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	Summary and purpose of document
This document provides a preliminary proposal on the “calibration” of wind profilers using in situ measurements, such as tower measurements and tethersonde data, for consideration of the ET.


Action proposed

The Meeting is invited to note the discussion on this paper about the possible “calibration" of horizontal wind measurements from radar wind profilers using tower and tethersonde measurements for consideration of the ET.
________________
Reliability and consistency of wind measurements by wind profilers towards the development of an ISO-WMO standard
Types of radar wind profilers considered
1. There are a number of types of radar wind profilers, including boundary layer type (measurement range about 3 to 6 km), middle tropospheric type (measurement range 8 to 10 km), stratospheric type (measurement range 12 to 15 km), etc.   Only the first two types are considered in this paper.
Environmental vs Field Testing
2. Calibration involves comparison with known standards under specified conditions and is normally performed in laboratory.  Due to the large size of a radar wind profiler, it would be difficult if not totally impossible to perform such calibration in controlled environment.  It is thus proposed that field testing against known standards for an extended period be used to establish the quality and reliability of wind measurements by wind profilers.
Known Standard
3. There exists a number of possible sources of wind data for field comparison, such as the use of tower measurements, tethersonde/radiosonde, aircraft, etc.  However, radar wind profiler data are normally averages over a certain period of time, say 10 minutes to 30 minutes.  As such, it would be more useful to consider tower and tethersonde measurements over the averaging period of the radar wind profilers, in order to generate the mean wind speeds in such a period.  On the other hand, radiosonde and aircraft data are essentially point measurements, and it would be more difficult to reconcile the spatial and temporal differences in the measurement volumes and periods compared with the radar wind profiler data.
The second, and may be more critical from ISO point of view, is in possibility of certification of the sensors, which are used as the secondary reference. The wind sensors on meteorological tower as well as wind sensors on tetheresonde could be ISO certified before deployment. But radiosonde, as well as aircraft wind sensors cannot be accepted as secondary reference, because the wind measurements in both these cases are indirect.
Due to the above two points, the radiosonde and aircraft wind measurements are not considered to meet the requirements to be used as standards for field tests.  
Environmental conditions 
4. The comparison with the wind profiler shall be made over a period of time, say, at least a few hours in selected weather conditions.  The range of selected weather conditions would depend on the standard used for the intercomparison.  For example, for the tethersonde, the comparison should not be conducted in strong winds or in heavy rain due to the limited accuracy of the standard under such weather conditions.  As the wind profiler is not tested under full range of environmental conditions that it is expected to encounter, it is thus proposed that the accuracy of the wind profiler should only be considered to have been established through this process for the environmental conditions tested.
Elements to be testing

5. Radar wind profilers measure three components of wind.  Only the horizontal wind components are considered in the comparison.  For boundary layer and tropospheric wind profilers, precipitation is likely to present a larger target than the refractive index inhomogeneities. The measured vertical velocity is thus affected by the precipitation and is not operational useful.  Even in the absence of precipitation, vertical velocities are normally small and have great variability in space and time, and thus the comparison between different instruments is more difficult.

Height below which accuracy is established
6. There is a limitation to the height of the meteorological tower and tethersonde.  They cannot get beyond about 500 m or so above ground.  One possibility to study the quality of the wind data from the wind profilers above this height is to use unmanned aircraft (UA).  The UA is configured to fly to its maximum possible achieveable height and to collect data by a number of ascents/descents.  However, the GPS navigation system of the UA needs to be calibrated with traceability to international standard, so that the UA’s wind data could be qualified for use in the calibration of the wind profiler.  
Other issues
7. The tethersonde and the tower shall be set up sufficiently close to the wind profiler but shall not interfere with the operation of the wind profiler.  For instance, they may be installed/released at a corner of the wind profiler antenna in order to reduce the potential interference with the profiler.  Their actual location shall be determined based on the technology employed in the wind profiler.
8. The radar wind profilers may be configured to have 3 beams or 5 beams operations for phase array system and multiple beams configured in case of mechanical scanning antenna.   To account for the spatial variability of the horizontal wind components, it would be more useful to consider 5 beams or multiple beams configuration in the comparison study.  That would depend on which configuration (3 beams or 5 beams or others) is used for establishing the accuracy of the horizontal wind data by the wind profiler manufacturer.
9. When the location of the wind profiler is not convenient to set up a tower or to use tethersonde, such as near the airport, the comparison of the wind profiler data may be conducted by using a mobile wind profiler to serve as the travelling standard, namely, putting the mobile wind profiler close to the profiler near the airport for comparison for a certain period of time.  Then the mobile wind profiler is moved to another site for calibration purpose by comparing with the data from a tower or a tethersonde whose wind sensors are properly calibrated.
Traceability

10. For the comparison to be traceable to an international standard, the wind sensors in the tower and the tethersonde shall first be calibrated, e.g. in wind tunnels.  They are then used to establish the wind speed and wind direction difference uncertainty of the (lower) levels of the wind measurements from the radar wind profilers, by considering the biases and root-mean-square differences.
11. Following the quality management system (QMS), the comparison results shall be properly documented, including the comparison procedure, data used, the biases and root-mean-square differences so calculated and their comparison with the documented errors from, say, the profiler manufacturer.  it is proposed that the comparison be done at least once a year.  The biases and root-mean-square differences as obtained over the years would better be displayed as time series charts to see if there is any trend in the performance of the radar wind profiler.  The calibration certificates of the equipment used in the comparison shall also be properly maintained.  All such documents shall be produced to the QMS auditor when so requested.
For discussion

12. The ET may like to note the above proposal and discuss the way of establishing ISO traceability for wind profiler measurements.  In particular, for the use of tower or tethersonde for comparison, whether the traceability may only be established for the lower levels of the wind profiler measurements.  Moreover, the ET may like to discuss the frequency for conducting the comparison, namely, whether annual comparison is appropriate.
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