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Description

The surface of the ocean (including the adjacent boundary layers in the atmosphere and ocean) is a massive, critical interface in the Earth System. This interface is involved in the exchange of a wide variety of quantities and substances that play central roles in determining the Earth’s response to environmental change. Examples include: heat, freshwater, sea salt aerosol, CO2, dimethyl sulphide, halogen-containing gases, ozone, N2O, etc.

The surface ocean is also habitat for 50% of the primary production on Earth and hosts a diverse ecosystem that is sensitive to large-scale changes in environment forcing as a result of human activity. Example of forcing includes: climate forcing, atmospheric deposition of aerosol-bound nutrients (e.g. Fe, N, P), increased CO2 levels (acidification), etc.

In-situ sampling of the surface ocean is severely restricted in space and time. (See table 1 on adjoining page). The most complete geographical coverage is obtained via satellite remote sensing or autonomous platforms. However these platforms are very limited in the nature of measurements that can be made, and require calibration and/or ground-truthing. 
Measurement of the long list of parameters listed in Table 1 are required for several reasons:

· Large data sets collected over a range of environmental conditions and external forcing can reveal responses that allow controlling mechanisms to be inferred.
· Such large data sets are also essential for comparison to global biogeochemical and atmospheric chemistry / climate models. Such models are being developed to represent key future feedbacks in the atmosphere and surface ocean, and need to be compared to temporal and geographical variability within the present-day ocean.

· Basic long-term data on key chemical and biological parameters is essential for identification of long-term change.

A serious problem with sampling coverage for many important parameters is that there are no sensors or analysers available that are technologically suited to remote sensing or deployment on autonomous platforms. Even if suitable sensors were to be developed, which for many parameters seems not possible, experience (e.g. with salinity measurement) suggests that there will be a long-term need for validation or ground-truthing by more conventional methods.
Table 1 suggests that the most promising way to improve data coverage for the large range of parameters that require extensive measurement but cannot be measured autonomously, is through systematic and expanded use of research vessels and commercial vessels. 
Research Vessel Transits:

The advantage of research vessels is that they are already equipped to support measurement science. The disadvantage is that the geographical and temporal coverage  is limited and repeated temporal coverage of a specific region is rare. Nevertheless, it is likely that a significant amount of research vessel time is underutilised. For example, research vessels of all nations regularly move large distances from one study area to another, frequently with only limited or no sampling programs being made during these transits. These transits could be utilised to expand geographical coverage of many parameters listed in Table 1. There are examples of this (e.g. the Atlantic Meridional Transit program in the UK), but additional opportunities certainly exist. Most importantly, research vessels often transit regions of the surface ocean that are otherwise undersampled. They are not restricted to the major shipping lanes used by commercial vessels. Research vessel transits are therefore potentially invaluable in filling major gaps in global geographical coverage.
Commerical Vessel Transits:

The advantage of commercial vessel measurements is partly geographical but perhaps most useful for obtaining repeated temporal coverage (e.g. seasonally to monthly or even higher frequency, depending on the shipping route). Commerical vessels are already used widely for meteorological, thermosalinograph and, increasingly, for surface pCO2 measurements. They have been used for a long period for plankton recorder studies. The data recovery and quality can be unsurpassed compared to almost any other platform (especially for biogeochemical measurements) but their use is still sub-optimal in that most commercial vessels support little or no environmental measurement and the suite of measurements made on Volunteer Observing Ships is generally very limited. Advantages of commercial vessels are the absence of power, weight, manpower and most of the space restrictions of autonomous platforms. Hence complex instrumentation (e.g. mass spectrometers) can, in principle, be deployed without requiring major technological developments. However use of such platforms is complicated by the fact that the platforms are not designed for science and commercial vessels operations do not allow for a high priority being placed on science. Use of these platforms requires compromise on the part of the scientists and, excellent cooperation with, and consideration of, the ship operators. Nevertheless Table 1 implies that use of commercial vessels is the ONLY realistic opportunity available for extending the measurement of key biological and chemical variables to the temporal and geographical scales required of modern earth observational science.
The white paper will therefore propose an international strategy for:
(1) Better use of research vessel transits for global earth observation. This will involve improved coordination between research vessel operators and the measurement community.  The design of self-container measurement packages and associated scientific teams suited to rapid deployment onto research vessels that are available for long transits would be useful.
(2) Technological approaches to promote enhanced use of commercial vessels to allow for a broader set of key physical, biogeochemical and atmospheric measurements of the surface ocean and the lower atmosphere. Cooperation with the commercial shipping industry to allow measurement systems to be installed and removed from commercial vessels with minimal cost and disruption to ship operations.
Both of these areas are developments that the international SOLAS programme sees as central to its long term research needs and would therefore be willing to help coordinate. There is significant overlap with ongoing initiatives of the climate research, ocean carbon and atmospheric communities. However the goal of this white paper is to work towards a generic approach to use of this platform that allows for a wide cross-disciplinary range of measurements, including rate measurements, to be made.
Potential contributors to this white paper would include members of the International Ocean Carbon Coordination Panel, the FerryBox community, various SOLAS projects, as well as members of a group that recently proposed a similar initiative as a SCOR Working Group (OceanScope; led by Prof H. Thomas Rossby (GSO/URI, USA and Prof Philip C. Reid (U. Plymouth, SAHFOS, UK)..

Table 1. Examples of key parameters that require / justify large-scale geographical / temporal sample coverage in the lower atmosphere and surface ocean in relation to the suitability / practicality of different platforms. 
X = currently being measured extensively; (X) = limited measurements are being conducted or tested; Possible = measurements from the platform are feasible in principle with existing measurement approaches; ? = measurement approaches may exist that can be adapted to the platform (with further development); blank cell = measurement is probably not feasible or cost-effective from the platform using  foreseeable technologies. 

	Platform/

Parameter
	Research Vessels
	Commercial Vessels
	Drifters / Floats
	Buoys
	Satellites

	Physical / Climate

	Temperature
	X
	X
	X
	X
	X

	Salinity
	X
	X
	X
	X
	(X)

	Heat Flux
	(X)
	
	
	X
	

	Vapour Flux
	(X)
	
	
	X
	

	Momentum Flux (wind stress)
	X
	X
	
	X
	X

	Ocean Chemical

	CO2
	X
	X
	(X)
	(X)
	

	O2
	X
	(X)
	(X)
	(X)
	

	N2O
	(X)
	Possible
	
	
	

	DOC
	(X)
	Possible
	
	
	

	Isotopes (N,C, O)
	(X)
	Possible
	
	
	

	Trace gases (e.g. DMS, halogens)
	(X)
	Possible
	
	
	

	Nutrients
	X
	(X)
	(X)
	(X)
	

	Trace Metals (e.g. Fe)
	(X)
	Possible
	(X)
	(X)
	

	Air-sea gas flux
	(X)
	
	
	
	

	Biological / Ecosystem

	Chl-a
	X
	(X)
	(X)
	(X)
	(X)

	Part. Matter
	X
	(X)
	(X)
	(X)
	

	Species (e.g. DNA)
	(X)
	possible
	?
	?
	(X)

	Flow cytometry
	(X)
	possible
	
	?
	

	Plankton recorder
	X
	X
	
	
	

	C-fixation
	(X)
	Possible
	
	
	(X)

	N-fixation
	(X)
	Possible
	
	
	

	Calcification
	(X)
	
	
	
	

	Respiration
	(X)
	Possible
	
	
	

	Zooplankton Biomass (ADCP)
	(X)
	(X)
	
	(X)
	

	Atmospheric Chemistry

	Aerosol number and size
	(X)
	Possible
	
	?
	X

	Aerosol composition
	(X)
	Possible
	
	?
	

	IO, BrO
	(X)
	Possible
	
	?
	X

	Ozone
	(X)
	Possible
	
	?
	X

	NOx
	(X)
	Possible
	
	
	X

	OH
	Possible
	?
	
	
	

	VOCs
	(X)
	Possible
	
	
	

	CO
	(X)
	Possible
	
	?
	X

	Trace gases (e.g. S, halogens)
	(X)
	Possible
	
	
	


