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Abstract

A network of wind profiler radars have been operating in Europe for more than 10 years, with the addition of wind measurements from weather radars (VAD/VVP winds) since 2003. Initially coordinated as part of the COST-761 Programme, for the last 6 years the network hub has been managed and upgraded as part of the EUMETNET2 Programme WINPROF. The number of sites reporting to the network hub at the end of 2006 was 25 wind profilers & 81 weather radars, which has enabled the Programme to demonstrate that these systems are capable of continuous, unattended operations, providing high quality wind measurements. However they require ongoing investment & expertise to ensure they maintain these high standards. 

A key objective of the programme is improved data quality/monitoring from the wind profiler and weather radar systems, much of which would need to be realised before recommending the operational component of the network which could be integrated into the EUMETNET Programme EUCOS.  An increasing number of NWP centers (ECMWF, UK Met. Office, Meteo France & DWD) are using a subset of the network in their data assimilation schemes. Both monitoring statistics and recent studies have shown that systems/networks maintained and operated at a high standard have a positive impact on NWP, although the opposite is true for poorly maintained systems. Currently, about 72% wind profilers and 69% weather radars wind data are routinely assimilated by the UK Numerical Weather Prediction Models.

This presentation will provide an overview of the performance of the current network. It will focus on the quality measures being implemented (both control and monitoring) to ensure that these systems provide the highest quality data and products to the users. 

Introduction

Wind Profiler radars were first introduced into Europe in the late 1980’s, initially these systems were being used for atmospheric research and to gain a better understanding of the radar capabilities. By the late 1990’s these systems had matured to a level that networking of the systems on an operational basis was possible, and would benefit from making the wind data available to a wide community. Thus in 1997 the European network CWINDE3 was established, at that time networking approximately 7 wind profiler radars. Today the network has 27 wind profilers and 99 weather radars providing wind data for use in weather services.    Figure 1 below shows the location of the current network.
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Figure 1:–     

Wind Profiler and Weather Radar networks (2008)

1 COST – Coordination On Science and Technology  

2 EUMETNET – network grouping 24 European National Meteorological Services.
3CWINDE – Cost Wind Initiative Network Development in Europe  
Networking
Whilst the primary aim of networking these systems is to have access to the wind data and make it available to the Meteorological community, there are a number of other benefits some of which are as follows:
· In contrast to other networks in Japan and the USA, the systems in Europe are of varying types & operations and are owned/operated by National Met Services, Institutes and Universities. The centralised support has allowed these systems to be connected together, agreeing a common method of data encoding (BUFR) and acting as a single point of contact with regards the network. Figure 2 gives some examples of the different systems operating within the European network.

· These systems are complex both from a hardware and software (i.e. signal processing) perspective, with detailed technical expertise being limited to the manufacturers engineers and small number of people within the European institutes. The Programme collaboration has allowed access to this expertise, through an expert team providing both support & advice to the system operators and the data users. This has been particularly successful in recommending the system configuration and modes of operations suitable for an operational network and working with the manufacturers with regards problems and future upgrades.     
· Exchange of data has been on a no-charge basis, with the Programme costs being limited to supporting the central server/software, programme management and funding travel & accommodation for expert meetings. In return operators have access to ‘real-time’ displays and quality monitoring products. 
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Figure 2:- Examples of different European Wind Profiler radars at Le Ferte Vidame (France), Bayreuth (Germany), Helsinki (Finland), Schaffhausen (Switzerland), Frankfurt Airport (Germany) and Punta Galea (Basque region of Spain)
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The main indicators for the success of the European network are; the availability of the service, the number of systems able to send data and the operational use of the data (i.e. National Weather Predication, NWP, model assimilation). Initially the network was designed to demonstrate the capabilities of the wind profiler systems but under the funding/management of EUMETNET this has been further developed to support the operational use of the data, primarily for the NWP models. In addition this has included the use of the winds from the weather radar network. Figure 3 provides a 5 year plot showing the number of system connected to the network and those that are being assimilated by the UK Met Office. Figure 3a is for the wind profiler systems and 3b for the weather radar systems. Whilst the availability of the wind profilers has leveled out over the last 2 years, the significant increase in the availability & use of the weather radars is clearly evident.
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Figure 3:- Number of systems connected and assimilated (UK Model) from 2003 to 2008
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Quality Monitoring

A key objective of the programme continues to be improved data quality from the wind profiler and weather radar systems, much of which would need to be realised before recommending the operational component of the network . An increasing number of NWP centres (ECMWF, UK Met. Office, Meteo France & DWD) are using a subset of the network in their data assimilation schemes. Both monitoring statistics and recent studies have shown that systems/networks maintained and operated at a high standard have a positive impact on NWP, although the opposite is true for poorly maintained systems. Currently, about 70% wind profilers and 72% weather radars wind data are routinely assimilated by the UK Numerical Weather Prediction Models. Several workshops have been organised by the programme to address the issue of data quality control and monitoring and have provided recommendations for wind profiler systems as a component of an operational network. Figures 4 and 5 show examples of advanced monitoring outputs being developed by the team. In figure 4 the consistency of the signal power in the different beams are compared, in this example there is a clear problem in the SW beam at the low level towards the end of the day. It is possible that this processing can be produced in ‘near-real time’ and can provide an early warning of poor quality data either due to external (i.e. interference) or internal (i.e. hardware) factors.  Figure 5 shows the result of a new signal processing algorithm which identifies the presence of bird interference in the measured profiler data. This is based on modern mathematical methods used in the analysis of non-stationary data. It is likely that a filtering method based on this processing will be used in new generation wind profiler software.
Whilst the CWINDE system provides a number of options to monitor/evaluate the performance of the systems, the most valued products are the model statistics. Whilst these often contain an element of model error they are still the best indicator of the system performance, with long-term records measuring the consistency of the site and latest statistics being used to accept/reject the data. An operational ‘standard’ system should have RMS (root mean squared) errors in the component winds of less than 2.5m/s. Figures 6 and 7 gives examples of RMS statistics from the UK model for an ‘acceptable’ system (Bayreuth) and an ‘unacceptable’ system (Clermont Ferrand). In the latter case the wind data have a large direction bias which is being investigated by the operators.   
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Figure 4: Advanced monitoring (real time) of the wind profiler systems. This plot shows the measured signal power in each of the 4 beams of the radar. For normal operations you would expect these values to be consistent within each beam. 
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Figure 5: Time-frequency representation of a bird-contaminated wind profiler signal using the discrete Gabor expansion. The x-axis shows time (in seconds) and the y-axis frequency (in Hertz). Colour contours denote the power of the Gabor coefficients.

Figure 6 – UK Met Office OB-BG Statistics for August 2007 (Bayreuth, Germany) 
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Figure 7 – UK Met Office OB-BG Statistics for August 2007 (Clermont Ferrand, France)

Future Plans

The current phase of the WINPROF programme is due to finish at the end of 2008. A new programme        E-WINPROF has been proposed as a component of the EUCOS (EUropean Composite Observing System) programme. This programme will focus on operational delivery and subject to agreeing increased funding will enhance the resilience & functionality of the network hub. The key objectives are as follows:
· To operate the CWINDE network hub for data processing and quality evaluation, with a clear division on those systems classified as operational (EUCOS & Non EUCOS) or R&D. Working to agreed performance targets (availability, quality) on those systems classified as operational. The targets will be clearly defined before the classification is established (i.e. values of bias and standard deviation versus one reference model, period of reference).

· To improve the resilience and support for the CWINDE system working towards a fully operational system within the host organisation.

· To manage the list of operational systems and develop the process/infrastructure to facilitate timely data blocking and remedial action for those systems not meeting agreed standards.

· To continue the network management of the VAD/VVP winds products from the European weather radar network (same operational or R&D status within CWINDE) and liaise with OPERA on network performance and technical issues.

· To integrate new systems which have been installed within EUMETNET member countries (initially in R&D mode).

· To further develop the real time monitoring of availability, timeliness, quality and in future automatic alerts in collaboration with the EUCOS portal. 

· To facilitate a technical support team, to assist with hardware and software issues encountered with systems in the network (functionality will depend on level of resourcing).

· To maintain wind profiling expertise/technical development and make it available to all EUMETNET members through a TAG.

· To liaise with International Programmes (i.e. COST EG-CLIMET & WMO WIS)
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