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ASSESS THE CURRENT AND POTENTIAL CAPABILITIES OF WEATHER RADARS FOR THEIR USE IN THE WMO INTEGRATED GLOBAL OBASERVING SYSTEM
Guidance on weather radar data exchange
(Submitted by Malcolm Kitchen) 

	Summary and Purpose of Document
The document contains recommendations for principles of weather radar data exchange taking into account present experience gained in Europe and new trends in radar data assimilation in NWP. 



ACTION PROPOSED

The meeting is invited to review the information provided in this document and agree on recommendations for the basic principles of weather radar data exchange. The meeting is also invited to provide guidance on the consistency in radar data (scan schedules, sampling intervals, data precision etc.) to be considered in exchanging data.
Guidance on Weather Radar Data Exchange

Briefing note prepared by Malcolm Kitchen for the joint CIMO/CBS expert team on surface-based remotely sensed observations, Geneva, November 2009

1. Background

Bi-lateral and multi-lateral arrangements for international exchange of weather radar rainfall data have been in place for several decades.  Within Europe, many of these exchanges have been facilitated by formal cooperation organised within EUMETNET.  Other regional cooperative arrangements exist, for example in the Baltic region and the Caribbean. Such data exchange has been beneficial for meteorological and hydrological forecasts reliability when weather systems and/or river catchments span national boundaries.  Typically, the data that have been exchanged are network composite estimates of surface rainfall with a spatial resolution of approximately 2-5km and a sampling interval of approximately 15 minutes.  Exchange of these low resolution composites reduced the communications and processing requirements to manageable levels.

The last few years have seen an increase in the exploitation of weather radar networks, moving from a largely qualitative rainfall measurement tool towards being a key component of the total observing system; providing quantitative rainfall and wind data that is ingested into Numerical Weather Prediction (NWP) and hydrological models. This trend is set to continue or accelerate, with NWP centres planning to assimilate radial wind data, reflectivity data, and possibly other radar parameters into high-resolution models. Exchange mechanisms need to be examined to ensure that they are appropriate to meet future demands.

2.  Future Requirements

The future requirement for weather radar data exchange is summarised as follows:-

· More exchange! Weather radar is in transition from being an instrument of local interest supporting local hazard mitigation and decision making, towards a mainstream component of regional, and even global, observing system.  A key paper is that of Lopez and Bauer (2008) http://erad2008.fmi.fi/proceedings/extended/erad2008-0040-extended.pdf , which showed that ECMWF forecasts over Europe benefit from assimilation of weather radar data over the US.  If other NWP centres confirm widespread benefits of radar data assimilation, then pressure to move towards intercontinental or even global exchange of weather radar data must be expected.

· Data resolution and precision appropriate to the end user requirements. As NWP and distributed hydrological models move to higher resolution, the radar data resolution needs to respond similarly. Higher resolution also facilitates improved quality control and correction, since data contamination is both easier to identify, and normally affects a smaller proportion of the total data volume.

· Benefits of high spatial resolution are devalued by uncertainties in geolocation of the data.  Such uncertainties must be verifiable, and ideally be much smaller than the data resolution.

· Sampling interval appropriate to the end user requirement.  E.g.  4D-VAR assimilation and flash flood forecasting may require a sampling interval of 5 minutes or less.

· Data of consistent and known quality. Successful assimilation of radar data into NWP requires knowledge of uncertainty (bias, random error) and probability of gross errors. Consistency is easiest to achieve through application of the same set of quality control and correction algorithms to high quality raw data from individual radar sites within the domain of interest.  

· To be able to apply quality control and correction algorithms remotely, data from all scans at all elevation angles needs to be exchanged.

· Timeliness and availability appropriate to the end user requirement. This is related to the consistency requirement, in that if the radars contributing to the products change between samples, then temporal consistency in the products is more difficult to achieve.  

· Consistency of product would also be facilitated by consistency in radar scan schedules.  This subject is outside the scope of this document, but needs to be considered if the highest quality of products is to be achieved. 

3. Meeting the requirement for data exchange.

Exchange mechanisms need to keep pace with the requirements if we are to avoid them becoming a limitation on development and benefits. Availability of communications bandwidth is probably still an important constraint on what can be achieved. 

Awareness of the trends in requirement within EUMETNET have led to the commissioning of an operational European Radar Data Centre.  The development of the centre should be completed in 2011. The key feature which marks this centre out from some others is that it will receive raw reflectivity and radial wind data (on the native Polar grid) from individual radars. It will then apply the same set of algorithms to all data in order to generate consistent and high quality products.  Both the input data, and the output products will be made available centrally for the suppliers and users to download. Radar data can be received in BUFR, and HDF5 formats, both of which can support the required resolution and precision.  There may be the requirement to ingest radar data in NetCDF format later. The data centre is designed to process the total data generated by approximately 150 weather radars within Europe.  Initially, the derived products will have limitations, particularly in the ability to communicate uncertainty and quality information.  However, it is believed that the basic concept offers the flexibility that will stand the test of time and is a model that could be adopted by other similar regional centres.

The ultimate ambition would be for regional weather radar data centres to exchange data with each other if required for global NWP data assimilation. 

4. Recommendations

· Where possible, future data exchanges should be based upon an exchange of raw reflectivity and radial wind data from individual radar sites. 

· Where sufficient bandwidth is available, the data that is exchanged should be from all scans at all elevation angles), and at the highest spatial and temporal resolution.

· The files transmitted should contain the data from individual radar scans, as they are completed by the radar (rather than ‘volume’ data files).

· Radar network operators and the suppliers of raw radar data should take steps to ensure the highest accuracy of the basic data.

· reflectivity calibration 

· radial winds 

· the radar elevation and azimuth angles

· geolocation  of the data

· time stamping of the data.

· There is an urgent requirement to reach international agreement on the expression of quality descriptors in radar parameters and products and incorporation of these extra data within the standard data formats.

· Radar manufacturers need to party to discussions on data exchange so they can facilitate future exchange through the software that they supply with weather radars.

· If and when agreement is reached on some  basic principles of exchange (the subject of the present paper), then the subject of  consistency in radar scan schedules, sampling intervals, data precision etc, should be considered in a subsequent  paper.
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