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ABSTRACT 
 
 
The objective of this study is to analyze weather phenomena associated with significant changes in 
the low altitude wind field. A boundary layer Vaisala LAP®-3000 radar wind profiler has been in 
operational use in South-Western Nebraska since January 2010. The wind profiler is part of an 
atmospheric observation network (AON), which also includes two 60-meter towers and eight 10-
meter masts with weather sensors. The measurement sites are distributed in 30 to 50 km intervals. 
The wind profiler site is located on the North-West side of the AON grid, which is upstream for 
typical winter cold front events approaching the area. The purpose of the system is to capture fast 
changing wind and windshear conditions associated with weather fronts and convection, and to 
help develop automatic early detection techniques for such weather events. 
 
The observation network has provided an excellent opportunity for detecting and monitoring 
mesoscale meteorological phenomena in the area. This presentation describes the wind profiler 
configuration, and demonstrates that the wind profiler is able to detect wind and windshear 
changes before surface station recordings during rapid wind field changes. The data comprise the 
first months of the measurements (February-March 2010). Particular attention has been paid to the 
optimization of radar parameters to obtain good quality winds with short averaging times. We also 
discuss the potential of the wind profiler to detect vertical windshear and vertical air motion related 
to convective weather systems.  
 
 
UHF WIND PROFILER SET-UP 
 
LAP®-3000 wind profiler 
 
The Vaisala LAP®-3000 is a UHF-band radar wind profiler that provides continuous vertical 
profiles of wind speed and direction and vertical velocity up to 3 km above ground level. A Doppler 
beam swinging measurement technique with 3 to 5 beam directions are used. The maximum 
detection altitude depends on atmospheric conditions, instrument configuration and the 
surrounding environment. The lowest detection altitude is approximately 100 to 130 m depending 
on the environment and used pulse parameters. The optional radio-acoustic sounding system 
(RASS) measures virtual temperature in the lower atmosphere.  
 
LAP®-3000 operating parameters at AON 
 
The wind profiler at the atmospheric observation network is a 4-panel 915 MHz system, with no 
RASS attached. The main purpose of the measurements is to monitor significant and fast changes 
in winds in the lower atmosphere. Several recent LAP®-3000 installations serve aircraft operations 
and other applications where the requirements are similar (LEHTINEN 2010), and the experience 
was beneficial in optimizing the operational configuration. The key parameters are the pulse length, 
nominal measurement altitudes, and averaging time. The AON profiler is running only one 
measurement mode using a short radar pulse. This enables a good height and time resolution for 
the measured winds, and a low first measurement height. Main configuration parameters are listed 
in Table 1. 
 
The original configuration provided a 10-minute averaging time using 4 oblique radar beams. This 
was changed on February 22 to a 15-minute averaging time to get a higher data availability and 
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quality in dry winter conditions, and a 5-beam mode to produce better quality vertical velocity 
estimates. This type of periodic evaluation is important for ensuring that the system operates well 
and is optimized for the local environment. A remote connection enables full radar monitoring and 
updates to software and measurement settings.  
 
 
Table 1. LAP®-3000 wind profiler operating parameters. 
 
Minimum height (m AGL) 117 
Maximum height (m AGL) 1971 
Height spacing (m) 41 
Actual height resolution (m) 96 
Number of heights 46 
Pulse width (ns) 700 
Inter-pulse period (ns) 22000 
Dwell period (s) 19.8 
Nyquist velocity (m/s) 16.9 
 
Signal processing  
 
The wind profiler LAP-XM® software includes several sophisticated algorithms that can be used to 
improve wind measurements in environments where interference is present, or in low signal 
conditions. These methods have been developed at Vaisala and through cooperation with National 
Oceanic and Atmospheric Administration (NOAA) laboratories and other leading institutions.  
 
The techniques used at the AON profiler include a multiple peak-picking method which analyzes 
power spectral peaks using continuity rules, feature identification and fuzzy logic (GREISSER 
1998). An addition to the algorithm rejects typical radio-frequency interference (RFI) signals. The 
obtained radial velocities are then averaged with a consensus averaging method. The standard 
method is modified so that a longer history is considered when determining the consensus window, 
and valid data points from the last 15 minutes are averaged into winds. This reduces the likelihood 
of invalid outliers in the results.  
 
The wind and temperature profiles are post-processed with a time-height continuity check as 
proposed in (WEBER 1993). In addition, radial velocities from the five radar beams are used in a 
consistency check which tests the horizontal homogeneity assumption. This is quite efficient in 
detecting persistent RFI contamination, which could otherwise be difficult to distinguish from 
atmospheric signal. 
 
 
SURFACE WEATHER INSTRUMENTS 
 
AON tower and mast instruments 
 
The surface station network comprises eight 10-meter full atmospheric stations and two 60-meter 
towers with multiple instrumentation levels. The automatic weather stations (Vaisala MAWS110 or 
MAWS301) are equipped with ultrasonic wind sensors, a pressure sensor and a humidity and 
temperature probe. Data from all instruments and the wind profiler are collected and transferred 
real-time to a common database. The averaging time for winds is 2 minutes, and 1 minute for other 
variables.  
 
Figure 1 shows the relative locations of each station. The wind profiler is located at "AON2 WP". 
The closest tower locations are AON1 (height 10 m, distance 24.9 km, bearing 235 deg), AON3 
(10 m, 32.6 km, 86 deg) and AON9 (60 m, 26.1 km, 164 deg). A 60-meter tower is located at 
AON2, only 3 km from the wind profiler. Observations from this location were not available for the 
analyzed time period. 
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Figure 1. The atmospheric observation network. The Colorado-Nebraska border follows the long 
horizontal line. The vertical line on the left indicates the Wyoming-Nebraska border. 
 
Other observations 
 
The area near the corner of the states of Colorado, Wyoming and Nebraska has a small number of 
public surface weather stations, made available for example by MesoWest (mesowest.utah.edu). 
The nearest radiosounding stations are in North Platte and Denver, at a distance of about 200 km. 
There are also 3 NEXRAD C-band radars and one S-band radar within 200 km radius from 
AON10. 
 
A 400 MW wind farm is located near the Colorado-Nebraska border, south of the AON9 and 
AON10 stations. Wind power generation is naturally related to the wind speeds in the lower 
atmosphere, and rapid changes in the wind field are associated with a large variability in the power 
generation. Significant up- and down ramps detected in wind power generation were available from 
the observation period. 
 
 
 
SIGNIFICANT WEATHER EVENTS 
 
The main interest in this study is to analyze weather phenomena associated with significant 
changes in the low altitude wind field. In terms of wind speed, the events can be classified as 
increasing wind speed (up ramp) and decreasing wind speed (down ramp) events. An increase of 
wind speed can be caused by various weather phenomena (e.g. FREEDMAN 2008): 
 

• Frontal systems: especially cold fronts with gusty and strong winds. Cold fronts are also 
associated with an abrupt decrease in temperature, and pressure changes. 

• Dry lines: similar to cold front, but the change is in dew point temperature. Cooler air from 
higher terrain mixes to the surface during daytime heating. Winds are shifting and wind 
speeds increase usually for a short period.  
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• Convection and thunderstorms: result of atmospheric instability. May cause outflow, gust 
fronts and jets. 

• Low-level jets 
 
Decrease of wind speed is often related to 
 

• Weakening of pressure gradient 
• Weakening convection 
• Shallow, cold air mass and turbulent mixing 
• Stabilization due to sudden cooling in near-surface layer 

 
The atmospheric observation network is located in the US High Plains area, where rapid wind 
changes in the winter period are typically due to cold fronts and pressure gradient changes. The 
warm season events are often caused by convective activity and cold fronts. The categorization of 
weather events requires a careful analysis of the surface weather station parameters, upper air 
observations, and additional information from a larger region. No attempt was made to categorize 
the wind field changes during this observation period, but results from an earlier analysis (ALBERS 
2010) indicate that most events in February-March exhibit a sudden increase in wind speed, and 
are likely caused by winter-time cold fronts.  
 
 
INDICATORS OF SIGNIFICANT WEATHER IN WIND PROFILER DATA 
 
The arrival of frontal systems and other weather phenomena can be detected using a number of 
characteristic variables, such as atmospheric pressure gradients, temperature trends and wind 
speed and direction changes. A UHF wind profiler can supplement the surface sensors by 
observing wind changes at higher altitudes, related to larger scale weather systems in the area. 
For example, the following are potential indicators of cold fronts: 
 

• Lower atmosphere wind speed increase 
• Lower atmosphere wind direction change (South/South-West to North/North-West) 
• Wind variability due to gusts 

 
In the warm season, many wind field changes will be associated with mesoscale convective 
systems. The wind profiler is able to detect vertical wind fields and vertical air mass movements, 
which is not possible with the surface weather stations. Possible variables of interest are: 
 

• Lower atmosphere wind speed change 
• Vertical gradient in the wind vector 
• Variability in vertical velocity: updrafts and downdrafts 
• Enhanced radar signal due to humidity, turbulence and precipitation 

 
The development of suitable algorithms to evaluate these variables is an ongoing and challenging 
task. For example, during precipitation the vertical velocity observation is related to hydrometeor 
fall velocity, and not to clear air downdrafts. The most promising variables appear to be those 
related to the variability or shear of the wind vector in the lower atmosphere. However, these can 
also occur without related wind speed changes. 
 
 
OBSERVATIONS 
 
Wind profiles were acquired for the first 49 days after the installation of the wind profiler, February 
4 to March 24, 2010. The data availability was excellent: 93.9% up to the height of 1971 m AGL, 
and 98.5% in the lowest 1000 m AGL, which was considered most relevant for studying low 
altitude wind events. The 60-meter AON9 tower 26 km South-East from the profiler was chosen as 
a reference site. One of the objectives was to evaluate if the wind profiler is detecting weather 
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fronts ahead of AON9, and if the two observation points give early indication of the occurrence of 
power ramps at the wind farm further South-East. 
 
The power output from the wind farm at Colorado-Nebraska border was used to select time periods 
when significant wind changes were present in the area. During the 49 days a power ramp 
detection algorithm reported 8 cases where the total wind power changed by more than 200 MW in 
a time period of 90 minutes or less. In two cases the power ramp-up exceeded 300 MW. These 
were selected for comparison with AON data. 
 
The wind profiler and AON9 tower measurements from before and after each power ramp were 
inspected for significant wind changes. Averaged wind speed from the measurement heights up to 
300 m AGL turned out to be a good choice for detection. The height-averaged values from the 
wind profiler and 5-minute averaged winds from the AON9 were used to subjectively estimate the 
start time and magnitude of "wind ramp" events. Only events with a total wind speed change of at 
least 5 m/s, and a gradient of at least 5 m/s per hour, were accepted.  
 
Table 2 compares the observed wind speed and power changes. There were 5 cases where both 
instruments detected a significant wind change. In four cases the observed events started 80 to 
200 minutes ahead of the power ramp at the wind farm. Twice the wind profiler observation was 
well ahead of AON9, and twice the observations occurred around the same time. This suggests the 
typical arrival of winter-time fronts from North-West or West. There was a down-ramp on March 6 
where the arrival direction was from South-East. There were also 3 cases where the observed 
wind changes did not exceed the thresholds for a wind ramp. On February 10 and March 23 there 
was almost no signature of a wind change at any of the AON stations. It is possible that the power 
ramp event was due to local wind conditions at the wind farm, or was caused by wind farm 
operations. In both cases there was a period of high wind power production that lasted at most two 
hours. On February 17 both AON instruments observed a ramp, but slightly less than the required 
threshold. 
 
 
Table 2. Weather events involving a significant power up or down ramp at the wind farm, and 
associated significant wind changes at the wind profiler and AON9 tower (if observed). Shown are 
the start time (UTC) and the magnitude of each event. Lead time is relative to wind farm start time. 
 
 Case1 

Feb04 
Case2 
Feb10 

Case 3 
Feb17 

Case 4 
Feb25 

Case 5 
Mar05 

Case 6 
Mar06 

Case 7 
Mar18 

Case8 
Mar23 

Start time at WP 20:40 - - 05:20 18:10 03:40 14:05 - 
Start time at AON9  22:10 - - 06:05 18:15 03:00 14:05 - 
Start time at wind farm 23:30 00:55 07:40 08:40 20:15 01:30 15:35 05:10 
WP spd change (m/s) 8.0 - - 7.9 5.0 -10.0 7.3 - 
AON9 spd change (m/s) 12.1 - - 12.6 9.5 -7.0 5.8 - 
Power change (MW) 317 272 220 315 259 -206 230 -227 
WP lead time 02:50 - - 03:20 02:05 -02:10 01:30 - 
AON9 lead time 01:20 - - 02:35 02:00 -01:30 01:30 - 
 
 
Figure 3 shows the wind profiler observed wind field before and after the change in surface winds. 
The increase in wind speeds was preceeded by a change in wind direction from South-West to 
North-West. There is also an increase in vertical shear before the event. This is evident in Figure 2, 
which compares the observed wind speeds at the wind profiler and AON9, and shows the 
variability in wind speeds over several heights. 
 
Figures 4 and 5 show observations during decreasing winds on March 6. There is a region of 
strong winds at around 1000 m height, and a reduction in higher level winds can be seen before 
the down-ramp at the surface. This event is also characterized by a wind direction change from 
South-West to North-West.  
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Figure 2. A comparison of wind profiler and AON9 wind speeds during the event on February 4, 
2010. The wind profiler observation is an average over measurement heights below 300 m. The 
dashed lines show the variability in wind speeds observed at heights up to 500 m. 
 
 
 
 
Figure 3. (Next page) A time-height plot of wind barbs measured by the UHF wind profiler on 
February 4, 2010 at 19:30 - 22:00 UTC.   
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Figure 4. A comparison of wind profiler and AON9 wind speeds during the event on March 6, 2010. 
The wind profiler observation is an average over measurement heights below 300 m. The dashed 
lines show the variability in wind speeds observed at heights up to 500 m.

Figure 5. (Next page) A time-height plot  of  wind barbs measured by the UHF wind profiler on 
March 6, 2010 at 02:00 - 04:30 UTC. 
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SUMMARY

UHF radar wind profiler provides detailed  all-weather information on the structure and real-time 
evolution  of  wind,  vertical  air  motion  and  virtual  temperature  in  the  lower  atmosphere.  This 
information is highly valuable for applications such as mesoscale weather prediction, wind energy, 
air quality and aviation safety. The optimal operation of the system requires a careful selection of 
the wind profiler  site,  and various techniques to mitigate ground clutter  and other interference 
sources.

The  first  two  months  of  measurements  with  a  915  MHz  wind  profiler  at  an  Atmospheric 
Observation Network in Northern Colorado demonstrate detailed information of wind field changes 
related  to  winter  cold  fronts.  Current  development  work  concentrates  on  finding  operational 
algorithms for  predicting  significant  wind  speed changes  using indicators  such as wind  speed 
variability and vertical wind shear. Observations from the warm season will be used to evaluate 
measurements and prediction of convective systems in the area.
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