The Use of Wind Profilers
in a Mesoscale Experiment
Abstract

During May and June of 1985, an experiment to study mesoscale convective systems (MCSs) was carried out in central Kansas and Oklahoma, using many of the latest measurement technologies in the atmospheric sciences. Among these were three 50-MHz radar wind
profilers. Two cases of mesoscale squall-line systems are used to describe profiler performance in the highly convective environment of
the United States High Plains in early summer. The 10-11 June
squall-line system was intense and well organized, and passed over
the profiler sites near Liberal and McPherson, Kansas; the 26-27
June system was less coherent and was studied when it passed over
the Norman, Oklahoma profiler. For the stronger event, both profilers supplied good time-height coverage of the horizontal winds
during the pre- and post-squall-line periods, but could not resolve
them well while the strongly convective line was overhead. In contrast, the Norman profiler supplied good horizontal-wind information throughout the weaker system's duration, although there were
several data gaps unrelated to profiler performance. Mesoscale
structure common to both systems, such as strong backing-wind profiles capped by the midlevel rear-inflow jet behind the squall lines,
and low-level veering-wind profiles ahead of the lines, were documented both in profiler and frequent-rawinsonde time series. The
profilers supplied more-complete coverage in the "stratiform" region of both squall-line systems than did rawinsondes. However, a
significant problem with the 50-MHz profiler was its inability to
sample the lowest 1.5 to 2.0 km above ground level (AGL).
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NOAA's Environmental Research Laboratories (ERL), and
the Convective Storms Division of the National Center for
Atmospheric Research (NCAR) were major players in this
experiment, but the wide range of participants included
groups from other government agencies, universities, and the
private sector. A description of the experiment may be found
in Cunning (1986).
Because the radar wind profiler is to be one of the major
components of STORM-Central, the PRE-STORM design
attempted to locate as many as possible in the surface network (central Kansas and Oklahoma; outlined area in Fig.
1). Three profilers were installed in a 275-km leg, nearly equilateral triangle for the purpose of divergence calculations,
and to supplement the rawinsonde network. Initially, one
was already slated for a site approximately 33-km south of
Norman, Oklahoma. A site for the second profiler, operated
by Radian Corporation of Austin, Texas, was chosen approximately 275-km north of Norman at McPherson, Kansas
within the coverage of two scanning Doppler radars. At this
site, an acoustic Doppler sounding system was also deployed
to sample wind structure in the boundary layer. The final
profiler was located west of the other two sites in the Okla-

1. Introduction

During May and June of 1985, the Oklahoma-Kansas Preliminary Regional Experiment for STORM-Central (O.K.
PRE-STORM, further referred to as PRE-STORM) was conducted. The first of its two primary objectives designated it a
"proving ground" for new technologies and sensing platforms, which are destined as essential components of STORMCentral. Among these were the airborne Doppler radar
aboard the NOAA P-3 Orion aircraft, surface Doppler radars,
lightning mappers, and radar wind profilers. The second goal
was to use the plethora of data collected in the environment
of, and within Mesoscale Convective Systems (MCSs), including squall-line systems, to learn more of their structure and
behavior, and to gain experience in forecasting them within
an operational setting. Both the Weather Research Program
(WRP) and National Severe Storms Laboratory (NSSL) of
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STORM is an acronym for Stormscale Operational and Research
Meteorology, a comprehensive, multiagency, national mesoscale
meteorology program, which is intended to advance the theory and
practice of mesoscale meteorology over the next decade. STORMCentral is to be its first major field program—a scale interaction
experiment planned for the central United States in the early 1990s.
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FIG. 1. Location map for the Oklahoma-Kansas PRE-STORM
wind-profiler and rawinsonde networks. Profilers are marked by the
letter P, National Weather Service rawinsonde sites are represented
by black dots, and PRE-STORM supplemental sites by the letter S.

Vol. 68, No. 1, January 1987
Unauthenticated | Downloaded 01/09/23 09:19 AM UTC

Bulletin American Meteorological Society
homa Panhandle, approximately 10 km southeast of Liberal,
Kansas. Besides these, an existing network of three profilers
northwest of the operations area at Fleming, Flagler, and
Platteville, Colorado also provided useful data for the
experiment.
This paper describes two squall-line systems that passed
through the PRE-STORM experiment area, with special emphasis on the contributions of the wind profilers to the data
set. The main purpose is to increase awareness of the nature
of the profiler data in the context of a comprehensive meteorological data set, and to stimulate a wider participation in the
analysis of the data. It does not purport to be a comprehensive case study. Most assuredly, it is not intended to be a rigorous evaluation of the profiler data; direct intercomparisons
with other sources of wind data are rarely available, and even
when they are, there is no way to determine absolute truth.
Rather, a set of qualitative comparisons is presented, where
the profiler data contributes to a composite data set, generally in a manner that is consistent with the other data sets and
in agreement with conceptual models of squall-line systems.
It is widely anticipated that profilers will be important
components of not only the STORM program, but of the
weather observing system of the future. It is hoped that they
will be useful in the analysis and short-term prediction of
mesoscale weather. Therefore, it is important to learn how
they will perform in the challenging environment of MCSs,
which are responsible for most of the significant weather in
the central United States during the spring and summer.
MCSs generally consist of a relatively small fractional area of
intense convection compared to a much larger area of stratiform clouds and precipitation, and the MCSs observed during the PRE-STORM experiment proved to be no exception.
It would be an important capability indeed for wind profilers
to provide good wind data in the stratiform rain region of
MCSs, an area often comprising 80-90 percent of the precipitation area and a larger fraction of the satellite observed
cloud shield. Therefore, a specific purpose of this article is to
examine the profiler data within the cloud shield of MCSs.
2. Instrumentation and data

In order that the meteorological discussion not be distracted
by instrumentation details, a short description is given of
radar wind profilers, the Doppler-acoustic-sounding system, and the format in which the upper-air data are presented. This discussion is not complete; its intended function
is solely for the convenience of the reader who may need
basic information on the principles of these relatively new instruments. Details are limited to those relevant to discussions
in this article. Complete technical descriptions may be found
in the references cited.
a. Radar wind profilers
The radar wind profiler (referred to as the wind profiler, or
simply, profiler) is a radar that measures wind as a function
of height in the troposphere, in most weather conditions.
There are at least three functional designs in current research
use, and a variety of operational parameters, such as operating frequency and average power, which govern their sensitivity and applicability to various problems. Details on the
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TABLE 1.

Specifications of profilers deployed during
the PRE-STORM project.
McPherson Liberal
Norman
49.25
49.92
49.92
3
3
2

Frequency (MHz)
Number of Beams
Tilt angle of
oblique beams
off zenith
8°
Peak Power (kW)
125
Average Power (W)
5000
Antenna Aperture (m) 49 X 49
Pulse Width (/usee)
1

15°
15°
40
20
200
400
100 X 100 50 X 50
4
3 (low coverage)
9 (high coverage)

technical aspects of these instruments may be found in Ecklund et al. (1979), Strauch et al. (1984), Rottger and Liu
(1978), and many others; whereas performance standards
and descriptions of operational applications are discussed in
Gage and Balsley (1978); Balsley and Gage (1982) and Hogg
et al. (1983). The brief discussion here is limited to the type of
profiler used in PRE-STORM.
All profilers in this experiment were of the phased-array
Doppler type (Ecklund et al., 1979) and operated at frequencies near 50 MHz. Although the three systems in the operations area operated at the same frequency, they were quite
different in design. Specifications of these radars are given in
Table 1. (The three profilers in northeast Colorado have similar specifications to the one at Norman.) To measure the horizontal wind at a given height, energy is transmitted by a
fixed antenna in two directions, separated by 90° in azimuth,
at small oblique angles off zenith. Doppler-shifted, backscattered energy is received by the same antenna and radial
velocities are measured along each beam. Assuming the vertical velocity is zero, horizontal wind components may be
computed from the radial velocities (see Hogg et al., 1983).
The third beam of the triple-beam systems (McPherson and
Liberal) is directed toward the zenith to measure the vertical
wind component directly.
Displacement of the oblique beams off zenith was 15° for
all PRE-STORM profilers except that at McPherson, where
they were displaced 8° off zenith. The degree of tilt dictates
the location of the volume of atmosphere over which the horizontal wind is measured, and the antenna-beam width and
radar-pulse duration determine the size of the sampled volume. At 15°, the volume of atmosphere that the radial velocity samples lies approximately one-quarter of the height of
the measurement away from the site. For example, at a
height of 8 km, sampling takes place approximately 2 km
from the radar. For an 8° tilt, the sampling displacement is
approximately 0.14 of the height.
The sensitivity of a profiler depends strongly on the product of its average transmitted power and the antenna size
(Balsley and Gage, 1982). From Table 1 it is apparent that the
McPherson system, by virtue of high power, was the most
sensitive. The vertical resolution is determined by the pulse
width of the transmitted signal, i.e., 1 )iisec translates to 150-m
resolution. Its high power enabled the McPherson profiler to
sample reliably at 1 /usee throughout the depth of the troposphere. At Liberal, a 4-/xsec pulse, or 600-m resolution, was
used, although below 10.5 km, the pulse was sampled twice
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to achieve 300-m data intervals. At Norman and the Colorado sites the pulse widths are 3 jusec up to 8.6 km, and 9 /zsec
above, however, these pulses are sampled twice to achieve
300-m and 900-m data intervals below and above 8.6 km. System-recovery constraints, i.e., the period required to change
the antenna from transmit to receive mode, preclude sampling in the lowest 1.5 to 2.0 km AGL for 50-MHz systems.
An unfortunate consequence of this is that the boundary
layer and, at times, the lower part of the free atmosphere, are
not sampled.
The sampling time required by a profiler to produce one
wind profile is approximately five minutes. During this period, many pulses are transmitted along each beam and returned signals from particular levels are integrated to reduce
noise. However, in order to further reduce noise, individual
five-minute profiles are averaged over longer periods. The
technique often used for real-time data is random-sample
consensus averaging described in Fischler and Bolles (1981).
This is a simple modal average that compares all observations at a particular level within the averaging period, and rejects those not within a defined level of tolerance of the others. The largest number of samples that agree within a given
degree of tolerance are grouped for averaging. However, if
this group does not contain a predefined minimum number
of samples (typically 4 of 12), an average is not computed for
the level. An obvious disadvantage of consensus averaging is
its limited usefulness in situations where atmospheric conditions are changing rapidly, and for events with periods comparable to, or shorter than, the averaging period.
Finally, consequences of the operating frequency must be
considered. At 50 MHz, the wavelength of the radar is 6 m.
Theoretically, this signal should be scattered by temperature
and humidity fluctuations of a spatial scale on the order of 3 m.
Therefore, 50-MHz signals should scatter from clear-air turbulent eddies well, but should not be scattered appreciably
by cloud or precipitation particles. However, contamination
by heavy precipitation is still possible. Balsley and Gage
(1982) have quantified the magnitude of backscatter at various precipitation intensities relative to clear-air radar backscatter for a wide spectrum of wavelengths. They show that
contamination by precipitation increases with frequency. At
50 MHz the ratio of precipitation to turbulent echoes can be
as high as 20 dB for heavy rain, and as little as a few dB for
light rain. At 405 MHz, the other frequency commonly used
for wind profiling, the relative signal strength of precipitation is far greater. When the backscatter from precipitation
particles exceeds that from clear-air eddies, then a vertically
directed beam is needed to measure the fall speed of the particles and correct radial velocities measured by the off-zenith
beams. (The above correction, of course, would not be accurate if there were significant variations in the vertical velocity
and fall speed of precipitation particles within several kilometers of the site.) On the other hand, known contaminants
of the 50-MHz signal, such as the specular echo of side-lobe
radiation from the tropopause and cosmic interference, do
not affect the higher frequencies significantly.
b. The Doppler acoustic sounder
A Doppler acoustic sounder (Neff and Coulter, 1986) was
placed at the McPherson profiler site to retrieve low-level
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wind structure. This instrument operates on the same principle as the radar wind profiler, only using acoustic pulses: it
is a three-beam system that detects Doppler shifts from backscattered acoustic signals, from which horizontal winds are
inferred. Because sound waves attenuate relatively rapidly,
the acoustic sounder's effective vertical range is usually less
than 1 km. Also, because the speed of sound is very small relative to that of the electromagnetic signal of the profilers, the
successive pulses are incoherent, and thus, noise reduction
through the integration of spectra is not possible.
Scatterers for the acoustic signals are small-scale (—20 cm)
temperature fluctuations produced by turbulence. The presence of a vertical wind-shear layer within a non-neutral lapse
rate (i.e. small Richardson numbers) is a favorable condition
for production of an acoustic "scattering layer." For example, the region along a gust front would be ideal for the
production of a good scattering layer because it is characterized by strong vertical wind shear and large vertical thermal
contrast. In addition to atmospheric factors, signal interference by ambient noise is also a problem. Sound waves from
low-flying aircraft, automobiles, rainfall, etc., contaminate
the signal and significantly reduce the signal-to-noise ratio.
Because the boundary layer is highly variable with respect to
lapse rate, vertical wind shear, and environmental noise,
coverage provided by an acoustic sounder is quite variable
and often incomplete.
c. Data presentation
In the following discussions, profiler, rawinsonde, and
acoustic-sounder data are presented in time-height cross sections. Times were chosen such that tropospheric structure
prior to, during, and after mesoscale convective events at
each site are depicted. The time-height cross sections are presented with time increasing from right to left, to qualitatively
provide a time-to-space conversion.
Individual profiler and acoustic-sounder profiles are plotted on the time series at the beginning times of their averaging periods. Liberal and McPherson (profiler and acoustic
sounder) winds represent one-half-hour averaging periods,
whereas those from Norman and the Colorado sites represent one-hour averages. The reason for this difference between averaging periods lies in the way the Norman and Colorado data are processed. Data from Liberal and McPherson
were recorded in such a basic format as to allow for variable
averaging periods in postprocessing. At Norman and the Colorado sites, all processing was carried out on site with an algorithm preset to average winds over one-hour periods. This
relatively long period was selected to reduce the errors associated with the lack of a vertical beam.
Rawinsonde-derived wind profiles are also plotted in timeseries format for ease of comparison to nearby profiler
winds. The lowest-level observation is plotted at the beginning time of the sounding, but the locations of upper winds
are sloped in the vertical in accordance with the flight time of
the balloon. This type of presentation is appropriate when
comparing rawindsonde to profiler winds because the ascent
time of the balloon may cover the time of one-or-more profiler averaging periods. However, the trajectory of the rawinsonde in space may reduce the benefit of this refinement from
a standard vertical presentation.
Unauthenticated | Downloaded 01/09/23 09:19 AM UTC

Bulletin American Meteorological Society
Data were collected at all profiler sites on a daily basis for
most of the project's duration. Specifically, the Norman,
Liberal, and Colorado systems operated continuously, whereas at McPherson, the profiler operated only from 1000 to
1800 LST daily, except on PRE-STORM operational days
when operation continued beyond 1800 LST until the end of
the operational period. Unfortunately, computing, communication, and time constraints prevented real-time access of
the Liberal and McPherson data at the operations and forecast centers. However, data from the northeast Colorado network and Norman (June only) were available in real time to
PRE-STORM forecasters via a microcomputer display. This
feature was very reliable and was used frequently during
forecast operations. For example, on one occasion, a short
wave in the middle troposphere, noted on the 1200-GMT
upper-air constant-pressure charts that morning, was tracked
through Flagler, Colorado; thus enabling forecasters to moreaccurately time its arrival in the area favored for convection.
Although the availability in real time of the three local PRESTORM profilers' data would have enhanced their role in the
operational phase of the experiment, their value to postanalysis and research is clear. To illustrate this, time series of
the passage of two squall lines through the PRE-STORM operations area, as observed by both profilers and PRE-STORM
supplemental rawinsondes, have been prepared.
3. Case study of the 10-11 June squall line

For simplicity of interpretation, the data presented for each
of the case studies is designed to show "snapshots" of the
structure of the mesoscale systems at maturity. In each case,
despite slow evolution, the systems can be imagined to be in
relative steady state for the purposes of this paper. For the
10-11 June case, after the description of the mature system
from 0100-0300 GMT, some data will be presented that is
pertinent to the rapid-growth phase some hours earlier.
The first case features an intense squall line, which initiated at approximately 2000 GMT on 10 June in southwest
Kansas, grew at an extremely high rate, and moved eastward
and southeastward through the night. While this line propagated through Kansas, the Texas Panhandle and northern
Oklahoma, low-level Plan-Position Indicator (PPI) scans
from the Amarillo, Texas; Wichita, Kansas; and Oklahoma
City, Oklahoma National Weather Service (NWS) radars
characterized it as having an intense and narrow leading edge
followed by a widespread "stratiform-rain" area beneath the
anvil, identified by relatively low-intensity echoes. This type
of mesoscale squall-line system has been identified frequently in the tropics and in mid-latitudes, for example in
Leary and Houze (1979), Ogura and Liou (1980), Smull and
Houze (1985), and Zipser (1977). At its greatest extent, this
line was approximately 700-km long and extended from central Kansas through the Texas Panhandle. A satellite perspective of this storm system is shown in Fig. 2 for 0200 GMT
on 11 June. Very deep convection over south-central Kansas
and northern Oklahoma is apparent in very low-temperature
signatures just behind the leading edge of the line. Cloud tops
there are enhanced in the range of —70°C to —80°C (light
gray to white), which is consistent with a height of approxi-
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FIG. 2. An enhanced infrared image from GOES for 0200 GMT
on 11 June 1985. At this time the leading edge of the strong radar
echoes was located between McPherson and Wichita, Kansas.

mately 14 km. The warmer anvil region behind the line extends northward over northern Kansas and into southern
Nebraska.
a. Observations near McPherson
The northern half of the squall line was particularly well
sampled in east-central Kansas. There, the storm system
traversed the profiler and acoustic sounder at McPherson,
several supplemental rawinsonde sites, and moved through
the coverage of the Kansas dual-Doppler array and the Wichita NWS radar. The squall line is shown in Fig. 3a as observed by the Wichita radar at 0100 GMT on 11 June. At this
time the system had been in existence for five hours, and the
northernmost part of the high-intensity echo was passing
over the McPherson profiler site. According to the classification system derived by Leary and Houze (1979) for tropical
convective systems (also applied to midlatitude systems in
Ogura and Liou, 1980), this line was in its mature stage at this
time. Two hours later, at 0300 GMT (Fig. 3b), with diminished strength it passed the Wichita rawinsonde site 80 km to
the south-southeast, while trailing stratiform rain was over
McPherson. The following discussion describes these events
as depicted in the profiler, rawinsonde, and acoustic-sounder
vertical wind fields.
The pre-squall-line environment both at McPherson and
Wichita reveals mainly unidirectional, moderate westerly
shear. All winds at McPherson (Fig. 4) have a westerly component from 2 km AGL through the troposphere. Veering
wind profiles are noticeable in the profiler data only at the
lowest sampled levels at 2030 GMT and at 0100 GMT. These
two profiles were both measured just prior to convective
events at McPherson—a small thunderstorm directly over
McPherson at 2100 GMT, and the large-squall-line passage
between 0100 and 0130 GMT. At these times the low-level
inflow ahead of the storms was deepest and thus noticeable in
the lowest gates in the profiler data. However, in the boundary layer, supplemental low-level winds measured by the
Doppler acoustic sounder at McPherson (Fig. 5) do show
south-southeasterly flow in the lowest 300-500 m AGL during the entire period between 1900 and 0100 GMT. These,
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FIG. 3a. Digitized reflectivity PPI display from the Wichita radar for 0103 GMT on 11 June 1985. The approximate locations of the
McPherson profiler site and Wichita rawinsonde site are indicated. Reflectivity levels are represented by a density scale; the lightest shading is
above an 18-dB(Z) threshold, then at 30, 40, 45, and 50 dB(Z). FIG. 3b. Same as Fig. 3a but for 0301 GMT.

Fig. 4. Time-height cross section of McPherson, Kansas, profiler data. Each full barb is 5 m • s" , each half-barb 2.5 m • s" , and each flag 25
m • s . (This convention is used in all figures depicting winds.) The surface elevation is indicated by the line marked sfc. Current weather at the
site, as determined from low-level radar data, is marked at the top of the frame.
1
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FIG. 5. Time-height cross section of low-level winds derived from Doppler-acoustic-sounder data at the McPherson profiler site. The dashed
line marks the top of the scattering layer. Wind measurements are reliable between the surface (sfc) and the top of the scattering layer.

Fig. 6. Time-height cross section of Wichita, Kansas, rawinsonde data. Current weather at the site is marked at the top of the frame. The rise
time of the balloon leads to "sloping" profiles.
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combined with predominant westerlies above in the profiler
data, suggest veering wind profiles in the lower troposphere,
similar to those observed at Wichita in Fig. 6, and thus geostrophic warm-air advection ahead of the line during this period. Also, a 15.0-17.5 m • s" low-level jet is evident in the
boundary layer prior to passage of the convective line at both
McPherson and Wichita. (Note the high variability of the
scattering layer in the acoustic-sounder data (see section 2)
and the total lack of coverage within the rain period between
0100 and 0400 and at 2100 GMT.)
The pre-squall-line wind profiles at McPherson (Fig. 4)
contain a few obvious errors; winds above 9 km mean sea
level (MSL) at 2130 GMT as well as the 8-9-km winds at
2200 GMT are wildly anomalous in both speed and direction
when compared with those before and after. Such a large
error suggests a failure of the consensus-averaging algorithm.
During the most intense part of the squall line at McPherson (0130-0230 GMT), the profiler was turned off due to
frequent lightning strikes in the area, but resumed operation
immediately afterward in the stratiform-rain region. However, acoustic-sounder-derived winds documented the lowlevel wind shift associated with the passage of the pseudo
cold front or gust front directly ahead of the convective line.
It first appears at 0030 GMT at the lowest level (50 m AGL)
where the flow has shifted from south to northwest. One-half
hour later, the layer of northerly winds has deepened to 450 m
AGL. Coverage by the acoustic sounder ceases when the rainfall begins, and does not resume until the rain ends over two
hours later.
Unlike the profiler, the Wichita rawinsonde sampled the
convective part of the squall line, and possibly ascended in an
updraft. Winds at 0300 GMT have shifted from westerly in
the previous sounding (0130 GMT) to south-southwesterly
in the layer from 1 to 5 km MSL, a feature uncharacteristic of
the pre- and post-squall-line profiles. The thermodynamic
sounding for this time (not shown) is consistent with an updraft sounding, showing a nearly saturated column from the
surface up through the top of the sounding, which terminates
prematurely at 6.3 km MSL, presumably due to hail, lightning or ice loading. Thermodynamic soundings that follow
within the stratiform-rain regime at 0430 and 0630 GMT
show a thick saturated region in the upper troposphere with a
dry layer below that is indicative of a mesoscale downdraft
behind the line, similar to that described by Zipser (1977) for
tropical convective systems.
The final five hours of the McPherson profiler time series
(Fig. 4) depicts well the mesoscale change to the wind field
brought about by this strong convective event. In contrast to
the veering wind profiles that characterize the pre-squall-line
troposphere, this period is marked by pronounced backing
of the winds with height, a feature also observed by Smull
and Houze (1985) and Ogura and Liou (1980). In the midtroposphere at McPherson, the rear inflow, which slopes upward
with time (described in Zipser, 1977 for tropical convective
systems, and Smull and Houze, 1985, for midlatitude systems), is readily apparent in Fig. 4 from 4 km MSL at 0300
GMT to 6 km MSL at 0530 GMT. To illustrate its magnitude, flow relative to the squall line was computed. Based on
echo movement between 0000 and 0300 GMT, the line was
moving southeastward at an average rate of 12 m • s" . Therefore, at 0300 GMT, at the level of the jet (4-5 km MSL), air
1

1

was flowing into the back of the squall line at a relative speed
of approximately 8-10 m-s . This rear inflow is also observed in the 0430 and 0630 rawinsonde data at Wichita (Fig.
6), and in the dual-Doppler data (not shown) from nearby
Cheney Lake and Sterling, Kansas (Houze, personal communication). Coverage by the rawinsonde is limited to the
lower to midtroposphere, because the 0430 balloon lost its
buoyancy due to icing, and at 0630, the signal was lost due to
a balloon-tracking-system malfunction (Les Showell, personal communication).
Supplemental rawinsonde data from Russell, Kansas
(northwest of McPherson) is shown in Fig. 7. The squall line
did not directly affect Russell, as the heavy convective activity occurred to the south and east, and thus was not a hindrance to frequent and complete data collection. The north
part of the line formed to the southeast of Russell between
2300and 2330 GMT, therefore, the only preconvective sample
is depicted at 2100 GMT. This sounding is similar to the preconvective wind profiles at Wichita and composite profiles
from the acoustic sounder and profiler at McPherson in that
it is characterized by strong veering in the lowest 2 km, a lowlevel jet, and predominant westerlies above. Strong backing
with height and evidence of the rear-inflow jet are obvious in
the post-squall-line stratiform rain and rain-free periods at
Russell.
An opportunity for another mode of comparison arose
when the NOAA P-3 Orion aircraft passed in the vicinity of
the McPherson profiler site while sampling the post-squallline environment. Figures 8a, b, and c show the flight-level
winds relative to the position of the profiler, and, for reference, Fig. 8d depicts the aircraft-derived winds on the profiler time series at the appropriate altitudes. It must be emphasized that even though these wind observations are nearly
colocated in space, they are not directly comparable. The aircraft measurements are one-second averages, whereas the
profiler winds represent much longer averaging periods—28
minutes in panels b and c, and 17 minutes in panel a. Also,
profiler winds represent an integration over a 150-m depth,
and the aircraft measurement is representative of only the
flight level. Because of these differences in both temporal and
spatial averaging, close agreement between the profiler wind
and the nearest aircraft wind is not to be expected even if
both systems are free of all measurement errors. Nevertheless, in most measurements shown in Fig. 8, profiler and
aircraft winds do not differ by more than about 5 m • s (vector). This agreement lends additional credence to the tropospheric mesoscale structure within the stratiform precipitation region of the MCS, so well identified in the profiler time
series. Indeed, the profiler time-height section is not only in
reasonable agreement with all independent measurements,
but it depicts with excellent detail these features of squall-line
structure that have been only inferred or incompletely observed in cases reported in the literature.
_1

-1

b. Observations near Liberal
Two hours prior to the line's passage at McPherson and approximately four hours after the initial line of storms formed,
the squall line passed over the Liberal profiler and the Dodge
City rawinsonde sites. Because of its northeast-to-southwest
orientation, storms on the line's leading edge traversed these
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FIG. 7. Same as Fig. 6, but for Russell, Kansas rawinsonde data.

to sites almost simultaneously. Radar pictures from Amarillo, Texas (not shown) indicate that by 2300 GMT on 10
June the system had become well organized with a coherent
leading line of storms and a stratiform-rain region forming to
the rear. Because of differences in averaging times, and a
100-km separation between the rawinsonde and profiler
sites, these winds are not directly comparable for details of
the time-height wind profiles. However, since the same event
passed these sites at roughly the same time, a comparison is
warranted for the sequence of events.
The mesoscale tropospheric structure in the environment
of the squall line observed in western Kansas resembles that
documented further east, several hours later, when the system was more mature. In general, the local veering of the
wind with height in front of the line, and the local backing of
the wind with height behind it, are evident at Liberal (Fig. 9),
as well as at Dodge City (Fig. 10). No comparison is possible,
of course, in the lowest 1.5 km AGL, which is sampled by the
rawinsode but not the profiler. In this layer at Dodge City,
winds at 2315 GMT are primarily southeasterly and greater
than low-level winds in the previous sounding—evidence of a
strong (20 m • s ) low-level jet bringing boundary-layer air to
the front of the squall line at a high relative velocity. In the
post-squall-period soundings, winds at 0230 and 0600 GMT
are in good agreement in both speed and direction with the
profiler winds representing the same times and levels. The
overall pattern; backing up to the midlevel jet, and rapid
backing above that to southwesterly (relative-outflow) winds
in the upper troposphere, is not dissimilar to that observed a
few hours later in central Kansas (Figs. 4,6,7). At upper lev-1

els, the rawinsonde-derived wind speeds at Dodge City are
5-10 m • s greater than the corresponding Liberal profiler
winds, and thus, could represent a real difference between the
winds at the two locations.
The Liberal profiler sampled the most convective part of
the squall line. In contrast to the well-behaved westerly wind
profiles prior to the convection, those during the squall-line
passage at 2300 and 2330 are very chaotic. The few reported
winds in the time series during this period are consistent with
backing-wind profiles that follow; however, there are many
levels with no data, most likely due to the inability of rapidly
changing data to satisfy the consensus average algorithm.
This relatively high-drop-out rate seems to be characteristic
of profiler data in very convective environments. Because
events within the atmospheric column are changing rapidly
in the intense storms in this region of the MCS, long-term averages (30 min.) are unreliable and probably meaningless as
inputs to a mesoscale analysis.
It should not be surprising that it is difficult to determine a
representative wind in a region of strong convective storms.
All three components of the wind are expected to vary in
magnitude (by order 10 m • s ) on the time scale (minutes)
and spatial scale (kilometers) of convective clouds and
storms. The internal regions of storms have winds systematically different from their environment, so even if spatial
averaging were possible, it would produce a wind of highly
questionable representativeness. There is an additional fundamental issue with the profiler measurements in such environments: nonzero vertical velocities are amplified into errors in horizontal velocity, and attempts to apply a correction
_1

_1
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based upon direct measurements of vertical velocity are
likely to fail. This is because the vertical velocity overhead is
(at best) poorly correlated with the vertical velocity a kilometer or two away where the radial velocity, which is used to
determine the horizontal wind, is measured.
Having acknowledged the problem of wind measurement
in convective regions, one should not conclude that profilers
are not useful there. First, if one examines the data from profilers without averaging for more than several minutes, useful information about the internal structure of convection
may be obtained (e.g., Larsen and Rottger, 1986; Wakasugi
etal., 1986). Second, the data presented here is very encouraging because we have shown that the large majority of the area
of MCSs is well observed. In fact, the strong mesoscale
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anomalies in and behind the stratiform precipitation regions,
which may well have been mistaken for convective-scale unrepresentativeness in the past, are especially well suited for
observation by profilers, because by frequent sampling they
can be distinguished from both larger-scale and smaller-scale
phenomena.
4. Case study of the 26-27 June 1985 squall line

During the evening of 26 June 1985, a squall-line system
moved through Oklahoma and passed both the Oklahoma
City rawinsonde and Norman profiler sites. A base-scan PPI
depiction for 0230 GMT on 27 June from the Oklahoma City
radar is shown in Fig. 11. This squall line had the same north-

FIG . 8 A, B, C, and D. Aircraft-measured horizontal winds (one-second averages), plotted in open boxes, along the flight track of the NOAA
P-3 as it passed near the McPherson profiler site. The time (GMT) of each aircraft observation is given to the left in an HHMMSS format. The
profiler wind at the level of flight, plotted in an open circle, is also given with the averaging period to its right in an HHMM format. The aircraft
observations are plotted on the McPherson profiler time series, for reference.
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FIG. 9. Same as Fig. 4, but for the Liberal profiler.

east-to-southwest orientation as the 10-11 June case, but
was much less coherent and less intense. Because of the line's
diffuse structure it was difficult to determine the exact order
of events at the two sites, however it appears to have affected
Oklahoma City about one-half hour prior to Norman. The
initial line of storms struck Oklahoma City at about 0130
GMT, and moderate rains lasted until about 0400 GMT. Between 0200 and 0230 GMT, a secondary line formed over
Norman, ahead of the main line (see Fig. 11). According to
radar film, individual storms within this newly formed line
moved northeastward along the line, as the ensemble propagated to the southeast.
Tme series of wind profiles at the two sites are presented in
Figs. 12 and 13. Note that both series are plotted on an
hourly time scale and that there are several gaps in the Norman series. The gaps in the time series at Norman occur unsystematically and are completely void of wind measurements, and hence, may be due to data-transmission failure or
hardware trouble.
Despite the differences in system strength and organization between this case and the 10-11 June case, there are
strong similarities between the mesoscale structure within
both the pre- and post-squall-line environments of the two.
In the presquall environment at both Norman and Oklahoma City, slight veering of the wind with height is apparent
from low to mid levels. At upper levels (8-11 km MSL), dur-

ing this period, a coherent wind shift is evident. Predominant
south winds between 8 and 10.5 km MSL in the 2300 Oklahoma City rawinsonde data (Fig. 13) are consistent with
those in coincident Norman profiler data at the same levels,
and thus, lend credibility to the existence of this feature. The
0230 GMT Oklahoma City rawinsonde was launched during
the squall-line passage. It shows backing low-level winds,
with a 12.5 m • s low-level rear inflow very near the ground,
which slopes upward gradually in succeeding profiles. However, the problem of limited altitude coverage by the rawinsonde within rainfall is evident again. With the exception of a
few obviously erroneous winds (e.g., the lowest level at 0900
and between 8 and 9 km at 0400 and 0500 GMT in Fig. 12),
the profiler seemed to operate without trouble as the diffuse
line of storms propagated over Norman. Intra-squall-line
samples (0200-0400 GMT) differ from the pre-squall-line
profiles at midlevels as southerly winds replace the preconvective westerlies—a feature also noted in the 0300 GMT
Wichita sounding of 11 June, which sampled the updraft region of the 10-11 June squall line. The layer affected by this
90° wind shift is small at first (2-km thick between 4 and 6 km
MSL at 0200 GMT), and is characterized by relatively light
winds on the order of 5-7 m-s . As the line progresses
through the area, this layer of predominate southerlies deepens
and wind speeds increase to 10-15 m 'S . This feature was
not sampled by the Oklahoma City rawinsonde, but it is em_1

_1

_1
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phasized that a new line of storms formed over Norman,
ahead of the main line, during this period.
However, as with the intra-squall-line samples at Liberal,
it is unclear whether or not the profiler-derived winds represent meaningful tropospheric structure during this period.
The reported winds are averaged over one hour, a period certainly longer than individual convective-scale events occurring within the squall line itself. Unfortunately, it is impossible to reduce the averaging period in the Norman data for
the purpose of examining smaller-scale events. Therefore,
even though there appears to be continuity in the Norman
time series through the squall line, the intra-squall-line structure as presented must be viewed with skepticism until independent data from the ground-based Doppler radars and
from the aircraft can be examined.
Behind the line, profiler data show the rear-inflow jet undercutting these midlevel southerlies and gradually lifting with
time in the stratiform rain; the same as that observed in the
Oklahoma City rawinsonde wind profiles in this region. Absolute wind speeds of the rear inflow are low compared to
those of the 10-11 June squall line, but relative to the motion
of the line (computed as approximately 5 m-s at 0500
GMT), the relative flow into the back of this storm is comparable to 10-11 June. In this case though, because of the
diffuse nature of the line and its complex behavior, the storm
motion is more difficult to define and the computed relative
flow is more difficult to interpret.
_1

5. Summary and conclusions

In response to the goal of the Oklahoma-Kansas PRESTORM experiment, which stated that it should be a testing
ground for new technologies and sensing systems, three 50MHz wind-profiling radars were deployed within the surface
network. These profilers, located at McPherson and Liberal,
Kansas, and Norman, Oklahoma, formed a 275-km quasiequilateral triangle encompassing much of central Kansas
and Oklahoma. We believe that this is the first occasion that
wind profilers have been operated in the strongly convective
environment of the United States High Plains, together with
simultaneous measurements from many other types of instrumentation, providing the basis for consistency checks
and integration.
In this article, data were presented for two squall-line systems, which were well sampled by the PRE-STORM profilers
and supplemental rawinsondes. The first, a deep and well-defined event on 10-11 June 1985, was described with data
from the Liberal and McPherson profilers, the Doppler
acoustic sounder at McPherson, and the Dodge City, Wichita and Russell rawinsondes. The second, a much weaker
and less distinct line on 26-27 June 1985, was examined with
data from the Norman profiler and Oklahoma City rawinsonde. Both squall lines were oriented northeast-to-southwest and moved southeastward.
Many features observed in time-height cross sections

FIG. 10. Same as Fig. 6, but for the Dodge City, Kansas, rawinsonde.
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through these two squall lines were common to both events
and in agreement with observations of similar storm systems
documented in the literature. The sharp veering of the wind
with height in the boundary layer and, to a lesser extent in the
free atmosphere up to 5 km MSL, characterized their preconvective environments. Within this layer, a low-level jet,
primarily documented in rawinsonde data, was observed
impinging on the front of the squall lines at speeds as high
as 15-20 m • s" . Above this layer, westerlies with moderate
westerly shear were predominant. To the rear of the main
convective lines, both storms produced similar modifications
to their environments. Backing winds with height were observed in the region trailing the main convective lines, below
a distinctive rear-inflow jet from the northwest that lifted
with time. Because of its mesoscale structure, this feature had
not been defined as completely before with conventional upper-air data. Below the rear-inflow jet, consistent strong
northerly winds were documented, and above it, southerly
storm outflow.
It is encouraging that observations relative to the position
of the convective lines were qualitativley consistent, both in
speed and direction, among the profilers and nearby rawinsondes. However, for various reasons, during the time of
most intense convection, both the rawinsondes and profilers
experienced data loss.

15

1

FIG. 12.

FIG. 11.

Same as Fig. 3, but for the Oklahoma City radar at
GMT on 27 June 1985.

Same as Fig. 4, but for Norman, Oklahoma, profiler data on 2 6 - 2 7 June

0230

1985.

Unauthenticated | Downloaded 01/09/23 09:19 AM UTC

Met

Volume 68,Number1, January 1987

FIG. 13. Same as Fig. 6, but for Oklahoma City rawinsonde data on 26-27 June 1985.

Behind the deep convective cells in the widespread stratiform rain, the profilers operated exceptionally well, revealing coherent wind patterns for several hours throughout the
depth of the troposphere. The fact that the profilers consistently provided a smooth transition from the stratiform rain
into the rain-free region and beyond indicates that the 50MHz radars were not adversely affected by light-to-moderate precipitation. On the other hand, rawinsondes, owing to
various problems, failed to provide measurements beyond
the midtroposphere in the "stratiform-precipitation" region.
An outstanding and well-known problem with the 50MHz profiler data was the absence of coverage in the lowest
1.5 to 2.0 kilometers. Consequently, these profilers could
neither show the evolution of the inflow region prior to convection nor the low-level convergence history, whereas lowlevel rawinsonde winds could. Obviously profilers will not
realize their full potential for providing data for analysis and
forecasting of mesoscale weather situations until some solution is found that obtains winds in the boundary layer.
Recent improvements in the transmit-receive switching mechanism of 50-MHz profilers, the 405-MHz profilers, or independent low-level systems, may help solve this problem. The
405-MHz systems now under development are expected to
produce horizontal winds as low as 500-m AGL, but it is expected that their performance in precipitation will not be as
good as that of 50-MHz systems. However, in the preconvec-

tive environment, some combination of the low-level coverage provided by 405-MHz profilers, with independent reliable wind measurements in the first 500 m could provide a
long-term solution.
With the caveat that more cases should be examined, it can
be personally concluded that the 50-MHz wind profilers used
in PRE-STORM are capable of determining the mesoscale
structure of the flow above the boundary layer in the stratiform region of MCSs. Further, by averaging for periods in
the vicinity of 30 minutes, it seems likely that such mesoscale
anomalies can be distinguished from larger-scale flows and
from the shorter-lived, but more-difficult-to-measure, convective anomalies. This capability is of importance because
the mesoscale structures that can be measured usually occupy all but a rather-small fraction of the area of an MCS or
mesoscale convective complex.
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announcements1
FOF Advisory Panel to Meet
The Advisory Panel for the Field Observing Facility (FOF) of
the National Center for Atmospheric Research (NCAR)
will meet on 14-15 April 1987 to consider requests for
field observing support. FOF operates one combined S-band
(10 cm) and X-band (3 cm) multiparameter and two C-band
(5.5 cm) Doppler radars, and 60 Portable Automated Mesonet (PAM) stations with associated field base stations. The
multiparameter radar availability is subject to adequate
funding being provided in FY 1988. The Global Atmospheric
Measurements Program (GAMP) operates nine Cross-chain
LORAN Atmospheric Sounding Systems (CLASS), a new upper-air system. Several are now available for community use.
The Advisory Panel will also consider requests for use of the
S-band (10 cm) CHILL radar operated by the Illinois State Water
Survey (ISWS) which will be available to the user community
in the summer of 1987.
Requests for use of facilities from 1 October 1987 through
31 October 1988 should be submitted now. Scientists requesting NCAR field observing support within the context of National Science Foundation (NSF) grants should include those
requirements in their NSF proposals.
1
Notice of registration deadlines for meetings, workshops,
and seminars, deadlines for submittal of abstracts or papers to
be presented at meetings, and deadlines for grants, proposals,
awards, nominations, and fellowships must be received at least
three months before deadline dates.—News Ed.

In order to be considered by the Panel at the April meeting,
radar and PAM requests should be submitted by 1 March 1987
and addressed to Brant Foote, Manager, Field Observing Facility, National Center for Atmospheric Research, P.O. Box
3000, Boulder, CO 80307. CLASS requests should be submitted
by 1 March 1987 to Vincent Lally, Manager, Global Atmospheric Measurements Program, at the same address. Inquiries
and proposals for use of the CHILL radar system should be
directed to John Vogel, ISWS, 2204 Griffith Drive, Champaign,
IL 61820, (tel: 217-333-4261).

meetings of interest

17-20 February 1987. An international specialty conference
conducted by the Air Pollution Control Association, Regulatory Approaches for Control of Air Pollutants, will be held in
Atlanta, Georgia, in February. The conference will focus on
such topics as legislative approaches: current strategies and
innovative initiatives emerging in the United States and internationally; United States and international administrative/
procedural processes for development of criteria and standards
for air-pollution control; generic scientific issues faced in risk
assessment/risk management for control of air pollutants;
overview of newly emerging air-pollution problem areas. For
more information, contact the Meetings Department, Air Pollution Control Association, P.O. Box 2861, Pittsburg, PA
15230, telephone (412) 232-3444.
announcements

(<continued on page 35)

Unauthenticated | Downloaded 01/09/23 09:19 AM UTC

