence (1988), along with his error estimates (dotted lines). The

propriately weighted intensity spectra, would agree with odr

. . - . iamonds are our calculated contrasts. The diamonds with the highest
previous simpler approach when fitting the spectral variation ntrast values are for alimb angle.of= 0.2. The y-axis offsets of the

the disk-integrated flux (Papers | and I1). To this end we COMyting are arbitrary, as they could not be derived from the measurements
pared a three-component model with the irradiance variatiof\s| awrence (1988).

as compiled by Lean (Lean 1997 and priv. comm) and with the

measurements from VIRGO (see also Fligge et al. 1998). Fi-

nally, we also checked for agreement with the results of Mitch@ll | jvingston (1991), who estimated the contribution of the
Sctral lines to the irradiance variations.

! The spectral dependence of the facular contrast measured by wah
& Zirin (1987) differs very strongly from that measured by Chapman
& McGuire (1977) and by Lawrence (1988). Hence itis also notwed} 1, Ultraviolet spectral irradiance variations
reproduced by our model. One possible source of the discrepancy is
the unknown filter width of the Wang & Zirin (1987) data, which carf he irradiance variation between solar-activity maximum and

significantly affect the contrast value of the lower wavelengths.  minimum as a function of wavelength are shown in Eig. 7. The
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1'0000§ Table 1. Ratio between the RMS variation of the totat), red ),
green ¢4) and blue §,) colour channels for the observed (by VIRGO)
and modelled time-series, respectively.
@ 01000,
g i or/or _ag/or ov/or  ag/op
g i VIRGO 076 131 181 0.72
é 0.0100 Model 0.85 131 1.81 0.72
© L
2 0.0010k Oscillations! Fohlich et al. 199]7) instrument onboard SOHO.
g The time variations of facular and sunspot filling factors are
assumed to follow the Mg k index and sunspot areas, respec-
00001l . . i L tively. The details are given in Paper Il. We follow that paper ex-

200 400 600 800 1000 actly, except for the way that the quiet-sun, facular and sunspot
wavelength [nm] flux spectra are constructed.
Fig. 7. Relative flux (or equivalently irradiance) variations over the The resulting model time series of the total solar irradiance
solar cycle vs. wavelength. The dotted curve represents observatiansl of the irradiance at the three VIRGO wavelength bands look
for wavelengths shorter than 400 nm. The solid line shows the relatiyery similar to the time series plotted in Fig. 5 of Paper Il and
irradiance variations resulting from a 3-component model with a fagre not plotted again here. A quantitative comparison of the time
ular filling factor of 2.3% and a spot filling factor of 0.23%. The totakaries shows that due to the increased variations around 400 nm
irradiance variation predicted by the model is 0.1%. the fit for VIRGO's blue channel is improved. The total, green
and blue channels can now be fitted consistently within less than
1% deviation from the RMS variations of the measured time
dotted line shows the UV data as compiled by Lean (1993gries. Unfortunately, however, the same fit leads to variations
for wavelengths smaller than 400 nm, and beyond 400 nm feérthe red channel which are clearly too large (by more than
estimate of the flux variations. The solid line is our model ft0%) compared to the measurements.
assuming a global facular filling factor of 2.3% and a spotfilling Therefore, ifall four channels are weighted equally, the over-
factor of 0.23%. These filling factors were obtained by minimisll agreement between the reconstructed and the observed time
ing x? between the observations and the model between 2ies is of the order of 4-5% only and the reconstructed solar
and 400 nm while requiring the total irradiance variation to letal and spectral irradiance variations are of the same quality
0.1%, according to the ACRIM (Willson & Hudson 1991) ands the ones presented in Paper Il. The results are summarized
ERB (Kyle et al. 1994) measurements. As no error estimaiesTable[1 which shows the ratios between the RMS variation
were available, and so as to avoid overemphasizing the speatfahe different color channels for the observed and modelled
ranges with the largest variations, we arbitrarily set the errdise-series, respectively.
to a fixed fraction of the measured variations. We have also reconstructed the total irradiance over the
The fit between 300 and 400 nm is not quite as good asvitmole time that solar irradiance has been measured and com-
Paper | where we used a much simpler model. One of the rpared it with the composite put together bydRlich & Lean
sons for this is that the flux is now formed over a larger heigfit998). Once again, the results are similar to those presented in
range, so that changes of individual temperature-depth poiRtsper II.
in the model atmosphere no longer affect relatively narrow and
well-defined Wavelength region_s. In a<_:ldition, the observatiog_s& Line blanketing
are also rather unreliable in this particular wavelength range
(G. Rottman, priv. comm.). Furthermore, we cannot expect e course of the solar cycle can also be tracked by changes in
obtain accurate results in the UV with a strict LTE approacthe line blanketing. The line-blanketing variations during solar
This problem becomes particularly acute for the shortest wawycle 21 have been measured by Mitchell & Livingston (1991)
lengths, where the radiation comes from the highest layers. Bdgro found that in disk-integrated spectra the spectral lines in
these wavelengths the NLTE approach of Fontenla et al. (1999 500 to 560 nm range are on average 1.4% shallower and
is certainly to be preferred. have 0.8% smaller equivalent widths at solar maximum than at
The ratio of facular to sunspot filling factor is around 1Gsolar minimum. As expected, the blanketing effect was stronger
which is only slightly less than what was measured by Chapmaithe blue end of their spectra than at the red end.
et al. (1997) around activity maximum. The total irradiance variations can be seen as a combined
effect of the flux variations from the continuum and those of
the lines. In the following, we define the line blanketing as the
ratio of the average absorbed irradiance to the average contin-
Following Paper Il, we compare the output of the new modelm irradiance in the unblanketed spectrum. In the wavelength
calculations with time series of total and spectral irradiance atange between 500 and 560 nm, Mitchell & Livingston (1991)
tained with the VIRGO (Variability of Irradiance and Gravitymeasured the line blanketing to be 0.076 and the change in the

5.2. VIRGO data
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Table 2. The relative flux changes (in percent) of the continuum and emergent spectrum (including lines) due to faculae and spots in different
wavelength ranges. The columns and symbols are explained in the text.

1 2 3 4 5 6 7 8 9 10
A AFy/F  AF,/JF AF;/F AF/F AF/F AF/F  AF/F lineblanketing  spectrum
continuum spectrum continuum  spectrum line contrib. to tatal

nm (%) (%) (%) (%) (%) (%0) (%) (%) (%)
300-400 0.79 —45.97 26.68 —67.45 —0.089 0.467 —0.553 37.3(44.2) 31.5(39.9)
400-500 3.14 —44.83 10.54 -51.54 —-0.030 0.127 -0.157 21.4(21.1) 17.3 (15.4)
500-560 4.71 —41.59 8.51 —45.99 0.014 0.094 -0.078 6.4 (5.4) 7.7 (2.9)

164-160000 3.58 —-35.36 7.82 —-36.48 0.002 0.099 -0.097 97.9 100.0

line blanketing to be-0.8 & 0.12%. They then calculate thatations to the total irradiance changes as measured by ACRIM.
the irradiance change due to the change in line blanketingTiseir estimates for the continuum contribution are very sensi-
—0.066+0.01% in this wavelength range (see their Eq. 17). Weve to the assumed contrast function for the faculae, so that they
use our calculations to proceed the opposite way and calculégetwo sets of results, one for faculae that show no contrast at
the contribution of the line blanketing from the difference beadisk centre, and one where the contrast at disk centre is 0.02.
tween the continuum variations and the variations of the em@iie latter is the one our models (that have a contrast of about
gent spectra that include the absorption lines via the ODBs04 at disk centre) should be compared to. (The continuum
Our aim is twofold. On the one hand, we use the Mitchell &ontributions are mainly due to spots and are hence negative.
Livingston (1991) data to test our model. On the other hangr higher facular contrasts the overall continuum contributions
since our model covers a far larger wavelength range than theill consequently be smaller.)
measurements, we can predict the contribution of line blanket- The predictions of our models are listed in the last two
ing to the total irradiance variations more easily. In both caseslumns of Tablé 12, the values in parentheses are the results
the result is only approximate since we use LTE and ODFsab Mitchell & Livingston (1991), who adopted a facular fill-
represent the spectral lines. ing factor of 0.033. Considering the approximative nature of
Tabld2 lists the flux changeSFy ,/F = (Fy s — F,)/F,, the extrapolations by Mitchell & Livingston (1991) to shorter
where the subscriptg, s andq indicate the facular, spot flux wavelength ranges and the uncertainties that are introduced into
and quiet-sun flux, respectively. The four rows show results four calculations by considering ODFs only, the agreement be-
the wavelength ranges of 300 to 400 nm, 400 to 500 nm, 58@=en the two data sets is reasonably good.
to 560 nm, i.e. the one investigated by Mitchell & Livingston Of particular interest is the line-blanketing contribution to
(1991), and for the “total” spectral range (164—160 000 nm). Thiee total irradiance variations. If our models are to be believed,
first column gives the wavelength range; Columns 2 and 3 libien continuum variations are negligible and contribute only
the flux changes produced by the facular and spot models for tbea small amount to the total irradiance variations. We have to
continuum; Columns 4 and 5 the facular and spot changes for gaént out, however, that the exact contributions of the continuum
emergent spectrum, and Columns 6 to 8 show the relative flave very model-dependent, particularly so at UV wavelengths,
change produced by the combination of spots and faculae (fdrere they cannot be checked against observations due to the
filling factors of 0.23 and 2.3% respectively) in the continuurflux redistribution into the UV. The contributions of the line
(6), the emergent spectrum (7) and in the line blanketing (8)blanketing depend to a certain extent on the contrast and on
Columns 9 and 10 show our calculations of how much thike temperature stratification. If we choose a slightly different
line blanketing and spectral variations in each wavelength rargjeatification (which still reproduces the observations almost as
contribute to the total irradiance variations. Column 9 details theell), the contribution of the line blanketing to total irradiance
contribution of the line blanketing changes alone; Column Mariations is decreased to 90%. We cannot as yet rule out that
shows the contribution of the changes in the emergent spectiima blanketing variations may contribute as little as 70 to 80% to
(i.e. line plus continuum). The values in parentheses are toal irradiance variations, but values much below these appear
estimates by Mitchell & Livingston (1991) based on an assumadlikely.
facular contrast of 0.02 at disk centre. Whereas Columns 2 to 5 The reason for the dominance of the line blanketing is that
are independent of the facular and spotfilling factors, Columngtbst of the continuum-flux increase due to faculae is cancelled
to 10 have been calculated for the filling factors derived from tloait by a corresponding decrease due to sunspots. If the sunspot
fitsin Sect 5.1, i.e. for a facular filling factor of 0.023 and a spaind facular filling factors were of similar magnitude, the main
filling factor of 0.0023. For the range between 500 to 560 nmariations would be due to changes in the continuum and the
our line-blanketing contribution of -0.078% (see Column 8 iline changes would approximately cancel each other out. As
Table[2) agrees to better than 20% with the value-6f066% the facular filling factor is about an order of magnitude larger,
measured by Mitchell & Livingston (1991). the continuum variations due to faculae and sunspots almost
Mitchell & Livingston (1991) also estimate the percentageancel out (see Columns 2 and 3) and the line-blanketing change
contribution of the line blanketing and of the continuum vari-
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introduced by the faculae becomes the dominant contributiBorschung under grant S7302-AST. The work of MF was supported by
to the total irradiance variation. the Schweizerische Nationalfonds under grant No. 21-40428-94.
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