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SOMARE-99: A demonstrational field campaign for
ultrahigh-resolution VHF atmospheric profiling using
frequency diversity

Phillip B. Chilson,2 Robert D. Palmer,® Andreas Muschinski,*
David A. Hooper,! Gerhard Schmidt,® and Hans Steinhagen®

Abstract. During May of 1999 the sounding system (SOUSY) VHF radar was operated
in a demonstrational field campaign specially designed to test the applicability of range
imaging (RIM) to radar studies of the atmosphere. The RIM technique utilizes frequency
diversity to offer a novel method of improving radar range resolution over that which can
be obtained with a conventional pulsed radar with the same bandwidth. During the field
campaign, which is being called SOUSY Multifrequency Atmospheric Radar Experiment
1999 (SOMARE-99), the application of RIM on a VHF radar has been demonstrated. The
data from SOMARE-99 are intended for investigating the dynamics and morphology of
fine-scale vertical structures in the troposphere. This paper gives an overview of SOMARE-
99 and provides some initial scientific results. A central and important result was obtained
by comparing RIM-processed radar observations and data from radiosondes. Profiles of the
vertical gradient of the generalized refractive index and the so-called RIM-enhanced echo
power are found to bear similarities during one particular case, for which the radiosonde was
located directly over the radar. Furthermore, a spectral analysis of these two parameters
has provided evidence that RIM is successfully identifying multiple structures within the

radar sampling volume with scales smaller than the conventional range resolution.

1. Introduction

The development of radar technologies for the study
of the atmosphere has seen many exciting advances
over the last decades, with many occurring in re-
cent years [Hocking, 1997]. An underlying theme
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in these developments has been the quest for bet-
ter temporal and spatial resolution measurements.
Indeed, an understanding of many atmospheric phe-
nomena, such as turbulent processes and dynamic in-
stabilities, necessitate high-resolution measurements.
The inherent layered structure of most of the atmo-
sphere has led researchers to examine many methods
that enable one to take better advantage of the avail-
able frequency content of a transmitted radar signals.
By using conventional radar techniques, better range
resolution is achieved by transmitting shorter pulses.
The shorter pulses, of course, mean that less energy is
available for exciting backscattering processes in the
atmosphere and larger bandwidths are required. Al-
though coding techniques are used to compensate for
the former limitation, the latter remains a problem.
Since hardware and frequency allocation restrictions
limit the available amount of operational bandwidth,
alternative methods using multiple-frequency obser-
vation strategies are being explored.

Each scientific technique has to undergo a process
of maturity. The dual-frequency radar interferome-
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try under the name of frequency domain interferom-
etry (FDI) has already completed a series of steps in
this process. The first step, scientific feasibility, is
the demonstration of the technique as a useful tool
for a particular application. For example, the prac-
tical application of this technique has been demon-
strated by Stitt and Bowhill [1987] and Kudeki and
Stitt [1987]. Afterward comes the test of experimen-
tal feasibility, or the technological and experimental
realization [Kudeki and Stitt, 1990; Palmer et al.,
1990; Chilson and Schmidt, 1996]. Clearly, FDI has
undergone the phase of producing new scientific re-
sults, as shown by Chilson et al. [1997] and Muschin-
ski et al. [1999].

Despite its accomplishments, FDI is reaching the
limits of its development, and we are beginning to see
the advent of new multifrequency methods that uti-
lize two or more radar carrier frequencies. One such
technique, known as range imaging (RIM) [Palmer
et al., 1999], offers a very promising means of probing
the atmosphere. Although RIM is still in the early
phases of development, we envision that it will have
an impact on remote measurements of atmospheric
phenomena.

We have conducted a week-long experimental cam-
paign using the sounding system (SOUSY) VHF
radar in which four-frequency RIM was completed
under the name of SOUSY Multifrequency Atmo-
spheric Radar Experiment 1999 (SOMARE-99). In
this paper, we discuss the application of RIM tech-
niques to the study of fine-scale atmospheric scatter-
ing layers. We provide an overview of the campaign
and some initial scientific results. We mainly focus
on validation of RIM by comparing its results with
meteorological sounding data. A description of how
the technique has been realized on the SOUSY VHF
radar is given in our companion paper [Palmer et al.,
this issue]. Muschinski et al. [2001] report on diur-
nal variations seen in frequency spectra and discuss
the 1 hour variances of the surface pressure and the
vertical wind aloft.

2. Description of the Experiment

During May 1999 the multinational experimental
campaign SOMARE-99 was conducted in Germany;
it was specially designed to test the applicability
of RIM to radar studies of the atmosphere. The
data from the experiment will be used to investi-
gate the dynamics and morphology of fine-scale ver-
tical refractivity structures in the troposphere. The
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primary instrument used in the campaign was the
SOUSY VHF radar located in the Harz Mountains
in Germany. To achieve ultrahigh-resolution mea-
surements, the radar was operated in a multifre-
quency mode. To complement the radar measure-
ments, the Deutscher Wetterdienst (DWD) launched
a series of radiosondes 25 km to the west of the
SOUSY radar, which were monitored by the DWD
tracking radar. Additionally, a network of four high-
resolution pressure sensors was operated in the vicin-
ity of the SOUSY radar site. A description of these
instruments is given in sections 2.1 and 2.2 and Ta-
ble 1 gives their locations. The relative locations are
also shown in Figure 1.

2.1. SOUSY VHF Radar

The SOUSY VHF radar operates at a nominal fre-
quency of 53.5 MHz and is capable of transmitting
a peak power of 600 kW. The radar uses a phased
array antenna that consists of 196 Yagi aerials and
has dimensions of 72 m x 72 m. The main beam of
the array has a one-way half-power beam width of
5° when directed vertically and can be steered over a
continuous range of pointing angles. A more detailed
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Figure 1. Map showing the locations of the radiosonde
launch site (Lindau) and the four pressure sensors relative
to the SOUSY VHF radar. The pressure sensor sites are
Bartolfelde (P1), St. Andreasberg (P2), Sieber (P3), and
the SOUSY VHF radar site (P4). Range markers of 10,
20, and 30 km are shown.
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Table 1. Experimental Site Locations
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Name Coordinates Height, m
SOUSY VHF radar 51.66°N, 10.49°E 333
Radiosonde launch site (Lindau) 51.65°N, 10.12°E 142
Pressure sensor 1 (Bartolfelde) 51.60°N, 10.46°E 264
Pressure sensor 2 (St. Andreasberg) 51.72°N, 10.52°E 741
Pressure sensor 3 (Sieber) 51.70°N, 10.41°E 357
Pressure sensor 4 (SOUSY radar) 51.66°N, 10.49°E 333

description of the radar is given by Czechowsky et al.
[1984] and Schmidt et al. [1979].

The SOUSY radar was operated during SOMARE-
09 from 1445 UT on May 24 till 1539 UT on May 28,
1999. A description of the operating parameters of
the radar during the experiment is presented in our
companion paper [Palmer et al., this issue]. Note
that some data gaps resulted from technical problems
with the radar.

2.2. Supporting Instruments

The DWD supported SOMARE-99 by launching
a series of radiosondes (see Figure 1). A total of
26 radiosondes were launched every 3 hours during
the period of May 25 at 1200 UT through May 28
at 1500 UT. Pressure, temperature, and relative hu-
midity data from the radiosondes were recorded ev-
ery 1.3 s, which on the basis of typical ascent rates,
corresponds to an altitude sampling interval of ~7-
8 m. These data are used in section 4 to interpret
the radar returns from the SOUSY radar.

The pressure sensor has a resolution of 0.1 hPa and
an inaccuracy (standard deviation) of £0.5 hPa. The
temperature sensor has a resolution of 0.1 K and an
inaccuracy of (standard deviation) of +0.2 K. The
humidity sensor has a resolution of 1% and an inac-
curacy (standard deviation) of +2%. Further details
are given by Antikainen and Hyvinen [1983].

The radiosondes were positioned by the DWD 9375
MHz tracking radar. These data were provided ev-
ery 10 s and were used to estimate the horizontal
wind vector. All available data were processed by
the DWD to produce 10 s resolution data of alti-
tude, pressure, temperature, relative humidity, wind
speed, wind direction, and ascent rate during the first
during the first 5 min of the ascent and 20 s resolu-
tion data thereafter.

A network of four high-resolution pressure sen-
sors was placed at various locations near the SOUSY
radar as shown in Figure 1. One pressure sensor

was located at the radar site. The other three sen-
sors were located in a noncoplanar array around the
radar. See Table 1 for the exact coordinates of the
sensors. The distances of the pressure sensors from
the SOUSY radar were 6.73, 7.22, and 7.23 km. The
resolution of all pressure sensors is approximately
0.01 hPa, and they have an inaccuracy (standard
deviation) of ~0.02 hPa. Muschinski et al. [2001]
report the diurnal variation of frequency spectra and
1 hour variances of the surface pressure and the ver-
tical wind aloft in the context of boundary layer con-
vection and of gravity wave motion in the free tro-
posphere.

3. Data Overview

During SOMARE-99 a high-pressure system domi-
nated over the SOUSY radar site, which led to gener-
ally clear, stable atmospheric conditions. An upper
level trough associated with an Iceland low moved
eastward from Ireland (May 24, 1200 UT) over the
North Sea (May 25, 1200 UT) to the Baltic Sea
(May 26, 1200 UT). On May 24, 1200 UT, westerly
winds in the polar front jet stream over the North
Sea reached 50 m s~!. The SOUSY VHF radar site
was at the southern boundary of the upper level po-
lar frontal zone during these 3 days. Therefore the
strong winds in the jet stream were not seen with
the radar, except on May 25 around noon: when the
meridional gradient of the geopotential height of the
300 hPa surface above the radar site went through
a maximum, upper level westerly winds of up to
30 m s—! were observed with the radar. With the
exception of the passage of the upper level trough on
May 25, the meteorological situation the radar site
was characterized by anticylonic flow. A local thun-
derstorm developed on May 28 in the near vicinity of
the radar. A power outage associated with the thun-
derstorm resulted in termination of the experiment
slightly earlier than scheduled.
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3.1. Radar Data

The general procedure for analyzing the SOUSY
VHF radar data is given in our companion paper
[Palmer et al., this issue]. We adopt a somewhat dif-
ferent method of representing the RIM data to that
given in Palmer et al. [this issue]. They shade the
range brightness profiles with the logarithm of the
echo power (see Figures 2, 3, 5, and 6 of Palmer et al.
[this issue]), which is highly useful for visualizing the
thickness and dynamics of individual scattering lay-
ers. However, this method does not reproduce what a
higher-resolution radar would actually measure. We
begin by calculating B(ry, f) using the modified form
of W, [Palmer et al., this issue]. The resulting range
brightness is then normalized such that the sum of
B(ry, f) within each range gate equals unity. Then
we used a four-element running mean characterized
by a zero phase shift to filter the range brightness.
That is, the resulting range brightness has a resolu-
tion of approximately 20 m. This profile of the range
brightness was multiplied by the profile of the con-
ventional echo power, P, in linear units. We refer
to the resulting RIM-enhanced echo power as Prium-
Examples of data processed using this method are
shown in section 4.

3.2. Radiosonde Data

We now consider the data collected with the ra-
diosonde soundings. If we assume that the radar
sampling volume is filled with statistically isotropic
and homogeneous refractive index irregularities and
that the Bragg scale of the radar lies within the iner-
tial subrange, then the volume reflectivity is simply
given by [Tatarskii, 1961; Atlas et al., 1966; Otter-
sten, 1969]

(1

where cro is the Tatarskii-Otterson coefficient (0.379)
[Muschinski, 1997], C? is the refractive index struc-
ture parameter, and X is the radar wavelength. The
refractive index structure parameter can be expressed

as

C2 =a’Ly*M?, (2)
where a is a physical constant; L, is the outer scale
of Kolmogorov-type inertial range turbulence, and M
is the vertical gradient of the generalized refractive
index [Atlas et al., 1966; Ottersten, 1969]. We can
can express M? as

M? = (Mg + M), (3)

n = cToC?l)\_lm,
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where M, and M,, are the dry and the wet compo-
nents of M, respectively, and are given by

p (OT

-7
_ 3 p 0q
M, =6.05x 107 L=, (5)

In (4) and (5), p is pressure, T is temperature (not
potential temperature), z is height, ¢ is the specific
humidity, and T is the dry adiabatic lapse rate. SI
units are assumed.

The Fresnel reflection and scatter as well as the
Bragg scatter from isotropic turbulence can con-
tribute to echo power at VHF [Gage and Balsley,
1980; Rottger, 1980]. Since we are primarily consid-
ering data from the vertically pointing radar beam,
the echo powers being discussed here could contain
contributions from Bragg scatter from turbulence
and Fresnel reflection and scatter from thin laminae
in the atmosphere. Although the underlying physics
is completely different, both the Bragg scatter and
the Fresnel reflection and scatter are proportional to
(Mg + M,)?, albeit at different scales, for example,
as discussed by Gage [1990, and references therein).

We have generated profiles of M? from (3) using
the 1.3 s radiosonde data. Height and pressure in-
formation from the 10 s resolution, DWD-processed
radiosonde data were used to match height values to
the pressure values from the 1.3 s resolution data.
The height, pressure, and temperature data were
then forced onto a grid having a vertical spacing of 5
m by using linear interpretation. Then the data were
filtered by using a five-element running mean charac-
terized as having zero phase shift. Finally, values of
M, and M, were calculated at each 5 m grid point
using data over a 45 m range. That is, values of p
and T were averaged over 45 m, and the derivatives
in (4) and (5) were calculated by using a linear fitting
routine over the 45 m height interval.

Plate 1 provides an overview of atmospheric con-
ditions during SOMARE-99 as observed by the
SOUSY VHF radar, the radiosondes, and the surface-
level pressure sensor located at the radar site. Note
that the logarithm of M? has been plotted so as to
better correspond to the radar echo power P, which
is expressed in decibels. Note also that a diurnal vari-
ation is present in each of the three parameters. Fur-
thermore, some of the coarse features in the range-
time-intensity (RTI) plot of P are additionally found
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Figure 2. Locations of six of the radiosondes launched during SOMARE-99. The traces are for
1500 UT (circles), 1800 UT (crosses), and 2100 UT (pluses) on May 25 and 0000 UT (asterisks),
0300 UT (down triangles), and 0600 UT (up triangles) on May 26.

in the RTI plot of M2. The profiles of M? have only
been collected every 3 hours and the sondes require
~30 min to reach an altitude of 8 km. Since the radar
and radiosonde measurements have been collected in
Eulerian and Lagrangian frames, respectively, some
differences are certainly expected. However, the sim-
ilarities in the RTI plots warrant a closer compari-
son between the two quantities. Such a comparison
is presented in section 4.

4. Radar Returns from Atmospheric
Scattering Layers

Over the last several decades, many targeted ob-
servational campaigns and theoretical studies have
been completed to investigate the mechanisms re-
sponsible for the scatter and reflection of radio waves
by the atmosphere. Although much has been learned
from these studies, many aspects of the governing
processes remain unclear. For example, why are at-
mospheric echoes measured with VHF radars some-
times aspect sensitive [Gage and Green, 1978], and
why is the aspect sensitivity not as strong at UHF?
The atmosphere has been shown to be replete with
fine-scale structure in the vertical extent [Dalaudier
et al., 1994; Luce et al., 1995; Eaton et al., 1995;
Muschinski and Wode, 1998]. So observational at-
mospheric data having ultrahigh vertical resolution
are essential to complete a consistent picture of at-
mospheric scattering processes.

4.1. Comparison of Radar and Radiosonde
Data

As shown in our companion paper [Palmer et al.,
this issue], the prevailing wind was westerly (toward
the east) during the beginning of the radiosonde
launch sequence. Considering the location of the
launching site (Figure 1), under these conditions the
balloons would be carried roughly over the SOUSY
VHF radar site. The trajectories and altitudes of 6
of the 26 sondes are presented in Figure 2. Shown in
Figure 2 are the radiosondes corresponding to the pe-
riod May 25, 1500 UT, to May 26, 0600 UT. The first
radiosonde, the one launched on May 25 at 1200 UT,
is not shown because there were mechanical problems
with the tracking radar.

The radiosonde launched at 1500 UT on May 25
passed closest to the radar at site of the six son-
des presented in Figure 2. Indeed, it passed the
closest to the radar site of all the 26 radiosondes
launched. Therefore we will focus on this particu-
lar case when comparing radar and radiosonde data.
The radiosonde is within the sampled height range of
the radar from ~1507 UT till 1523 UT. The height
of the radiosonde at the time it passes closest to the
radar site is ~7 km.

A method of using RIM processed data to generate
RIM-enhanced echo power Prim data was described
in section 3. RTI plots of both the conventional echo
power and Prim for the period 1400 UT to 1600 UT
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on May 25 are presented in Plate 2. Note that the
radiosonde can actually be seen in the RTI plots at
an altitude and time of approximately 7.5 km and
1528, respectively. The plots provide an illustration
of the suitability of RIM for studies of the atmo-
sphere. It is clear that the Pryv values shown in
the lower panel reveal more vertical structure than
is seen in the data for the conventional echo power
P. Although the RTI plot of Prpv is impressive,
two obvious questions must be asked at this point:
Are the structures revealed in the RIM echo power
representative of what one might expect to observe,
and are they consistent with the local atmospheric
conditions?

To answer the first question, we consider results

from other high-vertical-resolution radar observations.

Frequency-modulated continuous wave radars are ca-
pable of identifying atmospheric structures with a
resolution of approximately 1 m [Richter, 1969; Gos-
sard, 1990; Eaton et al., 1995]. Images from these
radars have been used to identify a host of small-scale
atmospheric structures such as Kelvin-Helmholtz bil-
lows, cells in the convective boundary layer, and
small-amplitude buoyancy waves. Turning to pulsed
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Doppler radar, Riister et al. [1998] presented results
from several observations in which the SOUSY VHF
radar was operated with a range resolution of only
75 m. Their Figures 1 and 7 reveal structures similar
to those shown in Plate 2 of this paper. Other exam-
ples of high-vertical-resolution radar measurements
are given by Sato and Woodman [1982], Cho et al.
[1996], and lerkic et al. [1990]. The in situ mea-
surements reported by Dalaudier et al. [1994] and
Muschinski and Wode [1998] further demonstrate the
propensity of the atmosphere to exhibit fine-scale
vertical structuring under favorable conditions.
Average profiles of the conventional echo power
and RIM-enhanced echo power have been generated
from a series of nine contiguous multiple-frequency
(MUFR) records. See our companion paper for a de-
scription of the MUFR records [Palmer et al., this
issue]. The time of the first MUFR record used in
the average is chosen to correspond to the time the
radiosonde has been in flight for 15 min (a height
of ~4 km). At the end of the averaging period the
radiosonde has reached a height of ~6.5 km. The re-
sulting averaged profiles of Prim and P together with
the profile of M? estimated from the radiosonde data
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Figure 3. (left) Height profiles of the conventional echo power (thin solid line with solid circles) and
RIM-enhanced echo power (thick solid line). (right) Profile of the vertical gradient of the generalized
refractive index squared. The profile was calculated using the 1.3 s data from a radiosonde launched

at 1500 UT.
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are shown in Figure 3. Note that the power pro-
files have been range corrected by multiplying by the
square of the altitude.

This comparison suggests that the features shown
in the RIM-enhanced echo power are truly geophys-
ical in origin. The finer-scale features observed in
the profile of M? are obviously lost at the resolu-
tion of the conventional echo power. We admit that
one should be cautious when comparing single pro-
files. More radar data and radiosonde data are pre-
sented below using a spectral analysis. We note that
Tsuda et al. [1988] present data from a comparitive
study of radar echo power and estimates of M 2 based
on upper tropospheric and stratospheric observations
made in Japan. They report excellent agreement be-
tween profiles of the normalized signal-to-noise ra-
tio in the vertical direction (after compensating for
range-squared effects) and M2.

Next, we consider estimates of the humidity and
Brunt-Viisild frequency from the 10 s resolution ra-
diosonde data. As earlier, the data for pressure, tem-
perature, and humidity were forced onto a grid by
using linear interpretation, but this time with a ver-
tical spacing of 50 m. We used these data to calculate
the square of Brunt-Viisald frequency as given by

2 _. 9 ﬂf’_

YBT gdz (©)
where 6 is the potential temperature and g is the
gravitational acceleration. In this study, the value of
w% has been calculated by using an altitude step of
300 m. Many examples in the literature [e.g., Hooper
and Thomas, 1998] show that w% and M3 are closely
related and, thus, related to the received echo power
when the atmosphere is relatively dry.

A useful parameter when examining atmospheric
stability is the degree of turbulence. Although a
measure of atmospheric turbulence can be obtained
through estimates of the width of the Doppler spec-
trum, many factors besides atmospheric turbulence
can lead to the broadening of Doppler spectra. These

include beam broadening, shear broadening, and grav-

ity wave broadening. A measure of turbulent broad-
ening can be calculated from the observed Doppler
spectral width by using

2 _ 2 2 2 2
Oturb = Oobs — Tbeam ~ Tshear Owave> (7)

where o2, _ is the observed spectral width and o2,

2 2 2
02 ams Olhears and 02, . are the turbulence, beam,

shear, and gravity wave contributions to the spectral
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width, respectively [Nastrom and Eaton, 1997, and
references therein]. Of these, beam-broadening con-
tributions typically dominate. Therefore we neglect
the shear and gravity wave contributions to spectral
broadening in this treatment of the data. An expres-
sion for beam broadening can be written as

6,\> 1
alz)eam = UI21 (é) m’ (8)

where v, is the magnitude of the horizontal wind and
#; is the half-power one-way beam width [Hocking,
1983].

In Figure 4 we show, from left to right, height
profiles of Prim, Oobs and Oiurbe, wh, and rela-
tive humidity. Missing values of the corrected spec-
tral width correspond to regions in which Opeam
were larger than o.ps. Some features are immedi-
ately discernible in Figure 4: A layer of high atmo-
spheric stability indicated by enhanced values of w?
is present at an altitude of 3 km, which corresponds
to the lower boundary of the strong horizontal wind.
See our companion paper [Palmer et al., this issue].
This layer imposes an upper boundary on the lower
level atmospheric humidity. At altitudes of 4.3 and
5.8 km, regions of enhanced values of w% correspond
to minima in the values of spectral width and max-
ima in the echo power.

The altitudes of the local maxima in w%, namely,
4.3 and 5.8 km, also correspond to the regions where
the calculated value of opeam Overcompensates for
beam broadening. An earlier study of jet streams
using the SOUSY radar showed (8) to be a reliable
means of removing beam broadening from Doppler
spectral widths [Yoe et al., 1994]. Note that Yoe
et al. [1994] used longer averaging times in their esti-
mates than are being considered here. What mecha-
nism could account for the overcompensation of spec-
tral width due to beam broadening in this case? Al-
though not shown, the ratios of the echo power from
the vertical and off-vertical beams in the Doppler
beam swinging (DBS) cycle for the data presented
in Figure 4 show maxima at altitudes where the
over compensation has occurred. That is, the atmo-
sphere is aspect sensitive in these regions. Hocking
et al. [1990] have shown that the effective radar beam
width can be reduced when the atmosphere is aspect
sensitive. Therefore the value of 8; of 5° used in cal-
culating opeam is probably too large. The effects of
the reduced value of §, become increasingly relevant
with an increase in the magnitude of the horizontal
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Figure 4. Height profiles from left to right of Prim, beam-broadening corrected (open circles)
and uncorrected (solid circles) spectral widths, square of the Brunt-Viisald frequency, and relative
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wind. Refer to our companion paper for wind data
[Palmer et al., this issue].

4.2. Spectral Analysis of Prim and M?

So far we have only considered a small portion of
the SOMARE-99 data set. To obtain a more statis-
tical picture of how the radar and radiosonde data
compare, we next present a spectral analysis study
of Prim and M? profiles using data from the six ra-
diosondes presented in Figure 2. Before performing
the spectral analysis the profiles of Priv and M
were preprocessed as described below.

Average profiles of the RIM-enhanced echo power
were generated from a series of nine contiguous MUFR
records as described in section 4.1. For the spectral
analysis, only data from the altitude range between
5 and 7 km were considered. The resulting profiles
were range corrected by multiplying by the square of
the altitude. To focus on the small-scale features in
the profiles, the data for Priv and M? were filtered
in height through a sixth-order band-pass Butter-
worth filter. The 3 dB points for the filter correspond
to length scales of 70 and 1100 m. Then, autospec-
tra were calculated as a function of wavenumber from
the resulting data.

The self-normalized autospectra of Priv and M 2
for the times corresponding to the six radiosonde
launches are shown in Figure 5. Before calcu-
lating the spectra the profiles Prim and M? were
weighted with a Hanning window, which reduces pos-
sible spectral leakage but also slightly widens the
spectral peaks. Additionally, the magnitude of But-
terworth filter’s frequency response is shown in the
lowermost panels. The dashed vertical lines indicate
the wavenumbers representing scale sizes of 300 m
(k./2r = 3.33 x 107* m™'). We note that for a
conventional range resolution of 300 m the smallest
detectable scale sizes would be twice the sampling in-
terval, or 600 m (k. /27 = 1.67 x 107 m™'). There
are clearly peaks in the RIM data corresponding to
vertical structures smaller than 300 m.

Based on the radiosonde trajectories shown in Fig-
ure 2, we could expect the best agreement between
the the autospectra of Prim and M 2 for the ra-
diosonde launched at 1500 UT. Recall that these
spectra were calculated from data obtained by com-
pletely independent instruments, namely, the SOUSY
VHF radar and radiosondes. Therefore we should
not hope for the spectra for the radar and radiosonde

data to be the same. However, if the different obser-
vations are detecting similar vertical scaling in the
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Figure 5. Autospectra calculated from the vertical profiles of Prim and M 2 for the times corre-
sponding to the six radiosondes shown in Figure 2. The spectra for Priv and M 2 are given by
thick and thin lines, respectively. Also shown is the magnitude of filter’s frequency response is
shown in the lowermost panels. See text for details.

atmosphere, then it may be possible to find spec-
tral peaks having the same wavenumbers. We be-
gin by examining the spectra for the data collected
around 1500 UT. The spectral peaks for the two data
sets corresponding to larger vertical scales correlate
rather well. At least there appears to be a counter-
part in the Pryv data for every spectral peak in M2
down to scale sizes of ~100 m. We note that one
should be careful interpreting the first peak (small-
est wavenumber) since it is probably shaped by the
filter.

We now consider the spectra for the times of the
other five radiosonde launches. In particular, we
are interested in the spectra for the 1800 UT case,
since this radiosonde also passed near the radar site.
The spectral peaks for the Priv and M 2 do seem
to match for smaller wavenumbers, but only to scale
sizes just under 300 m. The spectra do not appear to
agree for larger wavenumbers. The other four cases,
which correspond to radiosondes that were further
from the radar site, do not demonstrate much agree-
ment.
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5. Conclusions

An application of RIM on a VHF radar has been
demonstrated within the context of SOMARE-99.
The flexible SOUSY radar is well suited to multiple-
frequency measurements, as has been demonstrated
using FDI [Chilson and Schmidt, 1996; Chilson et al.,
1997; Muschinski et al., 1999]. Whereas FDI mea-
surements use a single frequency pair, the SOMARE-
99 radar observations used four, phase-calibrated fre-
quencies within a 500 kHz spacing [Palmer et al., this
issue]. One of the underlying objectives of SOMARE-
99 was to test the applicability of RIM to radar
studies of the atmosphere. However, investigating
the dynamics and morphology of fine-scale vertical
structures in the troposphere was certainly also im-
portant.

A central and important result of the present study
was obtained by comparing RIM-processed radar ob-
servations and data from radiosondes. Profiles of
the vertical gradient of the generalized refractive in-
dex M? and the RIM-enhanced echo power Pgriu are
shown to be similar for a case when the radiosonde
passed near the radar site. Unfortunately, the ra-
diosonde was closest to the radar within a time and
height range for which the radar echo power was not
very strong. Nevertheless, the results suggest that
the vertical structures seen using the RIM technique
are geophysical and not an artifact of processing.

It is usually difficult to compare results from dif-
ferent observational techniques. This is especially
true for the data presented here since the radar and
radiosondes were making Eulerian and Lagrangian
measurements, respectively. Furthermore, the two
instruments are inherently collecting data on differ-
ent spatial and temporal scales. However, the spec-
tral analysis of Priy and M2 has provided evidence
that the RIM is successfully identifying structures in
the radar data with verticl scale sizes smaller than
the conventional range resolution.

The results of this paper and those of Muschin-
ski et al. [2001] and Palmer et al. [this issue] have
only begun to exploit the potentials of radar RIM
and to capitalize on the information contained in the
SOMARE-99 data set. It remains to study dynam-
ical effects and atmospheric motions using the RIM
data: one of the objectives of the SOMARE-99 ex-
periment. Additional results from the ongoing anal-
ysis of SOMARE-99 will be presented in the future.
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