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INTRODUCTION

Earth is experiencing a global warming trend that is widely attributed to the emissions of our industrial age. Similar relatively sudden global climate changes occurred before industrialization, and they correlate strongly with model-derived variations of total solar irradiance. The most challenging, socially significant problem in solar-terrestrial research is to explain the correlation between climate change and solar irradiance variations. 


· 
· 
· 





After the discovery of a 0.1% variation in solar irradiance S by ACRIM, a debate arose over its interpretation. Some believe that even long-term trends in S can probably be explained entirely as the effect of brightness variations in sunspots, faculae and the network.  Another school believes that the correlation of irradiance with the spot cycle is more indirect and that it is caused by thermal effects that have not yet been identified. The existence of such effects and their implications for climate variation cannot be established or ruled out with current solar observations. 



To resolve the controversy, it will be necessary to:
1. Make precise measurements of the irradiance signals from known solar sources through a combination of high spatial resolution and high photometric accuracy, and 
2. Carry out an extensive search for other sources of variance or set stringent upper limits to rule them out as relevant for climate variation.

BACKGROUND

 


More than 90% of the variance measured in S since 1980 can be formally explained by correlation with sunspots, faculae, and network.  The correlations are impressive, but they are not based on bolometric (whole spectrum) measurements, so they establish only proportionality between surface activity and S. When extrapolations are attempted, to predict future or past changes in S, serious problems arise.  For example, the current solar cycle had a greater increase in measured S in its early phase than expected from empirical models based on the total magnetic flux and traditional solar activity indices.  This suggests that there are sources contributing to S that are presently unaccounted for.

Before scientists can chart the lower amplitude signals critical to the long-term solar irradiance trends, they must precisely specify the irradiance contribution of the magnetic structures and remove it. This is impossible with conventional multiband imaging because the detected wavelength range is narrow and the sensitivity varies greatly with wavelength.   What is needed is an in-depth 
observational survey of the bolometric irradiance variation from magnetic field regions over the whole disk, throughout a solar cycle. A spatial resolution of 4 arcsecs will be adequate to separate sunspot penumbra and umbra and to isolate network from quiet sun.

The total irradiance signal from a sunspot is small because the spot area is a small fraction (~10-4) of the solar disk. The radiance signal of a sunspot in bolometric images will be large because the contrast of the spot is a large fraction (>10–1) of the photospheric intensity. The specified spatial resolution gives much greater precision in measurement of irradiance signals, compared to total irradiance monitors.

Absolute accuracy is not required for bolometric solar imaging. The measurements will be placed on an absolute scale through comparison with total irradiance monitors and, by
 tying true bolometric signals to the full range of magnetic structures, one will obtain an accurate estimate of the variations for comparison with proxy data (tree rings, etc.) from recent centuries and into the future.  

Not all irradiance 




































variations from the Sun can be associated with known surface structure. It is important to isolate and quantify the other contributors. The predicted values for signals from a variety of physical mechanisms are small, but highly significant in testing our physical understanding of the operation of the solar interior and the flow of heat to the solar surface and of how it may vary on time scales of climatological interest.

Large-scale convective patterns, the differential rotation of the envelope, and the meridional circulation should all have associated thermal signatures at the surface. These could be variable in time and could contribute to long-term variations in S. 







Because S varies over the solar cycle, the thermal signature of the dynamo wave is the most likely source of previously unidentified irradiance variation. 




Based on reasonable estimates of the sensitivity to large, long-lived patterns that could be achieved with a bolometric imager, we would expect to detect the thermal signature of the dynamo wave. 

Variations in photospheric temperature can also occur as the result of changes in global convective efficiency or photospheric opacity. A bolometric imager will 




detect or rule out global temperature variation at rates that cause significant irradiance variation when linearly extrapolated over times of 10 to 1000 years.
RELEVANCE TO GLOBAL CHANGE RESEARCH 







The solar observations should be part of an investigation focused on the solar mechanisms that directly influence global change, via the heating of the Earth’s surface and lower atmosphere. 

NASA’s Office of Earth Science recognizes solar irradiance variation as a key input to understanding global change. Recent discovery of decadal variations in the Earth’s radiative output of 2 to 4 Wm–2, in data from the Earth Radiation Budget Satellite, Tropical Rainfall Measuring Mission, and Terra spacecraft, demonstrates the importance of the 1 to 2 Wm–2 solar cycle irradiance variation. The Earth Science Strategic Plan identifies a future irradiance mission in the interval 2007–2012, between SORCE and the NOAA NPOESS spacecraft. 

INSTRUMENTATION

 Innovative technology (Bernasconi et al., Advances in Space Research 33, 1746, 2004) can provide the needed precise wide-band photometric measurements of structures in the solar photosphere, including dark sunspots and bright faculae. This technology would be complementary to pyrheliometers such as ACRIM and TIM. 

To achieve the science objectives, the optical assembly must meet the following technical requirements:

(a) The telescope must be achromatic over the UV to near IR wavelength range; (b) the system spectral response must be constant to better than (10% over this range; (c) the flux of the direct solar image at the focal plane must be reduced to within the linear range for the thermal imaging detector; (d) the system’s angular resolution must be sufficient to resolve the solar structures that contribute significantly to total irradiance variation, e.g., the bright structures in the network, at characteristic scales of 10 arcsecs; (e) the scattered light level must be low, < 2%; (f) the camera’s photometric response must be sufficiently well understood and stable to enable photometric measurements of <1% precision in a single integration.
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