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Cover:  Time-height graph of atmospheric winds from the NOAA Profiler Network 
(NPN) station at Tucumcari, New Mexico, on May 3, 1999 showing the jet stream 
strengthening from 60 mph to 110 mph in just five hours from 10:00 Central Daylight 
Time (CDT) to 15:00 CDT.  Early detection of this jet stream by the NPN allowed the 
National Weather Service’s Storm Prediction Center to upgrade the threat of tornados 
from “slight” to “high” giving the public advanced notice to this dangerous situation. 
Over 70 tornados were observed in Oklahoma and Kansas from this single event.   

Time axis is from 09:00 CDT to 17:00 CDT.  Height axis is from ground level to 40,000 
feet.  Wind speeds and directions are indicated by wind barb symbols.  (Courtesy of the 
NOAA Office of Oceanic and Atmospheric Research, Forecast Systems Laboratory) 
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1.0 Executive Summary 

1.1  Overview.  This Cost and Operational 
Effective Analysis (COEA) is provided in 
response to a request by the Senate Appropriations 
Committee to compare the “… cost to upgrade the 
NOAA Profiler Network (NPN) over the next 
decade versus the short, medium, and long-term 
costs of ending the NPN program” (see Annex  H 
for full text).  The analysis answers two questions:  
1) Are the NPN winds beneficial to NOAA
National Weather Service (NWS) operational 
products and services; and 2)  Is the NPN, 
including the cost to upgrade the network, the most 
cost-effective strategy for NWS operations?  

A wind profiler is a vertically pointing Doppler 
radar which measures winds at various altitudes in 
the atmosphere above it every few minutes.  The 
NPN consists of thirty-five wind profilers located mostly in the central U.S. and Alaska 
(see Fig. 1.1-1), each providing wind measurements also known as “wind profiles” 
containing 64 measurements through 16 kilometers above ground every six minutes.   

When the NPN radar transmitters were installed in 1988, the NPN was authorized to use 
the 404 mega hertz (MHz) by the National Telecommunications and Information 
Administration (NTIA) for experimental use.  Subsequently, NTIA has given usage of the 
404 MHz frequency to a future series of search and rescue satellites (SARSAT) and 
granted the NPN permanent use of 449 MHz   To comply with NTIA frequency 
regulations, NOAA must change its thirty 404 MHz wind profilers to 449 MHz by the 
end of the decade when the new SARSATs are expected to become operational. 

The NPN is primarily deployed over the central U.S. and Alaska. 
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Figure 1.1-1 NOAA Profiler Network Station Locations 

Updating the existing NOAA Profiler 
Network (NPN) is the most  
cost-effective alternative. 

 Recent studies show NPN winds
improve severe weather warnings
and forecasts adding minutes to
warning lead time for tornadoes
and flash floods.
 Modifying the existing network

delivers the best over-all wind
profiling performance.
 Terminating NPN costs degrades

severe weather warnings, watches
capability, and short-range
weather prediction.
 Radiosonde performance could be

made similar to NPN performance,
but the cost would be prohibitive.
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1.2  Analysis.  Recent studies in 2003-4 document that high-temporal-frequency NPN 
wind profiles significantly improve performance in several NWS operational product and 
service areas for stations within the NPN: 

• Warnings:  NPN winds improve probability of detection (+27%), decrease false alarm
rate (-20%), and improve lead time (+14%) for tornado warnings, as well as severe
thunderstorms, flash floods, and winter storms (Wolf 2004).  They also improve
warnings related to aviation and fire weather.

• Watches and Outlooks:  NPN winds improve watch and outlook accuracy for severe
weather by 13% (Weiss 2002).

• Numerical Weather Prediction:  NPN winds improve 0-12 hour wind forecasts with a
20% improvement at 3 hour forecast (Benjamin et al 2004).

Given these demonstrated weather warning 
and forecast benefits, an analysis was done to 
determine the best strategy for acquiring wind-
profile information in terms of performance 
and cost.  In other words, is the NPN, 
including the cost to upgrade the operating 
frequency of the network, the most cost-
effective way to obtain these important wind 
profiles?  To answer this question, a 
performance and cost analysis of the NPN and 
a range of alternatives for providing wind 
profile information was completed.   

1.3  Alternatives Considered.  As shown in Figure 1.2-1, the analysis considered the 
two alternatives directed by the Senate Appropriations Committee:  Changing the NPN 
operating frequency and maintaining the current network (Alternative 1) and terminating 
the NPN network (Alternative 2).   The study also considered replacing the network with 
either existing or new technologies potentially capable of providing the necessary 
amount, timeliness, and accuracy of wind profile data.  The additional alternative 
technologies considered were:  Existing (Alternative 3a) and additional (Alternative 3b) 
use of radiosondes (weather balloons), automated aircraft reporting (Meteorological Data 
Collection and Reporting System (MDCRS)) (Alternative 4), WSR-88D Doppler radar 
(Alternative 5) , and object tracking by Geostationary Operational Environmental 
Satellite (GOES) (Alternative 6). 

Alternative 1 Change operating frequency of current NPN system Sec. 4.1   
Alternative 2 Terminate NPN without replacement Sec. 4.2 
Alternative 3a Replace NPN system with existing radiosondes Sec. 4.3 
Alternative 3b Replace NPN system with additional radiosondes Sec. 4.3 
Alternative 4 Replace NPN system with MDCRS aircraft observations Sec. 4.4 
Alternative 5 Replace NPN system with WSR-88D Doppler radar Sec. 4.5 
Alternative 6 Replace NPN system with GOES object trackers Sec. 4.6 

Figure 1.2-1 Alternatives Evaluated 

NPN saves lives by providing 
reliable early warning. 

Time (hours)

A
lti

tu
de

Time (hours)

A
lti

tu
de

Figure 1.1-2 High Frequency Winds 
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1.4  Methodology.   Six independent attributes were used to judge wind-profiling system 
performance :  1) frequency of observation, 2) geographic coverage, 3) vertical reach, 4) 
horizontal spacing, 5) number of vertical levels, and 6) measurement accuracy.  The 
relative value of each of these attributes was determined through a questionnaire 
submitted to a panel of weather professionals from academia, private industry, and 
NOAA (see Annex A).  A single performance number was generated for each evaluated 
system.  The annualized cost for development, production and deployment, and 
operations and maintenance for each alternative was determined.  The ratio of 
performance to total cost was calculated to provide a measure of effectiveness. 

1.5  Results.  The results of this COEA demonstrate that high-frequency winds benefit 
several important NWS missions:  severe weather warnings (for tornadoes, flash floods, 
and winter storms), watches, and short-term forecasts.  These products are important for 
public safety, aviation, and wildfire support.  A cost-effectiveness analysis shows that 
sustaining the NPN, including upgrading the frequency, is the most cost-efficient method 
of obtaining high-frequency wind profiles.  Figure 1.5-1 depicts the cost and performance 
of each alternative.  The NPN (Alternative 1) provides the best overall wind profile 
performance since no alternative provides equal or higher performance at lower cost. 
The only feasible way to approach NPN performance with an alternative system is by 
significantly increasing the frequency of radiosonde balloon launches from once every 12 
hours (Alternative 3a) to hourly (Alternative 3b), but the cost is fourteen times greater. 
The remaining alternatives, winds from commercial aircraft (MDCRS) (Alternative 4), 
volume-averaged winds from WSR-88D Doppler weather radar (Alternative 5), and 
GOES object (e.g., clouds) tracking (Alternative 6) cost less but have much lower 
performance. 

Modifying the existing NPN system provides the best value solution. 
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2.0  Introduction to the NPN. 
 
The NPN consists of thirty-five wind profilers (30 
operating at 404 MHz and 5 operating at 449 MHz) 
located mostly in the central U.S. (Fig. 1.1-1).  The 
major components of the system, illustrated in (Fig. 
2.0-1), occupy about one-quarter acre.  Each site has 
power, landline, and voice communications, 
environmental control, and capacity to add additional 
meteorological sensors. 
 
2.1  NPN System Components 
 
A wind profiler is a vertically pointing Doppler radar 
that measures atmospheric winds directly above the 
site.  A profiler consists of four components: a 
transmitter, an antenna, a receiver, and a data 
processor (Fig. 2.1-1).  The transmitter sends out 
pulses of electromagnetic energy at a certain 
frequency (404 MHz in the case of the NPN) in three 
directions: east, north, and vertical.  When the signal encounters small amounts of 
turbulence in the clear air, energy is returned to the antenna where it is detected by the 
receiver. The data processor measures the time it takes for the signal to return, and 
computes the range or height of the turbulent layer.  If the turbulent parcel of air is 
moving, then the frequency of the returned signal is increased or decreased (the Doppler 
effect) in proportion to the velocity and direction of the air relative to the radar.  The 
signals measured in the three beams are processed into the horizontal wind speed and 
direction at each altitude.   
 

The NPN major system components 

Figure 2.1-1 NOAA Profiler Network System Components 
 

The NPN uses three radar  
beams to measure winds. 

  
Figure 2.0-1 NPN Radar  

Beam Geometry 
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2.2  Rationale for NPN Frequency Change.   
 
By the end of 2008, the NPN must be upgraded to operate at a different frequency 
because of interference with signals from new search and rescue (SAR) satellites, which 
will begin operating before the end of the decade.  Currently, two polar-orbiting satellites 
are equipped with SAR receivers to detect distress signals from downed aircraft, lost 
hikers, floundering boats, etc.   The SAR beacons operate at the same 404 MHz 
frequency as does the NPN.  Consequently, the NPN wind profiling radars must turn off 
whenever a satellite with SAR capabilities (SARSAT) is overhead to avoid potential 
interference.  However, as shown in Figure 2.2-1, this only occurs about 90 minutes per 
day, or 6% of the time the radars operate. 

Current NPN profiler raw data transmissions 

 

 

 
Figure 2.2-1.  Raw data from NPN profiler.  Vertical red bars show when a 

 SARSAT satellite is overhead and transmitter turns off (less than 6% of the time). 
 
The European Space Agency will begin launching a constellation of satellites called 
Galileo in 2005.  Intended for Global Positioning System (GPS) applications, these 
satellites will also have a SAR capability that operates at 404 MHz frequency.  These 
SARSATS will be in the sky for hours instead of minutes at a time, and there will be 
about 10 satellites in view simultaneously by late FY07 or early FY08 as opposed to only 
one or two as is the case today.  Under these conditions, NPN profilers operating will 
have to shut down more than 23:30 hours per day, as illustrated in Figure 2.2-2, rendering 
the network virtually useless.  The solution is to change the operating frequency to the 
non-interfering 449 MHz, a protected, assigned frequency for wind profilers. 

Galileo era NPN profiler raw data transmissions 
 

 

 
Figure 2.2-2 Galileo Satellite Era Profiler Shutdown Duration 

Red = System Shutdown 
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3.0  Benefit of NPN Winds to NWS Operational Products and Services 
 
Weather forecasters use wind profiles of the atmosphere for a variety of analytical 
forecasting tasks.  In addition, wind profiles are used as input for numerical (computer) 
weather models that predict clouds, precipitation, and temperature.  Wind profiles also 
provide important indicators of where severe weather such as tornadoes and winter 
storms may form, requiring weather advisories, watches, or warnings.  Weather 
forecasters also use wind data for issuing aviation Significant Meteorological (SIGMET) 
advisories and to predict wildfires. 
 
The traditional observing system used to obtain wind profiles is the balloon-based 
radiosonde network, which provides wind profiles every 12 hours across the Nation at a 
spatial resolution of approximately one profile every 400 km.  In contrast, wind profilers 
provide wind profiles every six minutes at a spatial resolution of approximately one 
profile every 250 km.  The high temporal and spatial resolution wind profiles are found to 
improve NWS operational warning, watch and outlook, and numerical forecast products.   
 
3.1  Warnings – A recently completed study (Wolf  2004) shows that the NPN wind 
profile information improves NWS operational warning performance statistics.  Figure 
3.1-1 from this study presents average tornado warning performance statistics for 
representative samples of NWS Weather Forecast Offices (WFOs) within and outside the 
NPN, as well as for all WFOs (national average) over the five years from 1999 through 
2003.  Comparison of the statistical elements listed (Probability of Detection, False 
Alarm Rate, Critical Success Index, and Lead Time) shows that WFOs within the NPN 
on average performed better for the four elements than those outside and the national 
average.  A study by Wolf and Howerton (2003) using NPN wind data in NOAA’s 
Warning Event Simulator indicates that these performance differences can be attributed 
to the improved forecaster “situational awareness.”  The time-critical NPN wind 
information helps forecasters more quickly detect environmental changes critical to the 
formation of tornadoes and other severe weather.  In summary, NPN wind data make 
forecasters more aware of changing weather situations enabling them to issue more 
accurate and longer lead-time warnings. 
 
 

Without NPN, tornado warning accuracy will be substantially degraded 

 
Figure 3.1-1.  Accuracy Performance Measures for Weather Forecast Offices, 1999 
through 2003  (Wolf 2004). 
*  Selected Weather Forecast Offices in areas where tornadoes occur often 

WFOs 
Within 
NPN*

WFO 
National 
Average

WFOs 
Outside 

NPN*
Probability of Detection 0.79 0.72 0.62
False Alarm Rate 0.68 0.74 0.85
Critical Success Index 0.29 0.24 0.14
Lead Time (Minutes) 12.9 11.5 9.5
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In addition to tornado warnings, NWS issues warnings for other high-impact weather 
with significant influence to the Nation’s economy.  For most of these warnings, studies 
indicate the NPN frequently provides information which improves these warnings.  
Examples are: 
 
• Winter Storms:  Forecasters use the NPN winds to identify surges of warm moisture 

air over cold fronts to anticipate formation of snow bands ahead of strengthening low 
pressure systems and better interpret numerical model-based winds and associated 
model-based winter storm forecasts.  NPN winds showing a warm air surge helped 
forecasters in Wichita, Kansas, issue a winter storm warning six hours earlier than it 
would have without the NPN information. 

 
• Aviation Weather Forecasts:  Aviation Weather Center (AWC) forecasters use NPN 

winds to improve predictions of turbulence and wind-shear conditions.  AWC 
forecasters used NPN winds to cancel a SIGMET warning for turbulence 90 minutes 
earlier than forecast, after the NPN showed decreasing winds and safe conditions in 
the warning area.  This allowed air traffic controllers to use valuable airspace which 
would be otherwise closed.  Because NPN winds help pilots avoid hazardous weather, 
the risk of crew and passenger injury in minimized. Using the NPN, forecasters 
identify and predict strong low level winds carrying moisture from the Gulf of 
Mexico into the Midwest.  This results in better predictions of low clouds, low 
visibilities, and thunderstorms, which, in turn, reduces flight hazards and minimizes 
delays.  

 
• Fire Weather Forecasts:  Forecasting changes to surface wind speed and direction is 

essential in predicting fire and smoke plume behavior.  NPN winds are used to help 
deploy and protect “hot-shot” fire-fighters from being over-run by wildfires driven by 
unpredicted winds.  In Albuquerque, New Mexico, meteorologists used the NPN 
winds to detect a developing “mountain-gap” wind event allowing them to forecast 
increasing winds near the fire just as an urban wildfire was spreading.  Because this 
wind event was well forecast, fire managers were prepared for the changing wind’s 
impact on the fire and were able to safeguard homes in the area with no injuries to the 
fire fighters.  NPN winds also help the U.S. Forest Service safely plan and execute 
prescribed burns helping to reduce fuels for future fires and safe-guard property and 
valuable timber.  Scheduling burns so that the smoke plume does not drift over 
populated areas minimizes the impact to public health, especially to people sensitive 
to soot. 

 
3.2  Watches – A 2002 study showed that the NPN is a critical source of information 
which materially improves forecasts of severe thunderstorms and specifically improves 
NWS Storm Prediction Center (SPC) watch and outlook products.  The beneficial effect 
of NPN winds on SPC watches is illustrated in Figure 3.2-1 taken from a study by Weiss 
(2002).  The figure shows that a 15 percent improvement in SPC watch accuracy 
occurred with the deployment of the NPN between 1988 and 1992.  During this same 
time period no other new services and technology were fielded.  The study concluded that 
the NPN winds are essential in monitoring rapidly changing conditions that characterize 
severe weather situations. 
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Storm Prediction Center (SPC) watch accuracy improvement 

Deployment and Commissioning of WSR-88D system

NOAA Profiler 
Network Deployment
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Figure 3.2-1  SPC Watch Accuracy Improvement Following NPN Deployment 

 
3.3  Weather Model Forecasts – In a study entitled, “The Value of Wind Profiler Data 
in U.S. Weather Forecasting,” (Benjamin et al. 2004) assessed the impact of NPN wind 
data on numerical weather prediction.  They determined the that addition of NPN wind 
profile data to the weather data base improved accuracy of three-hour wind forecasts by 
an average of 20% near 10,000 ft (see Fig. 3.3-1).  Moreover, the study showed major 
impacts during inclement winter storms with the NPN winds reducing wind forecast 
errors by 6.0 to 8.0 meters per second in the extreme.  Wind errors occasioned by 
addition of profiler data directly translate to a positive impact on the air travel industry in 
the form of decreased fuel consumption and weather delays (Clifford 2003 and Lindsey 
1998). 

Wind forecasts from computer guidance significantly improved by NPN winds. 
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Figure 3.3-1  Percent increase in the error of three-hour wind forecasts when NPN data 

are not allowed to influence the model prediction.  (Benjamin et al 2004) 
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In summary, access to NPN winds allowed forecasters to detect subtle environmental 
changes conducive to the formation of severe weather minutes to hours earlier then they 
would have otherwise.  As a result, severe weather warnings, watches, and forecasts were 
disseminated to emergency managers and the public minutes to hours earlier, allowing 
the public and economic interests to take mitigating actions in advance of severe weather. 
 
4.0  Analysis 
 
Given these demonstrated weather warning and forecast benefits, the remainder of the 
COEA focuses on determining the best strategy for meeting NWS requirements for wind-
profile information in terms of performance and cost.  In other words, is the NPN, 
including the cost to upgrade the operating frequency of the network, the most cost-
effective way to obtain these important wind profiles?  To answer this question, a 
performance and cost analysis of the NPN and a range of alternatives for providing wind 
profile information was constructed.   
 
4.1  Performance Model:  Six independent attributes were used to judge wind-profiling 
system performance:  1) frequency of observation, 2) geographic coverage, 3) vertical 
reach, 4) horizontal spacing, 5) number of vertical levels, and 6) measurement accuracy.  
Frequency of observation is the number of profile reports per day.  Geographic coverage 
is the size of the area covered by the alternate wind-profiling systems relative to the area 
covered by the current NPN (See Fig. 1.1-1).  Vertical reach specifies the altitude range 
(measured in kilometers) of the observing system between the surface and 16-km altitude.  
Horizontal spacing (density) is measured by the number of observing locations within the 
area covered by the NPN.  Vertical spacing is measured by the number of levels at which 
reports are available from the surface to 16-km altitude.  Accuracy of the wind 
measurement is the measuring system root mean square wind error.  For all these 
measures except the last, larger numbers represent improved performance. 
 
The relative importance of these six wind-profiling system performance attributes was 
determined for four NWS operational product and service areas by surveying eleven 
weather professionals from academia, private industry, and NOAA (names and 
biographies in Annex A).  The four product and service areas were:  1) warnings, 2) 
short-range forecasts, 3) watches, and 4) numerical weather prediction (NWP).  These 
four areas were chosen because of their primary importance to the NWS mission – saving 
lives and property.   Figure 4.1-1 shows the highest priority attributes as determined by 
the panel of weather professionals.  The indicated split in priorities mandates that most 
effective wind observing system must be a strong performer in both update frequency and 
geographic coverage to meet the cross section of NWS missions. 
 
The contribution of the six performance attributes to an overall performance score was 
modeled by assigning a weight to each of the four product and service areas according to 
their operational importance.  These weights were:  40% for warnings – because 
warnings are most important for public safety, 30% for short-range forecasts, 20% for 
watches, and 10% for short-range NWP.  
 

i i
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Finally, a single performance number (see Annex B) was generated for each evaluated 
system on a normalized scale from 0 to 100, with 100 being perfect.  The annualized cost 
for development, production and deployment, and operations and maintenance for each 
alternative was also determined.  The ratio of performance to total cost was calculated to 
measure effectiveness.  
 

NWS Mission Most Important Attribute 
Short-Range Forecasts Update Frequency 
Warnings Update Frequency 
Watches Geographic Coverage 
Short-Range Numerical 
Weather Prediction 

Geographic Coverage 

Figure 4.1-1  Most Important Mission Performance Attribute 
 
4.2 Performance Results. 
 
Figure 4.2-1 provides the performance results averaged over all four NWS product and 
service areas.  The NPN is the highest performer with a score of 85.2.  Radiosondes score 
well relative to the NPN, but only twice per day soundings significantly affect their 
ability to support short-term forecast and warning missions.  An increase in the frequency 
of launches to 24 times per day, does little to narrow the gap in performance scores 
between NPN and radiosondes because of NPN’s 6-minute updates. The score for 
MDCRS suffers from the low density of airports within the central U.S. and infrequent 
soundings.  WSR-88D radars are less effective than profilers or radiosondes because of 
too few vertical levels and lack of vertical reach in clear weather. GOES object tracking 
scores well mainly because it provides frequent and plentiful wind measurements, but 
GOES winds tend to appear in large horizontal clusters, not in vertical stacks, a handicap 
for measuring wind shear. 

A modified NPN system delivers the best performance. 
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Figure 4.2-1  Comparative Performance of Wind Profiler Systems  
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4.3  The Cost Model.   
The annualized total cost of each of the six 
alternative wind-profiling systems was calculated 
by averaging future development, acquisition, 
operations, and maintenance (see Annex E for 
calculation details).  Of the six system costs 
shown in Figure 4.3-1, MDCRS is least costly and 
adding radiosondes is most costly.   
 

Using additional radiosondes is the most expensive alternative. 
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Figure 4.3-1 Cost of Alternatives for Obtaining Wind Profiles 

 
 
4.4  Results of Analysis.   
 
The result of this analysis is a plot of cost versus performance (Fig. 4.4-1), with quadrants 
defined using the NPN performance and cost as a center point.  Any system that costs 
less and performs better than NPN falls in the green zone and is preferred.  No system fits 
this category.  Higher-cost, higher-performance and lower-cost, lower-performance 
alternatives lie in the yellow zones and are worth considering.   Higher-cost, lower-
performance options well inside the red zone should be avoided.  The existing 
Radiosonde system (2) is about 11% lower in performance than NPN and approximately 
8% more expensive.  Adding enough radiosonde launches to attain hourly frequency of 
observation (3) does not significantly reduce the overall performance gap with the NPN, 
but increases annualized cost by more than 14 times.  Though the annualized cost of 
alternatives (4), (5), and (6) is 30% to 90% lower than that for NPN profilers, the 
performance of these alternatives is between 21% and 41% percent worse, and none of 
them has even the potential to match the performance of NPN profilers.   

Annualized costs include all 
lifecycle elements. 

 • Development 
• Production and Installation 
• Operations and Maintenance 
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Modifying the existing NPN system provides the best value solution. 
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Figure 4.4-1 Results of Cost/Performance Analysis 

 
 
5.0  Discussion of Options 
 
 
5.1  Retain Current NPN; Change Operating Frequency.   
 
This option will continue operation of all 35 NPN profilers.  Continued operation of the  
NPN requires conversion of 30 of the 35 profilers from 404 MHz to the assigned and 
protected frequency of 449 MHz.  The other five, located in Colorado, New York, and 
Alaska, already operate at 449 MHz.  Figure 5.1-1 shows the major components that must 
be changed.  To insure NPN data continuity, the conversion must be finished prior to 
completion of the Galileo satellite constellation.  The first of these satellites is scheduled 
to be launched late in 2005; completion of the full constellation of 27 is scheduled to 
occur in 2008. 
 
A refurbished NPN ensures that the NWS maintains its ability to issue earlier severe 
weather watches, make them more location- and time-specific, and reduce the false alarm 
rate of warnings.  Moreover, continued availability of NPN data will sustain 
improvements in the accuracy of computerized weather forecasts and establish the 
foundation for resolving day-to-day forecasting problems in NWS offices. 
 
The cost of this alternative is $13.2 Million to upgrade the 30 NPN operating sites, plus 
annual operations and maintenance costs of $3.2 Million (FY 04 $) for the network.  Cost 
breakdowns for the frequency conversion, including its certification and coordination 
with other users of the frequency, any required environmental studies, and annual 
operations and maintenance are in Annex C.  Over the next twenty years, the annualized 
cost of for the NPN is $3.9M (see calculation in Annex D). 
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Only modest modifications to NPN are required. 

 
Figure 5.1-1   Major Components of a 404 MHz Wind Profiler, Highlighting 

Components That Must Be Modified or Replaced to Operate at 449 MHz 
 
5.2 Terminate NPN Program. 
This option takes the NPN out of service including sites like the one shown in Figure 5.2-
1.  Costs and impacts of this alternative include equipment disposal, site clean up, NPN 
Hub replacement, and impact on short-term forecasts, warnings, watches, and weather 
model guidance from loss of NPN wind observations and NPN complementary 
observations. 
 
5.2.1 Cost of termination 
This requires vacating the NPN sites, disassembling and disposing of equipment, and 
returning sites to their original condition.  Two contractor estimates have been received 
for this work, one for $42,628 per site and the other for $27,918 per site.   Another 
$10,000 per site would be needed for soil testing and removal if necessary.  Taking an 
average of these estimates, the cost to clear, clean, and restore the sites and to manage the 
contract is $1.7M.  The functions included in site shutdown are listed in Annex F. 
 

Cost of equipment disposal and site remediation is $1.7M. 

Figure 5.2-1  NPN Sites Are Generally Small and Will Require Limited Remediation 
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5.3  Replace NPN with Radiosonde Data.   
 
The radiosonde (weather balloon) is the only observing system that provides a complete 
set of atmospheric measurements (wind, temperature, pressure, and moisture) from 
surface to mid-stratosphere (above 70,000 feet).  Radiosondes have historically been the 
standard against which other observations are compared. They are also used to verify 
numerical weather prediction models.  However, there are drawbacks to using 
radiosondes as a replacement for NPN. 
 
The radiosonde’s key limitation for warnings and short-term forecasts is its launch 
interval:  once every 12 hours.  By contrast, NPN radars deliver a vertical wind profile 
every six minutes, permitting forecasters to monitor rapidly changing weather conditions 
in detail.  Launching radiosonde balloons (Fig. 5.3-1) even at hourly intervals is both 
costly and impractical.  It would require a large increase in labor and a twelve-fold 
increase in the cost of expendable items that include the balloon, helium gas, and an 
instrument package.  The incremental cost of hourly balloon launches at the 25 sites 
within the NPN boundaries would be $54.2M per year.  This compares with the $4.5M 
annualized cost of operating the GPS Radiosonde system for two launches per day at the 
same 25 sites. 
 
A second shortcoming of radiosondes is that accuracy of the wind measurement suffers 
whenever strong winds carry the balloon close to the horizon (a tracking problem).  
Accurate measurement of strong winds in the vicinity of the jet stream is important for 
diagnosing aircraft turbulence.  This second problem may be solved through use of 
Global Positioning System (GPS) technology beginning in 2005. 
 
Furthermore, additional radiosonde stations would be required to replicate the horizontal 
density of observations provided by NPN.  Increasing the horizontal resolution of 
radiosonde sites would take years and millions of dollars for construction of new balloon 
shelters and installation of ground tracking stations. 
 

Radiosondes provide high quality data twice daily. 

Figure 5.3-1  Radiosonde Launch at WFO Tampa, Florida 
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5.4 Replace NPN with Data from the MDCRS 
 
Automated observations from commercial aircraft are another important source of wind 
profiles.  Through the MDCRS system, nearly 90,000 reports of wind and temperature 
are received each day, most of them from flight altitudes between 25,000 and 41,000 feet.  
This provides very good high-altitude coverage for about 60% of the country.  Four 
passenger and two freight carriers participate in this program, with freight carriers 
providing the majority of nighttime data. Currently the government pays for only half of 
the communications costs and does not have to pay for the aircraft sensors, thus making 
this an inexpensive source of wind data.   
 
MDCRS provides significant cruise altitude data; however, data at lower altitudes, 
collected during ascent and descent, are relatively sparse.  Further, as seen in           
Figure 5.4-1, MDCRS provides non-uniform geographic and sparse coverage over the 
Northern Rockies and western Great Plains.  Weather, schedules, and individual airline 
practices lead to variability in reporting.  For example, large storms lead to numerous 
flight cancellations.   Pilots carrying passengers generally try to avoid turbulence and foul 
weather, which means that fewer reports come from bad weather areas, where they are 
most needed.     
 
Most MDCRS profiles contain data from only a few altitudes. Package carriers, the 
predominant source of nighttime data, do not fly on weekends.  The costs associated with 
the current MDCRS system are low, annualized at $0.35M.  However, this program relies 
partly on the good will of commercial carriers, and one cannot expect them to add flights 
at additional locations and times to generate the data that would be a viable alternative to 
NPN wind data. 
 

Aircraft soundings leave significant gaps in the western Great Plains. 

 
Figure 5.4-1  24 Hours of Aircraft Ascent and Descent Reports 

 

Red: up to 4,000 ft

Pink: 4,000-8,000 ft

Blue: 8,000-12,000 ft

Cyan: 12,000-15,000 ft

 
NPN Coverage 

Area 
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5.5  Replace NPN with WSR-88D Doppler Weather Radar Data.   
 
 
Doppler weather radars are unexcelled at providing highly detailed information on air 
motions inside of precipitating clouds under conditions ranging from light snowfall to 
severe thunderstorms.  These systems provide data at five-minute intervals and scan the 
atmosphere at 14 elevation angles from 0.5o to 19.5o above the Earth’s horizon.  Doppler 
radars are an essential source of information for issuing severe weather warnings. 
 
However, Doppler weather radars do not provide useful information about wind speed 
and direction unless a sufficient number of targets such as dust, large aerosols, large 
cloud droplets or ice crystals, insects, or precipitation are present in the air.  In clear air, 
the strength of the radar return from altitudes above 10,000 feet is usually too small to be 
detected.  It is also difficult to make wind measurements during the winter when insects 
are not present in large numbers.  More importantly, data are not collected at elevation 
angles above 19.5o or below 0.5o.  As shown in Figure 5.5-1, this means the radar cannot 
detect low-level air motion, no matter what the atmospheric conditions are, at distances 
greater than about 60 miles because of the curvature of the Earth.  And, because of the 
19.5o maximum elevation, the radars cannot survey a large volume of atmosphere directly 
over the site.  As a consequence, WSR-88D radars can only provide something 
approximating a traditional wind profile from the lower 10,000 feet in the atmosphere 
under most conditions. 
 
Though the annualized cost of providing wind profiles from the existing Doppler radar 
network is only $2.5M, the physical limitations of the system do not permit it to replace 
the information lost if the NPN were to shut down. 

WSR-88D radars point more horizontally than vertically. 

 
Figure 5.5-1  WSR-88D Radar – Red Area Includes Cone and Umbrella of Silence 

Where Radar Beam Cannot Detect Winds. 
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5.6  Replace NPN with GOES Object Tracking Data 
 
As shown in Figure 5.6-1, it is possible to use successive images generated by GOES 
satellites to track targets and thus infer the speed and direction of the wind that moved the 
target.  Object tracking requires the presence of an observable target (e.g., a cloud) that 
retains its identity between successive image frames, typically separated by 15 minutes.  
Because some clouds are anchored to the terrain (e.g., mountain-wave clouds), care must 
always be taken to select features that move with the wind. Winds estimated by tracking 
targets do not come in vertical stacks but rather in large horizontal clusters that are 
determined by the distribution of clouds. Clouds at different levels yield estimated winds 
at different levels, but seldom at the same geographic location. 
 
Though the movement of a target can be accurately determined, the height of the target is 
estimated from a measurement of the cloud-top temperature.  Since our knowledge of the 
relationship between atmospheric temperature and altitude is imprecise, the accuracy of 
the height of the target can only be approximated (rather than measured) and this 
degrades the accuracy of the inferred wind observation. 
 
There are no additional sensors or instruments planned to be added to the GOES satellites 
that will improve the accuracy and amount of GOES winds; thus, there is no ability to 
generate the data that would be lost with the termination of NPN.  The annualized cost of 
GOES object tracking is $2.6M.  

Object tracking requires clouds or water vapor tracers; 
altitude determination is coarse. 

Figure 5.6-1. A Typical Selection of Winds Estimated from Target Tracking 
 
 

Yellow – winds 
below 10,000 ft

Cyan – winds 
10,000-25,000 ft

Red – winds 
above 25,000 ft
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5.7 Replace NPN with other Expanded Capabilities 
 
This is not an option for several reasons.  In the case of MDCRS, the number of 
ascent/descent soundings varies significantly according to time of day and day of the 
week, extensive bad weather causes flight cancellations, and the number and geographic 
distribution of airports is fixed.  The vertical profiles of wind provided by Doppler radars 
are severely height limited unless there are thick clouds or precipitation.  The operating 
wavelength of the radar is unsuitable for detecting clear-air winds much above 10,000 ft.  
The instrumentation aboard GOES satellites will not change for at least several years.  
The inability to see through clouds limits the number of levels at which winds can be 
derived.  In a given small area, the wind can be determined at only a few levels at best.  
Our effectiveness model didn’t fully characterize the negative impact to mission 
operations when, for a variety of reasons, the observation frequency of MDCRS, Doppler 
radar, or the GOES object tracker system becomes irregular.  By contrast, NPN profilers 
consistently measure winds every six minutes, seven days a week. 



 

19 

6.0  Discussion and Conclusion 
 
This Cost and Operational Effective Analysis (COEA) is provided in response to a 
request by the Senate Appropriations Committee to compare the “… cost to upgrade the 
NOAA Profiler Network (NPN) over the next decade versus the short, medium, and long-
term costs of ending the NPN program.” 
 
Recent studies over the past year indicate there is benefit from the high-temporal-
frequency wind profiles observed by the NPN to operational weather warning and 
forecast performance in NWS.  Operational product and service areas benefiting from 
NPN wind profiles include: 
 
• Warnings:  NPN winds improve probability of detection, false alarm ratio, and lead 

time for warnings of tornadoes, severe thunderstorms, flash floods, and winter storms.  
They also improve warnings related to aviation and fire weather. 

 
• Watches and Outlooks:  NPN winds improve watch and outlook accuracy for severe 

weather. 
 
• Numerical Weather Prediction:  NPN winds improve 0-12 h wind forecasts. 
 
Given these demonstrated weather warning and forecast benefits, this COEA focused on 
determining the best strategy for meeting NWS wind-profile information requirements in 
support of NOAA’s forecast and warning mission in terms of performance and cost.   The 
analysis considered the seven alternatives:  1) Changing the NPN operating frequency 
and maintaining the current network, 2) terminating the NPN network using 3a) existing 
and 3b) additional radiosondes, 4) automated aircraft reporting (MDCRS), 5) WSR-88D 
Doppler radar and 6) object tracking by GOES satellite. 
 
The COEA results show that the best combination of performance and cost is to 
maintain the NPN system and modify its frequency so as not to interfere with 
reception by SARSAT satellites of signals from Search and Rescue beacons.  While 
the other systems have individual attributes that may exceed the capability provided by 
NPN, there are significant physical or cost impediments that preclude their use in lieu of 
NPN.   
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Annex B 
 

The Calculation of Performance Measures 
 
National Weather Service missions served by wind profiler observations 
 
$ Short-range forecasts prepared by staff at Warning and Forecast Offices (WFOs) such as 

special weather statements, nowcasts, and aviation forecasts with emphasis on first 12 hours 
$ Watches (alerting the public about the likelihood of hazardous or damaging weather in a 

sizeable area hours in advance) 
$ Warnings (alerting the public that severe weather is imminent within a small region, usually 

minutes to an hour in advance)   
$ Data for computer models making regional, high-resolution, short-range predictions (~12 

hours).  Referred to as “Short-range numerical weather prediction (NWP) 
 
Attributes of wind observing systems that make them valuable 
 
We consider wind observations (rather than observations of temperature, pressure, humidity, etc.) 
first, because the subject of this COEA is the NOAA (Wind) Profiler Network and second, 
because wind observations are critical in most weather services involving short-lived, regional 
and local phenomena. 
$ Frequency of reporting (how often the reports come in) 
$ Geographical coverage (essentially, the size of the observing network; bigger is generally 

better) 
$ Vertical reach (specifies the altitude range of the observing system): for the applications 

above, observations from sea level to 50,000 ft (about 15 km) will be considered perfect, i.e., 
no additional credit for observations higher than that) 

$ Horizontal spacing of measurements (higher density is better) 
$ Vertical spacing of measurements (closer together is better) 
$ Accuracy (in meters per second - m s-1; observations are considered useless if in error by 

more than 10 m s-1) 
 



Weighting the attributes according to NWS mission 
 
We contacted eleven acknowledged weather experts (see Annex A) and asked them to gauge the 
relative importance of each of the above attributes.  The average of their responses appears in the 
following table.  Note that the weights sum to 1.00 in each column. 
 
 
    Table B.1 
 
 
 

 
Short-
range 

forecasts 

 
Watches 

 
Warnings 

 
Short-
range 
NWP 

 
Frequency, w1 

 
.22 

 
.14 

 
.28 

 
.09 

 
Geographical Coverage, 
w2 

 
.19 

 
.26 

 
.15 

 
.27 

 
Vertical reach, w3 

 
.10 

 
.13 

 
.07 

 
.13 

 
Horizontal spacing, w4 

 
.17 

 
.18 

 
.17 

 
.17 

 
Vertical spacing, w5 

 
.14 

 
.13 

 
.13 

 
.13 

 
Accuracy, w6  

 
.18 

 
.16 

 
.20 

 
.21 

 
 
Observing systems apt for measuring atmospheric winds 
 
$ Wind Profiling Radars in the NOAA Profiler Network  (NPN): Doppler radars on the ground 

that point in three fixed directions, whose raw measurements permit the calculation of the 
horizontal wind speed and direction at multiple levels in the vertical.  The network has been 
operating in the central U.S. for more than a decade. 

$ Radiosondes: Employed since World War II for measuring not only winds but also pressure, 
temperature and relative humidity, these time-honored weather balloons, filled with helium, 
rise at about 1000 ft per minute, carrying aloft a lightweight package of instruments. 

$ ACARS/MDCRS: Automated reports of wind and temperature from six commercial U.S. 
airlines that now number more than 100,000 per day.  Most of these reports originate from 
flight level (25,000-41,000 ft) but a significant fraction is associated with takeoffs and 
landings.  These latter reports are especially valuable because they describe conditions 
through a significant depth of the atmosphere. 

$ WSR-88D radar: The Doppler radars currently used by the National Weather Service for 
tracking storms and precipitation.  The radars can detect air motion toward or away from the 
radar, which, in turn can offer a telling glimpse into the inner workings of storms.   

$ GOES drift winds: Derived by tracking features (targets) in successive satellite images.  
Often, these features are clouds (as viewed either at visible or infrared wavelengths), but it is 
also possible to obtain drift winds in clear air by tracking features in water vapor images.  

 



 
Assigning performance numbers to each wind observing system; explaining choice of numbers 
 
Frequency (number of reporting times per day) 

Wind Profiling Radars (240): The U.S. standard is one stack of winds every hour, but these 
hourly reports are in fact the average of ten 6-min profiles collected during the hour.  The 
National Weather Service’s Storm Prediction Center requested 6-min data and receives 
them in real time. 

Radiosonde (2): Twice a day is the U.S. standard. 
Extra radiosondes (24):  We estimated performance for a hypothetical radiosonde network 
 having the same station locations as the current network but launching balloons hourly  
 instead of just twice a day. 
ACARS/MDCRS (30): This is the average number of ascent or descent soundings per day for 

the 45 metropolitan areas whose airports deliver at least 5 soundings per day. 
WSR-88D radial velocities (288): VAD wind profiles are available once every 10 min when 

the radar operates in clear-air mode, and as often as every 5 min when it operates in 
precipitation mode. 

GOES drift winds (24): The drift-wind product is available hourly. 
 
Geographical Coverage (Because this COEA involves a head-to-head comparison of wind 
observing systems, full coverage is assigned where the geographical distribution of reports is 
roughly uniform throughout the area covered by the NOAA Profiler Network.  The density of 
reports is considered separately.) 

Wind Profiling Radars (100%) 31 profilers are sited throughout the NPN. 
Radiosonde (100%): The rawinsonde network was designed to provide uniform coverage 

over the lower 48 states. 
Extra radiosondes (100%):  Same station locations assumed as in current network. 

 ACARS/MDCRS (70%): The airports that provide frequent wind reports on ascent or descent  
  cover roughly 70% of the NPN area.  The eastern half of the NPN area is well covered,  
  whereas the western half has large gaps in coverage. 

WSR-88D radial velocities (98%): Radial velocity data are extracted from the raw signal 
out to a radius of 230 km.  The 142 sites in the lower 48 states are fairly evenly 
distributed; they provide overlapping coverage for radial velocity data in most areas 
except the Intermountain West, which is outside the NPN.  At a few radar sites within the 
NPN, the terrain blocks the beam when it points in specific directions at low elevation 
angles. 

GOES drift winds (75%): Though the potential exists to retrieve a drift wind at any 
   location, the requirement is that a trackable feature be present.  The coverage estimate 

comes from an examination of three real-time products available at 
http://cimss.ssec.wisc.edu/tropic/real-time/atlpac/winds/winds-wvir.html: high-level drift 
winds from IR and water vapor images, low-level IR drift winds, and drift winds from 
visible images (available only in the daytime).  Coverage varies with cloudiness and, to a 
lesser extent, with the time of day (no visible targets at night). 

 
Vertical Reach.  If the observing system provides winds from near the surface to at least 50,000 
ft, it gets full credit for this attribute.  The reason: none of the four NWS missions under 



consideration requires wind data above 50,000 ft (about 15 km). 
Wind Profiling Radars (15 km): NOAA profilers routinely reach to 16 km. 
Radiosonde (15 km): Radiosonde balloons routinely ascend to 20 km and beyond. 
Extra radiosondes (15 km):  The extra sondes have the same manufacturer as existing ones,  
 and so they ascend just as high. 
ACARS/MDCRS (12.5 km): Standard flight altitudes extend to 41,000 ft (12.5 km). 
WSR-88D radial velocities (4 km): Velocity-Azimuth Display (VAD) Wind Profiles 

(VWPs) in clear air normally reach 3-4 km above the radar.  In severe weather situations, 
VWPs become irrelevant, in that the 88D is used to observe internal storm motions rather 
than the near-storm environment. 

GOES drift winds (11 km): Clouds (or clear air features as seen in water vapor images) 
occur at all altitudes in the troposphere, which, in the U.S. Standard Atmosphere, extends 
to 11 km altitude.  On average, the top of the troposphere is higher than this in summer, 
lower in winter. 

 
Horizontal Spacing.  The number of sites within the area covered by the NOAA Profiler 
Network (NPN) is a proxy for horizontal spacing. 

Wind Profiling Radars (31): There are 32 profiler sites in the lower 48 states.  All are in the 
central U.S. except for the profiler at Syracuse, NY. 

Radiosonde (25): Of the 73 radiosondes in the lower 48 states, 25 lie within the NPN or very 
close to its boundary.  

 Extra radiosondes (25):  More frequent launches of balloons from the same locations. 
ACARS/MDCRS (15): This number is somewhat arbitrarily limited by the requirement that 

an airport has to deliver at least 5 ascent or descent soundings per day.  There are 45 such 
airports in the lower 48 states, 15 within the NPN or very close to its boundaries. 

WSR-88D radial velocities (53): There are 142 WSR-88D radar sites operating in the lower 
48 states, each one capable of generating a VAD Wind Profile.  Of the 142, 53 lie within 
the NPN or very close to its boundary. 

GOES drift winds (167): Drift winds are customarily dense where targets are available for 
tracking.  This results in a large number of winds each time the tracking algorithm runs.  
Chris Velden, a key figure for many years in the extraction of drift winds from GOES 
images, estimates that roughly 2000 water vapor (WV) and infrared (IR) vectors are 
nominally extracted each hour between 450-100 millibars (21,000 to 53,000 ft) and 
within the area bounded by 73o-125oW and 30o-49oN .  Similarly 300 WV/IR vectors are 
extracted between 950-450 millibars (1,700 to 21,000 ft), and 700 vectors from visible 
cloud tracking (VIS) between 950 and 600 millibars (1,700 and 14,000 ft).  The numbers 
vary widely from day to day, primarily because of the variation in cloudiness.  This gives 
a total of 3000 vectors, sorted into six layers (as may be seen from examination of the 
products on the web).  The NPN covers roughly one-third of the area for which counts 
were made.  The number given above is thus 3000 x 1/6 x 1/3  = 167. 

 
Vertical Spacing. (How many different reporting levels between the surface and 15-km altitude) 

Wind Profiling Radars (59): The NPN radars deliver wind estimates at approximately 59
 distinct levels below 15-km altitude. 

Radiosonde (50): Could be more or less depending upon the number of significant levels. 
Extra radiosondes (50):  The same reporting procedures as with current sondes leads to the 
 same number of levels with reports from an average sounding. 



ACARS/MDCRS (10): Most airlines do not yet use the recommended ARINC 620 format  
for reporting winds on ascent or descent, which can easily yield 40 levels.  10 levels may 
be generous as an average for the current data collection. 

WSR-88D radial velocities (10): The 88D radars scan at 14 different elevation (tilt) angles,  
from 0.5o to 19.5o.  The nominal VAD wind profile report has less than 10 levels in 
winter, sometimes more than ten in the summer. 

GOES drift winds (6): The three drift wind products (High-Level WV/IR, Low-Level 
WV/IR, and VIS) together cover six distinct atmospheric layers.  All derived winds come 
from GOES images.  Polar orbiting satellites also yield drift winds, but only over high 
latitudes. 

 
Accuracy.  All numbers are expressed in meters per second (m s-1).  The accuracy figures are 
those used by the National Weather Service’s Environmental Modeling Center (EMC).  When 
EMC assimilates observational data into prediction models, it assigns an error to each type of 
observations.   

Wind Profiling Radars (2.5) 
Radiosonde (2.2): With the current position-finding system, wind errors increase with 

wind speed.  An error of 8-10% of the wind speed is reasonable.  This problem will 
disappear when and if the NWS begins to use GPS sondes.  Then the position (and the 
wind speed) will be determined to within probably better than 1.0 m s-1. 

 Extra radiosondes (2.2):  Extra sondes will be of the same manufacture as present sondes; 
  thus accuracy will be the same. 
 ACARS/MDCRS (2.5): GPS is used to determine the winds (difference between the aircraft 

velocity vector with respect to the moving air stream and that with respect to the ground. 
WSR-88D radial velocities (6.0): EMC does not trust VAD winds.  With effective quality 

control and the restriction to undisturbed conditions, the accuracy is probably at least as 
good as 3.0 m s-1. 

GOES drift winds (2.5): Chris Velden, an expert in the retrieval of drift winds, estimates that 
 the probable error could be as high as 5.0-6.0 m s-1, but we have used the EMC figures.   

 



 
Table B.2.  Performance of observing systems that measure wind.  The best performance 
measure in each column is highlighted. 
 

 
 

 
Performance Measure 

 
Observing  

System 

 
 Frequency 
(per day) 

 
Geographical 

Coverage 
(%) 

 
Vertical 
Reach 
(km) 

 
Horizontal 
Spacing1 

 
# Levels 

in 
Vertical 

 
Accuracy2 

(m s-1) 

 
Wind-Profiling 
Radar (NPN) 

 
240 

 
100 

 
15.0 

 
31 

 
59 

 
2.5 

 
Rawinsonde 

 
2 

 
100 

 
15.0 

 
25 

 
50 

 
2.2 

Extra 
Radiosondes 

24 100 15.0 25 50 2.2 

 
ACARS/MDC

RS 

 
30 

 
70 

 
12.5 

 
15 

 
10 

 
2.5 

 
WSR-88D 

Radar 

 
288 

 
98 

 
4.0 

 
53 

 
10 

 
6.0 

 
GOES Drift 

Winds 

 
24 

 
75 

 
11.0 

 
167 

 
6 

 
2.5 

 
1 Horizontal spacing is expressed as the number of observations within the region covered by the 
  NOAA Profiler Network.  
2 Estimates from the Environmental Modeling Center (EMC), one of the National Centers for 
  Environmental Prediction 
 



Normalized performance measures   
 
Each performance measure in the table on the preceding page is normalized by the best 
performance in each column. 
 
Table B.3.  Normalized performance measures. 
 
 
 

 
Performance Measure 

 
Observing  

System 

 
 Frequency 

 
A1 

 
Geographical 

Coverage  
A2 

 
Vertical 
Reach 

A3  

 
Horizontal 

Spacing 
A4 

 
# Levels 

in 
Vertical 

A5 

 
Accuracy1 

 
A6 

 
Wind-Profiling 
Radar (NPN) 

 
0.8333 

 
1.0000 

 
1.0000 

 
0.1856 

 
1.0000 

 
0.8800 

 
Rawinsonde 

 
0.0069 

 
1.0000 

 
1.0000 

 
0.1497 

 
0.8475 

 
1.0000 

Extra 
Radiosondes 

0.0833 1.0000 1.0000 0.1497 0.8475 1.0000 

 
ACARS/MDC

RS 

 
0.1042 

 
0.7000 

 
0.8333 

 
0.0898 

 
0.1695 

 
0.8800 

 
WSR-88D 

Radar 

 
1.0000 

 
0.9800 

 
0.2666 

 
0.3174 

 
0.1695 

 
0.3667 

 
GOES Drift 

Winds 

 
0.0833 

 
0.7500 

 
0.7333 

 
1.0000 

 
0.1017 

 
0.8800 

 

1 To be consistent with the other measures, for which a bigger number is better, the inverse of the 
accuracy must be used here.  Thus, systems whose accuracy is poorer than that of the 
radiosonde will have a value less than one. 

 
Calculating performance measures 
 
We define a performance measure for each observing system that takes into account each of the 
six attributes of performance.  For its contribution to any one of the four NWS missions under 
consideration the measure is defined as  
 

2
66

2
55

2
44

2
33

2
22

2
11100 AwAwAwAwAwAwP +++++=  

 



A perfect hypothetical observing system—one having the best performance in every attribute—
would attain a score of  P=100.  Performance scores for each observing system are listed in the 
table on the next page for each of the four NWS missions under consideration. 
 
Table B.4.  Observing system performance by NWS mission. 
 
 

Observing System 
 

NWS Mission 
Short-
Range 

Forecasts   
  P1 

 
Watches  

P2 

 
Warnings 

P3 

Short-
Range 
NWP          
 P4 

 
Average      

  Pavg 

 Wind Profiling Radar 
(NPN) 

85.32 86.45 83.97 87.23 85.74 

 Radiosonde 75.79 80.46 71.92 84.09 78.07 

 Extra Radiosondes  75.89 80.52 72.05 84.13 78.15 

 ACARS/MDCRS 55.65 59.02 53.40 62.55 57.66 

 WSR-88D Radar 67.45 66.51 69.05 63.85 66.72 

 GOES Drift Winds 68.78 72.28 67.10 74.59 70.69 
 
As shown in Table B.4, performance of a particular observing system varies with the NWS 
mission (application), sometimes significantly.  In the last column of Table B.4, we list an  
overall performance; it is simply the average of the performances for each of the four 
applications, namely ( ) 4/4321 PPPPPavg +++=  
 
We decided to investigate the effect on performance if the importance of the four different 
applications is not equal.  For this purpose, we weighted short-range forecasts by 0.3, watches by 
0.2, warnings by 0.4, and short-range NWP by 0.1.  We denote these weights C1 through C4, 
respectively; the weights add up to 1.0.  For each observing system, we can form the weighted 
sum 

44332211 PCPCPCPCPw +++=  
 



The result is indicated in Table B.5. 
 

Observing System Weighted 
Performance, Pw 

  Wind Profiling Radar (NPN) 85.20 

  Radiosonde 76.01 

  Extra  Radiosondes 76.10 

  ACARS/MDCRS 56.11 

  WSR-88D Radar 67.54 

  GOES Drift winds 69.39 
 

Weighting the mission contributions differently causes changes in the spread between observing 
systems but it does not cause any change in ranking.  The numbers in Table B.5 also appear in 
Fig. 4.2-1 of the COEA. 



Annex C 
 

Cost Break-Down for Frequency Conversion 
 
 
A.  Background  
 
Continued operation of the NPN requires conversion of the profilers from 404 MHz to the assigned and protected frequency of 449 
MHz.  Figure 4.1-1 below shows the changes that will have to be made to existing NPN stations.  The conversion must be completed 
prior to completion of the constellation of European Union and European Space Agency GPS satellites that will also carry Search-and-
Rescue receivers.  The first of these satellites will be launched late in 2005; the full constellation of 27 will be deployed by 2008. 
 
A refurbished NPN ensures that the National Weather Service (NWS) maintains capability to generate and issue severe weather 
watches earlier, makes them more location- and time-specific, and reduces the false alarm rate of warnings.  Moreover, continued 
availability of NPN data will sustain improvements in the accuracy of computerized weather forecasts and establish the foundation for 
resolving day-to-day forecasting problems in NWS offices. 
 
The cost of this alternative includes $13.2 Million to upgrade the 30 NPN operating sites and an allocated annual operations and 
maintenance cost of $2.5 Million (FY 03 $).  Cost breakdowns for the frequency conversion Annex C, Section C. 
 
Sidebar:  European Update on Galileo 
The first experimental satellite, part of the so-called Galileo System Test Bed (GSTB) will be launched in the second semester of 
2005. The objective of this experimental satellite is to characterize the critical technologies, which are already under development 
under ESA contracts. Thereafter up to four operational satellites will be launched in the timeframe 2005-2006 to validate the basic 
Galileo space and related ground segment. Once this In-Orbit Validation (IOV) phase has been completed, the remaining satellites will 
be installed to reach the Full Operational Capability (FOC) in 2008. 
http://www.esa.int/export/esaNA/GGGMX650NDC_index_0.html 
 

http://www.esa.int/export/esaNA/GGGMX650NDC_index_0.html


B. Frequency Change Overview - Sub-System Description 
 
1. Overview 
 
Conversion of the existing 404 MHz profilers to the 449 MHz frequency requires changes in only the frequency dependent 
components of the radar. Some components require complete replacement while others require modification. There are five frequency 
dependent components in the 404 MHz profiler. Three require complete replacement and two require modifications. 
 
2. Replacement components 
 

a. Antenna – The 404 MHz antenna is a coaxial collinear phased array antenna. It consists of power dividers, coaxial 
cables, a beam steering unit and two arrays arranged orthogonal to each other. Each array is formed from 20 rows of 
coaxial collinear subassemblies fed by a series of power dividers. The coaxial collinear subassemblies are made from 
sections of high impedance coaxial cable cut to a half-wavelength and packaged within a 1 ¾” diameter weather-
proof fiberglass radome. It is the frequency and therefore the wavelength which dictate the lengths of the coaxial 
cable for the subassemblies and other cable lengths in the system. The entire antenna needs to be built specifically 
for a given frequency to obtain maximum performance and to adhere to RSEC-E requirements set by NTIA. 
Therefore, complete replacement of the antenna is required due to this frequency dependency. 

 
b. Transmitter – The 404 MHz transmitter is comprised of sixteen 1.2 kW solid state amplifiers, two RF drivers, four 

power supplies, and an interface/status monitor. The dual RF driver provides power to the sixteen amplifiers and 
consists of two identical drivers. In the event of a failure of one driver the other is automatically switched into 
service. The transmitter’s sixteen amplifiers can also experience failures and continue to operate in a degraded 
fashion. The amplifiers and the RF drivers contain high power transistors that are tuned for 404 MHz. Similar to the 
antenna the transmitter is designed to operate at a fixed frequency or range of frequencies and must also meet RSEC-
E requirements. The current 404 MHz transmitter would not be able to operate at 449 MHz and still perform 
satisfactorily. A complete replacement is thus required. 

 
c. Circulator – The circulator is located in the Beam Steering Unit cabinet and accepts the transmitted signal from the 

transmitter. It sends the signal out to the antenna and also accepts the return signal and sends it to the receiver. The 
circulator is a magnetic device and is built to handle specific frequencies. It too must be built to operate at the new 
449 MHz frequency and has to be replaced. 

 



3. Modified components 
 

a. RF Generator – The RF Generator produces three fixed frequency signals. The Local Oscillator (LO) and the 
Coherent Oscillator (COHO) signals are used by the receiver and a third 404 MHz signal is created by mixing the 
LO and the COHO frequencies to provide the RF input signal for the radar transmitter. The RF Generator contains 
crystal oscillators which generate the required frequencies needed to produce the three signals. By replacing the 
oscillators and a few other components the RF Generator can be made to operate at the 449 MHz frequency. 

 
 

b. Receiver – The Receiver is a superheterodyne design that performs an analog-to-digital (A/D) conversion of the 
returned Doppler-shifted signal before sending it for signal processing. The frequency dependent components of the 
receiver can be replaced to operate at 449 MHz without having to replace the entire unit. 

 
4. Frequency change coordination 
 

a. The following discussion is based on previous experience with five existing 449 MHz profilers and on the guidance 
provided by the Director of the U.S. Department of Commerce/NOAA Office of Radio Frequency Management.  
The existing five 449 MHz profilers were specified by the government and built by industry to meet certain technical 
specifications regarding characteristics of the emitted signal into the atmosphere.  These systems were approved for 
Operational Status (Stage 4) by the IRAC’s Spectrum Planning Subcommittee (SPS) in documents SPS-11944/3 
(IRAC Doc. 31143/2).   It is planned that the 449 MHz equipment procured for the 30 units’ frequency change will 
be provided by industry following the same technical specifications.  The vendor will be required to demonstrate 
compliance with these specifications prior to government acceptance.  The new equipment will meet the conditions 
in IRAC Doc. 27561 which is attached to the 1991 document by which NTIA originally authorized profiler operation 
at 449 MHz.  The 449 MHz profilers now have a primary allocation as noted in Footnote G129 in the U.S. allocation 
table.  A section for 449 MHz was also added to the Radar Spectrum Engineering Criteria in the NTIA manual that 
covers profilers.   

 
 

b. Repeater equipment used by the HAMS radio operators also operates at 449 MHz .  However, the equipment’s 
allocation is secondary to the profiler’s primary allocation.  This means a repeater must cease operation if it 
interferes with a profiler.   Since NOAA and the amateur radio community,  represented by the Amateur Radio Relay 
League (ARRL), have worked together on many occasions to support emergency operations, it is important that a 



supportive relationship be maintained.   To do this, coordination meetings will be held with the ARRL over selected 
areas of the profiler network.  The government will provide a schedule of frequency conversion and address any 
concerns raised by the ARRL.  These meetings will be held  sufficiently in advance of the conversion thus allowing 
the repeater operators to make whatever system changes needed to minimize the impact of the band change.  

 
 

5. Environmental studies 
 

a. In preparation for installation of the original profiler network, NWS contracted (contract 50WCNW606070) with 
SRI International to investigate possible environmental impacts that might be caused by construction and operation 
of the profiler network.  An Environmental Assessment report (SRI International Project No. 2174) was delivered to 
the government in October 1986. The findings documented in the report are: “Construction and operation of the 
Wind Profilers will have no significant environmental impacts.  Impacts are generally either nonexistent or very 
minor.  The operational site selection criteria, supplemented by careful examination of prospective candidate sites, 
will ensure that impacts are avoided or minimized.”   

 
b. With the profilers remaining at their original site and frequency change being minimal (404.37 to 449.0 MHz), it is 

anticipated that no adverse impact will result from this change.  However, a contingency is provided to accommodate 
changes in the National Environmental Policy Act that have occurred since the 1986 report and to account for 
requirements of NOAA Administrative Order 216-6, May 20, 1999, Environmental Review Procedures for 
implementing the National Environmental Policy Act.   The contingency will provide for document preparation, 
coordination and specific review of impacts at representative sites.  

 
 
C. Cost Estimate  
 
1. Key Assumptions 
 
The cost estimates were based upon previous conversions of three profilers from 404 MHz to 449 MHz. The Alaska profiler network 
was built using 404 MHz spare parts and converting the frequency dependent components to 449 MHz. The antenna, transmitter, and 
circulator were procured from separate contractors while the receiver and RF generator were modified by the original manufacturers. 
The cost estimates were calculated from the previous costs incurred and taking into account inflation. 
 



2. Risks to Cost and Schedule 
 
The risks would involve the manufacturers and obsolete parts. The manufacturers may not be available for producing or modifying the 
original equipment by not supporting that product line any longer. Also obsolete parts may hinder their ability to repair or modify 
certain components.  
 
3. Alternative Deployment Strategies 
 
The NOAA Profiler Networks ongoing operations of thirty-five profilers has involved having to alleviate obsolescence issues by 
locating second source vendors to supply End-Of-Life (EOL) components and to secure alternate contractors to service aging 
equipment and provide newer, more reliable designs. There are alternate contractors for the procurement of the transmitter and 
antenna. The receiver and RF generator can be replaced instead of being modified if the manufacturer was not capable of modifying 
the devices but would incur a higher cost.   



Table C.1.  Schedule of Costs:  Change 30 NOAA Profiler Frequencies from 404 MHz to 449 MHz  
 

Item Description 
Per Unit 
Cost ($K) 

30 Units 
($K) Totals ($K) 

Antenna       
Replacement of elements, dividers and cables 180.0 5,400.0    
Upgrade of beam steering unit 5.0 150.0    
Installation 7.0 210.0    
Non-Recurring Engineering   200.0    

Subtotal     $5,960.0 
Transmitter       
New Transmitter - 449 MHz 180.0 5,400.0    
Removal of Old Transmitters 2.0 60.0    
Non-Recurring Engineering  400.0    

Subtotal     $5,860.0 
Other RF-Dependent Parts       
449 MHz RF Generator 12.0 360.0    
449 MHz Receiver 10.0 300.0    
449 MHz Circulator 4.0 120.0    

Subtotal     $780.0 
Project Expenses       
Frequency Change Coordination with ARRL (HAM Radio Members)  60.0  $60.0 
Contingency for NEPA Required Environmental Studies  250.0  $250.0 
Project Management and Acquisition Support  200.0  $200.0 
Program Travel  50.0  $50.0 
Grand Total      $13,160.0 



D.  Deployment Strategy -  
 
1. Key Drivers 
 

a. Procurement of the antenna and transmitter would dictate the overall schedule. Of the five frequency dependent 
components the antenna and transmitter would require the most time and effort to acquire. 

b. Installation of the 449 MHz components or conversion of the 30 profilers would require a huge logistical effort. One or 
more installation teams would have to be assembled and required to be in the field constantly for possibly more than one 
year. All 449 MHz parts would have to be drop shipped to each location in a timely manner to ensure that there was no 
work stoppage. Estimate: one team given three weeks to convert a site multiplied by 30 would take 90 weeks or close to 
two years. 

 
2. Schedule 
 

a. Secure funding 
b. Solicitation of bids for the antenna, transmitter and circulator, for installation of sites, for receiver and RF generator 

modification 
c. Secure contracts 
d. Start production of antenna, transmitter and circulator, modification of receiver and RF generator 
e. Assemble installation team(s) and begin installation 

i. Installation Phase 
1. Drop ship 449 MHz parts to profiler site 
2. Disassemble and discard 404 MHz antenna 
3. Remove 404 MHz transmitter, receiver, circulator and RF generator 
4. Realign antenna support structure to accept 449 MHz antenna 
5. Install 449 MHz antenna 
6. Install 449 MHz transmitter 
7. Install 449 MHz circulator, receiver and RF generator 
8. Test 449 MHz components 
9. Realign Profiler Hub to accept 449 MHz data 
10. Activate new 449 MHz profiler 
 



Figure B.1 Components Requiring Modification 

 

 



 
 
 
 

Figure B.2 Profiler System Block Diagram 

 



 
Figure B.3 – Antenna Assembly 

404 MHz Antenna Assembly 449 MHz Antenna Assembly 

 
 

A.  Each collinear array subsection is a resonant array. This 
system uses two styles of collinear subassemblies. The east-west 
(Array #1) and north-south (Array #2) antennas are similarly 
constructed using these two styles. The coaxial dipole elements 
are formed from sections of high impedance coaxial cable, each a 
half-wavelength in the coaxial line. The completed coaxial 
subassembly is packaged within a cylindrical fiberglass radome 1-
3/4 inches in diameter.  The radome provides protection and 
forms a weather-tight seal around the elements. 
 

B.  This system uses only one style of collinear subassembly. 
Each subassembly is packaged in a weather proof radome. The 
antenna is formed from two coaxial collinear arrays arranged 
orthogonal to each other. Each array is formed from 20 rows of 
coaxial collinear subassemblies fed by a network of power 
dividers.  
 

 



 
Figure B.4 – Antenna Specifications 

404 MHz Antenna 449 MHz Antenna 
Frequency 404.37 MHz +/-0.5 

MHz 
Frequency 449.0 MHz  +/- 0.5 

MHz 
One-way peak side-lobe levels (all beams): One-way peak side-lobe levels (all beams): 

For elevation angle >45 degrees < -20 dB relative to For elevation angle >45 
degrees 

< -20 dB relative to 

For 5 degrees < elevation angle 
< 45 degrees 

< -25 dB on axis For 5 degrees < elevation angle 
< 45 degrees 

< -25 dB on axis 

For elevation angle < 5 degrees < -40 dB beam peak For elevation angle < 5 degrees < -40 dB beam peak 
On-axis gain above isotropic  > 32 dB On-axis gain above isotropic  > 32 dB 
Number of beams  3 (sequential) Number of beams 3 or 5 
North and East beam elevation angles  73.7o N, S, W and E beam elevation angles  73.64o 
Vertical beam elevation angle  90.0o Vertical beam elevation angle  90.0o 
Beam switching speed  < 0.4 sec Beam switching speed  < 0.03 sec 
Maximum beam pointing error from nominal position:  Maximum beam pointing error from nominal position:           

Elevation (0)  + 0.5 degrees E Elevation (0)  + 0.3 degrees 
Azimuth (0)  + 2.0 degrees E Azimuth (0)  + 0.5 degrees 

Input VSWR  <1.2:1 max Input VSWR  <1.2:1 max at Band 
Center 
<1.4:1 max at Band 
Edges 

 



 
 Figure B.5 – 449 MHz Antenna Support Structure Modifications 

 
 



 
Figure B.6 – Orthogonal Coaxial Collinear Antenna Array Layout 

404 MHz Antenna Assembly 449 MHz Antenna Assembly 

 
 

A.  404 MHz antenna layout showing the orientation of the upper 
(east beam) array with respect to the lower (north, vertical) array 
using the two styles of subassemblies; a 12-element and 14-
element subassembly (stick). 

B.  449 MHz antenna layout showing the orientation of the upper 
(east ,west) array with respect to the lower (north, south, vertical) 
array using only a12-element subassembly. 
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Figure B.7 – Transmitter Assembly 

404 MHz Transmitter and Equipment Cabinet 449 MHz Transmitter and  Equipment Cabinet 
  

A. (Left) 404 MHz transmitter front panel layout. (Right) Profiler 
equipment cabinet showing the location of the RF Generator. 
 

B. (Left) 449 MHz transmitter front panel layout. (Right) Profiler 
equipment cabinet showing the location of the 449 MHz RF 
Generator. 

 



 
Figure B.8 – Receiver Assembly 

404 MHz Receiver Assembly 449 MHz Receiver Assembly 
  

A. Beam Steering Unit (BSU) cabinet showing the location of the 
404 MHz receiver and circulator. 

B.  Beam Steering Unit (BSU) cabinet showing the location of the 
449 MHz receiver and circulator. 



Phase delay cables for 404 MHz and            
449 MHz profilers are different lengths.      

Front Panel                                
404 MHz BSU

Front Panel                               
449 MHz BSU

Type 1 
404 
MHz

 
Figure B.9 – Beam Steering Unit 

Beam Steering Unit Assembly Beam Steering Unit 

 

 

A. Front panel layout and internal layout of the 404 MHz Beam 
Steering Unit (BSU) Assembly showing the location of the BSU and 
5-way power divider. 

B. Side by side drawing of the front panels of the 404 MHz (left) and 
449 MHz (right) BSU. Also shown is the internal layout of a BSU.  

 
 



1

 NPN Operations and Maintenance  
35-Station 404/449 MHz NOAA Profiler Network Systems

Item 
Number Item Description

Item 
Cost ($) Totals ($)

1 Field Site Facility Operations and Maintenance 205,325
Land Leases - 23 sites 20,925  
Electrical Utilities - 31 sites 91,700  
Voice Telephones - 32 13,500  
FTS-2001 Voice Long Distance 700  
Ground and Facilities Maintenance - Includes Weed Management, Road Upkee 5,000
Shelter Materials/Supplies 3,500
Site Maintenance Contingency - Major Facilities Damage; Vandalism/Weather 70,000  

2A Field System Operations and Maintenance  467,960
Government Labor (2 Staff - .75 FTE) 110,150
Contractor Labor (6 Staff - 3.08 FTE) 252,310
Travel - Government 5,000  
Travel - Contractor 50,000  
GSA Vehicles (2) for Field Travel 25,000
Supplies and Materials 14,500
NWS Electronics Technician Training - Boulder Facility 3,000
Alaska Support (El Tech and Forecaster Training, and Annual Site Inspection) 8,000  

2B Field System Operations and Maintenance - NWS Support 39,800
NWS/CR/SR Labor (Electronic Technician, Supervisory, Management) 51,350  
NWS/CR/SR Travel (Electronic Technician, Supervisory, Management) 19,600  
NWS/CR/SR Return Shipping 5,850
NWS/CR/SR Maintenance Credit per NWS/OAR Basic Agreement (.5 labor ye -37,000

3A Logistics, Parts Repair/Replacement, CM and Site Admin 252,282
Contractor Labor  (5 Staff - 2.65 FTE) 195,102
Shipping LRU's to Field 9,000
.5 Boulder Assembly Facility & DoC Warehouse - Rent 10,630
.5 Boulder Assembly Facility - Utilities 1,250
.5 Boulder Assembly Facility - Voice Telephone 300
Supplies, Materials, Storage Systems 5,000  
LRU and Subcomponent Spare Parts including Air Conditioners 31,000

3B Logistics, Parts Repair/Replacement, CM and Site Admin - NWS Support 225,000
NWS/OOS/NRC Labor - 1 FTE 74,300
NWS/OOS/NRC Outside Repair Contracts 109,200
NLSC Warehouse Rent (J500/J501 ASNs =118.3 *$171) 20,230
NLSC Warehouse Rent (J501 ASNs NWS/AK Part $6,617; Sent directly to NW 0
NLSC Labor to Ship Spare Parts to Field Offices 4,505  
Shipping of LRU's to Field Electronic Technicians 6,625
Cataloging and EMRS Support 2,240
NWS/OOS Management Labor Support 4,900  
NWS/OOS Management Travel Support 3,000

4A Engineering and Sensor Testing and Development 228,443
Government Labor  (2 Staff - .45 FTE) 74,940
Contractor Labor (3 Staff - 1.1 FTE) 125,823
Contractor Technical Services 0
.5 Boulder Assembly Facility - Rent 10,130
.5 Boulder Assembly Facility - Utilities 1,250  
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.5 Boulder Assembly Facility - Voice Telephone 300
Test Equipment and Supplies 9,000
Purchases; Supplies and Materials 7,000  
Lockheed Martin Technical Support Contract 0

4B Engineering and Sensor Testing and Development - NWS Support 75,000
NDBC (NWS/OOS) Engineering and Contract Management 75,000
Miscellaneous 0

5 NPN Network Monitoring, Command and Control Center 345,623
Government Labor (2 Staff - .75 FTE) 102,350
Government Part Time Student 15,000
Contractor Labor (5 Staff - 2.4 FTE) 198,273
FSL Monitoring Support 30,000

6 Hub Computer Processing Facility and Program IT Support 565,113
Facility Management/Operations - Government Labor (2 Staff - .9 FTE) 133,440  
IT Specialists/System Administrators - Contract Labor (4 Staff - 2.55 FTE) 234,588
Hardware for Hub Modernization, CAPS, GPS Processing and Display System 21,985
Hardware for Data Archive 5,000
LAN Equipment 13,000
Firewall Hardware 30,000
Computer and Environmental Systems Hardware Maintenance 51,100
Contractor Technical Refreshment Training 7,500
Security Training 4,500
Highspeed Internet Connection 15,000
FSL IT Support 25,000
Staff PC Hardware and Software Support 24,000

7 Data Communications 248,201
Annual ATT Dedicated Circuits; 32 Sites to Boulder; 1 line Boulder to NWSTG 104,137  
Government Communications Contract Management (.25 FTE) 37,775
Communications Technical Support - Contract Labor (.15 FTE) 16,516
GOES/DOMSAT Upgrade/HW-SW Maintenance Support 2,500  
GOES High Data Rate Equipment Evaluation - Hardware/Supplies 6,000
GOES High Data Rate Equipment Evaluation - Government Labor (.25 FTE) 33,525
GOES High Data Rate Equipment Evaluation - Contractor Labor (.5 FTE) 43,748
Satellite Based Internet System Evaluation (4 Sites); HPCC Grant; $24,520 0
Travel - STWIG/SARSAT Meetings 4,000

8 Web Services 213,688
Web Services; Government Labor (2 Staff - .75 FTE) 102,525
Web Services; Contractor Labor (3 Staff - .95 FTE) 111,163

9 Software Maintenance and Development 496,027
Government Labor  (2 Staff - 1.5 FTE) 148,760
Contractor Labor (5 Staff - 2.05 FTE) 202,403
Joint Institute Labor (1 Staff - 1FTE) 133,864
Software Maintenance 5,000
Purchases, Materials and Supplies 6,000

10 GPS-MET Support 159,100
Government Labor  (1 Staff - .5 FTE) 84,700
Contractor Labor (3 Staff - 1 FTE) 0
Joint Institute Support - Satellite High Accuracy Orbits 30,000
Joint Institute Support - New Product Development 0
Joint Institute Support - Model Testing, Verification/Validation 0
U.S. Coast Guard Maintenance Support 16,000
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Equipment Maintenance/Warranties 18,400
Purchases - New Receivers/Antennas 0
Purchases - Miscellaneous Hardware, Materials, Supplies 10,000

11 Program Management and Planning 630,929
Government Labor  (3 Staff - 1.55 FTE) 295,145
Government Administrative Support (1 Staff - .1 FTE) 7,000
Contractor Administrative Support (2 Staff - .35 FTE) 22,384
Government Program Travel 20,200
Government Training (Programmatic, Technical, Safety) 4,500
Purchases, Supplies, Materials, Printing 29,000  
Documentation Support (Government and Contractor) 3,000
Staff Office Rent and Voice Telephones 121,200
OMB, NOAA, FSL, Prior Year Budget Assessments 128,500
Total  $4,152,491

Information: Margot H. Ackley;  303-497-6791;  Margot.H.Ackley@noaa.gov



Annex D - Budget Summary
 NPN Operations and Maintenance

35-Station 404/449 MHz NOAA Profiler Network Systems
Item Number Item Description

1 Field Site Facility Operations and Maintenance

2A Field System Operations and Maintenance

2B Field System Operations and Maintenance - NWS Support

3A Logistics, Parts Repair/Replacement, CM and Site Admin

3B Logistics, Parts Repair/Replacement, CM and Site Admin - NWS Support

4A Engineering and Sensor Testing and Development

4B Engineering and Sensor Testing and Development - NWS Support

5 Network Monitoring, Command and Control Center

6 Hub Computer Processing Facility and Program IT Support

7 Data Communications 

8 Web Services

9 Software Maintenance and Development

10 GPS-MET Support

11 Program Management and Planning
TOTAL

Information:       Margot H. Ackley;  303-497-6791;   Margot.H.Ackley@noaa.gov



16-Nov-17
 

Totals ($)

205,325

467,960

39,800

252,282

225,000

228,443

75,000

345,623

565,113

248,201

213,688

496,027

159,100

630,929
$4,152,491
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Annex D 
 

Budget Estimate 
     
 NPN Operations and Maintenance 
 
 ***   Footnotes   *** 
 

November 16, 2017 
  
 
General Comments: 
 
$ NPN funds are sent to NWS under a Basic Agreement between NWS and OAR.  This 

basic agreement reflects the collaborative nature of the NPN program.  Four appendices 
to the Basic Agreement include support from: 1.) National Data Buoy Center (NDBC) to 
provide engineering, surface meteorological sensor support, and contract management for 
the contracts with Lockheed Martin (previously Sperry Rand then Unisys) who provide 
and support various hardware and software components of the NPN.  These contracts are 
between NWS/NDBC and Lockheed Martin; 2.) Central and Southern Regions to provide 
profiler field maintenance by their Electronics Technicians (El-Techs); and 3.) Office of 
Operational Systems (OOS) to provide logistics and configuration management support, 
depot-level maintenance (NWS/OOS/NRC) and warehousing of spare parts (NLSC).  A 
fourth appendix was with the NWS Office of Technical Services (known later as the 
Special Engineering Program Office) to provide one-time support for site surveys, site 
acquisition and site preparation.   The Basic Agreement and its appendices were put in 
place prior to 2000; thus all joint work and funding for the NPN project are exempt from 
the new NWS/OAR Business Rules. 

 
$ At the beginning of the Profiler Program in the late ‘80s, NWS assisted OAR in setting 

up an Operations and Maintenance program so that future transition of the system to 
NWS would be as smooth as possible.  Every operational decision was formed by the 
answer to the question “How would NWS do it?”  This philosophy is followed to this 
day. 

 
$ Operations and Maintenance for NOAA’s Alaska Profiler Network (three systems) are 

addressed in a July, 2000 Memorandum of Agreement between NWS’s Headquarters, 
Alaska Region, OSO and OSD, OM, and OAR’s Headquarters, and the Forecast Systems 
Laboratory (FSL - is located in Boulder, CO and coordinates the NPN program).  In 
essence, the NPN staff  provide day-to-day monitoring of the health of the profilers, their 
data processing and data quality control, and central control of the profilers.  The staff 
determine when and what type of repair is required, dispatches NWS-Alaska Region 
technicians, and sends appropriate spare parts. 
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$ The budget is based on costs for FY-2003.  Historical cost data were also taken into 
account as appropriate.  Each year different special activities are undertaken.  This budget 
represents a “typical” year of operations. 

 
$ Salaries for all Government Staff (OAR) are paid from appropriated NOAA OR&F 

funds.  The overhead is approximately 79.5% of base labor and incorporates the OAR 
Level II and III, Laboratory Level IV and Leave and Benefits charges.  The NPN 
operates as a distinct financial entity within the Forecast Systems Laboratory (FSL) and, 
as such, is exempt from additional FSL overhead charges applicable to other projects in 
FSL. 

 
$ Total overhead, including G&A and fee for all Profiler Program Contractor Labor is 

approximately 79% of base labor.  “Other Direct Charges - ODCs” are non-labor costs 
and are subject to a 14% G&A charge only.  The contract is a Cost Plus Fixed Fee 
(CPFF) 8(a) contract. 

  
 
1        Field Site Facility Operations and Maintenance 
 
$ Leases (35 total): The annual cost for 23 of the NPN lower-48 leases ranges from $480-

$2400.  For the three Alaska sites (Glennallen, Talkeetna and Central) only the 
Glennallen site requires annual payment ($2,160) by NWS Alaska Region.  The other 
two Alaska sites are on state land and, as such, are no-cost leases.  The site/lease at the 
White Sands Missile Range is provided cost free by the US Army.   Land for the newest 
profiler site at Ledbetter, TX, is provided at no cost by the Lower Colorado River 
Authority (LCRA). This contribution by LCRA represents a collaborative effort between 
them, the State of Texas, NOAA and Texas A&M University at Austin.  The Syracuse, 
NY site lease at the Syracuse-Hancock International Airport is paid for by Lockheed 
Martin.  This lease is expensive and is scheduled to terminate June 30, 2004.  It is 
anticipated that Lockheed will execute a temporary renewal until another less expensive 
location can be found in the Syracuse area.  The remaining six sites are located on 
Federal land and hence are covered under no-cost interagency agreements.  Most of the 
leases are now written for 20 years with very inexpensive rates set for the duration of the 
lease.  The amount of land for each site is approximately one acre. 

 
$ Utilities: The utilities for the three Alaska sites are paid directly by NWS Alaska Region.  

Utilities for the White Sands Missile Range are paid by the US Army.  Utility service for 
the profilers is only electricity.  The costs are higher in summer due to the increased use 
of the shelter’s two air-conditioners.  The shelter electric heaters are rarely used, even in 
Minnesota and Wisconsin, since the profiler transmitter generates sufficient heat to keep 
the shelter within normal operating temperatures.  Electric heaters are used during the 
winter season for the three Alaska profilers - particularly the one at Central, which is 
located north of Fairbanks. 
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$ Telephones: The voice telephone costs for the three Alaska sites are paid directly by 
NWS Alaska Region.  Again, White Sands Missile Range voice telephone is paid for by 
the US Army.  The system at Platteville, CO, near Boulder has two voice lines for system 
testing. 

 
$ Long distance voice communications from the sites is provided under the Government’s 

GSA FTS-2001 Telecommunications contract and is normally used only during onsite 
maintenance activities.  Also included are FTS-2001 Calling Card costs for resetting the 
profiler’s main circuit breakers during off-hours from off-site telephones.  This reset 
procedure is used to clear software and hardware difficulties. 

 
$ Ground and facilities maintenance is performed on an as-needed basis.  Although the 

site’s original construction included a weed barrier under and around the equipment, it is 
still necessary to perform periodic weed control.  Likewise, some road upkeep is 
occasionally needed, mainly due to erosion.  Each of the shelters is stocked with 
expendable supplies for clerical and housekeeping functions. 

 
$ Every year a site maintenance contingency fund is established to offset any major facility 

damage due to vandalism or severe weather.  This fund is lower than normal NWS 
standards but has been sufficient for all the years of NPN operations.    

 
 
2A     Field System Operations and Maintenance 
 
$ The NPN program provides field engineering and technician support for the network.   

Typically, staff are dispatched to repair a profiler when NWS Electronic Technicians (El-
Techs) are not available, or the nature of diagnosis and repair requires a specialist in radar 
engineering.  Almost all antenna work is handled by the NPN’s government and 
contractor staff.  Most travel is done by GSA vehicle from Boulder and is planned so that 
multiple sites can be visited in a single trip.  This keeps travel costs low. 

 
$ All repair at the White Sands Missile Range profiler site is handled by US Army civilian 

technicians and meteorologists.  This support is provided “cost-free”.  Profiler equipment 
repairs and facility upkeep are provided by Lockheed Martin at the Syracuse, NY site.  
Work is handled through an Engineering and Technical Services contract with Lockheed 
Martin.  Maintenance for the Platteville, CO system is handled by NPN field engineers 
from Boulder. 

 
$ Each year profiler training is provided by OAR NPN Engineers for NWS Electronics 

Technicians and other technicians as appropriate.  In the last few years, the training has 
been held in Boulder where there is a mock-up profiler system near the staff offices.  
Also, the Platteville, CO field site is within a 40 minute drive and has facilities to handle 
all day training as needed.  These classes, along with appropriate training material, are 
provided cost-free to students, but the students must provide for their travel to Boulder.  
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Classes typically last three days with Monday and Friday designated as travel days. 
 
$ Every year NPN staff travel to Alaska, at no cost to NWS, to perform training.  Usually, 

training alternates each year between use of the data in weather forecasting and system 
troubleshooting and repair.  In addition to NWS Alaska Region staff training, NPN staff 
travel to all three sites for equipment inspections and repair as needed. 

 
 
2B     Field System Operations and Maintenance - NWS Support 
             
$ Per one of the Appendices of the Basic Agreement between NWS and OAR, NWS 

provides  Electronic Technicians (El-Techs) for repair of the NPN profilers.  The 
agreement specifies that work will be performed on a non-interfering basis with respect 
to NWS commissioned systems.  Annual funding is based on the number of failures of 
the previous year plus a 10% increase.  Likewise, the Appendix specifies that NWS will 
“donate” one-half staff year of El-Tech support.  This credit is distributed between 
NWS’s Central and Southern Regions based on the number of profilers for which each 
region has maintenance responsibility.  Maintenance for the new Ledbetter, TX system is 
provided at no cost by NWS/Southern Region Headquarters as part of the collaborative 
effort noted under Item 1 - “Leases”.   

 
$ Alaska Region is responsible for providing El-Tech support (with technical support from 

the Profiler Control Center in Boulder) for the three Alaska Profilers.  NWS/Central 
Region is responsible for 17 systems and NWS/Southern Region for 11 systems plus the 
new Ledbetter, TX profiler.  

 
$ In addition to funding NWS maintenance labor and travel costs, funds are provided for 

shipping of parts.  These funds cover the cost of returning a failed component back to the 
NWS/National Reconditioning Center (NRC) in Kansas City or the NPN offices in 
Boulder for repair. 

 
 
3A     Logistics, Parts Repair/Replacement, Configuration Management and  
          Site Administration 
 
$ Following a profiler failure and identification of the failed part, NPN logistics staff order 

the part from the National Logistics Supply Center (NLSC) in Kansas City.  NLSC 
warehouses profiler spare parts just as they do for commissioned NWS systems.   NLSC 
sends the part to the NWS Forecast Office responsible for repair of the failed profiler.  
Though NLSC is the primary source of profiler components, the Boulder NPN facility 
stocks many small parts (brackets, generic cables, clamps, tape, breakers, surge 
protectors, etc).  These parts are likewise shipped to NWS as needed.   

 
$ The NPN Boulder offices are not set up to test full systems, recondition parts, or perform  
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other engineering functions.  A warehouse, located less than 10 minutes away is used for  
these functions.  This warehouse was originally acquired when the three Alaska Profilers 
were assembled and tested prior to shipment to Alaska.  Support for this critical facility is 
shared with Item 4A - “Engineering and Sensor Testing and Development” cost item. 

 
$ In order to save time and expense, some components are repaired in Boulder rather than 

at the NWS’s National Reconditioning Center (NRC) in Kansas City.  Program field 
engineers have the necessary skill and the program has adequate testing and repair tools. 

 
$ Replacement of highly specialized spares is normally handled through the Lockheed 

Martin contract.  However, there are other sub-component  parts available on the open 
commercial market that are procured by OAR/NPN rather than NWS.  Included in this 
line item are the shelter air conditioners.  Each shelter has two air conditioners.  With 35 
profilers this results in a total of 70 air-conditioners in operation all the time.  After 
performing a cost analysis, we determined that it is generally  more cost effective to 
replace an air conditioner rather to repair it.  10-12% of the air conditioners are replaced 
each year. 

 
$ Each month over 150 separate financial items are reviewed, certified and tracked.  These 

items are related to payments on site leases, utilities, voice telephone, voice long distance 
service and data communications. 

 
 
3B     Logistics, Parts Repair/Replacement, Configuration Management and 
          Site Administration - NWS Support 
 
$  
Per another Appendix of the Basic Agreement between NWS and OAR, NWS provides logistics, 
depot repair, and maintenance support for the NPN.  The National Reconditioning Center in 
Kansas City handles most Line Replaceable Unit (LRU) repairs by either repairing the parts in-
house or by issuing repair contracts to external vendors.   At the beginning of the program, the 
NRC was provided a complete profiler test set (more costly than a single profiler) to test 
individual components.  This occurs any time a part is received back from the field or a repair 
vendor, or following internal repair.  All parts are tested prior to restocking at the National 
Logistics Supply Center, which is housed next to the NRC. 
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$ Additionally, NWS/OOS coordinates payment for the NLSC warehouse space.  Cost is 

determined by the type of parts rather than the number of parts. A specific type is 
designated by a unique ASN (Agency Stock Number). 

 
$ NWS/OOS also assists in the purchase of new spares to replenish inventories.  Agency and 

NWS stock numbers are assigned to all profiler parts and are included in various official 
NWS maintenance books and catalogs. 

 
$ Parts stocked at NLSC are for both 404 MHz and 449 MHz profilers.  The 449 MHz 

profilers also utilize many 404 parts.  In fact, with the exception of the antenna and 
transmitter, and a few other frequency-dependent components, the three Alaska profilers 
were assembled from 404 MHz spare parts, resulting in major cost savings.    Hence a 
common spare parts inventory is shared between the 404 NPN systems and the three -  449 
MHz Alaska systems.  Except for the initial spares for the Alaska systems, all additional 
spares (404 MHz and 449 MHz) have been procured with OAR NPN funds. 

 
$ Funds are also provided to ship a good spare part from the NLSC to the appropriate NWS 

Forecast Office to replace a failed part removed by the NWS El-Tech. 
 
$ In prior years,  NWS received a total of $50,000 to fund inclusion of 25 Wind Profiler 

Circuit Card Assemblies into the NWS Technology Obsolescence Risk Assessment 
(TORA) program.  The 25 assemblies were selected based on NWS/OOS 
recommendations.  This program acquires information regarding discontinuation of sub-
components thus steps can be taken to prevent running out of essential parts.  Included are 
seven assemblies that support the 449 MHz Alaska systems. 

 
 
4A     Engineering and Sensor Testing and Development 
 
$ The Boulder offices are not adequate for testing systems, performing repairs, or conducting 

hands-on training or other engineering functions.   A warehouse, located less than 10 
minutes away is used for these purposes.  This warehouse space was originally acquired 
when the three Alaska Profilers were assembled and tested prior to shipment to Alaska.  
Support for this critical facility is shared with Item 3A -  “ Logistics, Parts 
Repair/Replacement, Configuration Management and Site Administration” cost item. 

 
$ Continuous evaluation, refinement and improvement of profiler components are handled by 

the NPN engineering staff.   
 
$ Due to technical and radio-interference considerations, most profilers are located in 

relatively remote areas.  Most sites experience multiple severe weather events.   Power is 
typically supplied by local rural electric cooperatives, and many times the systems are at 
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the end of long service runs.  Power surges and fluctuations are common and often cause 
the large main power service breaker to trip,  resulting in loss of data.  Because of the 
remote locations and higher priorities of the NWS El-Techs,  it is sometimes several days 
before someone could travel to the site and reset the breaker.   The profiler engineers 
designed a “Remote Breaker Reset Box” that would perform a mechanical reset of the main 
power breaker using the site’s voice telephone.  This capability was further extended to 
handle those cases where the system just “hung”.  As in typical personal computer usage, 
sometimes a “hard reboot” would be required.   The rate of data delivery to NWS and other 
customers would decrease approximately 2.5% without this capability. 

 
$ All engineering documentation and drawings are maintained by the engineering staff.  For 

each system (404 MHz and 449 MHz) a document called the “The Guide to LRU 
Replacement” was prepared and maintained by the staff.  This guide, available in both hard 
copy and on CD-ROM, is used in both training and standard profiler maintenance work.  
The document is the cornerstone of all profiler diagnostic and maintenance actions and 
consists of almost 400 pages with over 250 figures.   Any changes or improvements in 
maintenance are incorporated into the guide.   All site drawings and driving maps and 
instructions are maintained by the staff. 

 
$ Over the years, the staff, working with the NWS,  have designed and incorporated 

enhanced grounding, lightning and surge protection for the profilers.  As with many 
electronic based systems, component failure and/or degradation are often the result of 
lightning strikes. 

 
$ The staff also provide telephone technical support to the NWS El-Techs for exceptionally 

difficult  problems that are encountered during field maintenance activities.   
 
$ Staff also work with the profiler contractor, Lockheed Martin, to resolve problems arising 

from previous system upgrades.  Due to obsolescence, about one-third of the original 
profiler system micro-VAX II computers underwent an upgrade to a DEC-Alpha hardware 
platform.  When timing and software compatibility issues arise, the staff, working with the 
Lockheed engineers, develop suitable solutions. 

 
$ Engineers are also working with staff from NWS’s NEXRAD Radar Operations Center 

(ROC) in Norman, OK on techniques to reduce the effects of signal contamination by 
ground clutter.   

   
$ Although the original design specified a 20-year lifetime, computer and other electronic 

components are reaching various stages of obsolescence.  Engineers have been studying 
both alternate sources of sub-components and also technical “workaround”solutions. 
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4B     Engineering and Sensor Testing and Development - NWS Support 
 
$ Per one of the Basic Agreement’s Appendices, the National Data Buoy Center (NDBC) 

provides engineering, contract management and surface meteorological sensor support.   
One-time funds transfer is done each year.  The NDBC Contracting Officer and 
Contracting Officer’s Technical Representative (COTR) support all profiler contract 
activities including acquisition of systems and spare parts, specification of technical 
requirements and also the Lockheed Martin Technical and Engineering Services contracts.  
NDBC also supports monthly project status telephone conferences with Lockheed Martin.  
Processing of all DD250's (Material Inspection and Receiving Reports) and Lockheed 
invoices are handled by NDBC.   

 
$ Since the inception of the program, NDBC has provided OAR with surface meteorological 

sensor package capability.  NDBC has extensive technical experience and understanding in 
this area due to their work in placing similar instruments on buoys and coastal surface 
observation stations.  NDBC has refined the instrumentation over the years, resulting in 
more cost-effective and reliable systems.  All NPN sites have a suite of surface 
meteorological sensors.  At this time there are thirteen sites, located mainly in the central 
and southern portion of the network, that have a full sensor complement including wind, 
temperature, humidity, pressure and rain gauge instruments.  The wind sensor is located on 
a tower at the NWS 10-meter standard height.  This sensor suite is referred to as the 
Profiler Surface Observing System (PSOS).  At all other sites, including the three Alaska 
sites, the suite contains only temperature, humidity and pressure instruments.  This suite is 
referred to as the GPS Surface Observing System (GSOS).  Design, acquisition and depot 
level repair for both of these suites are managed by NDBC. 

 
 
5 Network Monitoring, Command and Control Center 
 
$ Central to the NPN is the Profiler Control Center (PCC), which is responsible for all 

aspects of the NPN operations and monitoring including the coordination of logistics 
associated with operating a sophisticated 35-station network.  All field activities are 
coordinated by the PCC staff. The staff in the PCC routinely monitor the NPN only during 
normal working hours (27% of the total hours in a week).  Improvements are constantly 
being made to allow remote monitoring of the NPN and its supporting data and 
communications systems.  This capability allows “restart” of systems remotely, thus 
improving the total availability of NPN data for the NWS and other customers.   

 
$ Besides monitoring to ensure that all the equipment is operating, the PCC also monitors the 

quality of the data.  In the original specifications for the profiler systems, the Government 
required the contractor to build a system that could operate in a degraded mode rather than 
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shutting down.  Consequently, the transmitters and antennas sometimes operate in a 
degraded mode, thus decreasing the quality of the data.   The quality is therefore also 
monitored to determine if maintenance action should be initiated or if the system should be 
taken out of operation until proper repairs can be made.  Monitoring of collocated surface 
meteorological systems is augmented by model and surface analyses provided by another 
part of FSL separate from the NPN organization. 

 
$ Once it is determined that field maintenance is required by either profiler technicians or 

staff from the power or communication companies, the PCC “opens a ticket”, contacts the 
proper repair person, and monitors the repair process until the “fault” is removed and the 
system is brought back into operations.  Any parts needed for replacement of failed parts 
are ordered from the appropriate depot and shipped to a convenient pickup location for 
transport to the site by the NWS El-Tech or other repair person.  If the failure cannot be 
addressed by an NWS El-Tech within a reasonable period of time, a field engineer is 
usually dispatched from the Boulder NPN facilities to repair the system. 

 
$ The PCC is responsible for logging all equipment faults and for collecting performance 

statistics on all aspects of the NPN.  These data are later made available for analyses to 
help detect areas of weaknesses and strengths.  The many years of fault logging will prove 
to be extremely valuable when new system specifications are developed.  Additionally, 
weekly, monthly, quarterly and annual performance statistics are collected and presented to 
the appropriate staff and management.  A network monitoring meeting is held weekly to 
review status and network performance.  Management is advised weekly of the data 
availability.  Monthly and annual performance statistics are made available to NWS. 

 
$ PCC staff work closely with members of the program’s Software Maintenance and 

Development team to develop additional monitoring software and processing software that 
helps to minimize the effects of ground clutter and profiler signal contamination by birds. 

 
$ Likewise, information is collected and characterized as to when and how the data are used 

by the NWS in their twice-daily prepared Area Forecast Discussions (AFD) for each 
forecast office.  Many of these discussions explain the rationale for decisions made and 
how observations were used to formulate the final forecast. 

 
 
6 Hub Computer Processing Facility and Program IT Support 
 
$ The architecture of the NPN is similar to a “spoke and hub” configuration.  Each individual 

profiler (“spoke”) collects wind and status information every six minutes and performs 
some processing of hourly data.  The data, both six-minute and hourly averaged, are 
transmitted to the Profiler Hub located in Boulder, CO,  where the data are checked for 
quality and further processed into profiles of horizontal wind speed and direction for 72 
heights above the profiler site up to about 53,000 ft.  
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$ The Profiler Hub acquires and processes profiler data, monitors equipment status and 

distributes profiler data to all customers.  This Hub is a “legacy” VAX/VMS cluster of 
micro computers, typically used during the 1980's, dedicated solely to processing of the 
NPN data.  As with any dedicated operational system, changes are kept to a minimum.   
Currently all of the equipment is under hardware maintenance contract.  Because the 
system is approaching obsolescence, efforts are under way to build a “modernized” Hub 
using state of the art architecture built on racks of low-cost off-the-shelf personal 
computers (PCs) operating under Red Hat Linux. 

 
$ The facility also houses additional modern computer equipment for the collection, 

processing and distribution of other data sets that are complementary to the profiler data.  
Included are data from profilers operated by other organizations.  These profilers are 
referred to as Cooperative Agency Profilers (CAPs).  Currently, approximately 70 systems 
provide data at no additional program cost.  These data are checked for quality and 
forwarded to the NPN customers.  The CAP data contribute significantly to NWS forecasts 
in areas outside the NPN.   Additionally, there are computers to support the distribution of 
the data via the NPN web site for many of the non-NWS customers.   

 
$ In addition to providing Information Technology (IT) capabilities for the NPN and CAP 

profiler networks, the facility also houses all the computer equipment need to support the 
GPS-Met program which uses GPS technology to measure the amount of moisture in the 
atmosphere above a site. 

 
$ Also included is equipment for archiving the data and supporting local area networks, 

communication devices and required security firewalls.   
 
$ Since the NPN was declared Mission Critical under OAR’s Y2K planning documents, 

capability was added to allow for emergency power and air conditioning separate from the 
building capabilities.  Maintenance and upgrades of this environmental equipment are part 
of the operational requirements of the facility. 

 
$ As part of the Forecast Systems Laboratory (FSL), the NPN program shares the highspeed 

Internet connection utilized by Laboratory staff and works cooperatively with other 
computer groups on system monitoring, security measures, and computer training. 

 
$ Hardware, software and technical support for all of the scientific, technical, engineering 

and administrative desktop and laptop PCs utilized by program staff are handled by facility. 
  
 
7 Data Communications 
 
$ All of the NPN data are transmitted from individual profiler sites to the Boulder facility via 
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35 dedicated ATT circuits every six minutes.  The cost of the three Alaska circuits is offset 
by NWS funding.  Additionally, there is a single high-bandwidth dedicated line used to 
transmit the processed data from the Boulder facility to the NWS Telecommunications 
Gateway in Silver Spring, MD.  From there the data are distributed to NWS locations, 
where they are utilized in numerical weather prediction models or by weather forecasters in  
forecast offices to prepare forecasts of the local weather. 

 
$ When the General Services Administration awarded a new government 

telecommunications contract (FTS-2001) to MCI/WorldCom, the program applied and 
obtained the first Department of Commerce waiver to remain with the FTS-2000 vendor, 
ATT.  This resulted in a significant cost savings since a previous communication 
equipment investment of $130,000 was preserved.  Likewise, by joining with the 
Department of the Interior’s Minerals Management Service (DOI/MMS) via a 
Memorandum of Understanding, pursuant to the Economy Act, significant additional 
savings were achieved because monthly recurring costs were already lower than those 
available under the new FTS-2001 contract.  This arrangement with DOI/MMS is valid 
through fiscal year 2005. 

 
$ In addition to dedicated data circuits, the NPN utilizes a satellite-based back-up 

communications system: the NOAA’s Geostationary Operational Environmental Satellite 
(GOES/DOMSAT) data collection platform.  This very low bandwidth system permits 
simple messages to be transmitted once per hour.  If there is a failure in a dedicated data 
circuit, the data obtained via GOES can often still be used to calculate quality winds. 

 
$ After a decade of study and development, high data rate (1200 baud) GOES capability is 

now available.  The NPN program is in the process of evaluating four currently 
commercially available and government certified GOES transmitters for possible upgrade 
of the back-up communication system.  Since the upgrade will involve a major expenditure, 
it was deemed prudent to conduct an in-depth evaluation prior to commitment of funds. 

 
$ Since recurring data communication costs are a significant portion of the NPN budget, 

exclusive of labor, alternative less expensive technologies are being investigated.   In 
anticipation of a nationwide profiler network, evaluation of new communication methods is 
called for.  One of these technologies is a satellite-based Internet system based on the same 
equipment and services that provide commercially available satellite-based television 
signals.   Due to the technology utilized, data could be lost during periods of inclement 
weather.  Through a government grant, the program has obtained funding to install four 
systems in diverse parts of the network for a one year evaluation to determine if 
transmission failures have little or no effect on the availability of the data.  At present, the 
cost of this type of system is less than half the cost of traditional dedicated data circuits. 

 
$ In addition to the above communication capability, the facility also has 15 dial-up lines, 

used to acquire data from the CAP profilers scattered throughout the country.  Costs for 
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these lines are incorporated in the phone system used to provide voice capability to the 
program and, as such, are covered under Item 11 - “Program Management and Planning”. 

 
 
8 Web Services 
 
$ The profiler web site (http://www.profiler.noaa.gov) provides comprehensive information 

on the NPN.  Additionally, it gives non-NWS users access to all data collected by the 
program, either for display or downloading to the user’s computer.  The Web is the 
program’s primary connection to the public.   

 
$ Access to the CAP profiler data is currently only through the web site.  Progress is being 

made, though, to make the data available through normal NWS data communications 
channels.   

 
$ For network evaluations, research, scientific studies and educational projects, archived 

profiler data can be retrieved via the web site.  At least one year’s of data reside “online” 
and are immediately available.  Plans are to restore all data beginning with the operation of 
the full network in 1992.  Since the data set contains more than a decade of profiler data, it 
is most useful to scientists studying climatology and particularly aspects of possible global 
warming.  

 
$ Many of the NWS Area Forecast Discussions (AFD; see Section 5) use the data from the 

web site.  Typical counts of the use of profiler data are on the order of 6-7 per day and 12-
18 during bad weather. 

 
$ The average daily number of “hits” per day on the NPN web site is over 1200.  The site 

serves over 800 different web “customers”, three-quarters of them being government, 
commercial and educational users. 

 
$ Information on the web site is constantly monitored and updated as needed. 
 
 
9 Software Maintenance and Development 
 
$ Dedicated maintenance of legacy systems is critical for systems that are deemed 

operational.   Since all NPN profiler data are processed on a single legacy system cluster, a 
system outage results in a loss of all NPN data.  Though the legacy system is a single point 
of failure,  good initial design with built-in redundancy has resulted in a fairly robust 
system.  Any system weaknesses that evolve are dealt with immediately to assure the best 
throughput of data possible.   It is even more important that software maintenance is kept 
current as problems are uncovered.  Even in software functioning for many years, “bugs” 
can still be found.  Some software used by the NPN program is procured commercially.  If 
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deemed prudent, software maintenance is purchased from the vendor.   
 
$ As the Profiler Hub legacy system nears the end of its functional lifetime, a large and 

growing effort is under way to modernize all of the software.  The program must take 
advantage of new, more efficient and cost effective hardware, modern computer 
architectures and more flexible software languages and tools.  The new, modernized Hub 
will be able to accommodate new field observing system network architectures, variable 
types of data acquisition methodologies and greater flexibility in data processing and data 
quality control techniques. 

     
 
10 GPS-MET Support 
  
$ Since 1994, under the auspices of the NOAA Profiler Program, ground-based Global 

Positioning System (GPS) observations have been studied as one of the components of the 
next-generation upper-air moisture observing system. The studies leverage both the NPN 
existing infrastructure and other agency assets.  The GPS program has achieved success 
through integration of existing capabilities.  In its original conception, the NPN was to 
provide profiles of three important atmospheric variables; wind, temperature and moisture.  
The GPS project partially addresses the moisture variable. 

 
$ GPS technology was originally developed for very accurate positioning in diverse civilian 

and military applications.  Over the years, however, GPS technology has proven valuable 
in meteorology because it can measure the total amount of water vapor in the atmosphere 
directly above the GPS instrument. 

 
$ Through several interagency agreements, the GPS project uses GPS equipment belonging 

to others - particularly the U.S. Coast Guard and U.S. Army Corps of Engineers who have 
many systems installed in the U.S. along the coasts and rivers for navigation.  In order to 
measure the moisture content, the project only has to provide a small suite of surface 
instruments that measure temperature, humidity and pressure. 

 
$ The GPS network is nearing almost 300 stations across the country.  All data are sent to the 

Boulder facility for processing, quality control and distribution to the NWS and other 
customers.  The data processing system relies on PCs and can easily be expanded as 
needed.  The primary processing software is provided at no cost to the Government by the 
Massachusetts Institute of Technology (M.I.T.). 

 
$ Maintenance of the GPS instrumentation and/or surface instrumentation is performed by 

the Profiler field engineers, NWS El-Techs or members of the U.S. Coast Guard. 
 
$ In order to measure the amount of moisture accurately, the individual positions of the GPS 

satellite constellation (24 satellites) must be known with more precision then required for 
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most navigational uses.   The Scripps Institution of Oceanography, which houses one of the 
GPS orbit facilities, provides high accuracy orbit information, along with scientific and 
technical support to the GPS program.  The calculation of high precision orbits within 
minutes is critical for retrieving the moisture information used in weather prediction 
models and real-time atmospheric monitoring. 

 
 
11  Program Management and Planning 
 
$ As mentioned in “General Comments”, the NPN program, including the GPS network, 

operates with a certain amount of financial autonomy within the Forecast Systems 
Laboratory.  The program provides funds for both its Government and Contractor staff and 
its own administrative and budget support.  All travel and training costs come from project 
funds.  Costs for computer support of the NPN and GPS processing systems, along with the 
needed communications equipment, are also include in the program’s budget.  Likewise, 
cost of staff offices, laboratory and warehouse rent and all voice telephones used by staff 
and dial-up communication comes from program funds.  Any annual “taxes” imposed by 
OMB, NOAA, OAR are prorated within the Laboratory’s base funding with the 
Profiler/GPS program paying the appropriate prorated portion. 

 
$ Operation of the network generates monthly bills for utilities, telephone, data 

communication service, and land leases.  The time required to review, certify and track 
these bills is significant. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Information:        Margot H. Ackley;   303-497-6791;    Margot.H.Ackley@noaa.gov   
 
 



Annex E 
 

Cost Analysis of Alternative Wind Sensing Systems 
 
Table E.1 shows estimated annual sensor costs to observe the wind with future research, 
development, deployment, and sustaining costs averaged over the remaining program 
lifecycle using the FY04 budget.  The costs contained in Table E.1 are detailed in items 1 
through 7. 
 
Table E.1. Annual and Lifecycle Costs for Wind Parameters  
Wind Observing System Annualized 

Cost 
# Years 
System 

Availability 

Lifecycle 
Cost 

1.  NOAA Profiler Network (NPN) - Cost to 
Operate 

$3.86M 20 $77.20M 

2. NOAA Profiler Network (NPN) - Cost to 
Terminate and Replicate Hub Functions for 
non-NPN data  

      $2.25M N/A N/A 

3.a  GPS Radiosonde (2 per day) $4.05M 20 $81.00M 
3.b  GPS Radiosonde (24 per day within NPN 
Domain) 

$58.25M 20 $1165.00M 

4. MDCRS Aircraft Observations $0.35M 20 $7.00M 
5. WSR-88D Doppler Radar $2.52M 15 $37.80M 
6. GOES Object Tracker  $2.57M 11 $28.27M 
7. LIDAR Satellite $23.25M 20 $465.00M 
 
1.   NOAA Profiler Network (NPN) Winds 
 
A.  Development/Acquisition:    
New Frequency:  $13.16M 
Estimate a 20-year lifecycle for antennas and transmitters; this gives  $0.66M/yr. 
 
B.  Product Development:  $0.8M 
NPN product development includes algorithm development such as bird migration filters 
and system efficiencies such as improved system availability. 
 
C.  Maintenance and Operations:  $2.4M  
Wind Profiles are the primary product created by the NPN funding.  Others products are 
signal power, radial velocity, GPS moisture soundings, RASS temperature soundings, 
and Cooperative Agency Profiler (CAP) network wind data.  Funding for CAP and GPS 
moisture soundings account for $0.9M of the total $4.1M NPN budget.  CAP and GPS 
funding are not included here. 
 
D.  Annualized Costs of NOAA Profiler Network Winds (A+B+C):    
($0.66M/yr)+($0.80M)+($2.40M] = $3.86M  
 



2.  Cost to Terminate:  See Annexes F and G. 
 
3.a  GPS Radiosonde Winds (2 sondes per day):  
 
A. Development/Acquisition - Cost to deploy the GPS system:  $39.2M 
Program Lifecycle:  20 Years 
Burdened R&D Lifecycle Costs:  $2.0M/yr 
 
B. Maintenance and Operations 
Basic Radiosonde Program:   $8.8M 
Additional Cost of GPS:  $5.4M ($4.1M is currently reflected in the FY04 budget, but the 
rising cost of GPS sonde expendables boosts the figure to $5.4M.)  
Total Annual Base (GPS Operations):  $14.2M 
 
C.  Percent Costs:  Winds are responsible for 25% of the total cost: 
25% of radiosonde parameter sensors (1 of 4, including temperature, pressure, humidity, 
and winds). 
 
D. Annual Costs of GPS Radiosonde Winds [(A+B)*C]:   $16.2M*0.25 = $4.05M 
 
3.b  GPS Radiosonde Winds (24 sondes per day):  Incremental cost of supporting 
hourly frequency requirement  
 
A.   25 sites within the NOAA Profiler Network (NPN) domain (about the same as the 
number of NPN sites)  
 
B.   Estimated burdened cost per GPS sonde per launch (includes labor, facilities, and 
expendable changes):  $270 / sonde  
 
C. Additional 22 sonde launches per site required to attain hourly frequency  
 
D.  Additional sondes needed 365 days per year 
 
Percent costs:  Winds are 100% of incremental sonde cost 
 
Incremental costs of hourly sondes:  A*B*C*D = (25 sites) * ($270 / sonde) * (additional 
22 sondes / site / day) * (365 days / year) = $54.20M / year  
24 sondes / site / day = ($54.20M + $4.05M) / year = $58.25M / year 
 
Note:  24 sondes per day per site is a technical challenge for ground processing resources 
because preparations for a second balloon launch will have to be started before the prior 
balloon has reached 15-km altitude.  Costs for upgrading ground processing capabilities 
are not included in this analysis. 
 
4. Meteorological Data Collection and Reporting System (MDCRS):    NWS pays 
50% of government cost to downlink and process MDCRS data (FAA pays the rest); the 



government and the air carriers share communication costs equally.  All costs to measure 
winds are incurred by the participating air carriers. 
 
A. Development/Acquisition:  $0.00M 
 
B.  Maintenance and Operations:  This is the total government cost 
Ground Processing:  $0.30M 
Communications:     $0.40M 
 
C. Percent Costs:  MDCRS data include temperature and wind parameters; the 
contribution of wind to the total cost is 50% 
 
D.  Annual Costs of NOAA Profiler Network Winds [(A+B)*C]: 
 $0.70M*0.50 = $0.35M 
 
Note:  Due to the financial weakness of some of the airlines participating in the MDCRS 
program, the government’s share of communications costs could rise substantially in the 
future.  The volume of data collected is also expected to rise substantially, thus further 
increasing costs. 
 
5.  WSR-88D Doppler Winds 
 
A. Development/Acquisition: 
 
FY05-09 Procurement, Acquisition, and Construction:  Open-Radar Data Acquisition 
(ORDA) and Dual Polarization:  $98.2M 
Program Lifecycle:  15 years 
DEV/ACQ Cost per year: $98.20M / 15 yrs = $6.60M / yr 
 
B.  Maintenance and Operations:  Includes Radar Operations Center (ROC), Electronic 
Technicians, Logistics and Utilities (FY04):  $41.30M 
 
C.  Percent Costs:  VAD Wind Product is 1 of 19 unique products (5.26%) generated by 
the WSR-88D  
 
D.  Annualized Costs of WSR-88D VAD Winds [(A+B)*C]:    
[($98.20M/15 yrs)+($41.30M / yr)]*5.26% = $47.9M / yr * 0.0526 = $2.52M / yr 
 
6.  GOES Object Tracker Winds:  Winds from the Geostationary Operational 
Environmental Satellite (GOES) are created from the GOES Imager sensor.  The current 
GOES series first became operational in 1994 (GOES-7) through GOES N); the life cycle 
of this series satellite is expected to last until 2014. 
 
A.  Development/Acquisition: 
GOES N, O, P (Lifecycle costs through FY09, including FY04):  $700.00M 
 



Note:  GOES N (2004), O (2005), and P (2008) are replacement satellites for GOES 10 
and GOES 12 (current operational satellites); lifecycle 2004-2014   
 
Annual Development/Acquisition Costs (11 year program lifecycle):  $63.64M 
 
B.  Maintenance and Operations (annual costs): 
Product Development (FY04):  $10.50M 
Satellite Operations Center (SOC) (FY04):  $13.70M [Polar Operational Environmental 
Satellite (POES) and GOES] 
Total M&O Costs:  GOES Product Development+50% of SOC or $10.50M+$6.85M = 
$17.35M 
 
C.  Percent Costs:  6 Object Tracker wind products (water vapor, infrared, and visible 
winds) are 3.17% percent of all NESDIS products generated (189 individual products).  
 
D.  Annualized Costs of GOES Object Tracker Winds [($63.64M+$17.35M)*3.17%]:   
$80.99M*0.0317 = $2.57M 
 
7. LIght Detection And Ranging (LIDAR) Satellite Winds – Costs are estimated based 
on the following paper:  
Cordes, Joseph J., March 1995: “Economic Benefits and Costs of Developing and 
Deploying a Space-Based Wind Lidar,”  NOAA Contract 43AANW400223. 
 
A.  Development/Acquisition:  $440.0M 
      Research and Development:   $20.0M,  Acquisition:   $420.0M 
 
B.  Maintenance and Operations:   $490.0M for 20 years 
 
Note:  LIDAR Satellite Program estimated 20 years. 
 
C. Percent Costs:  Winds are the primary parameter generated from the Polar Operational 
Environmental Satellite (POES) Satellite Lidar.  However, the POES satellite lidar will 
also sense aerosols and trace gases.  Estimate 50% of costs for development and 
maintenance are associated with the wind parameter. 
 
D.  Annual Costs of POES Satellite Lidar Winds [(A+B)*C]: Years 
($440.0M+$490.0M)*0.50/ Program Lifecycle = $465.0M / 20 years = $23.25M / yr 
 
 



Annex F 
 

Cost to Terminate the NOAA Profiler Network (NPN) 
 

A number of actions are required to shut down a profiler site: 
• Remove shelter that houses computers and communication equipment. 
• Dismantle antenna; salvage parts. 
• Remove dual-channel GPS receivers at all sites and Radio Acoustic Sounding 

System equipment at eleven sites. 
• Take down fence; dig out approximately 50 fence posts set in concrete. 
• Remove electrical conduit and grounding. 
• Transport salvageable parts to Kansas City, Missouri, for GSA government 

auction. 
• Remove ten concrete pillars that support the antenna and the equipment shelter. 
• Remove landscaping plastic and six-inch bed of rock over an area 65 ft by 65 ft. 
• Haul debris to nearest landfill. 
• Reseed and restore site to its original condition. 
• Test soil to certify that no contaminants remain. 
• Terminate commercial power and telecommunications. 
• Terminate property leases, giving at least 60 days notice. 

 
Written bids from two contractors have been received.  One will charge $27,918 per 
single site restoration.  The other will charge $42,628 per site.  The average of these two 
numbers is $35,273.  Soil remediation will cost an additional $10,000 per site as 
estimated by one of the contractors.  This brings the average total per site to $45,273. 
Oversight and management of the contract including travel, writing specifications and 
awarding the contract would require a ½ person year at a cost of $70k. Thirty-five sites 
must be cleared and restored, bringing the total to $1.65M. 
 
Other indirect costs accrue from closing down the NPN.  The Profiler Hub, located at 
NOAA’s Forecast Systems Laboratory in Boulder, Colorado, processes data not only 
from the NPN but also from: 
 

• a network of about 300 GPS sites around the U.S. that provides estimates of total 
column water vapor 

• a network of approximately 75 Cooperative Agency Profilers that deliver winds 
from near the surface up to 10,000 ft 

• Radio Acoustic Sounding Systems (RASS), collocated at many Cooperative 
Agency Profiler sites, which provide frequent low-level temperature profiles.   

 
If funding for the NPN is terminated, operation of the Profiler Hub will cease, and data 
from these observing systems, collectively valued at over $13M will no longer flow 
through the Hub to the National Centers for Environmental Prediction, where these same 
data help to specify the starting conditions for computer forecasts. 
 



The three Alaska profilers were acquired through a supplemental Congressional 
appropriation to the National Weather Service.  If these profilers are to remain in service 
after the $4.15M supporting the other NPN profilers is withdrawn, then a new hub must 
be built because data from the Alaska profilers are currently routed through the NPN Hub 
in Boulder, Colorado.  The new Hub will provide an alternative method for collecting, 
processing, monitoring, and disseminating the Alaska data. 
 
To avoid loss of the Alaska profiler data and valuable non-NPN data sources mentioned 
earlier, it will be necessary to replicate many of the functions of the NPN Hub.  The 
associated costs are discussed in Annex G. 



Annex G 
 

Cost to Replicate the NOAA Profiler Network (NPN) Hub 
 

As noted in the main body of the COEA, the Profiler Hub at the Forecast Systems 
Laboratory in Boulder, Colorado, processes data from several non-NPN sources.  If 
funding for the profiler program is terminated, the Hub will cease to operate, thus 
stopping the processing, quality control, and transmission of these non-NPN data sources 
to the National Centers for Environmental Prediction, where they are used for 
computerized weather predictions, and to local forecast offices, where they are used to 
monitor and forecast rapidly changing weather.  Processing and distribution of data from 
the three NPN profilers in Alaska would also cease. 
 
This Annex lists the costs associated with building a substitute for the NPN Hub that will 
handle the non-NPN and Alaska data flows.  All costs are rounded to the nearest $1000. 
 

One-Time Cost to Replicate the Hub for non-NPN Data Flows 
 
Cooperative Agency Profiler (CAP) program –75 sites (boundary-layer wind profiles and 
RASS data) 
 
Procure processing and network hardware     $  50,000 
Communications equipment/modems, multiplexers        15,000 
Data Processing/monitoring software conversion (1.5 person year)    198,000 
       CAP Total  $263,000 
 
GPS Network – about 300 sites (estimates of total column water vapor) 
 
Processing and network hardware   GPS Total  $  80,000 
 
      Sub-Total, non-NPN Data $343,000 
 
 
 

One-Time Hardware/ Software Cost for Upgrading the Three Alaska Profilers and 
Providing Mini-Hubs at the Anchorage and Fairbanks Forecast Offices 

 
A separate Profiler Hub must be developed for the NWS Alaska Region to process data 
from its three profilers. 
 
Profiler hardware (computer and communications upgrade)   $    8,000 
Forecast Office (FO) hardware (computer comms and LAN)        4,000 
Profiler software upgrade and new FO software      173,000 
Training for monitoring profiler performance and diagnosing problems     75,000 
     Sub-Total, Alaska Profilers  $260,000 
 
                                                     Grand Total, One-time Cost $603,000 
 
 
 
 
 



 
Recurring Annual Cost to Operate Hub for non-NPN Data Flows 

 
CAP Program 
 
Communications 

15 dial-up communications lines ($60/month/line)   $  11,000 
Long-distance communication charges (15,000 hours)       45,000  
High-speed Internet connection and dedicated circuit to National       9,000 

 Weather Service Telecommunications Gateway          
Labor 

IT support (0.5 person year)          47,000  
Monitoring support (1.0 person year)         83,000 
Software and engineering support (1.0 person year)       66,000 
Meteorological quality control (0.25 person year)       38,000 

       CAP Total  $299,000 
 
GPS Network 
 
External Support 
 U.S. Coast Guard maintenance support    $  28,000 
 GPS Surface Observing System, spares and repair       50,000 
 GPS antenna/receivers maintenance contract        20,000 
 Real-time orbit support: Scripps Institution of Oceanography     60,000 
 High-speed Internet connection and dedicated circuit to NWSTG       9,000 
Labor 
 IT support (0.5 person year)          47,000 
 Monitoring and quality control support        86,000 
 Software and engineering support (1.0 person year)     150,000 
 Applications support (1.0 person year)      154,000 
       GPS Total  $604,000 

 
                                        Sub-Total, non-NPN Data $903,000 
 

 
Recurring Annual Cost for Alaska Profilers 

 
Communications        $  10,000  
           
Labor 

IT support (1.0 person year)      $  94,000  
Monitoring support (1.0 person year)         83,000 
Software and engineering support (1.0 person year)       66,000 
Meteorological quality control (0.50 person year)       76,000 

                                                       Sub-Total, Alaska Profilers  $329,000 
 
                                                         Grand Total, Annual Cost          $1,232,000   
 
 
 
   



Annex H 
 

Appropriations Bill Language Directing the  
National Weather Service to Undertake  

the  
NOAA Profiler Network  

Cost and Operational Effectiveness Analysis 
 
 

From the  
 

108TH CONGRESS - 1st Session 
SENATE REPORT #108–144 

DEPARTMENTS OF COMMERCE, JUSTICE, AND STATE, THE JUDICIARY, 
AND RELATED AGENCIES APPROPRIATION BILL, 2004 

 
 
Bill:  S. 1585. Page 103 stated: 
 

NOAA Profiler Network [NPN].—The abrupt decision to shutdown the NPN 
came as a surprise. Though the Committee is aware that the 404 MHz frequency 
being used by the NPN will be unavailable by mid-decade, no analysis has been 
done to determine the value of the data produced by the NPN, the method and 
cost of collecting valuable NPN data by other means, or the cost of shutting the 
NPN down. Lacking adequate justification, the Committee recommendation funds 
NPN operations for at least 1 more year. The NWS is directed to undertake a cost 
and operational effectiveness analysis [COEA] comparing the $10,000,000 cost to 
upgrade the NPN over the next decade versus the short, medium, and longterm 
costs of ending the NPN program. The COEA shall be delivered to the 
Committees on Appropriations not later than March 31, 2004. 
 

 



 
 

Profiler References 
 
First compiled by B.L. Weber - December 2001  
Updated by D. van de Kamp – March 2004 
 
Ackley, M.H. and K.S. Gage, 2002: NOAA Profiler Network and other emerging global 
profiler networks. SPIE Conf. on Remote Sensing of the Atmosphere, Ocean, 
Environment, and Space, Hangzhou, China, International Society for Optical 
Engineering, 352-360. 
 
Anderson, E., and A. Garcia-Mendez, 2002: Assessment of European Wind Profiler Data 
in an NWP Context.  ECMWF Tech Memo #372. 
  
Angevine, W.M., S.K. Avery, W.L. Ecklund, and D.A. Carter, 1993: Fluxes of heat and 
momentum measured with a boundary layer wind profiler radar-radio acoustic sounding 
system. J. Appl. Meteor., 32, 73-80. 
  
Angevine, W.M., W.L. Ecklund, D.A. Carter, K.S. Gage, and K.P.     Moran, 1994: 
Improved radio-acoustic sounding techniques. J. Atmos. Oceanic Technol., 11, 42-49. 
 
Augustine, J.A., and E.J. Zipser, 1987: The use of wind profilers in a mesoscale 
experiment. Bull. Amer. Meteorol. Soc., 68, 4-19. 
 
Avery, S. K., J. P. Avery, T. A. Valentic, S. E. Palo, M. J. Leary, and R. L. Obert, 1990: 
A new meteor echo detection and collection system: Christmas Island mesospheric wind 
measurements. Radio Science, 25, 657-669. 
 
Avery, S. K. and R. Schafer, 2000: Analysis of planetary waves in the troposphere 
utilizing the tropical Pacific profiler network. Ninth International Workshop of Technical 
and Scientific Aspects of MST Radar, Toulouse, France/2000. 
 
Avery, S., K., D. Rajopadhyaya, R. Cifelli, P. May, C. Williams, W. Ecklund, and K. 
Gage, 1997: Multiple wavelength wind profiler precipitation estimation: A quantitative 
study of advantages and disadvantages. 28th Conference on Radar Meteorology, Austin, 
Texas/7-12 September 1997, American Meteorological Society, 75-76. 
 
Avery, S. K., R. Schafer, P. T. May, D. K. Rajopadhyaha, and C. R. Williams, 2000: A 
comparison of two techniques for the retrieval of rainfall distributions from dual 
frequency wind profiler observations. Fifth international Symposium on Tropospheric 
Profiling: Needs and Technology, Adelaide, Australia/4-8 December 2000, 311-313. 
 
Balsley, B. B. and D. A. Carter, 1989: Mountain waves in the tropical Pacific 
atmosphere: A comparison of vertical wind fluctuations over Pohnpei and Christmas 
Island using VHF wind profilers. Journal of the Atmospheric Sciences, 46, 2698-2715. 



Balsley, B. B., D. A. Carter, A. C. Riddle, W. L. Ecklund, and K. S. Gage, 1991: On the 
potential of VHF wind profilers for studying convective processes in the tropics. Bulletin 
of the American Meteorological Society, 72, 1355-1360. 
 
Balsley, B. B., W. L. Ecklund, D. A. Carter, and A. C. Riddle, 1988: A note on reducing 
the horizontal side lobes of near-vertically directed COCO arrays. IEEE Trans. Antennas 
Propag., 36, 139-141. 
 
Balsley, B. B., W. L. Ecklund, D. A. Carter, A. C. Riddle, and K. S. Gage, 1988: Average 
vertical motions in the tropical atmosphere observed by a radar wind profile on Pohnpei 
(7?N Latitude, 157?E Longitude). Journal of the Atmospheric Sciences, 45, 396-405. 
 
Balsey, B.B., and K. S. Gage, 1980: The MST radar technique: Potential for middle 
atmospheric studies. Pure and Applied Geophysics, 118, 452-493. 
 
Balsey, B.B., and K. S. Gage, 1982: On the use of radars for operational wind profiling. 
Bull. Amer. Meteor. Soc., 63, 1009-1018. 
 
Barth, M.F., R.B. Chadwick, and D.W. van de Kamp, 1994: Data processing algorithms 
used by NOAA's Wind Profiler Demonstration Network. Ann. Geophysicae, 12, 518-528. 
  
Barth, M.F., P.A. Miller, D.W. van de Kamp, B.E. Schwartz, R.B. Chadwick, B.L. 
Weber, and D.B. Wuertz, 1995: An evaluation of real-time quality control techniques 
applied to subhourly wind profiler data. Preprints, 9th Symposium on Meteorological 
Observations and Instrumentation, 27-31 March 1995, Charlotte, North Carolina. Amer. 
Meteorol. Soc., Boston, 6 pp. 
  
Barth, M.F., R.B. Chadwick, and W.M. Faas, 1997: The Forecast Systems Laboratory 
boundary layer profiler data acquisition project. First Symposium on Integrated 
Observing Systems, Long Beach, CA, Amer. Meteor. Soc., 130-137. 
 
Barth, M.F., P.A. Miller, M.H. Savoie, C.S. Hartsough, 1998: The LDAD observation 
Quality Control and Monitoring System: results from the model consistency check 
applied to boundary layer profiler winds. 10th Symp. on Meteorological Observations 
and Instrumentation, Phoenix, AZ, Amer. Meteor. Soc., 207-212. 
 
Barth, M.F., R.B. Chadwick, and D.W. van de Kamp, 1994: Data processing algorithms 
used by NOAA’s Wind Profiler Demonstration Network. Ann. Geophys., 12, 518-528. 
  
Beckman, S., 1988: Operational use of profiler data to supplement satellite imagery. 
Profiler Forum, April issue, 5-7. (Available from NOAA Forecast Systems Laboratory, 
Boulder, CO.) 
  
Beckman, S.K., 1991: Wind profiler - the future is now. Tech Attachment 91-07 of 
NWS Central Region Highlights. (Available from NWS Central Region Scientific 
Services 601 E 12th Kansas City, MO, 64106.) 
 



 
Benjamin, S.G., B.E. Schwartz, E.J. Szoke, and S.E. Koch, 2003: The value of wind 
profiler data in U.S. Weather Forecasting. Accepted  for Bull. Amer. Meteor. Soc. 
PDF 
  
Beran, D.W., 1985: Automated upper-air profilers for test range support. Conf. On 
Aerospace and Range Meteorology, Huntsville, AL. Amer. Meteorol. Soc., Boston. 
(Available from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Beran, D.W., 1991: NOAA Wind Profiler Demonstration Network. Proceedings, 
5th Workshop on Technical and Scientific Aspects of MST Radar (SCOSTEP), Dept. of 
Physics, Univ. College of Whales, Aberystwyth, UK, 6-9 Aug. 1991, 405-410. (Available 
from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Beran, D.W., and T.L. Wilfong, 1998: U.S. wind profilers: A review. Office of the 
Federal Coordinator for Meteorological Services and Supporting Research (OFCM) Rep. 
FCM-R14-1998, 56 pp. 
[Available from OFCM, 8455 Colesville Road, Suite 1500, Silver Spring, MD 20910.] 
  
Bleck, R., R. Brummer, and M.A. Shapiro, 1984: Enhancement of remotely sensed 
temperature fields by wind observations from a VHF radar Network. Mon. Wea. Rev., 
112, 1795-1803. 
  
Bouttier, F., 2001: The use of profiler data at ECMWF.  Meteorologische Zeitschrift, 
Vol. 10, No. 6, 497-510. 
  
Bower, J.B., and D.R. Durran, 1986: A study of wind profiler data collected upstream 
during windstorms in Boulder, Colorado.  Mon. Wea. Rev., 114, 1491-1500. 
  
Brewster, K.A., and T.W. Schlatter, 1988: Recent progress in automated quality 
control of wind profiler data. Preprints, 8th Conf. on Numerical Weather Prediction, 22 
26 Feb. 1988, Baltimore, MD. Amer. Meteorol. Soc., Boston, 331-338. 
  
Brümmer, R., 1986: Use of profiler data in limited-area numerical weather prediction. 
NOAA Tech. Memo. ERL WPL-138, NOAA Wave Propagation Lab., Boulder, CO, 225 
pp. 
  
Brümmer, R., R. Bleck, and M.A. Shapiro, 1984: Potential use of atmospheric profilers in 
short-range prediction. Proceedings, 2nd Int. Symp. on Nowcasting, Norrkoping, Sweden, 
3-7 Sept. 1984. Amer. Meteorol. Soc., Boston, 209-212. 

Businger, S., M.E. Adams, S.E. Koch, and M.L. Kaplan, 2001: Extraction of geopotential 
height and temperature structure from profiler and rawinsonde winds. Mon. Wea. Rev. 
129, 1729-1739.  
PDF 

 

http://www-frd.fsl.noaa.gov/pub/papers/Benjamin2003a/p.pdf
http://www-frd.fsl.noaa.gov/pub/papers/Koch2001e/p.pdf


Carlson, C.A., and G.S. Forbes, 1989: Case study using kinematic quantities derived 
from a triangle of VHF Doppler wind profilers. J. Atmos. Oceanic Technol., 6, 769-778. 
  
Carlson, H.C., Jr., and N. Sundararaman, 1982: Real-time jetstream tracking: National 
benefit from an (S-T) radar network for measuring atmospheric motions. Bull. Amer. 
Meteor. Soc., 63, 1019-1026. 
  
Carter, D. A., K. S. Gage, W. L. Ecklund, W. M. Angevine, P. E. Johnston, A. C. Riddle, 
J. Wilson, and C. R. Williams, 1995: Developments in UHF lower tropospheric wind 
profiling at NOAA's Aeronomy Laboratory. Radio Science, 30, 977-1001. 
 
Carter, D. A., W. L. Ecklund, K. S. Gage, M. Spowart, H. L. Cole, E. F. 
Chamberlain, W. F. Dabberdt, and J. Wilson, 1992: First test of a shipboard 
wind profiler. Bulletin of the American Meteorological Society, 73, 
1587-1592. 
 
Chadwick, R.B., 1988: The Wind Profiler Demonstration Network. Extended 
Abstracts, Symp. on Lower Tropospheric Profiling: Needs and Technologies, 31 May-3 
June 1988, Boulder, CO. Amer. Meteorol. Soc., Boston, 109-110. 
  
Chadwick, R.B., 1992: Wind Profiler Demonstration Network data availability. 
FSL Forum, July issue, 17. (Available from NOAA Forecast Systems Lab., Boulder, 
CO.) 
  
Chadwick, R.B., 1993a: A brief status report: The United States Wind Profiler 
Demonstration Network. Program and Abstracts, 6th Int. Workshop on Technical and 
Scientific Aspects of MST Radar, Chung-Li, Taiwan, Republic of China, 17-20 Aug. 1 
1993, 181-183. 
  
Chadwick, R.B., 1993b: Electromagnetic compatibility issues for 400-MHz wind 
profilers. 24th General Assembly of the International Union of Radio Science, Kyoto, 
Japan, 25 Aug.- 2 Sept. 1993. Science Council of Japan and the Institute of Electronics, 
Information, and Communication Engineers. 
  
Chadwick, R.B., A.S. Frisch, and R.G. Strauch, 1984: A feasibility study on the 
use of wind profilers to support space shuttle launches. Nat. Aeronautics and Space 
Admin. Report NASA-CR-3861. Washington, DC, 115 pp. 
  
Chadwick, R.B., and N. Hassel, 1987: Profiler: The next generation surface-based 
atmospheric sounding system. 3rd Int. Conf. on Interactive Information and Processing 
Systems for Meteorology, Oceanography and Hydrology, 12-16 Jan. 1987, New Orleans, 
LA. Amer. Meteorol. Soc., Boston, 15-21. 
  
Chadwick, R.B., 1986: Wind profiler demonstration network. Handbook for MAP, Vol. 
20, S.A. Bowhill and B. Edwards, Eds., URSI/SCOSTEP, 336-337. 
  



 
Chang, J. L., S. K. Avery, and R. A. Vincent, 1999: New narrow-beam meteor radar 
results at Christmas Island: implications for diurnal wind estimation. Radio Science, 34, 
179-197. 
 
Ciesielski, P. E., L. M. Hartten, and R. H. Johnson, 1997: Impacts of merging profiler 
and rawinsonde winds on TOGA COARE analyses. Journal of Atmospheric and Oceanic 
Technology, 14, 1264-1279. 
 
Cifelli, R. and S. A. Rutledge, 1994: Vertical motion structure in Maritime Continent 
mesoscale convective systems: Results from a 50 MHz profiler. Journal of the 
Atmospheric Sciences, 51, 2631-2652. 
 
Cifelli, R., 1998: Vertical motion, diabatic heating and rainfall characteristics in northern 
Australia convective systems. Quarterly Journal of the Royal Meteorological Society, 
123. 
 
Cifelli, R., S. A. Rutledge, D. J. Boccippio, and T. Matejka, 1996: Horizontal divergence 
and vertical velocity retrievals from Doppler radar and wind profiler observations. 
Journal of Atmospheric and Oceanic Technology, 13, 948-966. 
 
Cifelli, R., D. Rajopadhyaya, P. May, C. R. Williams, S. K. Avery, and K. S. Gage, 1997: 
Unambiguous refractivity turbulence measurements using UHF and S-Band profilers. 
28th Conference on Radar Meteorology, Austin, Texas/7-12 September 1997, American 
Meteorological Society. 
 
Clifford, S.F., 1992: Strategic plan for upper-air observations. S.F. Clifford, 
Chairman, Upper-Air Strategy Team. U.S. Department of Commerce, Silverspring, MD, 
18 pp. (Available from NOAA Environmental Technology Lab., Boulder, CO.) 
  
Clifford, S.F., J.C. Kaimal, R.J. Lataitis, R.G. Strauch, 1994: Ground-based remote 
profiling in atmospheric studies: An overview. Proc. IEEE, 82, 313-355. 
  
Clothiaux, E.E., R.S. Penc, D.W. Thomson, T.P. Ackerman, S.R. Williams, 1994: A first-
guess feature-based algorithm for estimating wind speed in clear-air Doppler radar 
spectra. J. Atmos. Ocean. Technol., 11, 888-908.  
  
Collins, W.G., 1993. Complex quality control of Doppler wind profilers at the National 
Meteorological Center. Preprints, 13th Conference on Weather Analysis and Forecasting, 
2-6 August 1993, Vienna VA. Amer. Meteorol. Soc., Boston, MA, 548-549. 
  
Cram, J.M., M.L. Kaplan, C.A. Mattocks, and J.W. Zack, 1988: The use of profiler winds 
to derive mesoscale height and temperature analyses. Preprints, 8th Conf. on Numerical 
Weather Prediction, 22-26 Feb. 1988, Baltimore, MD. Amer. Meteorol. Soc., Boston, 
339-345. 
  



Cram, J., M. Kaplan, C. Mattocks, and J. Zack, 1991: The use and analysis of profiler 
winds to derive mesoscale height and temperature fields: Simulation and real data 
experiments. Mon. Wea. Rev., 119, 1040-1056. 
 
Davies-Jones, R., 1993: Useful formulas for computing divergence, vorticity, and 
their errors from three or more stations.  Mon. Wea. Rev., 121, 713-725. 
 
Dayan, U. and B. Lifshitz-Goldreich and K.Pick (2002): Spatial and Structural Variation 
of the Atmospheric Boundary Layer During Summer in Israel- Profiler and Rawinsonde 
Measurements. Journal of Applied Meteorology, 41, 447-457. 
  
Diaz, R.M., and R.B. Chadwick, 1992: Coherent interference tests for wind profilers. 
NOAA Tech. Memo. ERL FSL-3, NOAA Forecast Systems Lab., Boulder, CO, 79 pp. 
  
Eberhard, W.L., 1987: Improvements in profiler wind estimates using smoothed data 
in the spectrum finder algorithm. NOAA Tech. Memo. ERL WPL-147, NOAA Wave 
Propagation Lab., Boulder, CO,  26 pp. 
 
Ecklund, W.L., D.A. Carter, and B.B. Balsley, 1979: Continuous measurement of upper 
atmopsheric winds and turbulence using a VHF radar: Preliminary results. J. Atmos. Terr. 
Phys., 41, 983-994. 
 
Ecklund, W. L., D. A. Carter, and B. B. Balsley, 1988: A UHF wind profiler for the 
boundary layer: Brief description and initial results. Journal of Atmospheric and Oceanic 
Technology, 5, 432-441. 
 
Ecklund W.L., D.A. Carter, B.B. Balsley, P.E. Currier, J.L. Green, B.L. Weber, and K.S. 
Gage, 1990: Recent field tests of a lower tropospheric wind profiler. Radio Sci., 25, 899-
906. 
 
Ecklund, W. L., K. S. Gage, and C. R. Williams, 1995: Tropical precipitation studies 
using a 915-MHz wind profiler. Radio Science, 30, 1055-1064. 
 
Ecklund, W. L., C. R. Williams, P. E. Johnston, and K. S. Gage, 1997: UHF and S-band 
profiler observations of deep convective clouds in MCTEX. 28th Conference on Radar 
Meteorology, Austin, Texas/7-12 September 1997, American Meteorological Society, 
133-134. 
 
Ecklund, W.L., 1999: A 3-GHz profiler for precipitating cloud studies. Journal of 
Atmospheric and Oceanic Technology, 16, 309-322. 
  
Ellrod, G.P., and D.I. Knapp, 1992: An objective clear-air turbulence forecasting 
technique: Verification and operational use.  Wea. Forecasting, 7, 150-165. 
 
Fischler, M.A., and R.C. Bolles, 1981: Random sample consensus: A paradigm for model 
fitting with applications to image analysis and automated cartography. Commun. Assoc. 
Comput. Mach., 24 , 381-395.  (Relates to quality control of wind profiler data.) 



  
Frisch, A.S., B.L. Weber, R.G. Strauch, and D.A. Merritt, 1986: The altitude coverage of 
the Colorado Wind Profilers at 50, 405, and 915 MHz. J. Atmos. Oceanic Technol., 3, 
680-692. 
  
Frisch, A.S., B.L. Weber, D.B. Wuertz, R.G. Strauch, and D.A. Merritt, 1990: On the 
maximum of refractive index structure constant near the tropopause measured with a 50 
MHz profiler. Meteorol. Rdsch., 42, 157-161. 
  
Frisch, A.S., B.L. Weber, D.B. Wuertz, R.G. Strauch, and D.A. Merritt, 1990: The 
variations of refractive index structure constant between 4 and 18 km above sea level as 
measured over 5 years. J. Appl. Meteor., 29, 645-651. 
 
Gage, K.S., 1996a: Application of the 915 MHz profiler for diagnosing and classifying 
tropical precipitating cloud systems. Meteorology and Atmospheric Physics, 59, 141-151. 
 
Gage, K.S., 1996b: Recent changes in tropospheric circulation over the central equatorial 
Pacific. Geophysical Research Letters, 23, 2149-2152. 
 
Gage, K.S., and B.B. Balsley, 1978: Doppler radar probing of the clear atmosphere. Bull. 
Amer. Meteorol. Soc., 59, 1074-1092. 
 
Gage, K. S., B. B. Balsley, W. L. Ecklund, R. F. Woodman, and S. K. Avery, 1990: 
Wind-profiling Doppler radars for tropical atmospheric research. EOS, Transactions 
American Geophysical Union, 71, 1851-1854. 
 
Gage, K. S., B. B. Balsley, W. L. Ecklund, D. A. Carter, and J. R. McAfee, 1991: Wind 
profiler related research in the tropical Pacific. Journal of Geophysical Research, 96, 
3209-3220. 
 
Gage, K. S., W. L. Ecklund, D. A. Carter, J. R. McAfee, B. B. Balsley, A. C. Riddle, P. 
E. Johnston, S. K. Avery, H. Cole, and R. F. Woodman, 1993: Status of the NOAA/CU 
Trans-Pacific profiler network. Sixth Workshop on Technical and Scientific Aspects of 
MST Radar, Chung-Li, Taiwan, China/17-20 August 1993, 393-394. 
 
Gage, K. S., J. R. McAfee, W. G. Collins, D. Soderman, H. Bottger, A. Radford, and B. 
B. Balsley, 1988: A comparison of winds observed at Christmas Island (2N, 157W) using 
a wind profiling Doppler radar with NMC and ECMWF analysis. Bulletin of the 
American Meteorological Society, 69, 1041-1046. 
 
Gage, K. S., J. R. McAfee, D. A. Carter, A. C. Riddle, G. C. Reid, and B. B. Balsley, 
1991: Long-term mean vertical motion over the tropical Pacific: wind-profiling Doppler 
radar measurements. Science, 254, 1771-1773. 
 



Gage, K. S., J. R. McAfee, and G. C. Reid, 1992: Diurnal variation in vertical motion 
over the central equatorial Pacific from VHF wind-profiling Doppler radar observations 
at Christmas Island (2ƒN, 157ƒW). Geophysical Research Letters, 19, 1827-1830. 
 
Gage, K. S., J. R. McAfee, D. A. Carter, W. L. Ecklund, G. C. Reid, A. C. Riddle, P. E. 
Johnston, and B. B. Balsley, 1993: Wind profiler yields observations of ENSO signal. 
EOS, Transactions, American Geophysical Union, 74, 137 and 142. 
 
Gage, K. S., J. R. McAfee, W. L. Ecklund, D. A. Carter, C. R. Williams, P. E. Johnston, 
and A. C. Riddle, 1994: The Christmas Island wind profiler: A prototype VHF wind-
profiling Doppler radar for the tropics. Journal of Atmospheric and Oceanic Technology, 
11, 22-31. 
 
Gage, K. S., J. R. McAfee, and C. R. Williams, 1996: On the annual variation of 
tropospheric zonal winds observed above Christmas Island in the central equatorial 
Pacific. Journal of Geophysical Research, 101, 15061-15070. 
 
Gage, K. S., C. R. Williams, and W. L. Ecklund, 1994: UHF wind profilers: A new tool 
for diagnosing tropical convective cloud systems. Bulletin of the American 
Meteorological Society, 75, 2289-2294. 
 
Gage, K. S. and C. R. Williams, 1995: First year of observations from the Galapagos 
utilizing a 915 MHz wind profiler. Proceedings of the Twentieth Annual Climate 
Diagnostics Workshop, Seattle, Washington/October 23-27, 1995, 271-274. 
 
Gage, K. S., C. R. Williams, P. E. Johnston, W. R. Maguire, II, W. L. Ecklund, P. T. 
May, and K. Glasson, 1995: Deep convection at Darwin, Australia observed by wind-
profiler doppler radars. 27th Conference on Radar Meteorology, Vail, Colorado/9-13 
October 1995, 337-339. 
 
Gage, K. S., C. R. Williams, P. E. Johnston, and W. L. Ecklund, 1997: Unambiguous 
refractivity turbulence measurements using UHF and S-band profilers. 28th Conference 
on Radar Meteorology, Austin, Texas/September 7-12, 1997, American Meteorological 
Society. 
 
Gage, K. S., C. R. Williams, W. L. Ecklund, and P. E. Johnston, 1999: Use of two 
profilers during MCTEX for unambiguous identification of Bragg scattering and 
Rayleigh scattering. Journal of the Atmospheric Sciences, 56, 3679-3691. 
 
Gossard, E.E., and R.G. Strauch, 1983: Radar observations of clear air and clouds. 
Developments in Atmospheric Science, 14th ed., Elsevier Science, 280 pp. 
  
Gossard, E.E., D.E. Wolfe, K.P. Moran, R.A. Paulus, K.D. Anderson, and L.T. Rogers, 
1998: Measurement of clear-air gradients and turbulence properties with radar wind 
profilers. J. Atmos. Oceanic Technol., 15, 321-342. 
 



Gossard, E.E., S. Gutman, B.B. Stankov, and D.E. Wolfe, 1999: Profiles of radio 
refractive index and humidity derived from radar wind profilers and the Global 
Positioning System. Radio Science 34, 371-383. 
  
Griesser, T., and H. Richner, 1997: Multiple peak processing algorithm for identification 
of atmospheric signals in Doppler Radar Wind Profiler spectra. COST-76 Profiler 
Workshop, May 12-16, 1997, Engelberg, Switzerland, 110-114. 
 
Gutzler, D. S. and L. M. Hartten, 1995: Daily variability of lower tropospheric winds 
over the tropical western Pacific. Journal of Geophysical Research, 100, 22999-23008. 
 
Hales, J.E., 1986: A real-time use of profiler data. Profiler Forum, Nov. issue, 2-4. 
(Available from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Hartten, L. M., 1998: Reconciliation of surface and profiler winds at ISS sites. Journal of 
Atmospheric and Oceanic Technology, 15, 826-834. 
 
Hartten, L. M. and W. M. Angevine, 2001: A comparison of the daily cycle of lower-
tropospheric winds over the open ocean and those above a small island. Eleventh ARM 
Science Team Meeting, Atlanta, Georgia. 
 
Hartten, L. M., 2000: Spatial and temporal variability of lower-tropospheric flow over the 
east Pacific cold tongue. 14th Symposium on Boundary Layer and Turbulence, Aspen, 
CO, USA/7-11 August 2000, American Meteorological Society, 275-278. 
 
Hassel, N., and E. Hudson, 1989: The wind profiler for the NOAA demonstration 
network. 4th WMO Tech. Conf. on Instruments and Methods of Observation, 4-8 Sept. 
1989, Brussels. 261-266. 
  
Hildebrandt, P.H., and R.S. Sekhon, 1974: Objective determination of the noise level in 
Doppler spectra. J. Appl. Meteorol., 13, 808-811.  (For processing wind profiler data). 
  
Hill, R.J., 1978: Spectra of fluctuations in refractivity, temperature, humidity, and the 
temperature-humidity cospectrum in the inertial and dissipative ranges. Radio Sci., 13, 
953-961.  (For processing wind profiler data). 
  
Hines, J., 1990: Atmospheric remote sensing equipment at White Sands. Profiler 
Forum, April issue, 4-6. (Available from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Hinkelman, J., R. Jesuroga, D. Law, and A. Marroquin, 1991: Preliminary results of the 
detection of clear air turbulence by the Wind Profiler Demonstration Network. Preprints, 
4th Int. Conf. on Aviation Weather Systems, 24-28 June 1991, Paris, Amer. Meteorol. 
Soc., Boston, 81-84. 
  
Hocking, W.K., 1983: The relationship between strength of turbulence and backscattered 
radar power at HF and VHF. Handbook for Middle Atmospheric Program, 9, 289-301. 



  
Hocking, W.K., 1997: System desing, signal processing, and preliminary results for the 
Canadian (London, Ontario) VHF atmospheric radar. Radio Sci., 32, 687-706. 
  
Hocking, W.K., 1998: Recent advances in radar instrumentation and techniques for 
studies of the mesosphere, stratosphere, and troposphere. Radio Sci., 32, 2241-2270. 
  
Hogg, D.C., M.T. Decker, F.O. Guiraud, K.B. Earnshaw, D.A. Merritt, K.P. Moran, W.B. 
Sweezy, R.G. Strauch, E.R. Westwater, and C.G. Little, 1983: An automated profiler of 
the temperature, wind, and humidity in the atmosphere. J. Climate Appl. Meteor., 22, 
807-831. 
  
Huaman, M. and B. B. Balsley, 1996: Long-term average vertical motions observed by 
VHF wind profilers: The effect of slight antenna pointing inaccuracies. Journal of 
Atmospheric and Oceanic Technology, 13, 560-569. 
 
Hudson, E., 1989: Benefits to aviation of wind profiler networks. 1st European Wind 
Profiler Workshop, 6-8 March 1989, Versailles, France, B11-B16. 
 
Ishihara, M., Y. Kato, T. Abo, Y. Asami, K. Kobayashi, Y. Izumikawa, J. Yamashita, and 
H. Yamamoto, 2003: The wind profiler network of the Japan Meteorology Agency.  31st 
International Conference on Radar Meteorology. 
 
James, P.K., 1983: The WPL profiler: A new source of mesoscale observations. 
Meteorol. Mag., 112, 229-236. 
  
Jewett, B.F., and R.H. Brady, 1990: Subjective uses of wind profiler data in cool season 
analysis and forecasting. Wind profiler training manual No. 4, Program for Regional 
Observing and Forecasting Services, Boulder, CO, 92 pp. (Available from NOAA 
Forecast Systems Lab., Boulder, CO.) 
  
Johns, R.H., and C.A. Doswell III, 1992: Severe local storms forecasting. Wea. 
Forecasting, 7, 588-612. 
 
Johnston, P.E., 2001: Range errors in wind profiling caused by strong reflectivity 
gradients. Journal of Atmospheric and Oceanic Technology, 19, 934-953. 
  
Jordan, J.R., R.J. Lataitis, D.A. Carter, 1997: Removing ground and intermittent clutter 
contamination from wind profiler signals using wavelet transforms. J. Atmos. Oceanic 
Technol., 14. 
  
Kays, S.D., 1988: Using profiler data. Profiler Forum, Nov. issue, 6-9. (Available from 
NOAA Forecast Systems Lab., Boulder, CO.) 
  
Kitzmiller, D., 1990: Prognostic relationships between profiler winds and warm-season 
rain events near Denver. Profiler Forum, Jan. issue, 3-8. (Available from NOAA 
Forecast Systems Lab., Boulder, CO.) 



  
Kitzmiller, D., and W. McGovern, 1988: Relationships between profiler winds and hail 
occurrence over northern Colorado. Profiler Forum, April issue, 2-5. (Available from 
NOAA Forecast Systems Lab., Boulder, CO.) 
  
Kitzmiller, D.H., and W.E. McGovern, 1990: Wind profiler observations preceding 
outbreaks of large hail over northeastern Colorado. Wea. Forecasting, 5, 78-88. 
 
Koch, S.E., 2002: Analysis of mesoscale vertical circulations using WSR-88D VAD and 
wind profiler data. 19th Conf. on Weather Analysis and Forecasting, San Antonio, TX, 
Amer. Meteor. Soc., J29-J32. 
PDF 
 
Koch, S.E., 2002: Improving mesoscale analysis and prediction using wind profiler data. 
Third U.S.-Korea Joint Workshop on Storm Scale and Mesoscale Weather Analysis and 
Prediction, Boulder, CO, University Corporation for Atmospheric Research, 129-135. 
 
Koch, S.E., S.G. Benjamin, B.E. Schwartz, and E. Szoke, 2004: The value of wind 
profiler data in U.S. weather forecasting. Eighth Symp. on Integrated Observing and 
Assimilation Systems for Atmosphere, Oceans, and Land surface (IOAS-AOLS), Seattle, 
WA, Amer. Meteor. Soc. 
PDF 
  
Kuo, Y.H., and R.A. Anthes, 1985: Calculation of geopotential and temperature 
fields from an array of nearly continuous wind observations. J. Atmos. Oceanic Technol., 
2, 22-34. 
  
Kuo, Y.H., and Y.R. Guo, 1989: Dynamic initialization using observations from a 
hypothetical network of profilers. Mon. Wea. Rev., 117, 1975-1998. 
  
Kuo, Y.-H., and M.A. Shapiro, 1987: Retrieving temperature and geopotential fields 
from network wind profiler observations. Profiler Forum, Dec. issue, 2-4. (Available 
from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Kuo, Y.-H., E.G. Donall, and M.A. Shapiro, 1987a: Feasibility of short-range numerical 
weather prediction using observations from a network of profilers. Mon. Wea. Rev., 115, 
2402-2427. 
  
Kuo, Y.-H., D.O. Gill, and L. Chang, 1987b: Retrieving temperature and geopotential 
fields from a network of wind profiler observations. Mon. Wea. Rev., 115, 3146-3165. 
 
Lane, J.A., 1968: Small-scale variations of radio refractive index in the troposphere. Part 
I. Relationship to meteorological conditions. Proc. IEEE London, 115, 1227-1234. 
  
 
 

http://www-frd.fsl.noaa.gov/pub/papers/Koch2002b/p.pdf
http://www-frd.fsl.noaa.gov/pub/papers/Koch2004b/p.pdf


Law, D.C., 1991: Effects of precipitation, convection, and waves on NOAA 
network profilers. Preprints, 25th Inter. Conf. on Radar Meteorology, 24-28 June 1991,  
Paris. Amer. Meteorol. Soc., Boston, 43-46. 
  
Law, D.C., 1992: Wind profilers: Applications and characteristics. QST, 76, 48-50. 
  
Law, D., F. Sanders, G. Patrick, and M. Richmond, 1993: Measurements of wind profiler 
EMC characteristics. Joint NTIA Report 93-301/NOAA Special Report. U.S. Dept. of 
Commerce, Boulder, CO, 63 pp. 
  
Law, D.C., P.J. Neiman, L.S. Fedor, and D.W. van de Kamp, 1992: Cloud detection by 
NOAA wind profilers. Preprints, 11th Inter. Conf. on Clouds and Precipitation, 
Montreal, Quebec, Canada, 17-21 Aug. 1992. Amer. Meteorol. Soc., Boston, 952-955. 
 
Law, D.C., J.R. Khorrami, W.B. Sessions, M.K. Shanahan, R.R. Vollmers, 1995: 
Satellite measurement of 404 MHz wind profiler antenna patterns. 27th Conf. on Radar 
Meteorology, Vail, CO, Amer. Meteor. Soc., 332-334. 
 
Lee, J.L., G.L. Browning, and Y.F. Xie, 1995: Estimating divergence and vorticity from 
the wind profiler network hourly wind measurements. Tellus 47A, 5.1, 892-910. 
 
Liziola, L. E. and B. B. Balsley, 1997: Horizontally propagating quasi-sinusoidal 
tropospheric waves observed in the lee of the Andes. Geophysical Research Letters, 24, 
1075-1078. 
 
Liziola, L. E., 1998: Studies of quasi horizontally propagating gravity waves in the 
troposphere using the Piura ST wind profiler. Journal of Geophysical Research, 103, 
8641-8650. 
  
Looney, J.M., 1989: DARE-I nowcasting a Front Range snow event. Profiler 
Forum, Sept. issue, 5-9. (Available from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Martner, B.E., E.R. Westwater, R.G. Strauch, B.B. Stankov, D.B. Wuertz, W.L. 
Ecklund, K.S. Gage, D.A. Carter, J.B. Snider, J.C. Churnside, J.A. Shaw, K.P. Moran, 
and J.C. Reynolds, 1991: A field evaluation of remote sensor measurements of wind, 
temperature, and moisture for ARM integrated sounding system research. NOAA Tech. 
Memo. ERL WPL-211, NOAA Wave Propagation Lab., Boulder, CO, 110 pp. 
  
Martner, B.E., D.B. Wuertz, B.B. Stankov, R.G. Strauch, E.R. Westwater, K.S. Gage, 
W.L. Ecklund, C.L. Martin, and W.F. Dabbert, 1993: An evaluation of wind profiler, 
RASS, and microwave radiometer performance. Bull. Amer. Meteorol. Soc., 74, 599-613. 
  
May, P.T., and R.G. Strauch, 1989a: An examination of some algorithms for spectral 
moment estimation. 24th Conf. on Radar Meteorology, 27-31 March 1989, Tallahassee, 
FL. Amer. Meteorol. Soc., Boston, 429-432.  (For processing wind profiler data). 
 



May, P.T., and R.G. Strauch, 1989b: An examination of wind profiler signal processing 
algorithm. J. Atmos. Oceanic Technol., 6,731-735. 
  
May, P.T., R.G. Strauch, K.P. Moran, and W.L. Ecklund, 1990: Temperature sounding 
by RASS with wind profiler radars: A preliminary study. IEEE Trans. Geosci. Remote 
Sens., 28, 11-20. 
 
May, P. T., 1993: Comparison of wind-profiler and radiosonde measurements in the 
tropics. Journal of Atmospheric and Oceanic Technology, 10, 122-127. 
 
May, P. T., W. L. Ecklund, and G. D. Hess, 1994: Spectral and bispectral characteristics 
of wind variability at Darwin, Australia observed by a VHF radar wind profiler. 
Quarterly Journal of the Royal Meteorological Society, 121, 527-544. 
 
May, P. T., A. R. Jameson, T. D. Keenan, and P. E. Johnston, 2001: A comparison 
between polarimetric radar and wind profiler observations of precipitation in tropical 
showers. Journal of Applied Meteorology, 40, 1702-1716. 
 
May, P. T., A. R. Jameson, T. D. Keenan, P. E. Johnston, and C. Lucas, 2001: Combined 
wind profiler/polarimetric radar studies of the vertical motion and microphysical 
characteristics of tropical sea breeze thunderstorms. Monthly Weather Review, submitted. 
 
May, P. T. and D. Rajopadhyaha, 1996: Wind profiler observations of vertical motion 
and precipitation microphysics of a tropical squall line. Monthly Weather Review, 124, 
621-633. 
  
May, P.T., and R.G. Strauch, 1998: The effect of ground clutter on wind profiler velocity 
measurements. J. Atmos. Oceanic Technol., 15, 579-586. 
  
McGuirk, M.P., S.M. Williams, and W. Faas, 1992: Wind Profiler Demonstration 
Network metadata access system. Preprints, 8th Int. Conf. on Interactive Information and 
Processing Systems for Meteorology, Oceanography, and Hydrology, Atlanta, GA, 5-10 
Jan., 1992. Amer. Meteorol. Soc., Boston, 46-49. 
 
Merritt, D.A., 1995: A statistical averaging method for wind profiler Doppler spectra. J. 
Atmos. Oceanic Technol., 12, 985-995. 
  
Merritt, D.A., T.L. Wilfong, A.J. Francavilla, D.B. Wuertz, M.K. Simon, and B.L. 
Weber, 1997: Application of the Prototype Control, Acquisition, and Signal Processing 
Engine for Radar (CASPER) to wind profilers and RASS. Preprints, 28th Conf. On Radar 
Meteorology, Austin, TX, American Meteorological Society, Boston, MA, 244-245. 
  
Miller, P.A., 1992: Evaluating two algorithms for unfolding profiler winds. 
Profiler Forum, July issue, 8-12. (Available from NOAA Forecast Systems Lab., 
Boulder, CO.) 
  



Miller, P.,A., T.W. Schlatter, M.F. Barth, D.W. van de Kamp, B.L. Weber, and 
D.B. Wuertz, 1993: Automated quality control methods designed for use with hourly 
wind profiler data. Proceedings, 2nd COST-74 Wind Profiler Workshop, Wiesbaden, 
Germany, 3-7 May 1993.  European Geophysical Society, c218. 
  
Miller, P.A., T.W. Schlatter, D.W. van de Kamp, M.F. Barth, and B.L. Weber, 1994a: 
An unfolding algorithm for profiler winds. J. Atmos. Oceanic Technol., 11, 32-41. 
  
Miller, P.A., M.F. Barth, D.W. van de Kamp, T.W. Schlatter, B.L. Weber, D.B. Wuertz, 
and K.A. Brewster, 1994b: An evaluation of two automated quality control methods 
designed for use with hourly wind profiler data. Ann. Geophysicae., 12, 711-724. 
 
Miller, P.A., M.F. Barth, and J.R. Smart, 1997: The extent of bird contamination in the 
hourly winds measured by the NOAA profiler network: results before and after 
implementation of the new bird contamination quality control check. First Symposium on 
Integrated Observing Systems, Long Beach, CA, Amer. Meteor. Soc., 138-144. 
  
Moran, K.P., D.B. Wuertz, R.G. Strauch, N.L. Abshire, and D.C. Law, 1990: RASS 
Demonstration on a NOAA network wind profiler. NOAA Tech. Memo. ERL WPL-184, 
NOAA Wave Propagation Lab., Boulder, CO, 24 pp. 
  
Moran, K.P., R.G. Strauch, B.L. Weber, and D.B. Wuertz, 1991a: Wind profilers for 
mid-tropospheric sounding systems. Extended Abstracts, Lower Tropospheric Profiling: 
Needs and Technologies. 10-13 Sept. 1991, Boulder, CO. Amer. Meteorol. Soc., Boston, 
53-55. 
  
Moran, K.P., R.G. Strauch, D.B. Wuertz, and B.L. Weber, 1991b: Temperature 
measurements by RASS with a NOAA demonstration network profiler. Extended 
Abstracts, Lower Tropospheric Profiling: Needs and Technologies, 10-13 Sept. 1991, 
Boulder, CO. Amer. Meteorol. Soc., Boston, 91-92. 
  
Moran, K.P., D.B. Wuertz, R.G. Strauch, N.L. Abshire, and D.C. Law, 1991c: 
Temperature sounding with wind profiler radars. J. Atmos. Oceanic Technol., 8, 606-608. 
  
Muschinski, A., and C. Wode, 1998: First in situ evidence for coexisting submeter 
temperature and humidity sheets in the lower free troposphere. J. Atmos. Sci., 55, 2893-
2906. 
 
Nastrom, G. D., K. S. Gage, and W. L. Ecklund, 1990: Uncertainties in estimates of the 
mean vertical velocity from MST radar observations. Radio Science, 25, 933-940. 
 
Neiman, P.J., 1987: Temperature gradient and temperature advection calculations 
using wind profiler data. Profiler Forum, March issue, 3-5. (Available from NOAA 
Forecast Systems Lab., Boulder, CO.) 
  
 



Neiman, P.J., and M.A. Shapiro, 1989: Retrieving horizontal temperature gradients 
and advections from single-station wind profiler observations. Wea. Forecasting, 4, 222 
233. 
  
Neiman, P.J., P.T. May, and M.A. Shapiro, 1991: Radio Acoustic Sounding System and 
wind profiler observations of fronts in the lower and middle troposphere. Preprints, 7th 
Symp. on Meteorological Observations and Instrumentation, 14-18 Jan. 1991, New 
Orleans, LA. Amer. Meteorol. Soc., Boston, 61-66. 
  
Neiman, P.J., P.T. May, and M.A. Shapiro, 1992: Radio Acoustic Sounding System 
(RASS) and wind profiler observations of lower- and mid-tropospheric weather systems. 
Mon. Wea. Rev., 129, 2298-2313. 
  
Neiman, P.J., F.M. Ralph, and D. Levinson, 1994a: Doppler lidar, wind profiler, and 
RASS observations of a breaking mountain wave along the eastern slope of the Colorado 
Rocky Mountains. 3rd Int. Symp. on Tropospheric Profiling: Needs and Technology, 30 
Aug.-2 Sept. 1994, Hamburg, Germany. Amer. Meteorol. Soc., Boston, 3 pp. 
  
Neiman, P.J., F.M. Ralph, L.D. Oliver, and M.J. Post, 1994b: Observations of a frontal 
passage and associated orographically generated gravity waves along the eastern slope of 
the Colorado Rockies. 6th Conf. on Mesoscale Processes, 18-22 July 1994, Portland, OR. 
Amer. Meteorol. Soc., Boston, 579-82. 
  
Neiman, P.J., M.A. Shapiro, F. M. Ralph, B.F. Smull, and D. Johnson, 1994c: A 
Multiscale observational study of multiple frontal zones within an extratropical 
continental cyclone. Symp. on Life Cycles of Extratropical Cyclones, Bergen, Norway, 
June 1994. Amer. Meteorol. Soc., Boston, 485-491. 
  
Neiman, P.J., M.A. Shapiro, F. M. Ralph, B.F. Smull, and D. Johnson, 1994d: 
Observations of fronts within a land-based extratropical cyclone. 6th Conf. On 
Mesoscale Processes, Portland, OR, July 1994. Amer. Meteorol. Soc., Boston, 
220-23. 
 
Ohno, Y., C. R. Williams, and K. S. Gage, 1998: Statistical study of rain types using 
wind profilers. Fourth International Symposium on Tropospheric Profiling: Needs and 
Tecnologies, Snowmass, Colorado, USA/21-25 September 1998, 240-242. 
 
Ohno, Y., 1999: Simplified method for rain rate and Z-R relation estimation using UHF 
wind profiler. 29th International Conference on Radar Meteorology, Montreal, Quebec, 
Canada/12-16 July 1999, American Meteorological Society, 683-684. 
 
Ohno, Y., 1999: Statistical study of Z-R relation using Doppler spectra of vertical 
pointing wind profiler. Progress in Electromagnetics Research Symposium (PIERS), 
Taipei, Taiwan/22-26 March 1999. 



Ohno, Y., 2000: Climatological study of rain types using UHF wind profilers in the 
tropical Pacific and Asia. Ninth International Workshop on Technical and Scientific 
Aspects of MST Radar, Toulouse, France/13-18 March 2000.  
 
Ohno, Y., 2000: Stratiform and convective reflectivity-rainrate (Z-R) relationships 
derived from the UHF profiler observations at Biak, Indonesia. Ninth International 
Workshop on Technical and Scientific Aspects of MST Radar, Toulouse, France/13-18 
March 2000. 
 
Ohno, Y., C. R. Williams, K. S. Gage, and T. Krozu, 1998: Rain rate estimation using 
wind profiler measurement. CLIMPAR, Ottawa, American Meteorological Society. 
  
Ottersten, H., 1969: Atmospheric structure and radar backscattering in clear air. Radio 
Sci., 4, 1179-1193. 
 
Palo, S. E. and S. K. Avery, 1996: Observations of the quasi-two-day wave in the middle 
and lower atmosphere over Christmas Island. Journal of Geophysical Research, 101, 
12833-12846. 
 
Parsons, D., W. Dabberdt, H. Cole, T. Hock, C. Martin, A. L. Barrett, E. Miller, M. 
Spowart, M. Howard, W. Ecklund, D. A. Carter, K. S. Gage, and J. Wilson, 1994: The 
integrated sounding system: Description and preliminary observations from TOGA 
COARE. Bulletin of the American Meteorological Society, 75, 553-567. 
 
Passarelli, R.E., P. Romanik, S.G. Geotis, and A.D. Siggia, 1981: Ground clutter 
rejection in the frequency domain. Preprints 20th Conference on Radar Meteorology, 
AMS, Boston, Mass., November 30-December 3, 1981, 295-300.  (For processing wind 
profiler data.) 
 
Petitdidier, M. A. Sy, A. Garrouste, and Jean Delcourt, 1997: Statistical characteristics of 
the noise power spectral density in UHF and VHF wind profilers. Radio Sci., 32, 32, 
1229-1247. 
 
Post, M. J., C. W. Fairall, J. B. Snider, Y. Han, A. B. White, W. L. Ecklund, K. M. 
Weickmann, P. K. Quinn, D. I. Cooper, S. M. Sekelsky, R. E. McIntosh, P. Minnett, and 
R. O. Knuteson, 1997: The combined sensor program: An air-sea science mission in the 
central and western Pacific Ocean. Bulletin of the American Meteorological Society, 78, 
2797-2815. 
 
Rajopadhyaha, D. K., S. K. Avery, P. T. May, and R. C. Cifelli, 1999: Comparison of 
precipitation estimation using single- and dual-frequency wind profilers: simulations and 
experimental results. Journal of Atmospheric and Oceanic Technology, 16, 165-173.  
 
Rajopadhyaha, D. K., R. Cifelli, S. Avery, P. May, C. Williams, W. Ecklund, and K. 
Gage, 1997: On the variability of tropical rain microphysics and radar rain retrievals. 



28th Conference on Radar Meteorology, Austin, Texas/7-12 September 1997, American 
Meteorological Society, 135-136. 
 
Rajopadhyaha, D. K., P. T. May, R. C. Cifelli, S. K. Avery, C. R. Williams, W. L. 
Ecklund, and K. S. Gage, 1998: The effect of vertical air motions on rain rates and 
median volume diameter determined from combined UHF and VHF wind profiler 
measurements and comparisons with rain gauge measurements. Journal of Atmospheric 
and Oceanic Technology, 15, 1306-1319. 
 
Rajopadhyaha, D. K., P. T. May, and D. Vincent, 1993: A general approach to the 
retrieval of raindrop size distributions from wind profiler Doppler spectra: Modeling 
Results. Journal of Atmospheric and Oceanic Technology, 10, 710-717. 
 
Rajopadhyaha, D. K., 1994: The retrieval of ice particle information from VHF wind 
profiler Doppler spectra. Journal of Atmospheric and Oceanic Technology, 11, 1559-
1568. 
  
Ralph, F.M., 1995: Using radar-measured radial vertical velocities to distinguish 
precipitation scattering from clear-air scattering. J. Atmos. Oceanic Technol., 12, 257- 
267. 
  
Ralph, F.M., P.J. Neiman, and Dominique Ruffieux, 1996: Precipitation identification 
from radar wind profiler spectral moment data: Vertical velocity histograms, velocity 
variance, and signal power—vertical velocity correlations. J. Atmos. Oceanic Technol., 
13, 545-559. 
  
Ralph, F.M., and P.J. Neiman, 1993a: Observations of rain, freezing rain, and snow from 
NOAA's 404-MHz wind profiling radars. 6th Workshop on Technical and Scientific 
Aspects of MST/ST Radar, 16-20 Aug. 1993, Chung-Li, Taiwan, Republic of China. 4 pp. 
  
Ralph, F.M., and P.J. Neiman, 1993b: Wind profiler observations of a mesoscale 
convective system. Preprints, 26th Int. Conf. on Radar Meteorology, 24-28 May 1993, 
Norman, OK. Amer. Meteorol. Soc., Boston, 567-569. 
  
Ralph, F.M., P.J. Neiman, L.S. Fedor, and B.L. Weber, 1992: Nonstationary trapped lee 
waves: Wind profiler, RASS, and satellite observations. Preprints, 6th Conf. on Mountain 
Meteorology, 29 Sept.-2 Oct. 1992, Portland, OR, 68-75. 
  
Ralph, F.M., P.J. Neiman, D.W. van de Kamp, and D.C. Law, 1993: Cloud and 
precipitation information from the 404-MHz NOAA wind profilers. Preprints, 8th Symp. 
on Observations and Instrumentation, 17-22 Jan. 1993, Anaheim, CA, 251-256. 
  
Ralph, F.M., P.J. Neiman, D.W. van de Kamp, and D.C. Law, 1995: Using spectral 
moment data from NOAA's 404-MHZ radar wind profilers to observe precipitation. Bull. 
Amer. Meteor. Soc. 76, 1717-1739. 
  



Rich, S.T., 1992: Integrating wind profiler data into forecast and warning operations at 
NWS field offices. NOAA Tech. Memo. NWS SR-141, 34 pp. (Available from NOAA 
Forecast Systems Lab., Boulder, CO.) 
 
Riddle, A. C., W. M. Angevine, W. L. Ecklund, E. R. Miller, D. B. Parsons, D. A. Carter, 
and K. S. Gage, 1996: In situ and remotely sensed horizontal winds and temperature 
inter-comparisons obtained using Integrated Sounding Systems during TOGA COARE. 
Contributions to Atmospheric Physics, 69, 49-61. 
 
Rogers, R. R., D. Baumgardner, S. A. Ethier, D. A. Carter, and W. L. Ecklund, 1993: 
Comparison of raindrop size distribution measured by radar wind profiler and by 
airplane. Journal of Applied Meteorology, 32, 694-699. 
 
Rogers, R. R., W. L. Ecklund, D. A. Carter, K. S. Gage, and S. A. Ethier, 1993: Research 
applications of a boundary-layer wind profiler. Bulletin of the American Meteorological 
Society, 74, 567-580. 
  
Röttger, J., and M.F. Larsen, 1990: UHF/VHF radar techniques for atmospheric research 
and wind profiler applications.  Radar in Meteorology: Battan Memorial and 40th 
Aniversary Radar Meteorology Conference (David Atlas, ed.) Amer. Meteor. Soc. 
Boston, Massachusetts, 235-281. 
  
Schaefer, J., 1988: Wind profiler use at Denver WSFO. Profiler Forum, July issue, 2-3. 
(Available from NOAA Forecast Systems Lab., Boulder, CO.) 
 
Schafer, R. and S. K. Avery, 2000: Analysis of tropospheric waves with periods of 1 to 
30 days using the tropical Pacific profiler network. 24th Conference of Hurricanes and 
Tropical Meteorology, Ft. Lauderdale, Florida, USA/2000, American Meteorological 
Society, 43-44. 
 
Schafer, R., 2000: A comparison of wind profiler measurements and the NCEP/NCAR 
reanalysis over the equatorial Pacific. Fifth International Symposium of Tropospheric 
Profiling: Needs and Technology, Adelaide, Australia/2000. 
 
Schafer, R., S. K. Avery, K. Harris, and G. N. Kiladis, 2000: Observation of mixed 
Rossby Gravity Waves over the central equatorial Pacific, using wind profilers and the 
NCEP/NCAR re-analysis. Fifth International Symposium on Tropospheric Profiling: 
Needs and Technology, Adelaide, Australia/4-8 December 2000, 153-155. 
 
Schafer, R., P. T. May, T. D. Keenan, K. McGuffie, W. L. Ecklund, P. E. Johnston, and 
K. S. Gage, 2001: Boundary layer development over a tropical island during the Maritime 
Continent Thunderstorm Experiment. Journal of the Atmospheric Sciences, 58, 2163-
2179. 
 
 
 



Schlatter, T.W., 1985: Use of ground-based wind profiles in mesoscale forecasting. 
Proceedings, NASA Symp. and Workshop on Global Wind Measurements, 29 July-1 Aug. 
1985, Columbia, MD. 45-51. 
  
Schlatter T.W. and F.S. Zbar, editors, 1994: Wind profiler assessment report and 
recommendations for future use (1987-1994). U.S. Department of Commerce, NOAA, 
Silver Spring, Maryland, 141 pp. 
  
Schmidt, G., R.Ruster, and P. Czechowsky, 1979: Complementary code and digital 
filtering for detection of weak VHF radar signals from the mesosphere. IEEE Trans. 
Geosci. Electron., GE-17, 154-161. 
  
Schwartz, B.E., P.A. Miller, and M.F. Barth, 1995: A comparison of ACARS 
ascent/descent and six-min profiler wind observations. Preprints, 9th Symposium on 
Meteorological Observations and Instrumentation, 27-31 March 1995, Charlotte, North 
Carolina. Amer. Meteorol. Soc., Boston, Massachusetts. 
  
Scott, W.B., 1992: New weather sensors, displays could boost airspace system capacity, 
Aviation Week Space Technol., Feb., 43-45. 
 
Sekelsky, S. M., W. L. Ecklund, J. M. Firda, K. S. Gage, and R. E. McIntosh, 1999: 
Particle size estimation in ice-phase cloud using multi-frequency radar reflectivity 
measurements at 95, 33, and 2.8 GHz. Journal of Applied Meteorology, 38, 5-28. 
 
Shapiro, M.A., D.C. Hogg, and C.G. Little, 1983: The Wave Propagation Laboratory 
profiler system and its applications. Preprints 5th Symp. Meteorological Observations and 
Instrumentation, Toronto, Amer. Meteor. Soc., 174-182. 
  
Shapiro, M.A., T. Hample, and D. van de Kamp, 1984: Radar wind profiler 
observations of mesoscale wind systems. Meteorol. Mag., 112, 165-170. 
  
Sinkiewicz, M.E., and T. Gal-Chen, 1988: Use of wind profilers and radiometric 
information for retrieval of virtual temperature. Preprints, 8th Conf. on Numerical 
Weather Prediction, 22-26 Feb. 1988, Baltimore, MD, Amer. Meteorol. Soc., Boston, 
346-350. 
  
Skov, R.A., 1986: Nowcasting thermodynamic profiles using a triangle of wind 
profilers in an advection model. Master's Thesis, Air Force Inst. of Technol., Wright 
Patterson AFB, AFIT/CI/NR-86-121T, 123 pp. 
  
Smith, T.L., 1987: Kinematic fields derived from the Colorado Profiler Network in 
RT87. Profiler Forum, Sept. issue, 4-6. (Available from NOAA Forecast Systems Lab., 
Boulder, CO.) 
  
 
 



Smith, T.L., and S. Benjamin, 1990: The evolution of the regional severe storm 
environment as viewed by a hybrid isentropic-sigma assimilation system. Preprints, 6th 
Conf. on Severe Local Storms, Kananaskis Park, Alberta, Canada, 22-26 Oct. 1990. 
Amer. Meteorol. Soc., Boston, 504-09. 
  
Smith, T.L., and S.G. Benjamin, 1991: Impact of network profiler data on a hybrid 
coordinate data assimilation system. Preprints, 9th Conf. on Numerical Weather 
Prediction, 14-18 Oct. 1991, Denver, CO. Amer. Meteorol. Soc., Boston, 418-21. 
  
Smith, T., and S. Benjamin, 1992: Impact of network profiler data on the MAPS data 
assimilation system. FSL Forum, March issue, 4-7. (Available from NOAA Forecast 
Systems Lab., Boulder, CO.) 
  
Smith, T.L. and S.G. Benjamin, 1993a: Impact of network wind profiler data on a 3-h 
data assimilation system. Bull. Amer. Meteorol. Soc., 74, 801-807. 
  
Smith, S.D., and R.M. Rabin, 1989: Considerations in estimating horizontal wind 
gradients from an individual Doppler radar or a network of wind profilers. J. Atmos. 
Oceanic Technol., 6, 446-458. 
  
Smith, T.L., and T.W. Schlatter, 1986a: The real-time use of wind profilers in 
nowcasting. Handbook for MAP, 20, S.A. Bowhill and B. Edwards, Eds., SCOSTEP 
Secretariat, Urbana, IL, 53-59. 
  
Smith, T.L., and T.W. Schlatter, 1986b: The use of wind profilers during a real-time 
experiment in the prediction of summer-time convective storms. Preprints, 11th Conf. On 
Weather Forecasting and Analysis, 17-20 June 1986, Kansas City, MO. Amer. Meteorol. 
Soc., Boston, 143-148. 
  
Smith, T.L., and T.W. Schlatter, 1986c: The use of wind profilers in a convection 
forecasting experiment. Preprints, 11th Conf. on Weather Forecasting and Analysis, 17 
20 June 1986, Kansas city, MO, Amer. Meteorol. Soc., Boston, 143-148. 
  
Smith, T.L., and T.W. Schlatter, 1988: A study of kinematic fields in the pre-convective 
environment derived using the Colorado Wind Profiler Network. Preprints, 15th Conf. On 
Severe Local Storms, 22-26 Feb. 1988, Baltimore, MD. Amer. Meteorol. Soc., Boston, 
347-350. 
 
Smith, T.L., and S.G. Benjamin, 1998: The combined use of GOES cloud drift, ACARS, 
VAD, and Profiler winds in RUC-2. 12th Conf. on Numerical Weather Prediction, 
Phoenix, AZ, Amer. Meteor. Soc., 297-299. 
  
Strauch, R.G., B.L. Weber, A.S. Frisch, C.G. Little, D.A. Merritt, K.P. Moran, and D.C. 
Welsh, 1987: The precision and relative accuracy of profiler wind measurements. J. 
Atmos. Oceanic Technol., 4, 563-571. 
  



Strauch, R.G., D.A. Merritt, K.P. Moran, P.T. May, B.L. Weber, and D.B. Wuertz, 
1989a: Doppler radar wind profilers for support of flight operations. 27th Aerospace 
Sciences Meeting, 9-12 Jan. 1989, Reno, Nevada. 8 pp. 
  
Strauch, R.G., A.S. Frisch, and B.L. Weber, 1986: Wind measurements in the upper 
troposphere with UHF and VHF radar. Preprints 23rd Conference on Radar Meteorology 
and the Conference on Cloud Physics, Sept. 22-26, 1986, Snowmass, CO, AMS, Boston, 
48-51. 
  
Strauch, R.G., D.A. Merritt, K.P. Moran, B.L. Weber, D.B. Wuertz, and P.T. May, 
1989b: Wind profilers for support of flight operations. J. Aircraft, 26, 1009-1015. 
  
Strauch, R.G., M.T. Decker, and D.C. Hogg, 1983: Automated profiling of the 
troposphere. J. Aircraft, 20, 359-362. 
  
Strauch, R.G., D.A. Merritt, K.P. Moran, K.B. Earnshaw, and D. van de Kamp, 1984: 
The Colorado Wind-Profiling Network. J. Atmos. Ocean. Tech., 1, 37-49. 
  
Sukmadradjat, C. R. Williams, P. E. Johnston, and K. S. Gage, 1993: Results from the 
first year of operation of the Biak VHF wind profiler. 6th MST Workshop, Taiwan, 
Chung-Li, Republic of China/17-20 August 1993. 
 
Thaler, E., 1989: Using profiler data to diagnose the atmosphere. Profiler Forum, March 
issue, 6-12. (Available from NOAA Forecast Systems Lab., Boulder, CO.) 
  
Thomson, D.W., and H.W. Henderson, 1990: Attractor dimensions and statistical 
properties of surface and profiler measured tropospheric winds. Preprints, 9th Symp. On 
Turbulence and Diffusion, 30 April-3 May 1990, Roskilde, Denmark. Amer. Meteorol. 
Soc., Boston, 220-223. 
  
Thomson, D.W., W.J. Surett, T.T. Warner, and N.L. Seaman, 1988: Comparisons 
of wind profiler measurements with NMC NMG analyses and predictions. Preprints, 8th 
Conf. on Numerical Weather Prediction, 22-26 Feb. 1988, Baltimore, MD. Amer. 
Meteorol. Soc., Boston , 351-356. 
 
Tokay, A., D. A. Short, C. R. Williams, W. L. Ecklund, and K. S. Gage, 1999: Tropical 
rainfall associated with convective and stratiform clouds: Inter-comparison of 
disdrometer and profiler measurements. Journal of Applied Meteorology, 38, 302-320. 

Trexler, C.M., and S.E. Koch, 2000: The life cycle of a mesoscale gravity wave as 
observed by a network of Doppler wind profilers. Mon. Wea. Rev. 128, 2423-2446.  

Urkowitz, H., and J.D. Nespor, 1992: Obtaining spectral moments by discrete Fourier 
Transform with noise removal in radar meteorology. Int. Geoscience and Remote Sensing 
Symp., Houston, TX, IGRASS, 125-127. 
  



Van de Kamp, D.W., 1993: Current status and recent improvements to the Wind Profiler 
Demonstration Network. Preprints, 26th Int. Conf. on Radar Meteorology, Norman, OK, 
24-28 May 1993. Amer. Meteorol. Soc., Boston, 552-554. 
  
Van de Kamp, D.W., 1993: Recent improvements to the Wind Profiler Demonstration 
Network. Preprints, 16th Annual Meeting of the National Weather Association, St. Louis, 
MO, 20-23 Oct. 1993. National Weather Association, Washington, DC, 22. 
 
Van de Kamp, D., 1995: Calibration of range gate heights and range resolution for 
NOAA's Wind Profiler Network. 27th Conf. on Radar Meteorology, Vail, CO, Amer. 
Meteor. Soc., 329-331. 
 
Wang, S. T., D. Tetenbaum, B. B. Balsley, R. L. Obert, S. K. Avery, and J. P. Avery, 
1988: A meteor echo detection and collection system for use on VHF radars. Radio Sci., 
23, 46-54. 
  
Weber, B.L., and D.B. Wuertz, 1990: Comparison of rawinsonde and wind profiler radar 
measurements. J. Atmos. Oceanic Technol., 7, 157-174. 
  
Weber, B.L., and D.B. Wuertz, 1991: Quality control algorithm for profiler 
measurements of winds and temperatures. NOAA Tech. Memo. ERL WPL-212, NOAA 
Wave Propagation Lab., Boulder, CO,  32 pp. 
  
Weber, B.L., D.B. Wuertz, R.G. Strauch, D.A. Merritt, K.P. Moran, D.C. Law, D.W. van 
de Kamp, R.B. Chadwick, M.H. Ackley, M.F. Barth, N.L. Abshire, P.A. Miller, and T.W. 
Schlatter, 1990: Preliminary evaluation of the first NOAA demonstration network 
profiler. J. Atmos. Oceanic Technol., 7, 909-918. 
  
Weber, B.L., D.B. Wuertz, D.C. Law, A.S. Frisch, and J.M. Brown, 1992: Effects of 
small-scale vertical motion on radar measurements of wind and temperature profiles. J. 
Atmos. Oceanic Technol., 9, 193-209. 
  
Weber, B.L., D.B. Wuertz, D.C. Welsh, and R. McPeek, 1993: Quality controls for 
profiler measurements of winds and RASS temperatures. J. Atmos. Oceanic Technol., 10, 
452-464. 
  
Weber, G., R. Ruster, and J. Klostermeyer, 1984: VHF-radar observations of frontal 
passages in the lower Alps region, 1982.  Annal. Meteorol., 19, 99-101. 
  
Welsh, D.C., D.B. Wuertz, B.L. Weber, R.J. Zamora, and D.E. Wolfe, 1993: Comparison 
of quality control and processing algorithms on NOAA 404-MHz wind profiler data. 8th 
Symp. on Meteorological Observations and Instrumentation, 17-22 Jan. 1993, Anaheim, 
CA. 243-247. 
  
Wesely, M.L., 1976: The combined effect of temperature and humidity fluctuations on 
refractive index. J. Appl. Meteor., 15, 43-49.   (For processing of wind profiler data.) 
 



Wesely, M.L., 1991: Status of instrumentation for the Southern Plains Clouds and 
Radiation Testbed. Department of Energy Report ANL/CP-77379, Washington, DC, 7 
pp. 
 
Westwater, E. R., Y. Han, J. B. Snider, J. H. Churnside, J. A. Shaw, M. J. Falls, C. N. 
Long, T. P. Ackerman, K. S. Gage, W. Ecklund, and A. Riddle, 1999: Ground-based 
remote sensor observations during PROBE in the tropical western Pacific. Bulletin of the 
American Meteorological Society, 80, 257-270. 
 
White, A.B., 1997: Radar remote sensing of scalar and velocity microturbulence in the 
convective boundary layer. NOAA Tech. Memo. ERL ETL-276, NOAA Environmental 
Technology Laboratory, Boulder, 127 pp. 
[Available from NOAA/ETL/ET7, 325 Broadway, Boulder, CO 80303.] 
  
Wilczak, J.M., and P.T. May, 1991: Radar wind profiler and RASS observations 
of boundary layer diurnal and seasonal variability. 25th Int. Conf. on Radar Meteorology, 
24-28 June 1991, Paris, France. Amer. Meteorol. Soc., Boston, 443-46. 
  
Wilczak, J.M., R.G. Strauch, F.M. Ralph, B.L. Weber, D.A. Merritt, J.R. Jordan, D.E. 
Wolfe, L.K. Lewis, D.B. Wuertz, J.E. Gaynor, S.A. McLaughlin, R.R. Rogers, A.C. 
Riddle, and T.S. Dye, 1995: Contamination of wind profiler data by migrating birds: 
Characteristics of corrupted data and potential solutions. J. Atmos. Ocean. Technol. 12, 
449-467. 
  
Wilfong, T.L., B.L. Weber, D.B. Wuertz, and D.A. Merritt, 1997: Wind profilers: Next 
generation signal processing. Preprints, 28th Conf. On Radar Meteorology, Austin, TX, 
American Meteorological Society, Boston, MA, 242-243. 
  
Wilfong, T.L., D.A. Merritt, A.J. Francavilla, D.B. Wuertz, M.K. Simon, B.L. Weber, 
and R.G.Strauch, 1997: Wind profilers; The next generation. Extended Abstracts: COST-
76 Profiler Workshop 1997, Vol. I, ed. Hans Richner, May 12-16, 1997, Engelberg, 
Switzerland, 59-65. 
  
Wilfong, T.L., D.A. Merritt, Richard J. Lataitis, B.L. Weber, D.B. Wuertz, and 
R.G.Strauch, 1999: Optimal Generation of Radar Wind profiler Spectra. J. Atmos. Ocean. 
Technol. 16, 723-733. 
 
Williams, C.R., 1995: Application of EOF analysis to tropical wind profiler data. 
Proceedings of the Twentieth Annual Climate Diagnostics Workshop, Seattle, 
Washington/October 23-27, 1995, 129-131. 
 
Williams, W.C., 1997: Principal component analysis of wind profiler observations. 
Journal of Atmospheric and Oceanic Technology, 14, 386-395. 
 



Williams, C. R. and S. K. Avery, 1996: Diurnal winds observed in the tropical 
troposphere using 50 MHz wind profilers. Journal of Geophysical Research, 101, 15051-
15060. 
 
Williams, C. R., W. L. Ecklund, and K. Gage, 1995: Classification of precipitating clouds 
in the tropics using 915 MHz wind profilers. Journal of Atmospheric and Oceanic 
Technology, 12, 996-1012. 
 
Williams, C. R., W. L. Ecklund, P. E. Johnston, and K. S. Gage, 2000: Cluster analysis 
techniques to separate air motion and hydrometeors in vertical incident profiler 
observations. Journal of Atmospheric and Oceanic Technology, 17, 949-962. 
 
Williams, C. R., W. L. Ecklund, K. S. Gage, E. R. Westwater, and J. B. Snider, 1995: 
Comparison of integrated liquid water content derived from a 915 Mz wind profiler and a 
dual frequency microwave radiometer in the tropics. 27th Conference on Radar 
Meteorology, Vail, Colorado/9-13 October 1995, American Meteorological Society, 279-
280. 
 
Williams, C. R. and K. S. Gage, 1995: A comparison of equatorial Pacific winds 
observed by wind profilers and modeled by numerical weather prediction analyses. 
Proceedings of the Twentieth Annual Climate Diagnostics Workshop, Seattle, 
Washington/October 23-27, 1995, 322-324. 
 
Williams, C. R., K. S. Gage, and D. Gutzler, 1993: Intraseasonal oscillations observed by 
the Trans-Pacific wind profiler network. 6th MST Workshop, Taiwan, Chung-Li, 
Republic of China/17-20 August 1993, 31-35. 
 
Williams, C. R., P. E. Johnston, W. L. Ecklund, K. S. Gage, D. A. Carter, J. Cifelli, A. 
Tokay, and Y. Ohno, 1999: Comparison of rain drop size distribution deduced from 
profilers and surface disdrometers. 29th International Conference on Radar Meteorology, 
Montreal, Quebec, Canada/12-16 July 1999, American Meteorological Society, 697-698. 
 
Winston, H., D. Engles, and C. Hayenga, 1990: High temporal resolution, real-time data 
processing and display capability for clear-air Doppler wind profiling radars. 6th Int. 
Conf. on Interactive Information and Processing Systems for Meteorology, 
Oceanography and Hydrology, 5-9 Feb. 1990, Anaheim, CA. 336-342. 
  
Wolfe, D.E., D.C. Welsh, B.L. Weber, D.B. Wuertz, and J.E. Gaynor, 1993: 
Comparisons of quality control methods for low-level wind profiler data. 8th Symp. On 
Meteorological Observations and Instrumentation, 17-22 Jan. 1993, Anaheim, CA. 257 
263. 
 
Worthington, R. M., A. Muchinski, and B. B. Balsley, 2001: Bias in mean vertical wind 
measured by VHF radars: significance of radar location relative to mountains. Journal of 
the Atmospheric Sciences, 58, 707-723. 
 
  



Wuertz, D.B., and B.L. Weber, 1989: Editing wind profiler measurements. NOAA Tech. 
Report ERL 438-WPL 62, NOAA Wave Propagation Lab., Boulder, CO, 78 pp. 
  
 
Wuertz, D.B., B.L. Weber, R.G. Strauch, A.S. Frisch, C.G. Little, D.A. Merritt, K.P. 
Moran, and D.C. Welsh, 1988: Effects of precipitation on UHF wind profiler 
measurements. J. Atmos. Oceanic Technol., 5, 450-465. 
  
Wuertz, D.B., B.L. Weber, R.G. Strauch, D.A. Merritt, K.P. Moran, D.C. Law, D. van de 
Kamp, R.B. Chadwick, M.H. Ackley, M.F. Barth, N.L. Abshire, P.A. Miller, and T.W. 
Schlatter, 1990: Evaluating the performance of the first wind profiler of the new NOAA 
demonstration network. Proceedings, IGARSS '90, 20-24 May 1990, Washington, DC. 
Inst. of Electrical and Electronics Engineers, New York, 533-536. 
  
Zamora, R.J., 1992: Recommendations for a wind profiling network to support space 
shuttle launches. NASA Contractor Report 4421, Nat. Aeronautics and Space Admin., 
NASA-CR-4421, 52 pp. 
  
Zamora, R.J., 1993: The measurement of frontal-scale vertical motion using NOAA 
demonstration and boundary layer wind profilers. Preprints, 13th Conf. on Weather 
Analysis and Forecasting, Aug. 1993, Vienna, Virginia. Amer. Meteorol. Soc., Boston, 
540-43. 
  
Zamora, R.J., and P. May, 1990: Wind profiler observations of mid-tropospheric 
cyclogenesis. Proceedings,  IGARSS '90, 20-24 May 1990, Washington, DC. Inst. Of 
Electrical and Electronics Engineers, New York, 529-32. 
  
Zamora, R.J., and M.A. Shapiro, 1989: Wind profiler observations of a pre-convective 
environment. Preprints, 12th Conf. on Weather Analysis and Forecasting, Oct. 2-6, 1989, 
Monterey, CA. Amer. Meteorol. Soc., Boston, 148-154. 
  
Zamora, R.J., M.A. Shapiro, and C.A. Doswell III, 1987: The diagnosis of upper 
tropospheric divergence and ageostrophic wind using profiler wind observations. Mon. 
Wea. Rev., 115, 871-884. 
  
Zamora, R.J., B.L. Weber, and D.C. Welsh, 1993: Calculating near real-time 
divergence and vertical motion using NOAA Demonstration Network wind observations. 
Preprints, 4th Symp. on Global Change Studies, 17-22 Jan. 1993, Anaheim, CA. Amer. 
Meteorol. Soc., Boston, 64-70. 
  
Zamora, R.J., B.L. Weber, and D.C. Welsh, 1994: The accuracy of divergence estimates 
calculated using the linear vector point function method and three profilers. Mon. Wea. 
Rev., 11, 2603-2606. 
 


	NOAA Technical Memorandum OAR GSD-56_11.14.17
	COST AND OPERATIONAL EFFECTIVENESS ANALYSIS FOR THE NOAA PROFILER NETWORK – May 2004
	Cost and Operational Effectiveness Analysis for the NOAA Profiler Network

	NOAA Profiler COEA_May26.2004
	NPN_COEA_May26-04_final-1
	Cost and Operational Effectiveness Analysis
	Cost and Operational Effectiveness Analysis
	May 2004 2003
	Section 1.0 Executive Summary

	1.5 Results
	2.1 NPN System Components
	2.2 Rationale for NPN Frequency Change
	4.4 Results of Analysis
	Section 5.0 Discussion of Options
	5.1 Retain Current NPN; Change Operating Frequency
	5.2 Terminate NPN Program
	References
	Annexes


	Figure 1.1-2 High Frequency Winds
	Figure 1.5-1 Results of Cost/Performance Analysis
	Figure 4.4-1 Results of Cost/Performance Analysis
	Figure 5.1-1 Major Components of a 404-MHz Wind Profiler, Highlighting those Components that Must be Modified or Replaced to Operate at 449 MHz.
	Figure 5.2-1 NPN Sites Are Generally Small and Will Require Limited Remediation

	Figure 1.1-1 NOAA Profiler Network Station Locations
	Sec. 4.1   

	Figure 1.5-1  Results of Cost/Performance Analysis
	Figure 2.1-1 NOAA Profiler Network System Components
	Without NPN, tornado warning accuracy will be substantially degraded
	Storm Prediction Center (SPC) watch accuracy improvement
	Wind forecasts from computer guidance significantly improved by NPN winds.
	A modified NPN system delivers the best performance.
	Using additional radiosondes is the most expensive alternative.

	Figure 4.4-1 Results of Cost/Performance Analysis
	Only modest modifications to NPN are required.
	Radiosondes provide high quality data twice daily.


	Aircraft soundings leave significant gaps in the western Great Plains.
	WSR-88D radars point more horizontally than vertically.

	Figure 5.5-1  WSR-88D Radar – Red Area Includes Cone and Umbrella of Silence Where Radar Beam Cannot Detect Winds.

	COEA Annex A 19Apr04
	COEA Annex B Perf Measures 03Jun04
	Table B.1
	Calculating performance measures

	COEA Annex C 19Apr04
	COEA Annex D1 19Apr04
	Sheet1

	COEA Annex D2 19Apr04
	Sheet1

	COEA Annex D3 19Apr04
	COEA Annex E 19Apr04
	COEA Annex F 19Apr04
	COEA Annex G 19Apr04
	One-Time Cost to Replicate the Hub for non-NPN Data Flows
	Recurring Annual Cost to Operate Hub for non-NPN Data Flows
	CAP Program
	GPS Network

	Recurring Annual Cost for Alaska Profilers

	COEA Annex H 19Apr04
	COEA - Profiler Biblio-1
	Profiler References
	First compiled by B.L. Weber - December 2001



