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Solar irradiance varies on all time scales accessible
to observations from minutes to the solar cycle. For the
Earth’s climate even longer time scales are of relevance,
from centuries to millennia. A series of models have
been or are being constructed to account for the irradi-
ance variations at these different time scales, which are
dominated by different physical processes. The results
of the modelling are described and, where possible, are
compared with the data and are discussed.
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The DIARAD radiometer is making measurements
of the Total Solar Irradiance (TSI) as part of the
VIRGO experiment on SOHO since 1996. We present
its measurements and its in-flight ageing correction.
The SOLCON radiometer has made point measure-
ments of the TSI on the space shuttle in 1992, 1993,
1994, 1998, 2003. We use SOLCON as a reference in-
strument to make a composite of the TSI measurements
of the radiometers ACRIM 2, SOVA 1, SOVA 2, DI-
ARAD/VIRGO, PMO06/VIRGO. For further extension
of the composite TSI in the past, a connection with the
ACRIM1 measurements is needed. We investigate the
possibility to use either the NIMBUS 7 or the ERBS
radiometer to make this connection.
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Recent reconstructions of variations in the total so-
lar irradiance (TSI) over the last 300 years are similar
in form to the variations of cosmogenic isotope abun-
dances and the inferred variation of the open solar flux
over the same interval. These reconstructions show a
century-scale drift in TSI which is comparable in mag-
nitude to the amplitude of recent solar cycle changes,
namely of order 1 W m-2. In addition, strong links
between paleoclimate records and cosmogenic isotopes
have been found. These results also suggest a link be-
tween open solar flux and total solar irradiance. Mod-
elling of the evolution of emerged flux by Wang et
al. (2002) reproduces the inferred large changes (by
a factor of order 2) in the open solar flux on cen-
tury timescales, explaining the changes in cosmic ray
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fluxes and hence cosmogenic isotope abundance: how-
ever, this modelling also suggests that this is not asso-
ciated with significant change in the photospheric mag-
netic flux, which modulates TSI on 11l-year timescales.
Thus the changes in the open flux and cosmogenic iso-
topes do not appear to be linked to the 100-year drift
in TSI. The long-term variation in open flux has been
shown to be associated with changes in the heliographic
latitude of active regions and we show that the contri-
bution of active region faculae to the TSI has changed
by 0.2 W m-2 in the past 100 years because of the direc-
tional characteristics of the excess radiation from fac-
ulae. This suggests that small flux tubes of the “ex-
tended solar cycle”, and any long-term change in their
latitudes, could also have made a significant contribu-
tion to the long-term drift in TSI .
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Since February 1996 VIRGO radiometers observe to-
tal solar irradiance from SOHO at L1, allowing contin-
uous and uninterrupted observations of the Sun. Be-
sides the 3-month gap during the SOHO vacation in
summer 1998 and a few other minor gaps the record
covers more than 99% of the almost 8 years of oper-
ation. This allows a very detailed assessment of the
long-term behaviour of the two VIRGO radiometers,
PMOG6V and DIARAD. The results of this analysis are
presented and their implications for other space ra-
diometers discussed. With these data and those from
HF/NIMBUS7, ACRIM-I/SMM and ACRIM-II/UARS
a composite of total solar irradiance (TSI) is presented
(updated and improved from Fréhlich and Lean, 1998),
which covers now almost three solar cycles starting in
November 1978, just before the maximum of solar cycle
21. Radiometrically the composite is based on ACRIM-
I and ACRIM-II, with the latter shifted to the scale
of ACRIM-I. During the gap between ACRIM-I and IT
the results from the HF radiometer are used. These
data need to be corrected for a change which was first
detected by comparison with ERBS. The inclusion or
omittance of this change is the main reason for the dis-
crepancy between this composite and the one presented
by Willson and Mordvinov (2003). The discussion con-
centrates on this change and its determination by com-
parison of HF with ERBS and a proxy model for inter-
polation between its 14-day observations. Comparison
of the composite with ERBS over the period from 1984-
2003 supports very strongly the validity and need of the
HF correction and confirms that TSI had no significant
trend over the last 25 years of observation from space.
References: C. Frohlich and J. Lean, 1998, The Sun’s
Total Irradiance: Cycles and Trends in the Past Two
Decades and Associated Climate Change Uncertainties,
Geophys. Res. Let., 25, 4377-4380 R. C. Willson and
A. V. Mordvinov, 2003, Secular Total Solar Irradiance
trend during solar cycles 21-23, Geophys. Res. Let.,
30, 1199-1202
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The photosphere is the visible surface of the Sun,
the source of the continuous radiation that constitutes
over 99% of the energy measured by spacecraft ra-
diometers such as ACRIM. The temperature decreases
with height in the photosphere out to a minimum re-
gion and then begins to increase in the chromosphere.
The cores of the strong Fraunhofer absorption lines are
formed just above the temperature minimum region.
They do not have emission cores because of scatter-
ing effects. The weaker Fraunhofer lines are formed
at and below the temperature minimum region. Since
1980 we have used the 1-meter Fourier Transform Spec-
trometer (FTS) on Kitt Peak to monitor the solar ir-
radiance spectrum, and in particular, the line-center
fluxes of the strong Sodium D and Magnesium b lines
and 22 other weaker lines, mostly due to iron. A unique
feature of this FTS instrument and its feed optics is
that, over this 23 year interval, nothing, to our knowl-
edge, has been changed or modified in any way. The
central fluxes of all of the above lines decreased be-
tween the 1980 activity maximum and the 1986 mini-
mum, as expected, and then increased as active regions
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again appeared on the disk. In 1990, however, as solar
activity began to diminish, the Fraunhofer line fluxes
continued to increase. They did not return to their
1986 minimum values during the 1996 minimum. In-
stead, the central fluxes of the strong lines increased
by 10-15%. We have not found any instrumental ef-
fects that might account for this result. Preliminary
quiet-Sun model calculations indicate that a tempera-
ture rise of a few hundred K in the temperature mini-
mum region could account for such increases. However,
the Ca K-index (residual flux in a 1-A passband at the
Ca II line center) was the same in 1996 as in 1986, and
this places severe constraints on possible increases of
quiet-Sun temperatures. Both the Fraunhofer and Ca
II line observations represent line-to-continuum ratios,
with the various lines and continua formed at different
depths. We are investigating whether any combination
of temperature variations at different depths might ac-
count for these observations. We note that the Willson
and Mordvinov composite Total Solar Irradiance (TSI)
signal indicated increased output from the Sun in 1995-
98 compared to 1984-87. We hope to find an explana-
tion for the Fraunhofer line increases between these two
epochs, and, if so, to calculate the corresponding TSI
change that would be expected.
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The satellite total solar irradiance (TSI) observa-
tional database extends over the past 25 years with
useful precision for solar physics and climatology in-
vestigations. Willson & Mordvinov (2003) reconciled
the published results from various experiments to a
common scale using overlapping comparisons to pro-
duce a composite TSI time series with sufficient pre-
cision to resolve a TSI trend of + 0.04 %/decade be-
tween successive solar activity minima. Key to this
process is determining the relationship of the results
of the non-overlapping ACRIM1 and ACRIM2 exper-
iments. Two overlapping sets of results are available
for this purpose: Nimbus7/ERB and the ERBS/ERBE.
The ACRIM composite approach, using unaltered re-
sults published by the science teams of each experiment
demonstrates a + 0.04 %/decade trend between the so-
lar minima of 1986 and 1996 using the more precise
Nimbus7/ERB data to relate ACRIM1 & 2 results. The
use of ERBS/ERBE results instead produces a negligi-
bly small trend. This is shown to be the effect of un-
corrected ERBS/ERBE degradation during the 2 year
ACRIM gap whose magnitude and direction account for
the trend difference precisely. A further illustration
of this difference is the PMOD composite TSI model
of Frohlich & Lean (1998) which uses ERBS/ERBE re-
sults to relate ACRIM1 and ACRIM2. It differs from
the ACRIM composite in two significant respects: a
negligible trend between solar minima and lower TSI
at solar maxima. Our findings indicate PMOD’s lower
trend and lower TSI during solar cycles 22 and 23 max-
ima result from their use of the ERBS/ERBE data and
are therefore artifacts of its uncorrected degradation.
Lower PMOD TSI during the maximum of cycle 21
is the result of the modifications of published Nim-
bus7/ERB and ACRIM1 data made to produce bet-
ter agreement with a TSI solar proxy regression model.
These modifications are not based on reevaluation of
basic experiment data or algorithms and are there-
fore less likely to be correct than the analyses by the
ACRIM and Nimbus7/ERB science teams. Lastly, it
has not been demonstrated that regression models em-
ployed by the PMOD composite are competitive with
satellite TSI observations in precision or traceability
and are therefore of dubious value in justifying mod-
ifications of published TSI observations. References:
Frohlich & Lean, GRL., v. 25, 4377 (1998), Willson &
Mordvinov, GRL, v. 30, 1199 (2000)

URL: http://www.acrim.com
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The Total Irradiance Monitor (TIM) on NASA’s SO-
lar Radiation and Climate Experiment (SORCE) is the
most recently launched instrument to monitor the to-
tal solar irradiance (TSI). We present results from the
first of the TIM’s five years of operations and dis-
cuss the current knowledge of the instrument’s accu-
racy. To date, we find the four instrument channels
in good agreement and extremely robust against solar
exposure. Such instrument characterizations and mea-
surement accuracies influence the observational scenar-
ios appropriate for determining long-term solar vari-
ability, and currently favor overlapping measurements
of very stable TSI-monitoring instruments.

URL: http://lasp.colorado.edu/sorce/
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TIM measures total solar irradiance E, through the
ratio of total power &, recorded by an active-cavity
radiometer, The as-
measured power and area have uncertainties and cor-

to entrance aperture area A.

rections because of many complicating effects. Here we
consider uncertainties in aperture-area measurements,
diffraction, and cavity reflectance, all of which were an-
alyzed at NIST. TIM has an entrance aperture that lim-
its radiation reaching the radiometer. Geometrically,
all radiation passing through should land on the cavity
opening. Thus, an entrance aperture area is a criti-
cal parameter. Areas were measured by two methods:
a non-contact (optical) technique that located points
on an aperture perimeter, fitted the points to a cir-
cle, and calculated the area, and a relative technique
that equated the ratio,
standard aperture, to the ratio of measured flux trans-
mitted through the two apertures. We will discuss as-
pects of uncertainty in these measurements. Know-
ing the area of the entrance aperture is insufficient to
know the instrument throughput, however, partly be-
cause of diffraction effects. Diffraction at the entrance
aperture causes some light that geometrically would
enter the cavity to miss it. Also, three non-limiting
baffles between the entrance aperture and cavity can
cause radiation diffracted at the entrance aperture to
be re-scattered onto the cavity opening. We considered
all of these diffraction effects in detail, and will dis-
cuss the diffraction correction on measured power and
its uncertainty. Radiation reaching the cavity can be
absorbed or reflected by the radiometer cavity cone.
NIST performed directional hemispherical spectral re-
flectance measurements on several auxiliary TIM ra-
diometer cones from 1 pm to 18 um. The NIST system
combines a custom infrared integrating sphere, unique
absolute reflectance mez

of the area to the area of a

urement method, and Fourier-
transform spectrophotometer. These data augment the
primary reflectance measurements done at seven dis-
crete wavelengths in the visible, near- and mid-infrared,
verifying discrete wavelength measurements in the in-
frared and spectral continuity across the infrared.
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Total solar and UV irradiance has been measured
from various space platforms over the last two and half
solar cycles. Results based on these multi-decade mea-
surements have demonstrated that both total and UV
irradiances change on time scales of days to decades,
confirming that our Sun is indeed a variable star. High
spatial and temporal resolution photometric and mag-
netic field observations conducted by the SOHO/MDI
experiment and also from the ground have demon-
strated that the surface of the Sun and its outer atmo-
sphere are highly variable on almost all spatial scales.
To understand the physical causes of irradiance varia-
tions, it is necessary to study the spatial and tempo-
ral characteristics and evolution of the solar magnetic
fields and to establish to what extent solar magnetic
features may contribute to irradiance variations. In
this paper we analyze the total solar and UV irradiance
composites compiled from various space measurements
starting in late 1978. To establish the effect of surface
magnetic activity on irradiance variations as a func-
tion of the solar cycle, we show the association of the
absolute value of the full disk magnetic field strength
data measured and compiled at the National Solar Ob-
servatory at Kitt Peak for the time interval of 1978 to
date. Using various pattern recognition techniques, we
compare the observed irradiance variations with solar
features (sunspots and faculae), derived from the MDI
and Kitt Peak magnetograms from 1996 and 1992, re-
spectively.
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Accurate long-term total and spectrally resolved so-
lar irradiance measurements are required for full un-
derstanding of the response of Earth’s atmosphere and
climate to irradiance changes. Space-based irradiance
observations over the last two and a half solar cycles
span a time interval too short to reveal secular changes
and/or to establish conclusively whether there are sig-
nificant changes in the amplitude or the character of
irradiance variations on longer time scales. Since the
time period of interest far exceeds the lifespan of any
single experiment, continuous measurement programs
must be formulated to compile composite irradiance
time series from data of several experiments. Because
the absolute accuracy of the current measurements is
limited (£0.2%) in case of total irradiance, overlapping
and redundant measurements are needed to ensure that
the resulting composite data sets represent the “true”
solar behavior. However, the largest obstacle in cre-
ating the current long-term total irradiance compos-
ite is the two-year gap between the SMM/ACRIM I
and UARS/ACRIM II measurements. Adjustment of
the ACRIM I and ACRIM II data now must be made
through the Nimbus-7/ERB and/or the ERBE measure-
ments. While using the published Nimbus-7/ERB data
set, Willson (1997) concluded that the minimum of cy-
cle 22 was higher than the minimum of cycle 21, while
Frohlich and Lean (1998) claim that no trend can be
seen in total irradiance within the current measurement
accuracy. In this paper we compare various total irra-
diance time series and composites. Specifically, we will
compare the Nimbus-7, ERBS, ACRIM II and EURECA
total irradiance data for the 1991-1993 time frame and
the ACRIM II, and VIRGO data for the time frame
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of 1996-2000 to clarify whether the minimma of cycles
21 and 22 are the same or they are indeed diffferent.
Frohlich, C. and Lean, J.: 1998, In Proceedings of the IAU
Symposium 185, (ed. F.L. Deubner), Kluwer Academic
Publishers, p. 89. Willson, R.C.: 1997, Science 277,
1963.
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On September 1 2003, the Solar Bolometric Im-
ager (SBI) successfully observed the Sun for several
hours while suspended from a balloon in the strato-
sphere above New Mexico. The SBI represents a to-
tally new approach in finding the sources of the so-
lar irradiance variation. The mission provided the first
bolometric (integrated light) maps of the solar photo-
sphere, that will allow to evaluate the photometric con-
tribution of magnetic structures more accurately than
has been achievable with spectrally selective imaging
over restricted wavebands. The more accurate removal
of the magnetic features contribution will enable us to
determine if solar irradiance variation mechanisms ex-
ist other than the effects of photospheric magnetism.
The SBI detector was an array of 320 x 240 thermal IR
elements whose spectral absorptance has been extended
and flattened by a deposited layer of gold-black. The
telescope was a 30-cm Dall-Kirkham with uncoated pri-
mary and secondary pyrex mirrors. The combination
of telescope and bolometric array provided an image of
the Sun with a flat spectral response between 0.28 and
2.6 microns, over a field of view of 917 x 687 arcsec
with a pixel size of 2.8 arcsec. The observing platform
was the gondola previously used for the Flare Genesis
Experiment (FGE), retrofitted to house and control the
SBI telescope and detector. During the 9 hours of flight
the SBI gathered several thousand bolometric images
that are now being processed to produce the first maps
of the total solar irradiance. The SBI flight is also pro-
viding important engineering data to validate the space
worthiness of the novel gold-blackened thermal array
detectors, and to verify the thermal performance of the
SBI’s uncoated optics in a vacuum environment. In this
paper we will briefly describe the characteristics of the
SBI, its in flight performance, and we will present the
first results of the analysis of the bolometric images.
This work was funded by NASA under grant# NAGS5-
10998.
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Large sunspot areas correspond to dips in the total
solar irradiance (TSI), a phenomenon associated with
the local suppression of convective energy transport in
the spot region. Observations show a strong correlation
between spot area and TSI. During the growth phase
of a sunspot, though, other physics might conceivably
affect this correlation. In this study we analyze the
growth phase of NOAA active region 8179, in which
large sunspots suddenly appeared near disk center at
a time when few competing sunspots or plage regions
were present on the visible hemisphere. The spot area
of AR 8179 increased by a factor of two in less than
12 hours on March 13, 1998. The study makes use
of the continuum images from SOHO/MDI and total-
irradiance data from SOHO/VIRGO. We find that the
area/TSI correlation does not significantly differ from
the expected pattern of correlation, a result consistent
with high thermal conductivity even at small depths
below the photosphere. We have also searched for lo-
calized irradiance variations (transient bright rings) as-
sociated with the period of rapid growth. We discuss
the significance of this lack of irradiance signatures of
spot formation.
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