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Summary and purpose of document

This document provides background information verification for ocean waves. This has been carried out as a project under JCOMM. It is required to establish this as a more formalized procedure, considering also the extension of the GDPFS to include ocean wave forecasting activities 
Action Proposed  

The meeting is invited to note the current status of ocean wave verification and the request from WMO to ECMWF. The meeting is invited to comment on the implications for the GDPFS, including the relevant specifications relating to ocean wave activities in the new Manual.
Verification of Ocean waves
1. Current practices in JCOMM
The World Meteorological Organization (WMO), through the Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology (JCOMM), has an established Wave Forecast Verification Project (WFVP) since 1995. The WFVP has provided a key mechanism for benchmarking and assuring the quality of wave forecast model products that contribute to applications, such as safety of life at sea, ship routing, and, in general, the Global Maritime Distress and Safety System (GMDSS). The project has expanded to include 17 centers operating wave forecast systems, with different wave models, wind forcing, and model configurations. 
In collaboration with other operational forecasting centres, ECMWF maintains the WFVP on behalf of the JCOMM Expert Team on Waves and Coastal Hazards Forecasting Systems (ETWCH). The deliverables of WFVP - the actual data as collected and results of verification are made available by ECMWF to all participants. Additionally, the monthly statistical summaries can be found on the JCOMM Wave Forecast Verification page

http://www.jcomm.info/wave

 as well as on the Wave Forecast Verification pages of ECMWF:


http://old.ecmwf.int/products/forecasts/d/charts/medium/verification/wave/intercomparison/
2. Request from WMO to ECMWF 
2.1.
Having conducted the wave verification activity as a "project" for two decades, WMO is convinced of the necessity and benefit to formalize the common wave verification within an established framework. Noting that there is already an established WMO lead center for deterministic NWP verification, the WMO Secretary-General has written to ECMWF to request to explore a possibility to add a wave component to the LC-DNV system at ECMWF.
2.2. There have also been efforts to expand the verification to include 1-D and 2-D spectral quantities, satellite quantities, and to investigate the continued development of spatial intercomparison techniques for wave forecasts in cooperation with the European Space Agency's GlobWave Project. With the completion of GlobWave project, the global wave community is now looking for ways to continue the extended verification effort.
2.3 ECMWF is willing to support the international community by continuing to run the wave verification which it has done through the WFVP. 
· ECMWF will continue the wave verification that it does now (JCOMM WFVP) and will be happy to formalize that as an on-going activity (rather than a "project")
· ECMWF will follow up on the proposal to extend the wave verification, as outlined in the Annex to the WMO letter, and will factor that into its workplan for the coming year(s) 
3. Extended scope of the GDPFS to include ocean waves
3.1.
Ocean wave products and verification are not covered in the current Manual on the Global Data-processing and Forecasting System (WMO-No. 485). 

3.2.
The draft of the new manual does include ocean waves: activity 2.1.6, numerical ocean wave prediction (one of the additional activities requested by EC-65: see also Doc 6 for this meeting). The new manual also introduces the concept of a Lead Centre(s) for Deterministic Numerical Ocean Wave Prediction Verification.

3.3.
The specification of the verification requirements needs to be completed for the new manual. The WFVP procedures may be considered appropriate for that.

Annex – WAVE FORECAST VERIFICATION PROJECT

The Operational Wave Forecast Verification Project (WFVP) was established in 1995, as a routine inter-comparison of wave model forecast verification data, to provide a mechanism for enchmarking and assuring the quality of wave forecast model products. Its current design was based on a Technical Report was produced on this activity in early 2006 [Bidlot, J.R. and Holt, M.W., 2006: Verification of Operational Global and Regional Wave Forecasting Systems against Measurements from Moored buoys, JCOMM Technical Report No. 30].

The WFVP is now one of the most important activities of the Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology (JCOMM), through its Expert Team on Waves and Coastal Hazard Forecasting Systems (ETWCH), in support of Met-Ocean Information and Maritime Safety Services. The operational wave forecasting centres participating in the WFVP have greatly benefited from coordinated efforts to gather model fields for verification purposes, in the same way as weather centres benefit from the exchange of forecast verification scores.

All data and results of the verification are open to public. The monthly statistical summaries of WFVP are published at both JCOMM Wave Forecast Verification page (http://www.jcomm.info/Wave) and on the wave forecast verification pages of ECMWF

(http://old.ecmwf.int/products/forecasts/d/charts/medium/verification/wave/intercomparison/).

Current state of Wave Verification at ECMWF and proposal for extension

Observations

ECMWF obtains on a daily basis hourly or sub-hourly in-situ data via GTS. Additional data is collected from diverse external sources, partly by FTP push, partly downloaded from websites.
Verification
The observations are mostly from the ‘western’ parts of the northern hemisphere (US, Canada, Europe, Japan). Not all of them are used for verification. Stations too close to the coast are not used in verification due to representativeness issues, and there is a basic quality control. ECMWF provides a whitelist of stations to be used in verification by the participants. Since 1995, when it was started, the number of observations has slowly increased.
Currently 17 institutions are participating in the common verification:

ECMWF

MetOffice (UK)

FNMOC (US Navy)

MSC (Canada)

NCEP (US)

MeteoFrance (France)

DWD (Germany)

BoM (Australia)

SHOM (French Navy)

JMA (Japan)

KMA (South Korea)

Pueto del Estado (Spain)

DMI (Denmark)

NIWA (New Zealand)

CNRAM (Italy)

Metno (Norway)

SHNSM (Argentina)
Each month they are sending to ECMWF time-series of analyses and forecasts at station locations defined by the whitelist provided by ECMWF. Usually there are two forecasts/day. The different datasets are collated and made available to all participants.  Monthly summary reported are posted on the JCOMM web site and summary score plots on ECMWF internal and external web.
Forecasts

One disadvantage of the current system of collecting forecasts at a fixed set of locations is the lack of flexibility when the station list changes, and the fact that no comparison of spatial fields between the models can be performed. Also, there are satellite-based observations (altimeter, synthetic aperture radar) which could be used to verify forecast fields to provide a more complete evaluation of forecast skill.
As part of the ESA-funded GlobWave project, the British Oceanographic Data Centre (BODC) in Southampton has been collecting gridded wave forecast data from a subset of the centres listed above (BOM, ECMWF, FNMOC, MeteoFrance, NCEP, SHOM, PUERTO, UKMO). However, partly because there were insufficient constraints placed on allowed data formats, they experienced difficulties in managing the data. Also, the GlobWave project is coming to an end, and BODC is seeking for someone to take over the data collection.
At a recent GlobWave user meeting (Banff, Canada, Oct 2013), ECMWF has mentioned the possibility to step in and take on the responsibility of becoming the centre which collects analysis and forecast fields from the participants. The objective is to make fields available to all participants, and to provide verification results. Specifically, the following five fields are of interest:
10-m wind speed (U and V component)

Significant wave height

Peak wave period

Mean wave period
The focus would primarily be on analyses and deterministic forecasts, but some centres could also provide ensemble forecasts of these fields. ECMWF would ask the participants to provide the data in grib or netcdf (which can be converted to grib) on a specified lat-lon grid (0.5º×0.5º or finer). Typically there would be 2 runs/day, at a time resolution of 6-12 hours, up to (max) 10 days. It is not to be expected that all 17 participants would contribute data immediately but it can be assumed that all main global centres would.

