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There are important differences between weather surveillance radars, such as NEXRAD, and air surveillance 
radars (ASRs), such as those operated by the FAA, Department of Homeland Security (DHS) and DoD.  While they 
both operate on similar principles, their targets of interest and signal processing are significantly different.  ASRs look 
for large, hard, point targets (aircraft) and process the data to mitigate weak environmental returns.  In contrast, 
weather surveillance radars look for very small, widely distributed targets (e.g., water droplets, aerosols, atmospheric 
particulates) and perform signal processing to remove or mitigate strong, point targets.  Therefore, ASR-wind turbine 
clutter (WTC) mitigation techniques may not be applicable to weather radars.  Also, the identification and removal of 
WTC is likely to be more difficult for weather radars since the many rotating blades of a wind farm return signals that 
appear very similar to real weather (Fig. 2b). 
 
 
3.  IMPACTS OF WIND FARMS ON THE NEXRAD RADAR 
  

The types and severity of impacts is dependent on distance, intervening terrain, height of the turbines relative to 
the radar beam, and size of the wind farm.  Wind farms can impact NEXRAD radars in three ways:  
 

(1) When the turbine blades are moving and they protrude into the RLOS, they can reflect un-filterable energy 
back to the radar system and appear as clutter in the base data (reflectivity, velocity, and spectrum width), as 
shown in Figures 2a and 2b.  Unfortunately, this corrupted data is then used by other radar algorithms to 
detect certain storm characteristics, such as rotation (tornadoes) and storm motion, and to produce a suite of 
weather products, including precipitation estimates, vertical wind profiles, and severe weather alerts.  Turbines 
sited within 18 km of a NEXRAD begin to impact multiple elevation scanning angles and create multipath 
scattering returns that show up as spikes of enhanced reflectivity down range of the wind farm. 

(2) When turbines are within 3 km of the radar, wind turbines’ large nacelles (hubs) can physically block a 
significant percentage of the radar’s narrow beam, attenuating the radar signal and impacting data throughout 
the entire range of the radar.   

(3) If turbines are sited in the radar’s near field, which is within 1500 m of the NEXRAD antenna, radar energy 
reflected from towers and turbine blades can damage the radar receiver and cause other severe impacts. 

 

 
Fig. 2a.  This Velocity image (0.5 degree scan) from the Great Falls, MT WSR-88D (KTFX) on February 9, 2006 at 1859 GMT 
shows how only a few turbines very close to the radar can cause a relatively large impact on radar data.  The 6 turbines are 
approximately 6 km from the WSR-88D and in the RLOS.  The velocity data is contaminated in azimuth for 9 degrees and out 
beyond 20 km due to multi-path and inter-turbine scattering.  Fig. 2b.  This Reflectivity image (0.5 degree scan) from the Dyess 
AFB, TX WSR-88D (KDYX) on September 9, 2008 at 1044 GMT shows how a large area of wind turbines (west of radar and in the 
white box annotation) can look similar to weather returns.  Note that weather returns down range of the wind farm do not appear to 
be affected by attenuation due to the wind farm.  Potential blockage/attenuation of radar signals by wind farms must be analyzed on 
a case-by-case basis. 
 

Figure 3 depicts the relative notional impact of wind farms on NEXRAD radars and forecast /warning operations 
as a function of distance if wind turbines are in the RLOS.  Impacts increase exponentially as wind farms are sited 
closer to the radar, especially within 18 km, and radar operator workarounds become more difficult.    Determination 
of RLOS and impact distance are highly dependent on local terrain, requiring site-by-site analyses.  Wind turbine 
clutter has not had a major negative impact on forecast or warning operations, yet.  However, with more and larger 
wind turbines coming on line, experience gained to date strongly suggests that negative impacts should be 
anticipated -- some sufficient to compromise the ability of radar data users to perform their missions. 
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Fig 5 above shows actual radar reflectivity returns from the Buffalo, NY NEXRAD on the left side and a schematic of 
the impact zones with wind turbines (black dots) overlaid on the right side. The wind turbines span three different 
zones.  Note that turbines located within the mitigation and consultation zones create strong false returns (red) 
equivalent to severe thunderstorms in Reflectivity image.  More distant turbines in the green Notification Zone create 
much weaker returns (blue/green).   
     
 
5.  NOAA’S IMPACT ASSESSMENT PROCESS  
 

NOAA’s does a case-by-case analysis of potential wind farm impacts on NEXRAD data and forecast/warning 
operations.  In the last 5 years, NOAA’s ROC has analyzed 980 wind energy project proposals.  The ROC utilizes 
terrain data from the Space Shuttle Radar Topography Mission, and the following project and radar system data as 
input to a geographic information system (GIS) database, to determine if the main radar beam will intersect any tower 
or turbine blade as it propagates based on the Standard Atmosphere’s Refractive Index profile.   

 
(1) Turbine latitude/longitude coordinates, or coordinate pairs describing a polygonal area;  
(2) Turbine hub height and maximum blade tip height;  
(3) Number of wind turbines: 
(4) NEXRAD Impact Zones for the nearest NEXRAD (the zones are terrain-dependent) 
(5) Location and elevation of the nearest NEXRAD antenna; and, 
(6) Radar beam spread (1.0 degree beam width);  

 
Finally, the ROC estimates the type and amount of severe weather in the counties surrounding the wind farm.  

The ROC generates a short impact report if the project will be in the RLOS and sends it to the developer.  
 
 
6.   DO YOUR OWN ANONYMOUS IMPACT ANALYSIS 
 

Developers can do a quick, anonymous impact analysis of a project on NEXRAD and DoD Long Range radars, 
as well as military operating areas, by using the DoD Preliminary Screening Tool on the FAA’s Obstruction Evaluation 
/Airport Airspace Analysis (OE/AAA) web site at:    
https://oeaaa.faa.gov/oeaaa/external/gisTools/gisAction.jsp?action=showLongRangeRadarToolForm 
 
 
Single-Point Analysis 
To perform a single-point analysis, select the “DoD Preliminary Screening” link in left column of web page, select 
“Single Point” in the Geometry Type drop down menu, then select “NEXRAD” in the Screening Type drop-down 
menu.  Enter a coordinate pair and select submit. Output will appear as in Figure 6. 
 

 
Fig 6: Output map for a Single Point Analysis contains the four Impact Zones, a rotor blade symbol indicating proposed location of 
turbine, and suggested action by developer. 
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Polygon Analysis 
A polygonal analysis is similar to a single-point analysis except you select “Polygon” in the Geometry Type drop down 
menu and enter 3 or 4 coordinate pairs designating your development area.  An example of the polygonal output is at 
Figure 7.  
 

 
Fig 7:  Example output for a Polygonal Analysis (3 or 4 Points).   
 
 
7.  WHEN AND HOW TO CONTACT NOAA 
 

First, we encourage developers to take advantage of the anonymous and quick impact analysis capabilities of 
the radar screening tools on the FAA’s OE/AAA web site, as discussed above.  After getting a feel for general 
impacts, contact NOAA as early as possible in the planning process and for major project changes, especially if the 
OE/AAA NEXRAD screening tool indicates a project would be in the red (No-Build), orange(Mitigation) or yellow 
(Consultation) zones.  NOAA has the resources to perform multiple analyses at every stage of project development.   

We  prefer that developers submit their projects through the Department of Commerce’s (DOC) National 
Telecommunications and Information Administration (NTIA) which acts a as a developer “clearinghouse”  for the 
many federal agencies not covered by the separate FAA Obstruction Evaluation and DoD Clearinghouse processes.  
The NTIA process is recognized by the wind industry in the American Wind Energy Association’s (AWEA) Wind Siting 
Handbook (AWEA 2008).  The NTIA contact is: 
 

Mr. Edward Davison 
U.S Department of Commerce / NTIA 
Room 4099A, HCHB 
1401 Constitution Ave., NW 
Washington, DC 20230 
Work Phone: (202) 482-1850 ext. 5526 
Fax: (202) 482-4396 
Email: edavison@ntia.doc.gov 

 
You can contact NOAA directly via email at wind.energy.matters@noaa.gov .  
 
  
8.   RECENT NOAA/NWS WIND TURBINE CLUTTER MITIGATION INITIATIVES 
 

In 2011, progress was made in our effort to provide training and tools to NWS field offices to mitigate WTC 
impacts on the radar.  First, the NWS Warning Decision Training Branch in Norman, OK developed a 1-hour on-line, 
publically accessible course to help forecasters identify and mitigate WTC (http://www.wdtb.noaa.gov/).  This training 
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A recent study by the Atmospheric Radar Research Center ((ARRC): http://arrc.ou.edu) at the University of 
Oklahoma, with limited funding from the ROC, looked at using base radar data and a fuzzy logic-based algorithm to 
automatically identify wind turbine clutter in near real time.  In addition to detection, the ARRC is currently exploring 
signal processing methods based on real-time, wind turbine telemetry-based algorithms.  These knowledge-based 
techniques would exploit wind turbine data of blade rotation rate, orientation, etc., and are a good example of the 
benefits of collaboration with wind farm operators.  Studies have also been conducted on the potential mitigation 
benefits of phased-array radar and other foundational studies are in progress using a controlled laboratory 
environment with scaled turbine models and dual-polarized scatterometers (Fig. 9).  
 
 
9.   SUMMARY 
 

NEXRAD is a key tool of the NOAA NWS warning and forecast system, providing critical life-saving and resource 
protection data to multiple Federal agencies and the public.   Experience with established wind farms located in 
NEXRAD RLOS has shown that WTC impacts the radar reflectivity, velocity, and spectrum width data as well as 
internal algorithms that generate alerts and derived weather products, such as precipitation estimates.  The severity 
of impacts depends on many factors, but in general, wind farm impacts to the NEXRAD exponentially increase as the 
separation distance between them decreases, especially within 18km.  NOAA’s NWS supports the responsible 
development of wind energy and wants to work with the wind energy industry to avoid potential impacts to the 
NEXRAD radar network and to find technical solutions to the radar interference issue.  Based on four years of 
studying the impacts of wind turbines on the NEXRAD network, the NWS is relaxing its impact criteria and focusing 
on wind turbines that penetrate into higher elevation scan angles. NWS is also changing how it communicates the 
impacts to developers by using zones named with the desired action—Mitigation, Consultation, etc.  The NWS is 
collaborating with the wind industry and other Federal agencies to develop both radar-based and wind turbine-based 
mitigation solutions.  On the radar side, the NWS has developed tools and training for radar operators and data users 
to identify WTC.  The NWS has funded studies on radar-based signal processing solutions to initially identify and flag 
wind farm contaminated data, and eventually filter them from the real weather data.  The NWS is also working directly 
with some wind energy developers on wind turbine-based mitigation, including the possible curtailment of turbine 
operations during severe weather and the sharing of wind farm met tower data.  The NWS believes wind energy and 
weather radars can coexist through cooperation.  Our email is: wind.energy.matters@noaa.gov. 
 
 
10.  RELATED WEB SITES 
  
Federal Aviation Administration Obstruction Evaluation / Airport Airspace Analysis (OE/AAA): 
https://www.oeaaa.faa.gov/oeaaa/external/portal.jsp  
 
National Telecommunications and Information Administration (NTIA) Interdepartmental Radio Advisory Committee 
(IRAC):  http://www.ntia.doc.gov/osmhome/irac.html 
 
University of Oklahoma Atmospheric Radar Research Center: http://arrc.ou.edu/ 
 
WSR-88D Radar Operations Center Wind Farm-Radar Interaction Page: 
http://www.roc.noaa.gov/windfarm/windfarm_index.asp 
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