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Nitrogen availability in the marine euphotic zone is a key modulator of primary productivity and export production and, therefore, of C dynamics in diverse and expansive areas of the world’s ocean. Intertwined sets of physical processes and biological reactions of N contribute to N availability and the relative fertility of the upper ocean. While we recognize that the relationships, and key processes of the N cycle relating to upper ocean C dynamics vary among ocean environments, our knowledge remains rudimentary with respect to the quantitative relationships, controls and feedbacks between these two cycles. 

The marine N cycle is intimately connected to the atmosphere. Several important species of N (e.g. N2, N2O, NO, NH3) are gaseous and can exchange readily with atmospheric pools. Indeed, the main pool of N globally is as atmospheric N2. Some combined forms of nitrogen (NO3, NH4+, DON) can enter the sea through atmospheric deposition. Moreover, Fe, a critical trace nutrient required for many of the reactions of the N cycle, has an important atmospheric path to the sea through deposition of Fe-rich aeolian dust. Fe additions have been shown to promote NO3 drawdown in some HNLC areas such as the equatorial Pacific and are suspected to be an important control on N2 fixation in the oligotrophic tropics as well. 

The marine N cycle can contribute directly to atmospheric N dynamics as well. Nitrous oxide, a product of marine nitrification and denitrification as well as a potent greenhouse gas, may have a marine source (strength). NO and alkyl N species may also form in the upper ocean.

Source strengths of atmospheric N deposition are expected to increase with future population growth and the further development in coastal areas. Inputs of aeolian Fe have varied dramatically over glacial-interglacial periods (flesh out more w/r to NO3 uptake;  N2 fixation and denitrification balance?). Anticipated changes in terrestrial physiography through shifts in climate and land use are occurring and dramatic, and the rate of change is anticipated to accelerate - with anticipated effects on the marine N and, thereby, C cycles.

The direct (e.g. N2O) and indirect (e.g. through controls on organic C production,  sequestration and air/ sea CO2 flux) interactions of the marine N cycle with drivers suggests the potential for feedbacks between the marine N cycle and global climate dynamics.

Hence, with its intimate connection to C cycling and its role in the generation of radiatively important trace gases, the N cycle of the upper ocean should be an appropriate and critical focus for the Surface Ocean Lower Atmosphere Study. Moreover, mesoscale manipulative experiments examining biological and chemical responses and gas exchanges across the interface in response to perturbations such as ocean Fe fertilization should clearly consider N dynamics.

