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ABSTRACT

In this paper we describe a boundary layer radar recently developed at NOAA’s Aeronomy Laboratory. This
radar extends wind profiler technology by using a small, relatively inexpensive radar to provide continuous,
high-resolution wind measurements in the first few kilometers of the atmosphere. Although the radar was
developed for use in a “hybrid” mode with existing 50 MHz profilers in the tropical Pacific, the system can
equally well be a stand-alone device to study boundary layer problems.

1. Introduction

Wind profiling by the use of sensitive pulsed Doppler
radars is now well established (Baisley and Gage 1982;
Strauch et al. 1984). Wind profilers typically operate
in the frequency range from 40 to 915 MHz, while
specific studies have utilized radar frequencies as high
as 3000 MHz.

For both historic and economic reasons, a number
of wind profilers have been built to operate from 40
to 55 MHz. Radars operating in this lower part of the
VHF (30 to 300 MHz) band have some distinct ad-
vantages over radars operating at higher frequencies.
One important advantage is that atmospheric scattering
at lower VHF is nearly always stronger than scattering
from hydrometeors. Consequently, vertical atmo-
spheric motions can be measured at these frequencies,
even during rainfall (Fukao et al. 1985). These radars
also are able to detect stable layers with the practical
result that they can monitor the height of the tropo-
pause on a continuous basis (Gage et al. 1986).

However, lower VHF wind profilers have a serious
limitation, namely their inability to measure high-res-
olution winds in the first kilometer or so of the lower
atmosphere. This minimum height limitation arises
from various factors, including 1) receiver overload due
to strong ground clutter and internal reflections in large
antenna arrays, 2) the inherent inability of large ap-
erture arrays operating in this frequency range to form
well-defined beams in the first kilometer or so above
the array, and 3) the practical system bandwidth lim-
itation; e.g., a 75 meter resolution requires a trans-
mitted pulse width of 0.5 us and a corresponding
bandwidth of about 2 MHz.

Corresponding author address: Mr. Warner L. Ecklund, NOAA/
ERL, 325 Broadway, Boulder, CO 80303.

© 1988 American Meteorological Society

A number of meteorological studies would be greatly
facilitated by continuous high-resolution wind profiles
in the first 1-2 km of the atmosphere. One obvious
example is the study of boundary layer convergence
processes and their relationship to atmospheric con-
vection. Other equally important subjects include sur-
face frontal passages, mountain drainage flows, urban
pollution studies, and airport-related studies of wind
shear and downburst dynamics. Clearly, the extension
of current profiler technology to the lowest portion of
the atmosphere is important.

In this paper we describe a boundary layer radar
(BLR) system recently developed by NOAA’s Aeron-
omy Laboratory to provide continuous, high-resolution
wind measurements in the first few kilometers of the
atmosphere. Our initial need is to operate, in con-
junction with existing 50 MHz profilers in the tropical
Pacific, in a “hybrid” mode to provide wind profiles
in the boundary layer and in the troposphere and lower
stratosphere. The BLR system, however, can equally
well be a stand-alone device to study many of the
boundary layer problems mentioned above.

In the following sections we outline the general fea-
tures of the BLR system and show sample wind profiles
obtained under a variety of conditions, both in Colo-
rado and at our tropical wind profiler site at Christmas
Island (Republic of Kiribati) in the central equatorial
Pacific.

2. Design considerations

The BLR described in this report was designed to
meet the following requirements:
1. The system should use a simple, inexpensive,

small antenna with a far field of preferably less than
100 m.

2. The antenna should be low to the ground or
shielded to minimize ground clutter.
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3. System recovery should be fast enough to obtain
useful measurements at heights at least as low as 100
m above ground.

4. The system should have a height resolution of
100 m or better. :

5. The BLR should be sensitive enough to obtain
data to a height of 2-3 km under typical atmospheric
conditions.

Most of the general profiler design concepts have
been covered in Balsley and Gage (1982). These authors
show that the high spatial resolution and fast system
recovery outlined above require operation at frequen-
cies near 1000 MHz. In addition, the antenna require-
ments listed above also could best be met by operating
in the middle of the UHF (300 to 3000 MHz) band.
Consequently, a frequency of 915 MHz was selected
since NOAA’s Wave Propagation Laboratory has suc-
cessfully operated a large wind profiler at this frequency
near Denver’s Stapleton Airport since 1983 (Strauch
et al. 1985).

The main disadvantage of operating a wind profiler
at the relatively high frequency of 915 MHz is the en-
hanced sensitivity to hydrometeors. Under precipita-
tion conditions (or in heavy clouds), the radar signal
will be dominated by scattering from hydrometeors,
and, consequently, the determination of vertical air
motion will not be possible (since the radar measures
the hydrometeor fall speed instead). The radar-mea-
sured fall speed may differ from the terminal velocity
of the hydrometeors due to vertical wind. To the extent
that hydrometeors are advected horizontally by the
mean winds as they fall, however, it is still possible to
obtain a profile of the horizontal wind (Wuertz et al.
1988). In general, wind profilers require that the wind
field be relatively uniform over the area scanned by
the radar antenna beams. Profiling winds under pre-
cipitation conditions requires not only that the wind
field be uniform, but also that the precipitation field
be relatively uniform over the scanned area. This sug-
gests that a 915 MHz radar will probably be able to
obtain reasonably good wind profiles under stratiform
precipitation conditions, but the wind profiles will be
compromised to some degree when winds and precip-

itation are structured (as in rapidly moving thunder- -

storms). This contention is supported by examples of
wind profiles obtained under various conditions pre-
sented later in this report.

3. System description
a. Block diagram

A block diagram of the boundary layer radar is
shown in Fig. 1. The units to the left of the vertical
dashed line can be located inside a small laboratory
building or trailer. The antenna and the 915 MHz
(UHF) transmit/receive unit shown to the right of the
dashed line in Fig. 1 are located in the field. The UHF
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FIG. 1. Block diagram of the boundary layer wind profiler.

transmit/receive unit is mounted directly below the
microstrip antenna.

In our design the entire 915 MHz system is located
in the field. Both transmitted and received signals are
converted to an intermediate frequency (IF) of 50 MHz
(VHF in Fig. 1) to achieve lower transmission cable
losses between the field and the laboratory/trailer. The
50 MHz IF was chosen to correspond to our conven-
tional profiler frequency at our Pacific Island sites. In
more general applications, any IF in the range of 30
to 70 MHz could be used.

b. The microstrip antenna

Boundary layer radar portability requirements dic-
tate that the antenna should be rugged, lightweight,
and easily transportable. The antenna should also be
relatively inexpensive and be mounted low to the
ground to suppress unwanted ground clutter returns.
These requirements are best satisfied by the relatively
new microstrip array technology. Accordingly, a pro-
totype 91 cm X 91 cm center-fed printed-circuit array
(based on a simple design shown by Ashkenazy et al.
1983) was developed. For our purposes, the printed-
circuit board is mounted above a lightweight, rigid
metal honeycomb panel that serves as a support struc-
ture for both the antenna and the antenna ground
plane. The circuit board has been inverted (copper side
toward the ground plane) so that the fiberglass substrate
can serve as a tough, weatherproof cover.

The finished prototype antenna module, composed
of 16 individual antenna “patches,” has overall di-
mensions of 91 cm X 91 cm X 2 ¢cm. The circuit board
for each module (shown in Fig. 2) contains all requisite
etched transmission lines and is phased for broadside
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FIG. 2. Photograph of 91 cm X 91 cm circuit board showing 16 “patches”
and microstrip transmission lines.

radiation. The RF connection to the module is accom-
plished by means of a single connector located on the
back of the panel near the center. A single module has
a measured half-power, one-way beamwidth of about
18°, as expected for a uniformly illuminated 91 cm
aperture. Module efficiency is estimated to be about
80% based on measurements that compared the gain
of the module with a reference dipole. Single modules

can be connected together in a “building block™ ar-

rangement to achieve a narrower antenna beam and a
commensurately larger area for particular wind profil-
ing applications. Alternatively, we have fabricated sin-
gle antenna panels as large as 91 by 273 c¢cm, which
consist of three 91 cm by 91 cm circuit boards mounted
on a single large honeycomb panel.

To date we have operated the microstrip antenna
panels in two test modes: 1) fixed in azimuth and ele-
vation and 2) fixed in elevation (15° off of the zenith)
but rotated in azimuth using an inexpensive rotator
designed for amateur radio use. Typical operation re-
quires at least three beam positions in order to construct
a vertical profile of both the horizontal and the vertical
wind. (As will be discussed later, for 915 MHz operation
during precipitation conditions, the measured vertical
velocities are those of hydrometeors and are not clear
air motions.) :

In future designs the microstrip antenna technology
could be combined with electronic beam-steering tech-

niques using phase shifters or other devices. We esti-
mate that at this point the cost and complexity of a
phase shifting network would more than double the
cost of the antenna; this may be worthwhile for some
applications, but for our preliminary studies we plan
to use either multiple fixed-beam antennas with
switching or a single panel that can be steered me-
chanically.

¢. UHF transmit/receive unit

The 915 MHz transmit/receive unit shown on the
right side of the block diagram in Fig. 1 is housed in a
metal box mounted directly below the panel antenna.
In this unit the low-level VHF drive signal is translated
to 915 MHz using an 865 MHz local oscillator and
then amplified to a peak power of about 100 W. The
pulse length of the prototype transmitter can be varied
from 0.5 to 2 us (radar range resolution of 75 to 300
m). The normal pulse repetition frequency (PRF) is
10 000 Hz (an unambiguous height coverage to 15 km).
This combination of variable pulse widths and the fixed
PREF results in a duty cycle of 0.5% to 2%.

d. VHF transmit/receive unit

The VHF (50 MHz) transmit/receive unit used in
the prototype BLR system incorporates modules nor-
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mally used in our conventional (50 MHz) profiler sys-
tems. Briefly, this unit provides a 50 MHz RF pulse
(at the pulse rate and pulse width set by the radar con-
troller) which is mixed up to 915 MHz by the UHF
transmit/receive unit. In the receive mode, the VHF
unit mixes the incoming 50 MHz returned signal (from
the UHF transmit/receive unit) with a 50 MHz refer-
ence to produce the baseband quadrature outputs
needed for Doppler analysis.

e. Radar controller and signal processor

The radar controller and signal processor employed
for the prototype BLR system were adapted directly
from our conventional VHF profiler system. Both
controller and processor are on a single board mounted
in the system computer (Carter et al. 1985). This signal
processor has a minimum sample spacing of 1 us, which
limits the resolution along the antenna beam to 150
m. Since the antenna beams are normally directed close
to the zenith, this limit translates to a minimum height
resolution of about 150 m.

Under normal operating conditions, as many as 30
heights can be sampled after each transmitted pulse.
Consecutive samples at each height can be coherently
integrated for a selected number of pulses. This process
determines the effective data rate into the FFT (fast
Fourier transform) processor and thereby determines
the full-scale value of radial velocity at each height in-
terval.

BOULDER BL RADAR
PRELIMINARY DATA
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f. Video display

An example of the video display output of the BLR
data obtained during clear air conditions at the Aeron-
omy Laboratory in Boulder, Colorado, on 28 August
1986 is shown in Fig. 3. This type of output displays
contours of power spectral density (obtained from the
spectral analysis) in terms of radial velocity and height.
Height resolution is 145 m. The full-scale radial velocity
is between +4.2 m s~! (toward radar) and —4.2 m s~}
(away from radar). The polarity convention in Fig. 3
is opposite normal weather radar usage. This particular
display represents a 2-min data sample. Power spectral
density contour intervals are in 5 dB steps, with the
weakest (outside) contour beginning 1 dB above the
spectral density noise level. The S/N values listed on
the left side of the figure are caiculated from integrated
signal and noise powers. In this example the interpulse
period (IPP) is 100 us, the pulse width (PW) is 1 us,
and the contour levels (first, increment) are 1 and 5
dB as explained above. The number of samples (NSAM
1) is 20, sample spacing (SPACE 1) is 1 us, and delay
to the first sample (DELAY 1) is 1 us. The number of
coherent integrations (NCI) or time domain averages
is 188. The number of spectra averaged (NSP) or in-
coherent averages is 120, and the number of spectral
points (NPTS) is 64.

The heavy dashed profile marks the first moment of
the averaged spectra as a function of height. As we will
show later, under clear air conditions, the first moment
is a measure of the mean radial wind velocity. The 20
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FIG. 3. Boundary layer radar video display on 28 August 1986.
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averaged spectra (20 heights) that make up the video
+ display contour plot (Fig. 3) are also recorded on mag-
netic tape in normal operation.

g. Complete prototype BLR radar unit

Figure 4 is a picture of a prototype antenna mounted
near the Aeronomy Laboratory in Boulder, Colorado
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(1600 m MSL). The UHF transmit/receive module is
mounted under the antenna and is not visible. In this
case the antenna consists of two 91 cm X 91 cm panels
that have been inclined 15° from vertical. The array
has been mounted on an inexpensive azimuth rotator.
The antenna system is mounted inside a rudimentary
“clutter fence” to reduce ground clutter from the

FI1G. 4. Photograph of the prototype boundary layer radar mounted inside a rudimentary clutter fence. The antenna
is fixed in elevation and rotates in azimuth. The UHF transmit/receive module is mounted on the back of the antenna

panel.
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buildings, power lines and mountains that are obvious
in Fig. 4. Tests showed that the fence reduced the un-
wanted clutter by about 10 to 15 dB. In addition to
ground clutter from fixed objects mentioned above, we
also observed echoes from vehicular traffic passing
within 50 m of the antenna. This intermittent source
of clutter, when present, made it difficult to obtain us-
able wind measurements at the lowest heights. Birds
passing through the beam provided an additional
source of intermittent interference.

4. Results

The prototype BLR shown in Fig. 4 was operated
intermittently from 11 August to 1 November 1986.
During this period the normal operating procedure was
to take spectral averages for 30- to 120-s periods at
each of four azimuths separated by 90°. A schematic
of the beam positions is shown in Fig. 5. Positions 1
and 2 correspond to “opposed” azimuths as do posi-
tions 3 and 4. In some instances, the opposed azimuths
were situated in the zonal (E-W) and meridional (N-
S) directions but at other times they were situated in
the NE-SW and NW-SE directions as indicated in
Fig. 5.

Boundary Layer Radar
Antenna Beam Positions

S(SW)

F1G. 5. Schematic of the boundary layer radar antenna
beam positions.
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Provided that the wind field can be assumed to be
uniform (no divergence) over the dimensions shown
by the annulus in Fig. 5, it is possible to obtain hori-
zontal wind vectors in the two planes containing the
opposed sets of radial drifts. It is also possible to obtain
two independent measurements of the vertical velocity
in this operating mode if we assume no divergence.
For example, let beams 3 and 4 be inclined 15° east
and west of vertical as shown by the nonparenthetical
case in Fig. 4. Similarly, let beams 1 and 2 be inclined
15° north and south of vertical. Under these conditions,
the zonal (1), meridional (v), and vertical wind (w) can
be obtained from

u= (Vs — V3)/2 sin(15°)

v=(V,; — V)/2 sin(15°)

w=—(V + V;3)/2 cos(15°)
= —(V,; + V2)/2 cos(15°)

where V,, refers to the measured radial drift velocity
in the nth beam (n = 1, 2, 3, 4) shown in Fig. 5. Note
that the two measurements of w are independent. In
this simplified treatment we have assumed that the
wind field is uniform (no divergence) over the antenna
beams. We note, however, that the beam configuration
used here (Fig. 5) does not allow vertical velocity and
divergence to be strictly separated (Browning and
Wexler 1968). When the opposed azimuth measure-
ments are not made in the zonal or meridional planes
(see, for example, the directions within parentheses in
Fig. 5), the zonal and meridional winds can be obtained
via a simple trigonometric transformation.

Sample wind profiles at the Colorado site were ob-
tained under a variety of conditions, ranging from ab-
solutely clear conditions to heavy thundershowers.
These conditions included a case where snow changed
to rain 1 km above the radar. Another situation in-
volved the observation of a strong lee-wave rotor above
the radar (not discussed here).

In general the BLR was able to observe up to about
1500 m in clear air with 150 m height resolution and
an average power aperture product of 2 W m2 On
some occasions the height coverage was higher or lower,
in agreement with other radar studies (Nastrom et al.
1986; Frisch et al. 1986) which have shown that the
extreme range of radar reflectivity covers more than
two orders of magnitude. As expected, the maximum
observable height range increased dramatically under
precipitation conditions.

a. Wind profiles during clear sky conditions

Figure 6 shows an example of data obtained during
clear sky conditions when the reflectivity was higher
than usual. On this day the wind could be measured
up to an altitude of 2650 m above ground with 150 m
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FIG. 6. Profiles of vertical and horizontal winds
obtained on a clear day.

resolution. The wind profile was obtained from mea-
surements obtained along four beams (as described
previously) over the period 1033-1042 LST. In this
instance the opposed azimuths were aligned in the NE-
SW and SE-NW directions (cf, Fig. 5).

The NE-SW and SE-NW horizontal wind compo-
nents are shown on the right side of Fig. 6. The hori-
zontal wind was very light near the surface and in-
creased with altitude. The wind at the highest observed
altitude was blowing toward the southeast at 12 ms™".

Two measurements of the vertical wind component
are shown on the left side of Fig. 6, with the vertical
winds determined from beam positions 1 and 2 (V)
indicated by dots, and the winds from beam positions
3 and 4 (V3 ,4) indicated by X. The vertical wind profiles
obtained from the two pairs of opposing beams gen-
erally agree to within about % m s™' except at the 750
and 1200 m levels. The inferred vertical component
under these conditions is close to zero.

On this day, the S/N ratios on azimuths nearly along
the wind direction (SE and NW) were observed to be
some 5 to 10 dB higher than on azimuths directed
across the wind direction (NE and SW). This difference
persisted for several hours. Although it is tempting to
postulate a vector relationship between wind shear and
echo strength, no definite explanation for this difference
is immediately obvious. Similar differences were noted
on one other clear-sky day, but, in general, the clear
sky reflectivity is observed to be independent of azi-
muth.
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b. Wind profiles during snow/rain conditions

As already noted, the 915 MHz radar is much more
sensitive to hydrometeor scatter than the 50 MHz ra-
dar. Figure 7 shows an example of vertical and hori-
zontal velocity components obtained in October 1986
with 150 m height resolution when light rain was falling
at the BLR. In this measurement the opposed azimuths
were aligned E-W and N-S (Fig. 5). At the time of this
observation, snow was observed to be accumulating on
the top of nearby Green Mountain, the highest peak
appearing in Fig. 4 (which is about 1000 m higher than
the BLR). The height coverage for both the horizontal
and vertical data extends considerably higher than in
the clear air case (Fig. 6) due to the larger reflectivity
of snow and rain.

Since the dominant scatterers in this instance are
hydrometeors, the horizontal components shown on
the right side of Fig. 7 are due to the horizontal ad-
vection of the hydrometeors by the horizontal winds.
Although we have no independent measurement of the
horizontal wind components during this period, the
direction and magnitude of the deduced wind profiles
appear reasonable. The rain on this day was associated

* Boundary Layer Radar
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FiG. 7. Profiles of horizontal winds and hydrometeor fall speeds
(vertical component) on a day with light rain at the ground. Note
the increase in fall speed below 1000 m.
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with an upslope condition, and the E;4, component
(X) shows a westward wind of over 5 m s™! at a height
of 150 m (circled X) decreasing to near zero at 900 m.

The vertical motions shown on the left of Fig. 7 in
this case are due to the fall speed of the scattering hy-
drometeors. Again V', and V3,4 agree well, except at a
height of 150 m and at intermediate heights from about
1200 to 1800 m. In this case, the vertical components
change markedly with height. Above about 1000 m the
fall speed is about 2 m/s, decreasing to less than 1
m s~ at higher heights. An abrupt change in fall speed
curred at 1000 m, with the fall speed increasing with
decreasing height to 6 m/s at 600 m and below. The
transition region is apparently due to the hydrometeors
changing from snow/ice to rain at about 1000 m above
the radar. This interpretation would be consistent with
the conditions observed visually and is further sup-
ported by the observation of a relative peak in reflec-
tivity that occurred at 900 m. This feature is similar
to the “bright band” observed at shorter wavelengths
that has been shown to coincide with the melting layer.
Lhermitte and Atlas (1963) showed that the particle
fall speed increased below this layer in much the same
way as shown in Fig. 7.

¢. Wind profiles during a thundershower

A set of wind profiles observed during a thunder-
shower on the afternoon of 19 August 1986 (height
resolution 150 m) appears in Fig. 8. Heights above 4350
m are not shown in this figure, although the echoing
region in fact extended to higher heights. Indeed, during
several similar afternoon thundershowers, we have ob-
served echoes up to about 8000 m above the surface.
The winds at a height of 300 m are directed toward
the east-northeast at about 13 m s™',

The hydrometeor fall speeds shown on the left side
of Fig. 7 maximize at about 10 m s™! at a height of
about 2000 m. In this case, the two independent esti-
mates of vertical motion, ¥V, ; and V34, agree less well
than they did under either clear sky or light rain con-
ditions (Figs. 6 and 7). We tentatively attribute this
difference to space/time variations in the thunder-
shower.

d. Preliminary tropical tests

In November 1986 a preliminary test of the BLR
was carried out near the equator south of Hawaii at
Christmas Island, Republic of Kiribati. For this test a
single 91 cm X 91 cm antenna panel was placed on
the ground and tipped 15° from the zenith toward the
east. The BLR was operated in this configuration for
about 14 days. Using a peak transmitted power of 100
W (1 W average), a 1.0 us pulse (150 m resolution)
and a 60 second observing period, the BLR observed
essentially continuous echoes to a height of 1800 m.
On several occasions echoes were observed up to 2400
m for approximately 1 h periods.
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FIG. 8. As in Fig. 7 except taken during a thundershower.

Since the 50 MHz radar at Christmas Island typically
observes useful echoes down to a minimum altitude
of 1700 m, it was possible to overlap the 50 MHz and
915 MHz profiles. A “hybrid” wind profile obtained
in this way on 8 November 1986 is shown in Fig. 9.
The profiles obtained by the two radars are separated
in time by several hours because of the time necessary
to change from one radar system to the other in this
preliminary experiment. The BLR values have been
arbitrarily reduced by 20% in order to achieve the best
“match” in the intersection region of the two profiles.
The difference between the two profiles in the inter-
section region either arises from a temporal variability
of the zonal wind field during the several hour change-
over period, or to errors in the BLR profile arising from

- the relatively broad beamwidth of the single panel an-

tenna. In the event that the problem did arise from the
broad beamwidth antenna, such errors will be mini-
mized in future systems by the use of larger antennas
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CHRISTMAS ISLAND (Rep. of KIRIBATI)
Composnte Zonal Wind Profile (50 MHz & 915 MHz Systems)
8 Nov. 1986 (0930-1230 L.T)
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FIG. 9. Composite zonal wind profile at Christmas Island obtained
by combining data from the 50 MHz radar (closed circles) and from
the temporary boundary layer radar (open circles).

with commensurately smaller beamwidths. Figure 9
emphasizes, however, that the preliminary composite
zonal wind profile looks reasonable and the addition
of the BLR in future operation will extend our contin-
uous coverage down through the boundary layer to
near the ground.

5. Summary discussion

In this report we have described a prototype bound-
ary layer radar (BLR) built at NOAA’s Aeronomy
Laboratory. The BLR system is lightweight, portable,
low powered, and rugged. The utility of such a radar
has been demonstrated by showing examples of data
taken under a variety of atmospheric conditions. The
concept of using the BLR and conventional 50 MHz
radars in a “hybrid” configuration has been demon-
strated by a brief experiment at Christmas Island.

More work is necessary to determine the optimum
antenna configuration for continuous measurement of
the full wind vector (1, v, and w) by the BLR. We are
currently testing a variety of antenna configurations to
determine the best arrangement for our needs. One
promising possibility is to use four fixed-panel antennas
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directed, say, toward the four cardinal compass points.
A second possibility is to use three panels directed to
the east, north, and vertical, respectively. A third pos-
sibility is to use a single-panel antenna that can be me-
chanically steered to desired pointing directions. A
number of potential problems that need to be overcome
prior to adopting the final antenna configuration in-
clude reliable mechanical steering and the rejection of
clutter from nearby structures, trees, mountains and
passing vehicles. For example, in surroundings such as
those pictured in Fig. 4 it was necessary to use screening
to reduce such clutter. In an open flat field, however,
such screening may not be required.

It is possible to estimate the additional height cov-

-erage at Christmas Island for an increase in system

sensitivity (i.e., more transmitted power and/or larger
antenna area) by comparing the rate of decrease of S/
N with altitude on the 50 MHz profiler system. This
extrapolation indicates that a 10 dB increase in sensi-
tivity (with respect to the 1 W m? system used in pre-
liminary tests) would enable a BLR in the tropics to
observe to about 3000 m about 80% of the time. Sim-
ilarly, a 20 dB increase in sensitivity would give cov-
erage to about 5000 m 80% of the time. These values
are based on a relatively short comparison during a
period with no precipitation and should -only be used
as approximations until more extensive comparative
data can be collected. Indications are, however, that a
BLR with only 10 dB more sensitivity than the simple
system used in these tests could provide stand-alone
profiles from near the surface up to several thousand
meters altitude with 150 m resolution in the tropics.

The 150 m resolution of the prototype BLR is pri-
marily limited by the existing hardware that was
adapted from our 50 MHz systems. Further improve-
ment to 50-75 m resolution appears quite feasible.

Although the prototype BLR was developed for use
in a “hybrid” system with 50 MHz radars, the capa-
bilities of the BLR demonstrated in this report suggest
a number of exciting possibilities for a single BLR or
an array of BLRS to be used as stand-alone units. Since
the units are inexpensive, low powered, rugged and
lightweight, they can have a variety of experimental
and operational uses. Experimental applications in-
clude the use of arrays of BLRs for spatial boundary-
layer wind studies (e.g., convergence and frontal pas-
sages), momtonng vertical wind velocity at low alti-
tudes in clear air, profiling precipitation, and studying
low-altitude turbulence. Operational uses include air
pollution prediction, wind shear monitoring near air-
ports, and tactical military applications. It may also be
possible to adapt this simple wind profiler to operate:
on ocean buoys (Balsley and Gage 1982).

In summary, we have extended the wind profiler
technology into a new area by developing a small, rel-
atively inexpensive, portable boundary layer radar sys-
tem. Our tests demonstrate the ability of the radar to
observe from a minimum altitude of about 100 m to
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several thousand meters on a continuous basis with
good time and altitude resolution.
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