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Objectives

The objective of this project is to investigate/develop quantitative methods for the optimal design of observing systems for nowcasts/forecasts in coastal/shelf seas and demonstrate these techniques on SST and T/S profile observing networks in the Baltic and North Sea. State-of-the-art ocean models will be run for a one-year period to generate a ‘proxy ocean’ at the highest presently possible resolution and quality of forcing. With the proxy ocean, sampling distances are optimised based on characteristic scales in T/S fields and sampling locations by using local information content. Quality of the various sampling strategies is then tested by using Observing System Simulation Experiment (OSSE) and cost-benefit analysis is performed for these observing networks. 

Results
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In 2003, ODON aims to build up a comprehensive observation database in the Baltic and North Sea, to develop SST and T/S profile data assimilation methods and to evaluate existing T/S observing systems in the Baltic and North Sea. 

An observation database has been established for year 2001, including satellite SST (SAF O/I, NOAA AVHRR 12, 14 and 16), In-situ SST and CTD profiles (Fig. 1, including GTS, buoys, ferrybox, monitoring/research cruises, undulated profilers, shown in Fig.1), currents, water level, waves, bathymetry and daily river run-off.

                                                                                           Figure 1. In-situ SST and CTD stations in 2001
Multi-level quality control method, spatial-temporal covariance models and multi-platform optimal spatial-temporal interpolation programs have been developed and a high resolution (10km, twice daily) gridded SST product has been generated.
An Optimal Interpolation assimilation method and a simplified Kalman Filter method have been implemented in 3D ocean models to assimilate SST observations, respectively. 
Existing observing networks have been assessed in terms of effective spatial-temporal data coverage, signal-noise level, characteristic scales and technological synergy. Here we give results on SST as an example:

· Data coverage

For SST, data coverage has been investigated for both satellite and in-situ networks for different spatial-temporal box sizes. The results show that 3 satellites (NOAA-AVHRR 12, 14 and 16) gives 80% data coverage but only about 55% with 2 satellites (12 and 16) for (3day-20km-20km) box. In-situ data have a coverage of 5% in the Baltic Sea and 10% in the North Sea. The largest data gaps were found in the eastern and northern Baltic Sea. 
· Signal-noise analysis
In northern North Sea, the largest SST signal is in inter-annual scale, intra-semi-annual scale can be neglected (with a variance <0.5oC). In the Baltic Sea, the largest SST signal is in annual and semi-annual scale (with a variance up to 7oC) while intra-semi-annual scale is also important. The noise level due to instrument error is about 0.6C for satellite and up to 0.2C for in-situ. 
· Characteristic scale analysis
Spatial distribution of spatial-temporal correlation scales are calculated for SST in intra-semi-annual scale. The results show that temporal correlation scale ranges from 0.5days (in the northern North Sea due to noise and Jutland coast) to 3 days (northeast Baltic Sea and mid-west North Sea). The spatial correlation scales ranges from 50km (in the northern North Sea) to 250km (in eastern Baltic and mid-west North Sea). 
After integrating the analysis results from data coverage, variability and characteristic scales, a preliminary recommendation is made for generating daily gridded SST maps in 20km resolution in the Baltic-North Sea: 1) 3 satellites are to minimum requirement; rationalise existing SST observing network, 2) more observations should be made available in the eastern Baltic and coastal upwelling area, Ferrybox lines from Riga – Helsinki and from Klaipeda – Sassnitz are cost-effective instruments for this purpose. More quantitative comments can be made after further investigations.
Potential exploitation by end users

Major ODON deliverables are optimal design methods, cost-benefit assessment of existing T/S observing system, an ODON database, 3D ocean models with data assimilation, a high resolution proxy ocean, quality evaluation and cost-benefit analysis of dozens of designed Baltic-North Sea T/S observing systems. They have wide implication on marine economy and scientific and technological prospects. The optimal design methods and evaluation of existing T/S observing networks will be very useful for monitoring agencies in the Baltic and North Sea to improve their existing monitoring networks. The ODON database can perform a test base for validating ocean models as well as research works. ODON SST data have already been used by BOOS SST group. The ODON 3D ocean models (COHERENS and HIROMB) are currently used by hundreds of institutions/ firms. Data assimilation schemes and optimisations to these models will definitely improve the ocean modelling level in this region. ODON results will also be unique information for design new observing systems, such as Eastern Baltic Sea Monitoring System, funded by World Bank. Europe is now launching a Global Monitoring for Environment and Security (GMES) program, aiming to build up an operational and autonomous monitoring system in 2008. ODON methods and results can be used by the program in assessing and optimising existing satellite and in-situ monitoring networks. Other users in observing system design include HELCOM, OSPARCOM and EuroGOOS.
