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The GCOS/GOOS/WCRP Ocean Observations Panel for Climate (OOPC), Ship-of-Opportunity Program of the IOC/WMO Integrated Global Ocean Services System (IGOSS SOOP) and the CLIVAR Upper Ocean Panel (UOP) have agreed to convene a study of the upper ocean network with the support of NOAA and Australia's Bureau of Meteorology.

Background Information
The TOGA and WOCE programs used ships-of-opportunity to deploy XBTs along selected routes. These networks, first established in the North Pacific, and then extended to the tropics and other mid-latitude regions, provided the data for observing network design and for fundamental studies of ocean variability and predictability. The tropical network was critical for developing models of ENSO and continues to be an important contribution to the initialization of prediction models. SOOP thermal data also constitute the bulk of the global upper ocean thermal and so represent our "knowledge" of the seasonal cycle and interannual variability.

The Tropical Atmosphere-Ocean array (TAO) was an initiative of TOGA and presently constitutes the core of the (operational) ENSO observing system. Till this point it has been argued that TAO and SOOP are complementary and that any redundancy that does exist could not be removed without significant effort and loss of capability.

In the early 1990s, the US and France launched the Topex/Poseidon altimeter. This instrument delivered, and continues to deliver, estimates of surface topography changes to an accuracy of around 2 cm. This capability, plus the development of skillful model and data assimilation systems, has forever changed the way we gather and interpret information. With such information available it does not make sense to design and evaluate networks in isolation. Networks must be considered as a contribution to a larger, integrated in situ and remote system, with consequences for sampling and design.

There is now also a developing plan for a future global array of profiling floats (Argo). In theory, Argo will deliver an upper ocean (around 1500-2000m) profile of T and S every 10 days or so from around 3000 floats. This will revolutionize the upper ocean observing network.

It is timely then to reconsider the upper ocean sampling network, particularly the SOOP XBT contribution, including salinity sampling where possible. The rationale for the observing network is provided by the CLIVAR IP, OOSDP (1995) plus the action plan for ocean observing system for climate (Sydney Workshop, GOOS publ.)

Review Objectives
The aims of this study, which are to be undertaken by a consultancy, are:

· To compile a consolidated account of the existing UOT data base, using WOCE, Levitus and whatever other data bases that are available. The attributes that we seek to quantify are:

· The sampling as a function of space and time, extending back to at least the early 1980s. These statistics should be arranged by longitude and latitude bins (2? x 2?) as well as by traditional lines/regions (as defined in TOGA/WOCE). The statistics should give some measure of the vertical sampling and depth.

· A measure of the continuity for specific lines/regions, including the relative information content of low-density, frequently repeated and high-density lines.

· A measure of the quality (level of QC that the data have been subjected to).

· Availability - delayed mode versus real-time; gaps in delivery systems; public versus private; etc. permanent archives

· Availability of metadata

· Logistical considerations with respect to particular tracks

· Any other political/technical attributes which might impact/qualify the attributes.

· The analysis should include all forms of sampling (broadcast, high-density, frequently-repeated, ad hoc, etc.)

· Produce consolidated "maps" of information level/content based on the dominant scales of climate signals. The raw distribution statistics do not take account of the actual information content so it is useful to seek some consolidation of the information in (1) even if it does depend on certain assumptions. The SOOP contribution should be identified.

· Document the existing practices for assembling, quality control and distribution of upper ocean data, working from existing material of GTSPP, WOCE UOT/DPC and IGOSS SOOP.

· Document to the extent possible the "value adding" of thermal data process chains, be they automated assimilation (e.g., NCEP, BMRC, UKMO, ECMWF), quick-look/semi-automated quality control (e.g., GTSPP, AOML) or higher-level scientific quality control and assembly (e.g., CSIRO, AOML, Levitus, NODC).

· Provide quantitative assessment of all SOOP lines. This should include an assessment of relevance/impact against scientific objectives including seasonal-to-interannual prediction, environmental/ocean prediction, improved climatologies and climate change monitoring, scores against key attributes (continuity, quality, etc.), notes on extenuating circumstances and the existence of proxies in the event of gaps/discontinuities in the lines. The broad-scale sampling should also be assessed as a precursor to Argo with a view to maintaining the temporal and spatial integrity of resolved signals such as the global ENSO wave, the Antarctic Circumpolar Wave, decadal variability, etc.

· On the basis of (5), provide a renovated SOOP plan including broadcast and high-density strategies, taking account of, as far as is practical

· The existence (or potential) of other direct sampling networks (e.g., TAO, Argo);

· The indirect information available from remote sensing, particular altimetry; and

· The indirect information available from models, e.g. wind-forced equatorial.

Produce a report (through a consultancy) based on the above which will form the background for a Workshop to be convened in the 3rd quarter of 1999. The Executive Summary from this process will constitute a key paper for the OCEANOBS99 Conference, 18-22 October 1999. The Report will be published jointly under the joint auspices of the GCOS/GOOS/WCRP OOPC, IOC/WMO IGOSS SOOPIP and CLIVAR UOP.

Method
In order to describe the current state of the available UOT information, the World Ocean Atlas 1998 (WOD 98), compiled by the Ocean Climate Laboratory (NODC - NOAA), has been used as a basis to provide general sampling statistics for each XBT SOOP line. 

For each line, a subset of the database has been filtered along an average line path, with more or less bandwidth on either side of the path. This bandwidth was defined depending on how spread the actual sampling is in real life, yet the majority of the lines have a 3 degrees latitude bandwidth. This subset is shown on a line-track plot, which indicates all UOT samples taken along the line path since the beginning of the century, regardless of any other characteristics of the sample other than its position (for example no data quality filter has been applied).
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Statistics were then compiled out of this subset, shown on the graphs: 

· The first graph shows the comparison between the number of drops per year along the whole line given by the WOCE Data Information Unit (i.e. what the operators have reported) and the one from the WOD 98 database. This comparison is relevant only since 1990, as this is the year where WOCE program started to operate. 

· The average depth graph shows the average maximum depth of the samples along the line for each year since 1942. The maximum depth was derived for each drop by the depth to which the data quality was acceptable by Levitus' flag. 

· The spatial sampling graph shows the average number of samples per month per square box along the line, for the period 1990 till 1996 inclusive. The size of the box was determined by the width used to filter the database. The time period was chosen to allow comparison with WOCE period requirements. 

· The temporal sampling graph shows the actual number of drops per month along the whole track since 1975. 
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The graphs also show a Low Density sampling requirement, which is based on a rate of one sample per 150 km per month, which was the one used to determine the WOCE requirement. 
These graphs are stored as an Excel Spreadsheet for each line and can be downloaded from this list or they can be accessed from the line-by-line summaries listed by ocean basin: Atlantic, Indian and Pacific. 

Database comparison

In order to assess the relevance of using the WOD 98 database, a few lines have been looked at based on the WOCE CDrom 1998 UOT database. The exact same statistical process has been applied as for the WOD 98 database and the results are plotted on similar graphs to allow for comparison between the two. This is available for lines AX4, IX1, IX12, IX22 and PX17.

