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ABSTRACT

The effective vertical resolution of the Kennedy Space Center 50-MHz Doppler radar wind profiler is deter-
mined using vertical wavenumber spectra and temporal coherence. The resolution ranges from being Nyquist
limited at 300 m to as coarse as 900 m. The average resolution is about 500 m.

1. Introduction

The utility of wind profilers compared to balloons to
support space launch operations depends in part on the
relative vertical resolution of the two measurement sys-
tems. High-resolution wind sounding balloons (‘‘Jim-
spheres’’) were characterized by Wilfong et al. (1997)
using spectral and coherence techniques. This note re-
ports results of applying the same techniques to the
Kennedy Space Center (KSC) 50-MHz Doppler radar
wind profiler (DRWP). The DRWP and its measurement
characteristics are described in detail by Schumann et
al. (1999), but that paper does not address the question
of its vertical resolution.

2. Data processing and methodology

A subset of the data prepared by Merceret (1997) for
the study of wind change probabilities was used for this
analysis. The extensive quality control to which those
data had been subjected and their ready availability to
the author governed the selection. Of the 117 days avail-
able, 93 were accepted. The remaining days had too
many missing soundings for the generation of accept-
able coherence spectra. A full day would have profiles
every 5 min for 24 h, or 288 profiles. DRWP outages
and quality control procedures reduced this on many
days. If fewer than 100 consecutive profiles were avail-
able, the day was discarded.

Each profile contains wind speed and direction at each
of 112 adjacent levels or ‘‘gates’’ spaced 150 m apart
beginning at an altitude of 2011 m. For this study, the
u and y wind components were computed for gates 33–
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96 in each profile. The resulting 64 gates covered most
of the region (gates 27–100) used in the previous study.
For each profile, a fast Fourier transform (FFT) was
applied separately to the u and y components. Profiles
were processed in pairs spaced 5 min apart (consecutive
profiles). From the FFTs, the power spectrum and cross
spectrum between the current profile and the time-
lagged profile were computed for both components. Be-
fore taking transforms, the mean and linear trend were
removed from each set of data and a triangular Parzen
window was applied. This is identical to the data pro-
cessing used by Wilfong et al. (1997), which facilitates
direct comparison of their work with the results pre-
sented here.

For each day in the sample, the average power spectra
of u and y plus the coherence spectra of u and y with
respect to the time-lagged profiles was computed and
stored as an ASCII text file along with the sample size
and other information about the sample. The ASCII for-
mat was chosen to facilitate further analysis and to im-
port it into a spreadsheet for generation of graphics.
Data from multiple days was combined by sample-size-
weighted averaging of the power and coherence spectra.
Averages of the full dataset plus selected subsets were
created.

Wilfong et al. (1997) used the coherence between two
simultaneous radar measurements of the same balloon
to estimate the vertical resolution of Jimspheres. We
only have one 50-MHz profiler and it can only make
one measurement at a time. If the atmosphere remains
unchanged between profiles, then coherence between
adjacent profiles can perform the same function. Since
no alternative is available, this study assumes no change
in the atmosphere in a 5-min period. This is a conser-
vative assumption since any atmospheric change will
reduce the coherence and thus make it appear that the
DRWP resolution is coarser than it actually is. The re-
sults suggest that the instrument is usually not Nyquist
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limited, so the inaccuracy introduced by the deviation
of the atmosphere from the assumption could be of con-
sequence.

In regard to nomenclature, the term ‘‘coherence’’
is sometimes used to mean the cross spectrum divided
by the square root of the product of the power spectra,
and sometimes to mean the square of that quantity.
The latter definition is preferred by the author and is
used here. Thus the quantity called ‘‘coherence’’ in
this paper is called ‘‘coherence squared’’ by Wilfong
et al. (1997). Whatever its name, when it falls below
0.5, the convention is that the data are dominated by
noise. At or above 0.5, the data are dominated by
signal.

3. Results

Figure 1 shows the average coherence and power
spectra for the full dataset. The anisotropy results from
the presence of 45 days for which the u and y com-
ponents behave quite differently. An example is pre-
sented in Fig. 2. When these anomalous records are
excluded, Fig. 3 results. Figure 4 shows a single day
typical of this ‘‘normal’’ group. The cause of this an-
isotropy is unknown, but similar phenomena have been
reported in the literature; for example, see Reiter and
Burns (1966). One cause might be spectral leakage,
which is discussed below.

The power spectra in Fig. 4 begin to make a transition
from the steep slope characteristic of the atmosphere in
this spectral region to the flatter spectrum characteristic
of noise at wavenumbers above about 3 3 1023 m21.
The coherence remains above 0.5 to 2.08 3 1023 m21.
These equate to scales of 333 and 481 m, respectively.
The coherence scales for the full dataset as shown in
Fig. 1 are 426 m for the u component and 565 m for
the y component. Thus, it appears that the DRWP is
noise limited on average to length scales of about 500
m.

The poorest resolution in the entire dataset was day
95 287, shown in Fig. 5. The u-component coherence
decays below 0.5 at about 1.12 3 1023 m21. This equates
to a resolution of 890 m. The y component remains
coherent to a wavelength of 780 m. In general, the low-
est signal-to-noise ratios tend to occur in light and var-
iable winds. Eight light and variable days were in the
sample, including 95 287. The composite of these days
is shown in Fig. 6. The u component becomes incoherent
at scales smaller than about 610 m. The y-component
coherence scale is 740 m. The best resolution in the
dataset included some days that were Nyquist limited.

4. Discussion

One potential cause for anomalous spectral behavior
is spectral leakage from longer wavelengths to shorter
ones due to the behavior of the data window used in

processing. To examine this possibility, the entire da-
taset was processed four different ways.

1) No preprocessing, rectangular window with mean
and trend not removed;

2) rectangular window, mean and linear trend removed;
3) high-pass filtered, rectangular window (some cases

tried with and without detrending); and
4) mean and trend removed, Parzen window (some cas-

es tried with Hamming, Hanning, and Bartlett win-
dows, but no significant difference observed).

All of these methods produced a large number of
cases with asymmetries. Method 4, selected for com-
parability with the Jimsphere results, produced the
smallest coherences at a given scale in the high wave-
number range and thus was the most conservative. The
high-pass filtered data was the next most conservative,
suggesting that leakage could be responsible for some
of the observed behavior.

It is important to keep in mind that the interpretation
of decoherence as an indication of the limiting resolu-
tion of the instrument depends on the assumption that
the atmosphere is perfectly coherent at all scales over
5-min intervals. In reality, this is probably not true at
the smaller scales; hence the results above are conser-
vative. That is, the DRWP resolution is at least as fine
as the numbers presented indicate and may be somewhat
finer. Since the indicated resolution is coarser than the
Nyquist limit, this could be significant in some cases.
The worst-case data are biased and the worst-case res-
olution is certainly finer than 900 m, but one cannot
infer by how much from these data. The indicated av-
erage resolution of 500 m is also biased to larger scales;
again, one cannot tell from these data how much bias
there is.

A reviewer suggested that similar considerations of
bias might apply to the Jimsphere results of Wilfong et
al. (1997). In that case, single balloons were simulta-
neously tracked by two radars thus eliminating temporal
and spatial decoherence of the atmosphere. Any deco-
herence due to the radars themselves is an inherent part
of the Jimsphere sensor system and thus is properly
considered in assessing its resolution. Thus these con-
siderations should not be a factor for those measure-
ments.

5. Summary

The resolution of the KSC DRWP is generally noise
limited at about 500 m, but in some cases may be noise
limited at larger or smaller scales down to and including
the Nyquist limit of 300 m. The largest scale seen in
this study was 900 m, although the actual instrument
resolution was probably finer due to the bias introduced
by the assumption of perfect atmospheric coherence.
This range is two to three times larger than the 150–
300-m resolution range for Jimspheres reported by Wil-
fong et al. (1997).



SEPTEMBER 1999 1275N O T E S A N D C O R R E S P O N D E N C E

F
IG

.
1.

A
ve

ra
ge

po
w

er
sp

ec
tr

a
an

d
co

he
re

nc
es

w
it

h
5-

m
in

ti
m

e
la

g
fo

r
al

l
93

da
ys

.
T

hi
s

is
an

av
er

ag
e

of
93

fi
le

s
co

nt
ai

ni
ng

a
to

ta
l

of
23

04
5

pr
ofi

le
s.

F
IG

.
2.

A
n

ex
am

pl
e

of
an

is
ot

ro
pi

c
sp

ec
tr

a
(o

ne
fi

le
av

er
ag

in
g

28
2

pr
ofi

le
s)

.



1276 VOLUME 16J O U R N A L O F A T M O S P H E R I C A N D O C E A N I C T E C H N O L O G Y

F
IG

.
3.

P
ow

er
an

d
co

he
re

nc
e

sp
ec

tr
a

w
it

h
ob

vi
ou

sl
y

an
is

ot
ro

pi
c

da
ys

re
m

ov
ed

.
S

om
e

re
si

du
al

an
is

ot
ro

py
is

ev
id

en
t

in
th

e
co

he
re

nc
e

sp
ec

tr
a.

T
he

av
er

ag
e

is
ba

se
d

on
44

fi
le

s
co

nt
ai

ni
ng

10
72

7
pr

ofi
le

s.

F
IG

4.
A

n
ex

am
pl

e
of

an
is

ot
ro

pi
c

da
y

(o
ne

fi
le

,
28

0
pr

ofi
le

s)
.



SEPTEMBER 1999 1277N O T E S A N D C O R R E S P O N D E N C E

F
IG

.
5.

S
pe

ct
ra

of
th

e
sa

m
pl

e
da

y
w

it
h

po
or

es
t

re
so

lu
ti

on
(o

ne
fi

le
,

28
4

pr
ofi

le
s)

.
F

IG
.

6.
C

om
po

si
te

sp
ec

tr
a

fr
om

th
e

ei
gh

t
li

gh
t

an
d

va
ri

ab
le

da
ys

in
th

e
sa

m
pl

e.
T

hi
s

is
an

av
er

ag
e

of
ei

gh
t

fi
le

s
co

nt
ai

ni
ng

16
64

pr
ofi

le
s.



1278 VOLUME 16J O U R N A L O F A T M O S P H E R I C A N D O C E A N I C T E C H N O L O G Y

Acknowledgments. The author thanks Gregory Taylor
and Timothy Wilfong for their comments on an early
draft of this paper.

REFERENCES

Merceret, F. J., 1997: Rapid temporal changes of midtropospheric
winds. J. Appl. Meteor., 36, 1567–1575.

Reiter, E. R., and A. Burns, 1966: The structure of clear-air turbulence

derived from ‘‘TOPCAT’’ aircraft measurements. J. Atmos. Sci.,
23, 206–212.

Schumann, R. S., G. E. Taylor, F. J. Merceret, and T. L. Wilfong,
1999: Performance characteristics of the Kennedy Space Center
50-MHz Doppler radar wind profiler using the median/filter first-
guess data reduction algorithm. J. Atmos. Oceanic Technol., 16,
532–549.

Wilfong, T. L., S. A. Smith, and C. L. Crosiar, 1997: Characteristics
of high-resolution wind profiles derived from radar-tracked Jim-
spheres and the Rose processing program. J. Atmos. Oceanic
Technol., 14, 318–325.


