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Understanding the formation mechanisms of CCN in the atmosphere is extremely important for determining both past and future climate. The issue was first highlighted in Charlson et al. [1987]'s paper which hypothesized a link between biogenic DMS emission and global climate change. In short, DMS released by marine phytoplankton enters the troposphere and is oxidized there to sulfate particles, which then act as cloud condensation nuclei (CCN) for marine clouds. Changes in CCN concentration affect the cloud droplet number concentration, which influences cloud albedo and, consequently, climate. Large-scale climate change, in turn, affects the phytoplankton number and speciation in the oceans and thereby closes a feedback loop. 

In spite of considerable progress in the past 10 years, fundamental gaps remain in our understanding of the processes that regulate the concentration of DMS in seawater as well as the processes that regulate CCN formation. For DMS formation, generally applicable models of DMS-plankton relationships are still in their infancy. Important factors which govern DMS accumulation in the surface ocean result from the overall food web dynamics, including phytoplankton production, macro- and microzooplankton grazing, bacterial, and viral activities, as well as the physicochemical dynamics of the upper ocean. The recent revolution in understanding of how certain trace nutrients (e.g. Fe) limit primary productivity in the ocean has also led to improved knowledge of DMS biogeochemistry. Increases in phytoplankton production and biomass were accompanied by increases in DMSP and DMS concentrations. It is noteworthy elevated iron and MSA (a product of DMS degradation) and lowered CO2 levels in the last glacial period are consistent with a scenario where ocean productivity was higher then, due to enhanced atmospheric inputs of iron and other trace metals. 

Increases in DMS concentrations necessarily lead to increases in the ocean-to-atmosphere DMS flux. However, there is still a factor of two uncertainty associated with estimating this flux, once the ocean concentrations are determined. Moreover, our understanding of how to translate this flux into CCN concentrations is very limited. Both the nature of the DMS oxidation mechanism as well as the quantification of the extent to which the oxidation products MSA and H2SO4 contribute to new CCN is largely unknown. Furthermore, changes in climate are expected to lead to changes in the fluxes of other components as well: sea salt aerosol and emissions associated with organic aerosols. These altered fluxes will influence the efficiency with which DMS produces CCN, but how that might happen, and even the direction of change is largely unexplored.
In view of these outstanding issues a number of hypotheses can be formulated which might form the basis of a national program:

For ocean processes which determine DMS concentrations in surface waters:

· Future climate change will affect biogenic emissions by affecting the concentrations in water and the exchange rate with the atmosphere.

· Marine DMS concentration is mainly controlled by planktonic processes and so, changes in the planktonic community structure will affect its concentration.

· Ecosystem shifts towards the dominance of regenerated-based microbial food chains will increase the DMS production efficiency.

· Nutrient input will increase the net DMS production.

· Increase of the frequency and intensity of mixing events will de-couple DMS production and loss and, so, increase the net DMS production.

For atmospheric processes which determine CCN concentrations from known concentrations of DMS in surface waters:

· In certain areas marine biogenic emissions make a major contribution to the mass and number of marine aerosols and, as such, control the number of CCN and cloud albedo.

· Future climate change will affect the pathways that link biogenic emissions to CCN and cloud albedo

· Changes in wind speed associated with future climate change will quantitatively change sea salt and DMS emissions, thereby increasing CCN and cloud albedo

· CCN concentrations are partly controlled by mixing processes between the marine boundary layer and the atmosphere and so, changes in climate will alter CCN through changes in the rate of mixing

· Organic compounds in the aerosol limit the formation of CCN, so that changes in the emissions of organics will lead to substantive changes in CCN.

Specific gaps in linking DMS and CCN are (from SOLAS International):

· DMS oxidation chemistry

· Nucleation theory and which species are contributing to nucleation

· Air-sea exchange parameterization

· Role of organics in limiting CCN formation

