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	SUMMARY AND PURPOSE OF DOCUMENT

This document contains draft material on Weather Radars for the Manual on the GOS that has been drafted by CBS ET-SBO, for review by SG-RM during the session and subsequent submission to ICT-IOS-9 for their endorsement.



ACTION PROPOSED


The Meeting is invited to review the draft text contained in the document, to propose any changes required, and to approve the text for submission to ICT-IOS-9.
____________

ET-SBO SG-RM Draft Regulations for Weather Radar Operations

More specifically, these regulations relate to operations of Weather Radar Stations as an element of the WMO Global Observing System.
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Appendix: Definitions

Weather radar observation: evaluation of one or more meteorological elements over an area or atmospheric volume surrounding a weather radar station by analysis of the reflections of transmitted radar signals.

Note: this term is primarily used to refer to surveillance of precipitation and related phenomena, in contrast to a radar wind profiler which observes the vertical profile of wind and related phenomena above the station.

Weather radar station: a surface-based station making weather radar observations. 
Wind profiler observation: evaluation of the vertical profile of wind and related phenomena above a wind profiler station by analysis of the reflections of transmitted signals, such as radar, lidar or sodar transmissions.

Wind profiler station: a surface-based station making wind profiler observations.



2.4 Operations

Weather radars are active remote sensing systems for continuous atmospheric measurement, providing valuable information on a broad range of meteorological phenomena and weather scenarios at local and regional scales. Weather radars are a critical component of the observing systems supporting weather, water, and climate applications, and local, regional and global forecasts and warnings for the protection of life and property, and enhancement of the economy by increasing warning lead times for high-impact events. 

A working weather radar system comprises, in addition to the instrument itself, observational data processing and telecommunications hardware and software, documentation, monitoring, maintenance, and certain facilities and support capabilities such as power supply and climate control, together with the human expertise and resources required to operate and manage all of these components.

A general description of weather radars is given in WMO No. 8, Part II, Chapter 9 (see 9.1).

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

2.4.1 General Requirements

2.4.1.1 Members shall ensure that each weather radar is uniquely identified by a WIGOS station identifier (See
 Attachment 2.1 to Chapter 2 of the Manual on WIGOS).

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

S-band (2700 to 3100) MHz

C-band (5250 to 5850) MHz

X-band (9300 to 9500) MHz

2.4.1.3 Members shall obtain permission from their national radio frequency allocation body for their weather radars to operate at the frequencies noted above in 2.4.1.2.

2.4.1.4 Members shall operate weather radars capable of transmitting and receiving horizontally polarised signals.

2.4.1.5 Members should operate weather radars capable of transmitting and receiving both horizontally and vertically polarised signals.

2.4.1.6 Members shall ensure weather radars provide observations of the radar reflectivity factor of the sample volume.

2.4.1.7 Members should ensure single-polarisation weather radars provide the following observations of the sample volume:

Radial velocity

Spectral width

2.4.1.8 Members should ensure weather radars with dual-polarisation capability provide the following observations of the sample volume:

Differential reflectivity (ZDR)

Cross-polar correlation (RhoHV)

Differential phase (PhiDP)

Specific Differential Phase (KDP)



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

2.4.1.10 Members shall ensure that proper safety procedures are specified, documented and utilised at all weather radar sites. 

Note: Typically, safety hazards for weather radars include high voltage, radiation exposure, working in confined spaces, heavy moving components , climbing and working at heights.

2.4.2 Observing Practices

WMO No. 8, Part II, Chapter 9, provides guidance on weather radar observing practices related to site selection (9.8.1), optimizing radar characteristics (9.6.8), understanding error sources (9.9 and Figure 2), and meteorological applications (9.10) and products (9.11).

2.4.2.1 Members shall acquire and provide observational data with a temporal frequency not exceeding 15 minutes.

Note: Higher temporal-frequency observational data acquisition, e.g. every five or ten minutes, may be preferable depending on the user requirements and the applications supporting them.

2.4.2.2 Members shall determine and make available as metadata
 the height of the radar’s feed horn(s) at elevation angle zero degrees above an assumed flat horizon, expressed in meters above mean sea level.

Note: The height above the Earth’s surface, and the radar tower height, should also be made available as metadata.

2.4.2.3 Observational data shall be acquired and provided in all weather conditions.

2.4.2.4 Acquired weather radar observational data and metadata shall be 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.

2.4.3 Quality Control

2.4.3.1 Members should implement quality control procedures using methods designed to improve both qualitative and quantitative uses of weather radar observational data.

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

2.4.3.3 Members should perform real-time quality control with respect to factors that are external to the radar system (e.g. atmospheric propagation conditions, obstruction of the radar beam by physical objects, weather) non-destructively prior to the observational data being exchanged internationally.

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

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

2.4.4 Data and Metadata 
Reporting

2.4.4.1 Members should make weather radar observational data and metadata available for international exchange.

2.4.4.2 Members who exchange observational data shall ensure that real-time weather radar observational data and metadata are represented non-destructively.

2.4.4.3 Members who exchange observational data shall provide real-time metadata regarding calibration, timing, beam position/pointing, and other system settings together with the observational data to which they apply.
2.4.4.4 Observational metadata and information on observational data quality associated with acquired radar variables shall be provided together.
2.4.4.5 Members shall provide metadata used to represent each of its weather radars in the WMO Weather Radar Database.

2.4.5 Incident Management

2.4.5.1 Members who exchange observational data shall detect and report incidents, to international recipients of observational data
, related to internal factors to the radar system (e.g. technical faults) in real time as soon as possible.

Note: Automatic incident detection can be performed using either built-in test equipment,  external systems that are interfaced with the radar system, or external sources like using sun  signal for antenna pointing accuracy, or stratiform rain for ZDR offset monitoring. Some methods may require specific weather conditions and/or longer sampling time. 

2.4.5.2 Members should consider the implementation of a centralised system for monitoring the performance and health of weather radar systems and networks, and the quality of observational data and associated products.

2.4.5.3 Members should consider its utilisation of a centralized monitoring system as an integrated component of its incident management and maintenance regime.

2.4.5.4 
Members who exchange observational data shall ensure that, when incidents or issues are detected that adversely affect or degrade weather radar system operational performance or observational data, they:

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

2) Record and document such incidents and issues;

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

2.4.5.5 Members who exchange observational data shall include the ability to represent incident information in metadata associated with observational data exchanged internationally, such that it is possible to determine whether such observational data have been negatively impacted by an incident.

2.4.5.6 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.

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

2.4.6 Change Management

2.4.6.1 Members should ensure that changes to weather radar networks and systems that impact on observational data availability or quality should be planned carefully so as to minimize their impact and duration.

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

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

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

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;

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

2.4.6.4 Where change is expected to affect the availability or quality of observational data exchanged internationally, Members shall notify recipients of observational data early about the intention to carry out the change, and when the period of change is complete.

2.4.7 Maintenance

WMO No. 8, Part II, Chapter 9 (see 9.7.1), provides guidance on weather radar maintenance.

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

2.4.7.2 Members shall determine the frequency, timing and extent of regular preventive maintenance activities on all components that comprise the complete weather radar system (hardware, software, telecommunications, ancillary systems), with consideration given to manufacturer guidelines, where available.
2.4.7.3 Members shall perform responsive maintenance as soon as possible after a problem has been detected.
2.4.7.4 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.
2.4.7.5 Members should maintain weather radar sites such that the effect on the radar system by external factors (e.g. vegetation) can be minimized.
2.4.7.6 Members shall ensure that the necessary human expertise is available to meet all maintenance requirements and responsibilities.

2.4.7.7 Members who exchange observational data shall record and report, in OSCAR/Surface or the WMO Radar Database, corrective and preventive maintenance completed on weather radars.
2.4.7.8 Where the result of planned maintenance activities is expected to have an impact on the availability or quality of observational data exchanged internationally, Members shall inform recipients in advance.

2.4.8 Inspection and Supervision

2.4.8.1 Members shall establish and define roles and responsibilities for weather radar inspection and supervision to be in compliance with national and WMO regulations.

2.4.8.2 Inspection and supervision activities shall be conducted with the objective to determine whether the weather radar system is functioning correctly (within performance tolerances), and also to determine the impact of quality control, maintenance, and management procedures to weather radar operations, observational data availability and quality.

2.4.8.3 Members should, where possible, implement monitoring systems to allow for remote diagnostics to be performed, collected and reported.
2.4.8.4 Members shall record and report, in OSCAR/Surface or the WMO Radar Database, inspection results.

2.4.9 Calibration Procedures

WMO No. 8, Part II, Chapter 9 (see 9.7.2), provides guidance on weather radar calibration.

2.4.9.1 Members shall clearly define and record the roles and responsibilities associated with the calibration of its radars.
2.4.9.2 Members shall ensure that the necessary human expertise is available to meet all calibration requirements and responsibilities.
2.4.9.3 Members shall calibrate the weather radar and ancillary equipment in accordance with the supplier’s requirements.
2.4.9.4 Members should perform calibration with the objective to achieve weather radar system operation within performance tolerances given by the supplier and also defined by user requirements.
Note: WMO No. 8, Part II, Chapter 9, Table 9.4 contains indicative accuracy requirements.

2.4.9.5 Members shall record and report, in OSCAR/Surface or the WMO Radar Database, calibration completed on each weather radar.

2.4.9.6 Members should include calibration variables and levels as metadata that accompany, and are exchanged together with, acquired weather radar observational data.

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

2.4.9.7 Where calibration activities or results are expected to have an impact on the availability or quality of observational data exchanged internationally, Members shall inform recipients of observational data of the change.
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From WMO No. 544 Manual on the GOS (2010)

2.12.2 Weather radar stations 

General 

2.12.2.1 Members should establish an adequate network of weather radar stations, either nationally or in combination with other Members of the Region, in order to secure information about areas of precipitation and associated phenomena and about the vertical structure of cloud systems, for both operational meteorology and research. 

Location and composition 

2.12.2.2 Weather radars shall be located in such a manner as to minimize interference from surrounding hills, buildings and electro-magnetic sources, so as to provide good coverage of population centres and geographic features affecting stream and river flows, major thoroughfares and other facilities of importance. 

Frequency and timing of observations 

2.12.2.3 As a minimum, observations should be taken and reported at hourly intervals. Observations should be more frequent when heavy convective activity or heavy widespread precipitation is occurring. 

From WMO No. 488 Guide to the GOS (2010)

3.9.2.1 Weather radar stations

3.9.2.1.1 General

Weather radar stations are in many cases colocated with surface or upper‑air stations of the basic synoptic network. Such stations should be established and equipped to carry out radar observations in order to obtain information about areas of precipitation and associated phenomena, and the vertical structure of cloud systems. The information obtained from radar stations is used for operational purposes in synoptic meteorology—forecasting and warning of dangerous weather phenomena such as tropical cyclones, the generation of numerical analyses and guidance, aeronautical meteorology and hydrology, and research.

WMO Technical Note No. 181, Use of Radar in Meteorology (WMO‑No. 625), contains useful guidance on the types of radar available, their possible usage, methods of operation and the practical aspects of siting and maintenance.

Chapter 9, Part II, of the Guide to Meteorological Instruments and Methods of Observation (WMO‑No. 8) provides further information.

3.9.2.1.2 Site selection

Several principles to be considered when selecting a site for a radar station are as follows:

(a) The location should be free of natural or man‑made obstructions interfering with the radar beam. Local construction plans should be examined to identify future potential interference. Fixed targets should be as few as possible or at least not higher than 0.5° above the level of the radar aerial;

(b) Many national regulations require a survey to ensure that people living in the area surrounding the station site are not influenced by the microwave energy emitted;

(c) A licence for operating the radar at the planned site must be obtained from the radio‑telecommunication authorities concerned in order to avoid interference with any other installation.

See 9.7.1, Chapter 9, Part II, of the Guide to Meteorological Instruments and Methods of Observation (WMO‑No. 8) for more details.

3.9.2.1.3 Observing programme

Radar observations have been found most useful for the following tasks:

(a) Severe weather detection, tracking and warning;

(b) Surveillance of synoptic and mesoscale weather systems;

(c) Estimation of precipitation amounts;

(d) Wind shear detection.

Further information can be found in 9.1.3, Chapter 9, Part II, of the Guide to Meteorological Instruments and Methods of Observation (WMO‑No. 8).

3.9.2.1.4 Organization

A radar meteorological observation is a manual or automated “evaluation” of the radar echoes received from meteorological targets, coded as a message and transmitted to various meteorological centres and other users at regular intervals.

The distance between two stations in an operational weather radar network should be a function of the effective radar range. In the case of a radar network intended primarily for synoptic applications, radars in mid-latitudes should be located at a distance of approximately 150 to 200 km from each another. The distance may be increased in latitudes closer to the Equator, if the radar echoes of interest frequently reach high altitudes. Narrow-beam radars yield the best accuracy for precipitation measurements.

Radar networks have a routine observing schedule. Each radar station may, however, increase its observation times or take continuous observations according to the current weather situation. A list of measurements and products can be found in 9.1.4, Chapter 9, Part II, of the Guide to Meteorological Instruments and Methods of Observation (WMO-No. 8).

There should be at least one principal weather radar station or a national weather radar centre which is responsible for receiving radar observational data from local stations and synthesizing this data into a large-scale echo pattern for the entire network. The national weather radar centre should also be responsible for regular inspection and quality control of network data.

 3.9.2.1.5 Operations

An up-to-date directory of weather radar stations should be maintained by each Member within its territory, giving the following information for each station:

(a) Name, geographical coordinates and elevation;

(b) Type of radar and some characteristics of the equipment used, such as wave length or maximum transmitting power;

(c) Routine observing schedule.

A minimum radar network should consist of at least two radars together covering most of the service area. Where necessary, individual radar can operate in conjunction with others in neighbouring countries to form a network. Ground-level precipitation estimates from typical radar systems are made for areas of typically 2 km2, successively for 5–10 minute periods.

A growing number of meteorological offices, governmental agencies, commercial users and water authorities receive either the composite images or graphics produced at the weather radar centre or single radar images directly from the radar sites.

3.9.2.1.6 Communications

Regular radar data are coded in code forms FM 20-VIII RADOB, found in the Manual on Codes (WMO-No. 306, Part A, Volume I.1) or FM 94 BUFR, in the Manual on Codes (WMO-No. 306, Parts B and C, Volume I.2) and disseminated in a timely fashion through the national or regional telecommunication network. The type of communications equipment needed for disseminating data depends on the temporal resolution of the data, the processing level and the quality of communications available (telephone lines and the like).

3.9.2.1.7 Personnel

Weather radar personnel requirements with regard to category and number depend on the type of equipment used, the level of automation and the number of observations required.

Maintenance and technical personnel responsible for the weather radar station or the entire network must have specialized training in the maintenance and operation of equipment used and a basic understanding of electronics and radar techniques.

A station supervisor is needed to carry out periodic checks of the calibration and the interpretation methods used in manual or semi-automatic observations.

3.9.2.1.8 Quality standards

The relationship between surface rainfall and radar echo strength is unfortunately not fixed or geographically universal. In addition, there are often significant echoes caused by ground clutter and anomalous propagation that are not due to rainfall. The difficulty of correcting the calculation of surface rainfall estimates objectively in real time is one factor that should be taken into account when designing an interactive display system and interpreting radar images.

In addition to the quality control of radar observations, a combined  digital satellite and radar interactive system may enable its operators to use geostationary satellite data to extend the surface rainfall analyses beyond the radar coverage area. This involves subjective judgement and the use of algorithms that relate surface rainfall to cloud brightness and temperature. Alternatively, real-time calibration of radar echoes with rainfall data from rain-gauges can also be carried out when analysing rainfall data and estimating rainfall from radar echoes.

�Not yet reviewed.


�IPET-WIFI to address


�These will need a reference to help the reader.


�Observational note included as clarification of sentence is second part of the clause.


�Need to check the metadata standard before removing this clause.


�This will need further consideration.


�Need a note and probably a regulation that points to general WIGOS regulations for the provision of metadata. Via the WIGOS Manual should be adequate as it will later reference more specific guidance at the system level. E.g.:





Members shall maintain and provide required metadata for operational weather radar in accordance with the provisions within the Manual on WIGOS Section ???.


�Needs improvement


�To highlight the point that in these cases the ‘reporting to’ relates to the international data exchange. 


�While I appreciate Theo’s additions, I think some form of recognition that these types of activities are “inspection and supervision (2.4.8) that can signal the occurance of incidents”. How should that be formulated?


�Agreed these are guidance material ideas – the phrase ‘should consider the implementation of’ gives this away.


�Is this actually a note for 2.4.7.7





