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Solar-Driven Processes

Liane Guild, Laura Iraci, Anthony Colaprete, Brad Dalton, and Lynn Rothschild

In exploration of our solar system, many important scientific questions revolve around understanding the many connections of each planet to the Sun. What are the solar-driven processes and how do they affect each world in turn?

The Sun is vital for terrestrial evolution for without it there would be no solar system, no planets, and no life. On Earth, the Sun has played a vital role as a source of energy for prebiotic and biosynthetic processes, and in the maintenance of habitable temperatures. The best-known role of the Sun in terrestrial biology is as a source of radiation. However, solar radiation flux varies diurnally, seasonally and geographically, as well as randomly.

The terrestrial planets are directly affected by solar energy in the form of ultraviolet, visible, and infrared light. Most of this is in the shorter wavelengths, and about a third is reflected to space. The remainder is absorbed by either the atmosphere or the surface. Sunlight absorbed by the surface is re-emitted as infrared radiation, warming the atmosphere from below (the greenhouse effect) and driving atmospheric circulation. 

Research Questions:

What are the solar-driven processes on Earth? 

How does solar variability affect the evolution and sustainability of life? 

How does life modify the solar input to a planetary system?

What are the solar-driven processes on other bodies in our solar system?  

Are these processes that exploit the Sun’s energy the same as on Earth?  

What are the radiation budgets on other planets? 

How do solar-driven processes interact with other processes?

How have changes in solar radiation flux affected solar-driven processes on planets?

We understand many of the Solar-driven processes on Earth, such as the photosynthesis which fuels organisms, or the solar heating which drives our weather and climate system. Through continued exploration of these intricate and finely-balanced processes, more can be learned about the requirements of life on the only known habitable planet. Through comparison of these processes on Earth to those in other environments, we learn much about the energy balance and evolution of processes on other solar system bodies.

Radiation-driven chemistry is an important process in the atmospheres and on the surfaces of all of the planets. On Earth, atmospheric constituents such as ozone, oxygen and water absorb fractions of the radiation from the sun and make solar energy available for further chemical processes. Photochemistry forms smog from the hydrocarbons and nitrogen oxides emitted at the surface of the earth. In a complementary process, hydroxyl radicals are formed through natural photolytic channels and provide many of the "cleansing" processes which remove pollutants and other gases from the atmosphere. 

Photolysis may create biologically relevant compounds on the surfaces of Titan, Europa, Ganymede and Callisto. Photolytic processes are probably involved in production of the as-yet-unidentified ultraviolet-absorbing compound(s) in the clouds of Venus. Photolysis may be implicated in the chemical weathering of the surface of Mars, and is certainly involved in the destruction of atmospheric compounds.

Solar energy is a double-edged sword for living organisms: it provides the energy for life, yet it can damage organisms and lead to their destruction.  Photosynthetic organisms capture the energy in sunlight using pigments to convert CO2 and water to organic carbon and the release of O2. Damage to plant and animal DNA, including that to humans, has issues related to human health, agriculture, and the environment. DNA-repair mechanisms in plants and microorganisms are being studied for pharmaceutical applications but also have ramifications for the human presence in space and astrobiology. Understanding the mechanisms responsible for both damage to, and repair of, DNA is critical to understanding the nature of terrestrial and extraterrestrial life, improving life on Earth in the face of threats to the UV-protective layer, and expanding the human presence into space.

Once life has established a foothold, climate will determine where it can survive. The amount of solar energy received is not uniform across a planet or in time. Planetary scale circulations (e.g. the Hadley Cell and the Jet Stream) are responses to the gradients in temperature caused by differences in solar insolation. The atmospheric and oceanic transport of heat is the fundamental determinant of the planetary climate.

Suggested Interdisciplinary Research Focus Areas :

· Creation/ destruction of biologically relevant molecules

· Photosynthetic pigment detection via remote sensing

· Photochemical formation and destruction of carbon-containing gases on dust and soil surfaces

· Liberation of organic gases from snow and ice surfaces on Earth, Mars, and elsewhere

· Organic aerosol formation and radiative feedback processes

· Role of radiation in cloud particle activation and growth

· Interaction of photons and charged particles with planetary surfaces

· The runaway greenhouse effect 

· Photochemical destruction of Martian carbonates and other minerals

· Photochemical creation of organic materials on icy satellites

