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1.    INTRODUCTION  
 
One of the key tools weather forecasters use in 

preparing forecasts and severe weather warnings is the 
Nation’s network of 159 Doppler weather radars known 
as the Next Generation Weather Radar (NEXRAD) 
system, also known as the Weather Surveillance Radar-
1988, Doppler (WSR-88D). The federal government 
invested over $1.4B in developing and deploying the 
NEXRAD network, and operates and maintains that 
network to ensure the best possible protection of life 
and property.  In addition, the National Weather Service 
(NWS) uses Federal Aviation Administration (FAA) 
Terminal Doppler Weather Radar (TDWR) data to 
further supplement the forecast and severe weather 
warning capability. 

The federal government is promoting energy 
independence through the installation of renewable 
energy sources, and wind energy is a key resource in 
many parts of the country.  In recent years, NEXRAD 
system operators and data users have noticed an 
increasing number of wind farms visible in the data and 
derived products, such as precipitation estimates.  This 
occurs when wind farms are located in a NEXRAD radar 
beam/radar line of sight (RLOS).  The rotating wind 
turbine blades defeat the radar’s clutter filtering 
algorithm, which only filters energy returned from nearly 
stationary objects (buildings, terrain, etc.), thus 
adversely impacting radar data quality and the 
performance of the radar’s internal weather detection 
algorithms.   

Over the next couple decades, the potential for 
wind farms to interfere with the NEXRAD/TDWR radar 
networks will increase with the anticipated large growth 
in wind energy projects.  This increased interference will 
result not only from the growth of the number of wind 
farms, but also from the increasing  size of wind  farms  
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and the use of taller turbines, as shown in Fig. 1.  The 
NEXRAD Radar Operations Center (ROC) has 
evaluated over 800 wind farm projects, some with 
proposed turbine blade tip heights exceeding 152m 
(500ft) above the ground.  The non-uniform distribution 
of climatologically-favorable winds for wind energy 
generation is shown in Fig. 2. 

This paper discusses ROC efforts to improve 
estimates of wind farm impacts and develop options for 
mitigating wind farm interference issues.  Information is 
presented on:   

(1) The NEXRAD system; how wind farms can 
impact NEXRAD data and forecast/severe 
weather warning performance;  

(2) How the ROC has changed its assessment of 
potential impacts; recent ROC initiatives to 
provide additional tools to field forecasters;  

(3) Recent efforts for research, education, and 
collaboration with the wind energy industry; 
and 

(4) Finally, there are considerations for a way 
forward that allows both the wind industry and 
the NEXRAD program to meet their national 
goals…promoting renewable energy and public 
safety/resource protection. 

       
2. NEXRAD RADAR NETWORK OVERVIEW 
 

The 159 operational NEXRAD radars are located 
across the contiguous United States (Fig. 2), Alaska, 
Hawaii, Puerto Rico, and select overseas sites.  The 
radar transmits a 10-cm wavelength (S-band), 
horizontally polarized 1° beam at 750 kW peak power.  
It was designed to detect weather targets and storm-
scale winds at long ranges.  In addition, its receiver is 
sensitive enough to detect clear-air (without the 
presence of clouds or rain) boundaries such as 
temperature and humidity discontinuities.    

The system received a state-of-the-art digital signal 
processor upgrade in 2006, and is scheduled to be 
upgraded with dual polarization starting in 2011. 
Operationally, the radar automatically scans the 
atmosphere in pre-defined coverage patterns from 0.5° 
to 19.5° elevation above the horizon, then processes 
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Information).  The long-term QPE data show a “hot spot” 
in precipitation accumulation due to the anomalous high 
reflectivity associated with WTC and other causes 
(Fig.5, left image).  Parameter-elevation Regressions on 
Independent Slopes Model (PRISM) climate 
precipitation data for the same 12-month period was 
used to help flag QPE grid cells with unusually high 
values.  Wind turbine point location data were overlaid 
on the 12-month QPE to determine if the flagged areas 
were induced by wind turbine clutter.  The NSSL then 
enclosed these wind-farm-induced hotspots with 
polygons within a shp file. 

Along with education and awareness, the ROC 
continued its collaboration with other Federal agencies 
to leverage off of their progress.  We are working with 
the DHS, DoD, and FAA to develop a quantitative 
“Radar-Wind Turbine Interaction Model” that will more 
accurately and objectively determine the impacts of 
wind turbines (current and proposed) on various federal 
radar systems, including the NEXRAD.  The contract for 
this modeling effort was recently awarded.  The ROC is 
also participating in an Interagency Task Force (DOE, 
DOD, DHS, FAA, NOAA, others) to define the most 
promising short-, medium-, and long-term strategies for 
mitigating WTC. The ROC continued to work with some 
wind energy developers and NOAA’s General Counsel 
Office to develop a Letter of Intent template for brief 
operational curtailment of turbines in critical weather 
situations.  Operational curtailment is particularly useful 
in locations with limited severe weather and where wind 
farms are located between 3 and 18km from the radar. 

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 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 (Fig. 
6), and other foundational studies are in progress using 
a controlled laboratory environment with scaled turbine 
models and dual-polarized scatterometers (Fig. 7).  
 
6. A WAY FORWARD FOR COMPATIBLE WIND 
ENERGY DEVELOPMENT 
 

 Our current strategy is three-fold and consists of 
education and awareness, the development of short-
term mitigation strategies, and the development of long-
term solutions.  First, we must continue educating the 
wind energy industry, weather forecasters and other 
radar users on the potential impacts of wind farms on 
NEXRAD weather radars.  Second, we need to develop 
radar-based techniques for identifying and mitigating 
WTC and provide tools to field forecasters.  Similarly, 
we should work with wind energy developers to develop 

wind farm based mitigation strategies, such as 
operational curtailment of turbines during severe 
weather, and the sharing of wind farm meteorological 
tower weather data. The third strategy involves 
collaboration with wind energy industry, individual 
developers, other federal agencies, and academia to 
fund research on WTC mitigation and develop short-
term and long-term mitigation strategies/techniques.  

The ROC is supporting a wind industry desire for a 
national “clearing house” for developers to submit wind 
farm proposals to all federal agencies with radar assets 
– e.g. DHS, DoD, FAA, and NOAA.  This clearinghouse 
would function similar to the FAA’s Obstruction 
Evaluation Office for determining obstructions in 
navigable airspace.   

New funding is needed to help develop radar-based 
and/or wind-turbine based solutions.  Radar-based 
mitigation funding could be used to develop signal 
processing technology that eliminates WTC (a difficult 
technical challenge for which there may not be a 
solution) and, perhaps, build additional gap-filler radars 
for impacted areas.  Wind turbine-based mitigation 
funding could be used to develop radar-friendly 
“stealthy” wind turbine blades and towers, provide 
supplemental surface weather data (precipitation, 
temperature, dew point, pressure, 10-meter wind speed 
and direction) transmitted automatically from the wind 
farm to the NWS to compensate for the wind-farm-
contaminated radar data. 

 
7.   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 wind turbine 
clutter 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.  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 is 
funding 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  
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