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GOALS AND OBJECTIVES
The overall goals of the workshop were to: a) to assess the current state of knowledge, and b) to explore future investigations for establishing a reliable sea spray source function, covering all environmental conditions of interest.  It was anticipated that bringing together acknowledged experts in this important scientific area would strengthen and expand co-operation within the group and create a synergy between on-going and future research efforts.

Specific objectives were to:

1. Assess the current state of knowledge of sea spray particle fluxes over all sizes of interest and under a wide range of environmental conditions.

2. Construct a qualitative assessment of the discrepancies between different sea spray source functions available in the literature in terms of:

a. Environmental conditions, e.g. warm/cold sea, cyclonic/trade wind conditions, biological activity etc

b. Particle flux measurement methods - flux -profile, equilibrium balance, box methods

c. Experimental techniques – optical particle counters, 3-D wind field measurements etc

3. Develop a strategy for reconciling these discrepancies by experimental approaches to the measurement of sea spray fluxes taking account of recent improvements in measurement techniques and instruments

4. Consider the ways in which modelling and computational improvements may assist in resolving the differences between sea spray flux estimates.

EXECUTIVE SUMMARY OF SCIENTIFIC / TECHNICAL RESULTS

The Workshop was attended by 28 scientists almost all of whom gave scientific presentations.  The participants were invited to cover the various aspects important to sea spray production, such as micro-meteorology, oceanography, satellite remote sensing, specialists on organic aerosols and other aerosol chemistry aspects, bubbles, both from the experimental point of view and as modellers.  The scientific presentations were organised into 4 sessions which provided a basis for wide-ranging and comprehensive discussions between the participants.  The major issues raised in the discussions after each scientific session were summarised in a final discussion session and a summary of the main issues and recommendations is given below.

Sea Spray Source Function (S3F)

The major role of wind speed in defining the S3F (sea spray source function) was recognized but the remaining wide variation in flux estimates point to the significance of other factors in determining the S3F.  (Andreas figure) These factors include wave breaking phenomena, the presence of organics and surfactants on the ocean surface (plus other biological activities), as well as water temperature, the degree of gas saturation in the surface waters and the impacts of rain, sea state, atmospheric forcing and near-surface stratification, etc.  At moderate and high winds, surfactant layers (or viscous sublayers, or the sea surface microlayer) are less likely to be present but many broader wind-wave influences may come into play, such as swell and wave steepness, arising from changes in relative wind-wave vectors.  Most previous studies have focused on bubble bursting processes resulting from ocean whitecaps but there is a need to investigate spume production processes which become significant at winds above about 9ms-1.  Organic compounds were seen as a much-neglected component of the sea spray aerosol, which were likely to exert significant influences on sea spray particle microphysics by modifying the surface tension and accommodation coefficients (and, hence, possibly their cloud droplet nucleating capabilities).

Small Sea Salt Particles

Many previous studies of S3F have concentrated upon particles larger than about 1µm because of the impact of these particles upon the sea-air exchange of heat, moisture and momentum, as well as their direct effect upon atmospheric turbidity, especially close to the ocean surface.  However, recent studies have shown the importance of sub-micron sea spray particles in the microphysical and radiative properties of clouds, while field measurements have indicated that sea spray particles down to 10nm or so may be generated.  The development of global climate models with the requisite accuracy to determine future climate trends demands that the production and fate of these sub-micron particles be defined to a much higher level of accuracy than currently pertains. 

A Universal Source Function

It became clear that different applications of the S3F focused on distinct particle size ranges and formation conditions (Clarke table).  The extent to which a universal function was required was questioned.  Clearly, defining the source function at the air-ocean interface was necessary to achieve a full process-level knowledge but, for many applications, an effective source function within (or at the top of) the surface  layer was sufficient.  This discussion led to a consideration of particle concentration gradients within the surface  layer where the paucity of measurements meant that agreement on even the shape of this profile could not be established.

Sea Spray Aerosol Fluxes

At an early stage in the meeting, it was clear that there was a lack of consensus amongst the participants in the definition and measurement of sea spray fluxes.  Much of this disagreement centred upon the roles of turbulent and gravitational influences and the different treatments required downward and upward net fluxes.  Two participants provided position papers on these points and the discussion served to emphasise the care required in interpreting eddy covariance and eddy accumulation fluxes when dealing with a surface source and a wide range of particle sizes.

Uniformity of Whitecap Productivity in Open Ocean, Surf Zone and Laboratory Measurements

The costs and technical difficulties associated with making long-term measurements of sea spray production over the ocean have resulted in many studies being undertaken on-shore or from fixed structures in shallow waters.  The extent to which such observations could be ‘normalised’ to provide a general S3F was discussed and it was agreed that such extrapolations may be feasible, taking into account sea state and other factors, though the supporting evidence was somewhat weak at present.  Laboratory measurements of whitecap productivity, which, in principle, could be allied to large-scale ocean whitecap measurements to provide values of S3F, raised similar concerns, though this type of formulation has been amongst the most successful so far.  The potential for linking this approach to large scale observations from satellites made it especially attractive, though validation efforts were required to establish appropriate levels of accuracy.  Also, spume production, as well as splash and other secondary processes, may not be linked readily to whitecap area estimates.

Near-Surface Processes

There was general agreement that the physics of sea spray production from whitecap bubbles was reasonably well-understood and there were increasing insights into the spume production process.  However, a detailed understanding of the interplay between sea spray and the atmosphere close to the ocean surface was poorly understood, predominantly because of the difficulties of undertaking measurements in this region.  Improved understanding is required of, for example, the effective injection height of the spray droplets and their vertical profile and deposition velocities close to the surface.  Determining whether spume production of aerosol scales linearly with wave energy would be a major step forward in our understanding, which would be extremely useful in enabling the estimation of spume droplet fluxes from remote sensing and other techniques.  The interplay between the larger spray droplets and the near-surface atmosphere was also important, especially at very high winds, since it influenced the exchange of moisture and hence heat energy balances between ocean and atmosphere.  Improved understanding of these processes was vital for the accurate modeling of hurricane and tropical storm development. 

Experimental Strategies, Instrumentation and Validation

A general view was expressed that too many field projects had been marred by insufficient time being spent in the calibration and intercomparison of instruments, especially with regard to the measurements of particle spectra and concentrations.  The design of suitable intakes, instrument orientation and siting each needed serious consideration of the performance of such instruments was not to be compromised.  This discussion led on to a more general consideration of whether existing data from many different instruments and of various parameters could be reconciled.  Several participants could point to studies where such reconciliation had been achieved.  For example, studies in Hawaii of particle spectra measured with optical particle counters showed good agreement with nephelometer measurements of atmospheric scattering and of particle mass from filter samples.  Similarly, particle spectra derived from sun photometer measurements of aerosol optical depth showed good agreement with in-situ observations provided that the vertical distribution of the aerosol was not inordinately complicated by elevated particle layers.

Long-term Monitoring

The need for monitoring sea spray loadings (and other aerosols) over extended periods was highlighted.  In general, most current instrumentation was too complex to be operated over long periods without regular attention and maintenance but these problems needed to be tackled if data products emerging from remote sensing, such as MODIS aerosol retrievals, were to be adequately validated. 

Reconciling Measurements and Models

As global and synoptic modelling of aerosol loadings develops, there is a growing need for comparisons between predicted and observed aerosol loadings.  It was noted that discrepancies between sea spray estimates from remote sensing and the results from global models were most significant in the southern oceans where such aerosols often dominated the atmospheric loadings.  One participant commented that wave modeling was being incorporated into NWS models, raising the prospect that wave dissipation information may soon be available from such models.  This point generated a discussion regarding the optimum forcing parameter for determining the S3F.  Up to the present, the standard 10m-wind speed has been predominantly utilized but was unlikely to be ideal bearing in mind the additional influences upon S3F mentioned in the first paragraph of this section.  Whitecap fraction might offer improvements but could not readily account for spume production, whilst the use of wave dissipation offered some advantages but did not cover the influence of water temperature or the presence of organics and surfactants. 

ONR GLOBAL SPONSORED PARTICIPANTS 

Conference facilities were provided by the venue at modest additional cost which was covered by funds provided by ONR GLOBAL.  These funds also covered the local transport and organisational expenses and, thus, all participants were required to pay only for accommodation and subsistence during the meeting.  A full list of participants is provided in the relevant section below.
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