US SOLAS Research Direction:

Boundary Layer Physics
By: Rik Wanninkhof and Dennis McGillicuddy

The biogeochemical cycles of many climate relevant compounds (CRCs) are influenced by the physics of the surface ocean boundary layer (SOBL) and lower atmospheric boundary layer (LABL).  These highly dynamic regimes are forced from both above and below, in addition to interacting in complex ways.  Fluxes through these boundary layers and across the air-sea interface can be considered "generic" processes that transcend the studies of specific biogeochemical cycles undertaken by US SOLAS.  Significant advances have been made over the past decades in field and laboratory observations and modeling of boundary layer processes.  New instrumentation has been developed to probe these layers and we now are in a position to effectively implement this work.  U.S. SOLAS studies will focus on the impact of boundary layer transfer processes on the cycling of CRCs.  Of principal interest will be the transport across the dynamic boundaries of the LABL and SOBL, and across the air- water interface.

Concentrations of CRCs in the boundary are controlled by transport into the layer and reactions within the layers.  Turbulent diffusion and advection, which follow well-defined physical laws, limit transport across the relevant interfaces.  However, our mechanistic climate understanding of the processes are limited and must be improved to understand transfer dynamics. In particular, the following processes are of critical importance to understand control of the relevant compounds:

-- Physical transport of key compounds into or out of the euphotic zone. 
 
Concentrations of several trace gases are controlled by biological productivity that in turn is limited by (trace) nutrient supply. This requires knowledge of bulk diffusion coefficients and advective velocities.  More importantly, it requires an understanding of the processes controlling advection and diffusion in the SOBL such that future changes can be predicted.  Of particular interest are episodic events such as eddies, storms, and breaking internal waves which might contribute a disproportionate share of the total transport.

-- Transport of CRCs into and out of the LABL. 

The climatic impact of CRCs is to a large extent dependent on the ability to escape the LABL into the upper troposphere.  The dynamics are poorly understood.  Like for the SOBL episodic events, such as storms, could play a large role in transport of CRCs. Regional and seasonal differences in transport patterns and mechanisms can be significant.
-- Air-sea gas transfer.

Gas transfer is controlled by physical processes in the air-water boundary region of thickness of less than about 100 micron.  Several theoretical models, some based or validated by laboratory studies, have been devised that should be applied and tested for the ocean.  The effect of bubbles and surfactants on gas transfer and the ability to "measure" gas transfer from space are several of the research areas that should be explored further to improve estimates of air-water gas fluxes.

-- Air-sea transfer of non-gaseous materials.

Fluxes of several elements from the SOBL to the LABL are believed to be controlled by seaspray and subsequent aerosol formation. Deposition patterns of (trace) nutrients that are often of continental origin depend on transport in the LABL and the deposition mechanisms onto the sea surface (for instance, wet and dry deposition).  This can lead to fractionation of earosols by size and/or composition, in turn effecting the bioavailablility of chemical species transported by this mechanism.    Mechanistic understanding necessary to adequately model these transport processes is currently lacking.

Several new or improved tools make it possible to explore these issues in further detail.  In particular remote sensing from local to global scales will offer the ability to quantify both the fluxes across the boundaries and the processes controlling the fluxes.  Tools include active and passive spectral (from UV through IR) methods to probe the interfaces, high-resolution physical and chemical profilers in tandem with conventional sampling methods.  Improvements in high-resolution (i.e. eddy-resolving) models and techniques to parameterize important processes in prognostic large scale models will provide a means to use this knowledge in predictions of the impact of CRCs on future climate.

