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1. Operations

Note: Radar Wind Profiler (RWP) are remote sensing systems for continuous overhead atmospheric measurement, providing valuable information on and upper air observations of a number of meteorological phenomena. RWP are an important component of composite observing systems supporting in particular the continuous measurement of upper air horizontal and vertical wind vectors based on various observing methods and data processing techniques. RWP provide extremely valuable high-resolution information in space and time allowing the study and measurement of the small-scale wind field in support of applications such as short range weather forecast, air pollution dispersion modelling and volcanic ash dispersion.
A working RWP system comprises, in addition to the instrument itself, data processing and telecommunications hardware and software, documentation, monitoring, maintenance, and certain facilities and support capabilities such as power supply and climate control. While a RWP provides automated and unattended continuous observation of upper-air winds, they require specialised human expertise and resources to maintain and manage all of these components.

This chapter pertains chiefly to the requirements and operation of radar wind profilers, however various other profiling systems can also be used to derive upper-air meteorological measurements using a similar mode of operation, including:

· wind lidars,

· weather radars, and

· sodars.

The following provisions build upon the regulatory material in Sections 2.4 and 3.4 of the Manual on WIGOS.

A general description of surface based profiling techniques and systems is given in WMO No. 8, Part II, Chapter 5.2.

1.1 General Requirements

1.1.1 Members shall ensure that each RWP is uniquely identified by a WIGOS station identifier.

Note: The provisions for the attribution and maintenance of station identifiers are available in Attachment 2.1 to Chapter 2 of the Manual on WIGOS.

1.1.2 Members should operate weather radars within the frequency bands allocated by WRC ITU/R recommendation v.431/x
, where “x” is the latest release.

1.1.3 Members shall obtain the required permissions from their national radio frequency allocation body for the operation of their RWP systems. 

Note: Physical constraints on selecting systems are described in WMO-No. 8, section 5.2. The vertical range of a radar wind profiler is strongly related to the operating frequency.

1.1.4 Members shall maximize the accuracy of the acquired RWP variables, through calibration, scan strategies, and radar-specific adaptable parameters.

Note: Members should configure and operate their RWP so as to best address the requirements for uncertainty, timeliness, temporal resolution, spatial resolution, and coverage for their wind profiler data which result from the RRR process.

1.1.5 Members shall ensure that proper safety procedures are specified, documented and utilised at all RWP sites. 

Note: Typically, safety hazards for RWP include high voltage, radiation exposure, working in confined spaces, and climbing and working at heights.

1.2 Observing Practices

Note: WMO No. 8, Part II, Chapter 5.2.2, provides guidance on RWP techniques and system characteristics.

1.2.1 Members shall site and configure wind profilers with consideration of fulfilling requirements for upper air wind observations based on the WMO Rolling Review of Requirements.

Note: In siting RWP, Members should consider:

· upper-air network optimisation, taking into account spatial distribution and separation of other upper-air observing systems such as radiosonde stations and airports at which aircraft observations might be derived;

· deployment strategically located for meteorological interest and application, for example, wind shear detection, humid air flows generating heavy rain and snow, accidental chemical/nuclear release, volcanic eruption, etc;

· requirements for reliability of power and communication; and

· minimization of potential sources of clutter targets and radio-frequency interferences.

1.2.2 Members shall operate wind profilers continuously so as to acquire and provide horizontal winds at a temporal frequency not exceeding 30 minutes.

Note: Higher temporal-frequency data acquisition, e.g. every five or ten minutes, may be preferable or required depending on user requirements and applications that the observations are intended to support.
1.2.3 Members shall implement data sampling techniques that minimise errors due to range and velocity aliasing.

1.2.4 Members shall implement data processing techniques to enable clutter filtering and interference contamination suppression.

1.2.5 Members shall ensure that RWP data and metadata are archived and maintained non-destructively so that the data may be reprocessed and products recreated.

Note: Non-destructive representation implies that data and metadata quality and information content are not altered.

1.3 Quality Control

1.3.1 Members shall comply with the provisions of the Manual on WIGOS, Section 3.4.3  in the operation of RWP systems.

Note: Members should establish a Quality Assurance Programme for their WPR in line with the guidance provided within WMO No.8, Part III.Note: As a minimum, wind profiler quality assurance should include system performance monitoring, system and test equipment calibration, hardware and software maintenance, technical instructions, and reporting.

1.3.2 Members shall implement quality control procedures using methods designed to improve both qualitative and quantitative uses of WPR data.

1.3.3 Members shall perform quality control with respect to factors that are internal to the RWP system (e.g. calibration, antenna pointing accuracy) in real time prior to the data being exchanged internationally.

Note: Members should also perform real-time quality control with respect to factors that are external to the RWP system, for example, atmospheric propagation conditions, obstruction of the radar beam by physical objects, weather) non-destructively prior to the data being exchanged internationally.

Note: Members should employ quality control procedures that include the characterization of RWP data quality, ie. Methods whereby the characteristics of the data’s quality and/or the improvements to data quality are represented together with the data.

Note: Members should ensure that a record of the quality control methods applied to the data accompany the data.

Note: Real-time automatic data quality control based on consistency, climatological, and temporal checks should be applied as a component of the data processing software of the RWP. The results of such quality control should be communicated to datausers. A method commonly use to do this is through the integration of a quality flag within the message.

1.3.4 Members shall develop and implement practices and procedures for the quality control of observational data prior to its provision via the WIS.

Note: Post-analysis 
quality control of RWP data might be based on comparison with co-located upper-air wind measurements from other observing systems if available.

1.3.5 Members 
shall develop and implement practices and procedures for the frequent and routine monitoring of the quality of RWP observations.

Note: Observational data quality 
monitoring 
should be based on frequent and ongoing comparison with a reliable reference standard. A commonly used method relies on the use of “observation minus background” statistics from Numerical Weather Prediction (NWP) output. 

1.4 Data and Metadata reporting

1.4.1 Members shall make RWP data available via the WMO Information System.

1.4.2 Members that provide RWP data on the GTS shall do so in compliance with the provisions for representation of such data within the Manual on Codes.

1.4.3 Note: [Note with specific reference to RWP BUFR codes.]Members shall comply with the provisions of the Manual on WIGOS, Section 3.4.4 for provision of data and metadata for their RWP systems.

1.4.4 
Members shall ensure that real-time weather radar data and metadata are represented non-destructively.

1.4.5 Members shall report metadata for their RWP systems in compliance with the provisions in the Manual on WIGOS, REF???.

1.4.6 Members shall report metadata and information on data quality associated with acquired RWP variables together.

1.5 Incident Management

1.5.1 Members shall comply with the provisions for incident management within the Manual on WIGOS, Section 3.4.5 in the operation of RWP systems.

1.5.2 Members shall detect and report incidents related to internal factors to the RWP system in real time.

Note: Automatic incident detection can be performed using either built-in test equipment or external systems that are interfaced with the radar system.

Note: Members should consider the implementation of a centralised system for monitoring the performance and health of RWP systems and networks, and the quality of data and products. Members should consider the  utilisation of a centralized monitoring system as an integrated component of its incident management and maintenance regime.

1.5.3 Members shall ensure that, when incidents or issues are detected that adversely affect or degrade weather radar system operational performance or data, they:

1) Undertake corrective action to return the system to required levels of operational performance and data quality as soon as possible;

2) Record and document such incidents and issues; and

3) Update as appropriate and as required, national and international metadata records pertaining to the observing system and site.

1.5.4 Members shall ensure that metadata associated with RWP data exchanged internationally provides a means to represent information on incidents, such that it is possible to determine whether data have been negatively impacted by incidents.

Note: Members should enable the representation in metadata of incidents emerging from quality control, which are related to external factors to the radar system (e.g. interference from external emitters), such that the information may contribute to incident awareness and management.

1.5.5 Members shall notify international recipients of exchanged data when an incident occurs that has a negative impact on data availability or data quality, and when the incident has been resolved.

1.6 Change Management

1.6.1 Members shall comply with the provisions for change management within the Manual on WIGOS, Section 3.4.6 in the operation of RWP systems.

1.6.2 Members shall ensure that changes to RWP networks and systems that impact on data availability or quality are planned so as to minimize their impact and duration.

1.6.3 Members shall assign roles and responsibilities associated with a given change.

1.6.4 Members shall ensure that when changes to weather radar systems and networks are planned and made, they:

1) Notify stakeholders and data users, including information in advance on the expected impacts and the time period over which the change will take place and when the change is complete;

2) Record and document such changes, including the nature and characteristics of the change, the date and time of implementation and the reason that the change is being made; and

3) Update as appropriate and as required, national and international metadata records pertaining to the observing system and site.

1.6.5 Where change is expected to affect the availability or quality of RWP data exchanged internationally, Members shall notify recipients of data in advance of the intention to carry out the change, and when the period of change is complete.

1.7 Maintenance

1.7.1 Members shall comply with the provisions for change management within the Manual on WIGOS, Section 3.4.7 in the operation of RWP systems.

1.7.2 Members shall ensure that wind profiler systems are rigorously maintained.

1.7.3 Members shall develop, implement and document policy and procedures for routine maintenance of the RWP system that will ensure requirements and standards for operational performance and data quality are maintained.

Note: The purpose of the maintenance programme is to ensure wind profiler system and ancillary equipment operate at the highest level of availability and, within the technical specifications, maintain the best possible quality of wind observations.

1.7.4 Members 

shall consider life cycle elements such as programme supervision, supportable software, product availability requirements, maintenance/engineering and training costs, logistic support, configuration management, as well as inspection, quality control and assessment, and, if necessary, develop and implement Lifecycle Management Plans for operational wind profilers. Members shall determine the frequency, timing and extent of regular preventive maintenance activities on all components that comprise the complete RWP system.

Note: The complete RWP system incorporates hardware, software, telecommunications and ancillary systems). Where possible and practical, the maintenance programme should be based on relevant manufacturer specifications and guidelines.
1.7.5 Members shall perform responsive maintenance as soon as possible after a problem has been detected.

1.7.6 Members should, where appropriate, implement and perform maintenance tasks remotely.

Note: Remote maintenance cannot replace on-site maintenance for many tasks, but the ability to perform some tasks remotely can contribute to preventive maintenance practices helping to achieve higher overall system uptime and quality of operation.

1.7.7 Members shall maintain RWP sites such that the effect on the radar system by external factors (e.g. vegetation) is minimized.

1.7.8 Members shall ensure that the necessary human expertise and other resource requirements are available to meet all ongoing maintenance requirements and responsibilities.

1.7.9 Members shall record and report corrective and preventive maintenance completed on weather radars.

1.7.10 Where the result of planned maintenance activities is expected to have an impact on the availability or quality of RWP data exchanged internationally, Members shall inform recipients in advance.

Note: A record should be maintained of corrective and preventive maintenance undertakenon RWP systems. 

Wind profiler maintenance analysis reports should be generated regularly and routinely to assist in determining  issues with system performance and the effectiveness of maintenance personnel and the maintenance processes.

1.8 Inspection and Supervision

1.8.1 Members shall comply with the general provisions for inspection and supervision within the Manual on WIGOS, Section 3.4.8 in the operation of RWP systems..

1.8.2 Members shall establish and define roles and responsibilities for WPR inspection and supervision in compliance with both national and WMO regulations.

Note: Inspection and supervision activities are to be conducted with the objective to determine whether the WPR is functioning correctly (within performance tolerances), and also to determine the impact of quality control, maintenance, and management procedures on system operations, data availability, and data quality.

Note: Members should, where appropriate, implement monitoring systems to allow for remote diagnostics to be performed, collected and reported in support of the RWP inspection process.

1.8.3 Members shall record inspection results and report any issues that might impact on data quality or availability.

1.9 Calibration Procedures

1.9.1 Members shall clearly define and record the roles and responsibilities associated with the calibration of its RWP.

1.9.2 Members shall ensure that the necessary human expertise and material resources are available to meet all calibration requirements and responsibilities.

1.9.3 Members shall calibrate the RWP and ancillary equipment in accordance with the specifications and requirements of the manufacturer.

Note: Members should perform calibration with the objective to achieve WPR system operation within performance tolerances specified by the supplier and so as to best meet user requirements for availability and quality of observations. 

1.9.4 Members shall record and report calibration completed on each RWP.

Note: The terms of the weather radar equation, along with the calibration constant, are valuable as metadata.

Note: Members should include calibration variables and levels as metadata that accompany, and are exchanged together with, acquired RWP data.

1.9.5 
Members shall inform recipients of data when RWP calibration activities or results are expected to have an impact on the availability or quality of data exchanged internationally.

�This note requires review by the ET-SBO experts.


�Is this valid for RWP as for weather radar?


�Reference: 


http://old.ecmwf.int/products/forecasts/d/charts/monitoring/conventional/prof/windspeed/o_windspeed_pilot__geo!TEMP!web_obstat_weekly!pop!latest!700-1000hPa!Number!Used%20Data!/


�Should monitoring be under Incident Management?


�Reference: “A one year comparison of 482MHz radar


wind profiler, RS92-SGP Radiosonde and 1.5 μm Doppler Lidar wind measurements“ 


� HYPERLINK "http://www.atmos-meas-tech-discuss.net/7/11439/2014/amtd-7-11439-2014.pdf" �http://www.atmos-meas-tech-discuss.net/7/11439/2014/amtd-7-11439-2014.pdf�





�


Reference : „Experience of the Japan Meteorological Agency with the Operation of Wind Profilers”. WMO IOM 110


�Not appropriate for the manual.


�Not required?


�Must be realocated to Section 3


�Restructure this as a note?


�This is a note that is particular to weather radar systems. Is there a requirement for a similar note for WPR. E.g. some RWP have an inherent bias due to the data processing techniques used – should this be described?





