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From comets in the furthest reaches of the Oort cloud, to the polar craters of Mercury, ices play a critical role in the physical and chemical evolution of the solar system. Of all the ices, naturally, the most important to the Vision for Space Exploration is water. The planets exhibit a wide variety of temperature, density, and chemical composition, yet they all have water ice. Alone and in concert with other ices, water has shaped the world we know. Water is central to all known forms of life, and the chemical, physical, and optical properties of water, whether gas, liquid, or solid, directly affect most planetary processes.

Water ice bridges the fields of astronomy, geology and atmospheric science - important to each in different ways and on different temporal and spatial scales. Even within a given subdiscipline of Earth System Science, water ice is found over a wide variety of temperature and pressure conditions. Water ice affects geological, atmospheric, and astrobiological processes on Mars, icy satellites, comets, Kuiper Belt objects, and all of the worlds with atmospheres.

It is crucial to understand, under a wide variety of conditions, the chemical and physical roles that water and other ices play in the formation, sequestration, and liberation of material, including organic compounds. Furthermore, physical roles of ice as it interacts with gases and radiation cannot be neglected. Examples include trapping of volatiles, scattering of sunlight, and transport of latent heat.

Water ice is a unique solid with physical and chemical properties that intrigue and vex those who study it. To fully understand chemistry occurring on Earth and elsewhere in the solar system, we must first come to grips with the idiosyncrasies and character of water and water ice. Its complicated phase diagram and high vapor pressure makes extrapolation from one set of conditions into another extremely treacherous. 

Earth is the most accessible natural laboratory for understanding the processes that control planetary evolution. Laboratory work can be checked against field observations. Many current studies at NASA field centers are relevant to these new environments where ice will be of import. Earth System Science studies of the unique chemistry occurring in cirrus clouds, snow packs, glaciers, and polar regions provide direct insights, with ground truth, into processes observed indirectly from spacecraft. 

Understanding our own planet as a system ties directly to lessons learned from solar system exploration. The role of water in the greenhouse effects on Venus and Mars informs our understanding of the climate evolution on Earth – which then informs our understanding of climate evolution on Venus and Mars. The behavior of ice in trapping and releasing complex organic compounds is important for studying phenomena ranging from the interaction of air pollution with glaciers which provide drinking water, to the comets which brought prebiotic chemicals to the Earth. The same infrared spectral techniques used to study the interaction of sulfuric acid in cirrus clouds are being applied to understand the discovery of sulfuric acid on Europa by the Galileo spacecraft. To thoughtfully apply the current knowledge base, expertise, and laboratory resources to study Exploration targets, an active dialog must be established among current activities. Laboratory studies intended to elucidate processes occurring in the Earth system have planetary applications – and vice versa. Rather than being separate modes of inquiry, Earth and solar system studies are intricately related, and communication across disciplines results in positive feedbacks reinforcing and advancing studies across disciplines.

 Science is often advanced by applying the knowledge of one discipline to the problems of another, and thus we propose an interdisciplinary research focus to draw together the collective knowledge of ices throughout the Solar system.  A collaborative line of inquiry among the Earth and Space Science communities will enable the knowledge and techniques of each community to be brought to bear upon the problems and questions of the other.  

Suggested Interdisciplinary Studies of Water Ice Throughout the Solar System

Laboratory analog experiments to examine the role of water ices in the formation, sequestration, and liberation of molecules, particularly organic compounds.  I.e., could release from or synthesis in ice be the source of the mysterious methane on Mars?

Elucidation of chemical processes occurring in snow packs on Earth, leading to release of formaldehyde, acetone, and a wide variety of other chemical species. Studies of similar processing on other bodies, employing a comparative planetology approach.

Study of radiation fields within snow and ice, on both the micro- and macroscales. Quantification of the photochemical environment.

Composition of hydrated surface materials on Europa. A plethora of compounds likely exists on the surfaces of the icy satellites, yet laboratory studies of the relevant spectra have yet to be performed. 

Microphysical role of ice grains in the atmospheres of Earth and other planets. Scavenging of dust, transport of heat, direct and indirect feedbacks in the radiation budgets. 

Prebiotic chemical processing by comets. Lab experiments suggest that more complex organic compounds can be formed in low temperature ice, including some of astrobiological importance such as amino acids.

Rheological properties (viscosity, tensile strength, ductile strength, etc.) of water ice, including ices with impurities. To understand the crustal cycling and interior processes of the icy satellites of Jupiter, Saturn, Uranus, and Neptune, laboratory studies are critical.

Physical and chemical studies of ices including sulfur dioxide, as relevant to volcanic systems and human emissions.

Nucleation behavior of CO2 relevant to cloud formation on Mars and other bodies.

