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Description

This Community White Paper (CWP) describes the requirement for, and benefits of, an enhanced global wave observation network, including various in situ observation systems and also complementary remote sensing systems, both land and space-based.

Global and regional wave observational requirements are dependent on the application and include: (a) assimilation into wave forecast models; (b) validation of wave forecast models; (c) ocean wave climate and its variability on seasonal to centennial time scales; and, (d) role of waves in ocean-atmosphere coupling. Additionally, wave observations are also required for short-range forecasting and nowcasting as well as for warning of extreme waves associated with extra-tropical and tropical storms, and freak waves (in this case, in combination with other variables such as ocean currents). In situ wave observations are also needed to calibrate/validate satellite wave sensors. The key observations needed are: (i) significant wave height; (ii) dominant wave direction; (iii) wave period; (iv) 1-D frequency spectral wave energy density; and (v) 2-D frequency-direction spectral wave energy density.  Also important and desirable are observations of individual wave components (sea and swell) as well. In the study of ocean waves, high quality wind observations, both in situ and remote are often as important as the wave observations.  
The CWP will describe the results from a recent community workshop on in situ wave measurement technology. It was noted, inter alia, that: (1) geographical coverage of in-situ data is still very limited especially as far as any measure of wave directionality is concerned, and most measurements are taken near coasts in the Northern Hemisphere; (2) present in situ reports are not standardized resulting in impaired utility; (3) significant differences exist in measured waves from different platforms, sensors, processing and moorings. The discussion centered around three main topics: (1) how to add wave observing capabilities to drifting buoys; (2) how to assess and improve the quality of observations from the present networks of moored buoys; 3) the addition of wave observation capabilities to future moored buoy networks, in particular the OceanSITES moorings. Two Pilot Projects were subsequently endorsed by the WMO-IOC Data Buoy Cooperation Panel on wave measurement, one on assessment of the potential for wave measurement from drifting buoys, the second on developing and evaluating wave measurements from moored platforms. 
In situ wave observations also include waves visually observed from Voluntary Observing Ships, which provide the longest records of wave data worldwide (including separate estimates of sea and swell), effectively from the mid 19th century. For certain applications (e.g. climate variability studies, extreme case studies) the length of record and/or worldwide coverage of VOS wave data make them more useful compared to the other sources of wave information. The VOS data, however, require accurate processing, validation and bias correction to be effectively incorporated in the wind waves observing systems.

With respect to space-based wave measurements, satellite altimeters provide information on significant wave height with global coverage and high accuracy.  However, spatial and temporal coverage, although homogenous, and suitable along the satellite track, is still marginal orthogonal to it. Multiple altimeters are therefore required to provide denser coverage. Long-term, stable time series of repeat observations with high temporal resolution are required for validation of space-borne data and climate applications. Information on the 2-D frequency-direction spectral wave energy density may be provided by Synthetic Aperture Radar instruments with good accuracy but marginal spatial and temporal resolution; Real Aperture radar capability is expected to be available within 5 years. Scatterometers also provide information on ocean winds which are vital to many wave applications.
              
Coastal wave applications require different observing methods to those used for the open ocean due not only to the need for higher density coverage, but also due to limitations of the satellite data close to land, hence for these applications systems such as coastal HF radar are of particular importance. These radars provide information on significant wave height with limited coverage, good accuracy and acceptable horizontal/temporal resolution.  Potential contributions from other technologies and platforms (e.g. navigation radar, other radars, and ship borne sensors) are emerging as potential solutions to specific coastal wave requirements. 

This CWP will describe the development of components of a global integrated ocean observing plan for waves, capable of providing the type, quantity, quality and distribution of wave observations necessary for the wide range of direct and indirect wave applications.
