Boundary layer CO2 dynamics





Several national and international science programs are currently focussing on the impact of increasing atmospheric CO2 levels on the oceanic and terrestrial environment, and on the ability to forecast future CO2 levels.    The overarching activity in the United States is the US Carbon Cycle Science Plan (US CCSP) that enjoys support of seven funding agencies.  Planning at agency level in support of the US CCSP has commenced.  The US CCSP addresses the large scale issues of the ultimate fate of anthropogenic CO2. US SOLAS will address the processes in the marine and atmospheric boundary layer that control CO2 levels on small scale.  This information will, of course, be of direct relevance for the larger scale issues. 





 CO2 levels in the oceanic mixed layer are controlled by biological processes within this layer, advection and diffusion from below and surrounding waters, and air-sea gas exchange.  All these processes are critically dependent on external (physical) forcing and are likely to change with changing climate. Our quantitative knowledge on controls of CO2 in surface waters is limited although an increasing number of field observations and, primarily one-dimensional, biogeochemical models are giving an first order understanding of the coupling of boundary layer forcing and response of the CO2 system.   Most forecasts of future atmospheric CO2 levels rely on models that assume that the physical, biological and chemical processes that control oceanic CO2 uptake remain unchanged. A primary objective within US SOLAS is to determine through experimental and modeling studies if this will be the case. Several components of the surface mixed layer CO2 cycle will be investigated with emphasis on interconnectivity and feedbacks between the processes. The impact of aeolian dust input, quantification of vertical advection and diffusion, and air-sea gas transfer processes are outlined in generic terms in other descriptions of research directions.  Here we describe its impact on the CO2 cycle and allude to possible changes with changing climate.





A net transfer of proximately 2 Pg. C yr-1 (1 Pg. = 1 G Ton = 1015  g) occurs across the air-sea boundary.  At long time scales this transfer is controlled by transport to the deep ocean but on interannual timescales it is modulated by air-sea CO2 transfer at the interface.  The transfer is controlled by the air-water partial pressure difference of CO2, ?pCO2 and the gas transfer velocity. The gas transfer velocity is a function of the physical properties of the gas and the turbulence near the interface driven largely by wind stress.   Of key interest is how gas transfer can parameterized with parameters than can be measured synoptically, such is wind speed and surface roughness, and the interannual changes in physical forcing. Recent improvement in direct flux measurements over timescales of hours make it possible, for the first time, to measure fluxes on the same timescale as variability in the forcing.





Surface water pCO2 levels are buffered by a hundred fold greater concentration of bicarbonate and carbonate. This causes the pCO2 level to be less sensitive to gain and loss through air-sea exchange than non-buffered gases like oxygen. The pCO2 depends strongly on temperature and biological processes with the latter effects being poorly defined.  Most models assume a fixed stoichiometry between carbon, nitrogen, and phosphorous during photosynthesis and respiration, and that nutrients feeding biological production originate from within the water column. This steady state cycle can be short-circuited in several ways.  Elemental nitrogen originating from the atmosphere is now believed to be an important source of bio-available nitrogen in nutrient depleted regions with warm temperatures and low winds, such as the subtropical gyres.  The increased productivity will cause an increase in CO2 drawdown that currently is not incorporated in models.





Nutrients supplied from below the euphotic zone are a main source of biological productivity and associated CO2 drawdown.  The conventional view is that this process is in net zero gain in that CO2 comes up with the nutrients in the fixed Redfield stoichiometry and then gets taken up by biological processes in this same ratio. However, vertical profiles of nutrients and carbon show a strong preferential remineralization of nutrients compared to carbon such that the nutricline is significantly shallower than the carbocline in the gyres during spring and summer.  Enhanced diffusion and upwelling can thus add a net amount of nutrients fueling a greater carbon uptake.  Such a mechanism could particularly be important for eddies which are thought to be responsible for enhanced upward mixing and corresponding enhanced productivity. The extent of this differential uptake is unknown and will require improved physical and biological models, and sustained observations over several seasonal cycles.





Large parts of the oceans, such as the North and Equatorial Pacific and Southern Ocean, contain high levels of major nutrients but experience limited biological productivity. Several field studies have shown that addition of iron can increase productivity in these regions and cause a corresponding CO2 drawdown.  A fuller mechanistic understanding of the processes, ecosystem changes and taxa involved in this process are necessary.   Moreover, the natural equivalent of purposeful additions, that is, dust events, on surface water pCO2 warrants further investigation.   This iron fertilization does not only affect CO2 but has a significant effect on other biogeochemical cycles in the ocean such as enhanced DMS and halocarbon emissions.





US SOLAS hopes to study the processes influencing air-sea CO2 fluxes in a synergistic fashion by combining modeling and field efforts.  Field efforts performed in concert with other ocean CO2 programs should include studies of sufficient duration to study the full response of perturbations and would often benefit from studies in a Lagrangian framework.  The work in US SOLAS will be an integral part of the ocean carbon work proposed under the aegis of the CCSP.






































