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The most critical problem facing climate research today is understanding global warming and its consequences.  One of the most important challenges in science today – and one with direct potential benefit for mankind – is understanding climate variability well enough to enable reliable predictions.  The Earth's climate is a complex system driven by external and internal forces.  Climate can vary over a large range of time scales as a consequence of natural variability and anthropogenic influences.  The dominant driving force of the climate system is the Sun.  Solar energy at various wavelengths is absorbed in the Earth's atmosphere, oceans and land, and redistributed by the climate system.  The input of solar radiation in the atmosphere-ocean system results in complex interactions, radiative, chemical, and dynamic processes, all of which serve to re-radiate the Sun’s energy back into space.  The kind of quasi-“steady-state” that results is what we refer to as the Earth’s climate. 

The specific case of the role of solar variability on climate change is one of those complex issues that have often been swept aside because climatologists justifiably have a “prime candidate” for global warming – greenhouse gases – as well as other influences with which to contend.  Nevertheless, solar variability has been shown to be a strong climate driver before anthropogenic influences began to compete with the natural variability.  

Paleoclimatic information appears to give firm evidence that solar variability has played an important role in past climate change.  However, apparent contradictions remain between different approaches to the question of climate sensitivity to solar irradiance changes, including long-term secular changes in the UV output of the Sun over stellar evolution time scales.  Because current climate models seem unable to reproduce the climate changes thought to be induced by the Milankovich cycles, this suggests a greater sensitivity to the Sun's output than is currently appreciated.  On the other hand, we know that the Sun was born with a rate of energy output (the solar luminosity) equal to only 70% of the present value.  According to all current climate models, a decrease of the total solar irradiance (proportional to luminosity) by only a few percent would lead to runaway glaciation.  This is the well-known problem known as "the faint young Sun paradox."  For the young Earth, a presumed high abundance of greenhouse gases could conceivably prevent glaciation.  However, even as recently as one billion years ago, the solar luminosity was 6% lower than the present value, and the atmosphere was not very different from the present one.  The only way to reconcile these data is to assert that the climate system is much less sensitive to solar change than our current climate models indicate.  These conflicting results related to solar influences upon climate models point out the significant level of uncertainty inherent in our ability to predict the Earth’s climate, and heighten the controversy regarding the importance of solar influences.

The problem of the effects of solar variability on climate change, then, has two components: understanding the properties of solar variability on all timescales, and achieving its incorporation into climate models in a way that realistically reproduces all the paleoclimatic data available.  Only after this process has been repeated for all external climate drivers can we be certain that detailed predictions of global warming are reliably accurate.  The overall significance of this line of research is to significantly reduce the level of uncertainty about the role of the Sun in climate change and thereby improve the understanding and implications of anthropogenic causes for recent changes in the Earth climate.

The effect of solar variability on climate requires a multidisciplinary effort and the expertise of practitioners from a variety of areas of research who typically have little or no contact with each other.  There are many important “pockets” of expertise extant within the international research community, but the systemic uncertainties must be addressed in a well-organized, interdisciplinary effort.  Consistent with the recommendations in the LWS’s “Eddy” report: “New Opportunities in Sun-Climate Research,” the need for better research cooperation between solar physicists and climatologists has been established, but the mechanism to best bring this about has not yet been found.  

NASA should provide opportunities and incentives for interdisciplinary teams of researchers to work together on topics related to reducing the uncertainties in – and improving prediction for – Sun-Climate interactions.  NASA’s recent reorganization, combining together the Earth and Space Sciences organizations, provides an opportune time to facilitate an interdisciplinary effort focused on Sun-Climate interactions.  The relevance of these efforts to the Sun-Earth Exploration program is evident from stated Space Science goals: to “quantify the physics, dynamics, and behavior of the Sun-Earth system over the 11-year solar cycle,” and a stated goal for Earth Science to “improve our understanding of the effects of solar variability and disturbances on terrestrial climate change.”  By coupling these two goals together, to better understand intermediate term solar variability and the effects on Earth Climate, NASA will be providing a tangible link between the need for improved scientific understanding and the popular interest in predictions of global warming.
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