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1. Introduction

The problem of bird interference with radar performance is as old as radar itself; however, the problem ~
specific to wind profiler operation has not drawn the attention of researchers until the last 5 or 6 years.
Since then, the problem has been addressed in many publications and several ways to solve it have
been indicated. Recent advances in radar hardware and software made the last generation of profilers
much more immune to bird contamination. However, many older profilers are still in use; errors in
averaged (hourly) winds due to bird interference may be as high as 15 rrds. The objective of the
present study is to develop a practical method to derive mean winds from averaged spectral data of a
915-MHz wind profiler under the condition of bird contamination.

2. Habits of migrating birds and processing of wind profiler data

Migrating passerine constitute the most serious problem for wind profiler performance. Bird migration
usually takes place after dark; its direction is southward in the autumn and northward in the spring.
Average speed of bird flow depends on the species and varies from about 6 to 15 mh. Birds fly in a
dispersed manner rather than in a tight flock they tend to fly at the level of the most favorable winds
(tail winds or weakest head winds), with maximum heights of 2 to 4 km above ground level (AGL). Thus,
incessant bird flow could occupy a layer of a few hundred meters and could last for several hours,
providing a strong radar signal that appears correct but is not. A more detailed description of migrating
passerine’ habits and references to other sources can be found in Wczak et a/ (1995).

The usual scheme of signal processing for one beam of an “older” generation wind profiler is outlined
in Table 1; more details on wind profilers can be found elsewhere (Strauch et a/., 1984 ). The best
method for eliminating undesirable “bird contributions” (so-called “intermittent clutter”) is to analyze
the original time series before any spectral processing takes place (e.g,. Jordan et aL, 7997).
Unfortunately, standard commercial radar provides no access to data processing in such early stages;
coherent averaging and calculation of individual spectra are usually hardware implemented.

Tab/e 1.Standard sequence of signal processing for one beam used in an “older” generation wind
nrn filo r
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1. Time domain (coherent) averaging: collection of complex time series of scattered signals for
each range gate; average in-phase (/) and quadrature (Q) samples of radar receiver output,
which bear complex amplitude and phase information on all scatterers in the radar scattering
volume, Collection time is typ ically on the order of 1 s.

2. Calculation of individual spectra from pairs of I and Q series.
3. Frequency domain averaging: averaging of the spectra over 20-s intervals (typically) for every

range gate.
4. Estimation of moments from each averaged spectrum:

a). detection of the atmospheric signal portion of the spectrum;
b). calculation of returned signal power (zeroth moment);
c). calculation of Doppler shift (first moment);
d). calculation of velocity variance (second moment).

5. Derivation of mean (usually hourly) wind profile from the moments by using consensus
averaging or a pattern recognition scheme.

The frequency domain averaging (step 3 in Table 1) is performed to improve signal-to-noise ratios and,
coincidentally, to maintain manageable amounts of dat% however, it has the disagreeable side effect of
mixing bird and atmospheric signal components together.

Merritt (1995) proposed to replace the straightforward arithmetic average in the frequency domain with
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the so called Statistical Averaging Method (SAM). This method is based on the following: (1) the
atmospheric signal and system noise have Gaussian statistics, whereas bird reflection is a distinctly
non-Gaussian signal, typical for point targets; (2) the signal from bird reflections is much larger than the
atmospheric one; (3) every spectral component of a Gaussian signal has an exponential energy
distribution, and a set of estimates of this component should comply with the exponential distribution
test: the square of the mean must be greater than the variance. Thus, for every spectral bin
(component), the method accepts for use in the spectral average only those values that have the least
power and also pass the exponential energy distribution test. The resulting spectrum is presumed to
contain only signals from atmospheric scattering and system noise.

Again, most commercial wind profilers do not provide an option to access the primary spectral data but
only the averaged spectra (after step 3 in Table 1). It is this case that the present study addresses. We
propose to reverse the last two steps in standard procedure: first to compile one representative
spectrum for each hour period and then to derive an estimate of Doppler shift (first moment) from it.

3. Method

The radar signal is assumed to consist of at least three major components: atmospheric scattering,
system noise, and intermittent clutter (reflections from birds, insects, etc.). The atmospheric signal and
the noise are assumed to have Gaussian statistics: system noise has a uniform spectrum while a clear-
air signal has a narrow-band spectrum. An intermittent-clutter signal has non-Gaussian statistics, with
correlation times much longer than those of atmospheric signals; a reflection from birds usually is the
strongest component. After the spectral averaging, the intermittent clutter signal looses its
distinguishable “non-Gaussian” characteristics and acquires some “Gaussian” features as reflections
fr~raany objects are combined with parts of atmospheric and noise signals of similar frequency

.

We propose to clean up each hourly set of averaged spectra (usually 15 per hour) by using an
algorithm similar to SAM; that is, we propose to remove all non-Gaussian spectral components from
every spectrum. To achieve greater statistical significance for the exponential energy distribution test,
we use all of the spectra from three adjacent range gates (one higher and one lower than the range
gate of interest). Thus, a sacrifice in height resolution is made to increase the representivity of the
spectra, This step seems to be warranted, because a bird reflection could contaminate data from
several adjacent range gates (Wi/czak eta/., 1995). Although this procedure has removed much of the
contamination in the signal, it has also removed some part (hopefully minor) of the atmospheric signal.
Now the atmospheric signal and remaining part of the intermittent-clutter signal should have
comparable power levels.

A system noise level is next defined for every spectrum as described in HVdebrand and Sekhon
(1974), and all portions of the spectra with values lower then that level are deleted as well. The
remaining parts of all spectra are averaged to obtain a one-hour-averaged spectrum with most of the
bird and noise signals removed.

The next step is to derive the wind speed and direction from averaged spectra from the three beams.
Because migrating birds normally fly with tail winds and the migration direction is generally northerly (in
the spring) or southerly (in the autumn), we can apply an additional condition for the north-south wind
component: if there are two well defined signal regions, the bird signal should be farther from zero
Doppler shift than the atmospheric signaL We look for two spectral regions of given width with
maximum energy (major and secondary) and assume that the region closer to zero corresponds to an
atmospheric signal and the other to reflections from birds. For the west-east component there is no
such condition, so we use the major maximum as a region of atmospheric signal. We note that the
procedure as described alters the signal-to-noise ratio and the spectral shape; hence, the spectrum
obtained cannot be used to estimate either signal energy or higher-order moments.

At present, the proposed algorithm has been implemented as a stand-alone routine to process
prerecorded spectral data; however, it could also be incorporated into an on-line processing regimen.

4. Comparison with in-situ measurements

During the Cooperative Atmosphere-Surface Exchange Study (CASES-97) field campaign in May
1997 (l-eAlone et al., 1998), radiosonde profiles of winds and temperatures were obtained every 90
minutes on 5 days at the site of Argonne Boundary Layer Research System (BLRS) wind profiler. The
BLRS radar is of an “older” generation, and all the above-mentioned limitations are applicable to it.
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Henceforth, we will refer to the proposed method of signal processing as “new” and to the traditional
method as “old”. The comparison between radiosonde and BLRS profiles was restricted to 75-m range
gates between 310 m and 1600 m AGb the radiosonde data were averaged according to the profiler
range gates. This comparison (Tables 2 and 3) confirms that the radar data are degraded during
nighttime and also reveals that the east-west component, as well as the north-south component, is

Table 2. East-west wind component statistics for BLRS profiler and radiosonde and for all heiQhts
between 310 and 7600 m.

Average, Median, St dev, Average difference St dev(D), No.
(m/s) (n-k) (n-k) <D>, (m/S) (m/s)

Day Sonde 1.44 2.6 6.05
Old

446
0.76 2.1 5.83 0.67 2.28

New
446

1.30 3.0 5.78 0.14 1.88 446
Night Sonde 2.49 5.0 8.53 342

Old 0.06 1.6 7.77 2.43 3.72
New

342.
1.33 3.4 7.73 1.16 3.09 342

All Sonde 1.89 3.3 7.25
Old

788
0.46 1.8 6.75 1.43 3.11

New
788

1.31 3.2 6.70 0.58 2.53 788

Table 3. North-south wind component statistics for BLRS profiler and radiosonde and for all heights
between 310 and 1600 m.

Average, Median, Stdev, Average difference Stdev(D), #
(m/s) (m/s) (m/s) <D>, (m/S) (m/s)

Day Sonde 4.99 5.5 5.1
Old

442
5.15 5.8 5.51 -0.16 2.54

New
442

4.78 5.3 4.60 0.21 2.25 442
Night Sonde 5.96 5.5 5.73

Old
332

13.31 14.5 6.82 -7.35 4.10
New

332
9.17 8.9 6.18 -3.21 3.81 332

All Sonde 5.41 5.5 5.40
Old

774
8.65 8.4 7.32 -3.25

New
4.85 774

6.67 6.8 5.76 -1.26 3.46 774
liable to bird contamination, although much less so. Daytime data show rather good agreement as is
usual for this kind of comparison, with the average difference being less than 1 rnk and the standard
deviation of the difference being on the order of 2 m/s.

Scatter plots for range gates of the north-south component (Fig. 1) show that almost all the nightiime
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‘ig. 1. Scatter plot of BLRS profiler against radiosonde data for the north-south wind component in
lighttime, for all range gates between 310 and 1600 m AGL.
~)“Old “ precessing vs. radiosonde b) “New” processing vs. radiosonde.
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data are contaminated. (Note that all intensive radiosonde operations took place during fair weather
with predominantly south winds, vety favorable conditions for bird migration at this time of year.)

The “new” procedure recovers most of the data and diminishes the error in the remaining poor
comparisons; although it gives better results, they are still far from perfect (mean difference: -3.21
instead of -7.35 m/s). The sensitivity of profiler data to bird contamination increases with height; hence,
the percentage of unrecoverable data also increases, and averaged velocity becomes less and less
reliable. Differences between radiosonde results and those obtained with the “new” method become
less than 2.0 m/s for heights less than 800 m AGL. The remaining bias results from the above-
mentioned side effect of spectral averaging, namely that the atmospheric and bird signals are mixed
together, and hence their complete separation is no longer possible. The recovered value of the
Doppler shift does not reflect, strictly speaking, the wind speed but rather some combination of the “
speeds of birds and wind. Their relative inputs depend on the density of bird flow, the height of
measurement and the wind speed itselfi estimates obtained by Wi/czak et al. (1995) show that at 1 km
AGL with calm winds, the bird density of 1.2*I 0-7 m-3 is enough for continuous contamination of
averaged spectra of a 915-MHz profiler.

5. Conclusions

The method presented for processing spectral data of BLRS radar significantly improves the accuracy
of wind velocity measurements under conditions of heavy bird contamination. Comparison with in situ
measurements showed good agreement for daytime (mean difference in the order of 0.2 rds for both
components) and considerable improvement against traditional processing for nighttime (1.16 m/s
instead of 2.43 m/s for east-west component and -3.21 mh instead of -7.35 m/s for the north-south
component). This method can be applied to any wind profiler data set that includes averaged spectral
data from within averaging periods.
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