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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 siting with respect to wind turbines
(Submitted by Paul Joe) 

	Summary and Purpose of Document
The document provides information on the issue of weather radar siting in the vicinity of wind turbines. 



ACTION PROPOSED

The meeting is invited to review the information provided in this document and agree on recommendations for the weather radar siting with respect to wind turbines as well as on the need to undertake additional activities on the topic. 

Appendix:
Draft WMO Guidance Statement on Weather Radar/Wind Turbine Siting

Briefing Note on Siting Guidelines for Wind Turbines

1. Issue

Wind turbines are tall structures with large propellers and deployed in a localized network or farm. There is generally no regulatory requirement for mutual sharing of unobstructed space. They can compromise the quality of weather radar data depending on their location.

2. Background

1. Wind turbines are a clean source of energy and they are being deployed in significant numbers. Individual turbines are different sizes (tens of meters) and deployments can consist of different numbers (tens to hundreds) of turbines per installation or farm.

2. At long distances, wind turbines can corrupt the radar data and appear as ground clutter.  However, unlike normal static ground clutter, there is no technical solution such as Doppler notch filtering to remove or mitigate the echoes from the wind farms.  The blades rotate, creating increased variance or spread in the velocity signature.  Doppler notch filtering of ground targets relies on narrow spectrum width around a mean of zero velocity.  The nature of the spectrum of the wind turbine depends the visibility and on the orientation of the rotating blades to radar beam.

3. In addition to creating unwanted echoes, at short distances, the wind turbines can create complete or partial blockage beyond which the data may be completely or partially lost.  Lack of protection in this scenario can be extremely significant with respect to data loss.

4. Anomalous propagation conditions can change the range at which these effects are significant.

5. There have been a few studies on the impact of wind turbines on radar data and demonstrate the impacts. These include:

a. Spurious multi-path signals

b. Complete/partial blockage, creating blind zones

c. False velocity signatures (e.g. tornadoes)

d. False reflectivity signatures (e.g. convective storm cells, ground clutter)

6. Some radars (Emden, Germany) have been moved, courtesy of the wind farm industry.

7. Wind farms are sited in windy places, often on well-exposed sites.  These sites are generally also desirable sites for weather radars and/or in the sight of weather radars.  Note that in certain countries, hill tops are under the jurisdiction of government agencies.

8. Wind turbines are often promoted by the same environment agency as weather radar.  Wind turbines and their installation, like many other structures, are beyond the jurisdiction of the National Hydro-Meteorological Services (NHMS’) or environmental agencies.  They are similar to buildings or other structures.  There are other objections to wind turbines from those protecting birds and other species to unsightly presence.

9. At the moment, NHMS generally rely on “good neighbor” type and individual assessment policies.  These are work intensive solutions as each installation is assessed on a case by case basis and can number over several hundred applications per year.  In some countries, relationships have developed between the National Radio-Frequency Agencies (NRA) and the weather radar community to establish best practices and guidelines.

10. Mitigation strategies seem to fall into 4 categories:

a. MOU’s with industry (informal and formal)

b. National authority for wind farm submissions

c. Mandatory statutory authority

d. Radar-based studies (signal processing techniques to mitigate wind farms)

e. Wind farm studies (to reduce the clutter target)

The first three are local/national strategies.  The fourth and fifth strategies are technology based and may work at long distances but not at short distances.

11. Defining exclusion zones near existing radars seems to be the best practical solution to mitigate the biggest impact of lost data.  Several ranges can be defined:

a. Definite impact zone.  This can create loss of data – complete or partial.  The range of this zone is less than about 5 km depending on the height of the radar,  the surrounding terrain and the location of the wind turbines.  Note that OPERA has defined a exclusion zone of 5-10 km depending on wavelength.  Wind farms should be excluded from this zone.

b. Low impact zone in which the wind farm appears as ground clutter, data beyond the wind farm is not affected.  This is approximately 100 km.  No consultation is required.

c. Moderate impact zone where consultation and analysis is required to determine the impact.

Currently, different agencies state the various suggested actions in different ways though the sentiment remains the same.  For example, OPERA states for CBand radars that “no wind turbine be deployed at range less than 5km” and an impact study should be conducted “at range of less than 20km”.  This roughly agrees with NOAA/NWS analysis.

12. Several agencies are providing on-line tools to assess the impact of wind turbines.

3. Discussion

· Wind farms are a significant issue for weather radars.  At short range, they will degrade low level radar data.

· Since wind farms affect radio technology such as weather radar, they often fall under the jurisdiction of National Radio Agencies.  So, electro-magnetic and wind turbines are often combined in discussions.  However, they are quite different from a regulatory perspective.   Wind farms are treated like other building structures whereas spectrum use is governed by a national agency.

· Mitigation, since it is a construction and building issue, are local or national in nature. 

· Global mitigation solutions are connected to technological solutions that require research and development

· Awareness and good neighbor policies appear to be the most effective mitigation solutions.

4. Recommendations

· WMO can contribute to member countries by summarizing or publishing Best Practices Guidelines for Wind Turbine Siting, summarizing existing work done by NHMS’ to pro-actively make the issues known to the Wind Turbine industry.

· A Statement of Wind Turbine Siting is recommended (see Appendix).

DRAFT

WMO Guidance Statement on Weather Radar/Wind Turbine Siting

(2009-11-19)

The WMO expresses concern over increasing deployment of wind turbine farms and stresses the need for adequate consultation, protection and mitigation efforts.  The WMO addresses its concern to policy makers, to national radio administration agencies, to national hydrological and meteorological societies, to wind turbine farm developers, commercial vendors of wind turbine equipment and to the meteorological community. 

Protection of weather radar data is critical to the continued function and improvement of weather sensing, monitoring, forecasting, and warning, and is therefore in the best interests of public safety and security.  The meteorological community increasingly relies on weather radar for hydrological, severe weather warnings and for use in numerical weather prediction models.  Weather prediction models and localized operational forecasts increasingly depend on national networks of ground-based Doppler radars for severe weather warnings such as tornadoes, flash flooding, land-falling hurricanes, precipitation (rain, snow, hail) forecasts, aircraft icing and air traffic/weather avoidance.  Worldwide, Doppler radar networks are now contending with increasing pressures by wind farms.  

Wind farms have already had an impact on operational weather radar networks, creating false and confounding ground echoes, false and confounding velocities which are mistaken to be tornadic, creating false precipitation for hydrological applications.  They can create blind spots which can result in a significant loss of data.   Weather radars have been moved by the wind farm developers.  The meteorological community has no jurisdiction on the location of the wind farms and relies on “good neighbor” polices for cooperation and mitigation.

Development of new radar networks and wind farms will require a strategic planning for mitigation by the meteorological community.  The WMO and the meteorological community rely on and support mandated international and national radio agencies and will pro-actively encourage and support these agencies' efforts to protect meteorological uses of unobstructed space.  The WMO encourages national radio agencies to develop acceptable obstruction criteria and other tools to help the wind farm developer on site selection.  

The WMO encourages funding and implementation of studies to develop technologies to mitigate the impact.  Weather radar signal processing techniques or “stealth” materials used to construct wind turbines may be able to mitigate clutter at long ranges.   Further, the WMO recommends the results of these studies be made available to commercial weather radar and wind turbine manufacturers.  

It is in all nations' best interests to protect unobstructed space for weather radars that are essential and critical to the accurate forecasting of adverse weather.  Local, national and technological solutions are sought.  The WMO will support and provide guidance material and tools in protecting unobstructed space for weather radars.[image: image1][image: image2][image: image3][image: image4][image: image5][image: image6][image: image7][image: image8][image: image9][image: image10][image: image11][image: image12]










