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A method is presented whereby a crude estimate of the total wind speed with a
single Doppler radar observation may be obtained by making use of the spectral
width of the returned signal. This method is demonstrated using data from the MU
radar of Japan. However, the accuracy of the estimate is severely limited by spectral
broadening due to windshear and turbulence within the radar pulse volume.
Therefore the practical applications of this method are limited.

1. Introduction

The purpose of this paper is to show that under some conditions it is possible to
estimate the magnitude of the velocity of the wind perpendicular to a radar beam
direction with just a single observation. This estimate uses information of the
observed spectral width as well as the line-of-sight Doppler shift. However, this is
only possible under the very strict conditions that the spectral width due to the finite
beamwidth (beam-broadening) is much greater than contributions to the spectral
width from such processes as windshear within the pulse volume and turbulence.
This condition is often true for wind profilers (e.g., HOCKING, 1986) but is rarely so
for Doppler weather radars (DOVIAK and ZRNIC, 1984). The accuracy of this
estimate, under the above conditions, is discussed and radar data from the MU
radar of Japan is used to verify that it is possible to make these estimates.

2. Estimation of the Wind Component

We assume that the shape of the observed power spectrum of a radar signal is
well approximated by a Gaussian profile with a white noise component of the
spectrum, which is subtracted, i.e., $(u)= P exp[—(u—ud)*/ 20%] where the frequency
is in units of ms™'. The observed spectral width of a radar signal is ¢u and » may be
considered as the sum of several contributions, i.e.,

=0+ o+ o+ op, (1)

where oy is the spectral broadening due to the finite beamwidth, o, is the spectral
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width due to windshear within the pulse volume, ¢ is the contribution from
turbulence and @y is the broadening due to the data window function. Here we
assume that the second and third terms on the righthand side are small compared to
the first (retaining the fourth as this is a simple numerical correction which may be
significant for small spectral widths). The beambroadening arises from the finite
beamwidth since the backscatter is coming from a range of angles, and therefore the
signal has contributions from a number of projections of the wind velocity. For a
circularly symmetric radar beam we can write the beam-broadening term, to a good
approximation, as the product of the magnitude of the horizontal wind, V, with the
beamwidth A8 (defined as the 6 dB two-way beamwidth in radians) and a numerical
factor k (ATLAS, 1964; HOCKING, 1985).

ot = k-V3EAG = k(2 A + v2AG), @

where v and v are the components of the horizontal wind in the plane and
perpendicular to the plane of the radar beam respectively. The vertical component
may contribute with a term (w-6-Af) where 8 is the mean angle from the zenith of the
radar beam, but this is neglected because w is usually much less than ¥ and & is of
the order of 0.2 radians. For these definitions of spectral width and beamwidth & has
the value of 1/(8 In4). From Egs. (1) and (2), neglecting the shear and turbulence
terms in (1), and rearranging we obtain an estimate for the¢ wind component
transverse to the radar beam as:

V= @k [k-AF] — o — ol [k-AG"). 3)

Note that our estimate of u is obtained from the line-of-sight Doppler shift 2 which
is equal to u-sinf. The window broadening is estimated by the 2nd central moment
of the mainlobe of the Fourier transform of the (rectangular) window function. The
first few sidelobes may also contribute as for realistic spectra these lie within the
“true” spectrum, but these are suppressed in power by around 13 dB and so are
ignored. Contributions from the far sidelobes will add to the apparent noise level of
the spectrum. For the radar parameters described in Table 1 a value for ow of 0.115
ms' is obtained, which is much smaller than the observed spectral widths.

Assuming that the errors in the determination of the mean Doppler shift and
the spectral width are independent we can express the variance of the estimate in v’
as:

var(t?) = (4ol [K-A0 var(a,) + 4u’var(u). (4)

The above equation for the variance of our estimate of v is strongly dependent on
the precision of our estimate of g, since the value of Af is usually small. However, it
should be stressed that the above estimate may be strongly biased to give too large
an estimate in the presence of turbulence and windshear. For radar soundings
performed with the MU radar, which uses similar operating parameters to many
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Table 1. Operating parameters of the MU radar for this experiment.

Frequency 46,5 MHz
Peak transmitter power (1 gsec pulse) 1 MW
Range resolution 150 m
Ranges sampled 1-19.2 km
Pulse repetition period 400 usec
Post-coherent averaging time 0.07 sec
Number of data points for power spectrum 128
Number of spectra averaged for moment estimates 5
Beam directions and angle from the zenith North 10°
East 10°
South 10°
West 10°
Zenith ¢
Beamwidth (6 dB two way or 3 dB | way) 3.6°

MST radars (Table 1), the expected standard deviation of v* from the above
equation is approximately 500 m”s™ using the results of YAMAMOTO et al. (1988) for
estimates of the uncertainty in « and ., with a typical spectral width of 0.7 ms™.

3. Experimental Results

The MU radar of Japan has been used to test the above conjectures, This radar
has been extensively described elsewhere (FUKAO et al., 1985a, b) and will not be
described in detail here. The radar parameters are given in Table 1, but note that
only the northward and the eastward pointing beams 10° from the zenith were used
in this analysis. The heights which are analyzed here are between 1.5 and 5 km,
where the windshear is small and the signal-to-noise ratio is very high (=15 dB),
although there is data above and below this region. This range is only a limit applied
by signal-to-noise considerations and it may be that this method should work better
in the lower statosphere where turbulence is usually small.

Data were taken during a 2 hour period on January 23, 1987, a few hours
preceeding the passage of a cold front. It is noticable that the wind field in the lower
to middle troposphere had little shear over the depth of the region analyzed (Fig. 1)
during this period. Estimates of the northward component of the wind using the
observed spectral width from the beam pointed towards the east have been
compared with the estimates of the wind using the northward beam, and similarly
the magnitude of the eastward component inferred from the spectral width of the
northward - beam .is compared to the observed values of the eastward wind
component (Fig, 2). The group with the small velocity is the northward component
of the wind and the larger velocity group is the eastward component. Estimates of
the wind using single soundings {(~ 1 min) are shown in Fig. 2(a) while Figs. 2(b) and
2(c) show the results when the estimated line-of-sight winds and speetral widths are
averaged over 9 and 100 (~9 and 100 min) soundings respectively The values of v’



1050 P. T, MAY et al.

23-JRAN-1987 20:00

HT RANGE 1.48 - 5.47
40 T I T I T T T

3
(=
I
I

| .«

O ] l 1 l 1 l ]
0 10 20 30 40

E-li COMPONENT m/s

N-S COMPONENT m/s
— ]
(@] ]
I I
l

Fig. 1. Hodograph of the horizontal wind estimates averaged over the period of the analysis. These
estimates used the north and east beams only. The numbers on the hodograph give the altitude in
km.

and |v] are shown, but note that when the estimate of v” is negative the imaginary
|#| are not plotted.

It is clear from these observations that the spread in the determination of v’ is
similar for the two beam directions, as expected, but this means that the accuracy of
the determination of the magnitude of the transverse velocity, |vl, is larger for the
case where the wind normal to the radar beam is larger than the component along
the radar beam direction. The observed scatter of v* (north or east beams) has
contributions from time and height variations of the wind as well as large random
errors so that the observed scatter of around 700 m’s™” is reasonably consistent with
theoretical expectations. A clear bias towards overestimating the wind speed is seen
in these results. This is consistent with the observed spectrum being broadened from
that due just to the beam broadening and window effects. The above analysis has
ignored the spectral broadening due to windshear and turbulence. The magnitude
of the bias is consistent with an additional term with a spectral width of only 0.4
ms~ and which is most likely due to clear air turbulence as the observed windshear
is small and the radar will only see a small projection of the shear. HOCKING (1986)
found using the SOUSY VHF radar that turbulence in the troposphere and
stratosphere was too weak to be observed, but given the pre-frontal conditions and
the observation of some convection in the vertically pointing radar beam, it is
probable that turbulence was also contributing to the spectral width. Nevertheless it
is interesting that even this level of agreement could be obtained with such a simple
estimate.
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Fig.

2. Scatter plots of the magnitude of the velocity perpendicular to the radar beam inferred from the
spectral width and mean Doppler shift against the direct estimate of the wind from the perpendicular
beam. The plots are for cases where there were no post analysis averaging of the spectral width and
Doppler shifts (a), and for cases where the spectral width was averaged over 9 (b) and 100 (c)
samples. There are two distinct groups visible, with the smaller velocity associated with the estimates
of the northward wind component and the larger being estimates of the eastward wind component
and which are marked as N and E respectively.
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4, Discussion and Conclusions

An application of this technique may be useful for widely separated wind
measurements, but for MST (or wind profiling) radars the spatial separation of the
radar beams to estimate the horizontal wind vector is small, so that errors due to the
spatial variability of the wind are small (e.g., STRAUCH et al., 1987). The wind
measurements with Doppler weather radars are often widely separated but as was
noted before, in these radars turbulence and windshear often have the largest
contributions to spectral width. Great caution must be exercised as it was seen that
the presence of even small windshear and turbulence may introduce substantial
errors in the wind estimate. In many cases, such as during thunderstorms, by far the
dominant contribution to spectral width is due to turbulence (e.g., DOVIAK and
ZRNIC, 1984, and references cited within). The precision of the estimate (as distinct
from the error) of the wind component normal to the radar beam is similar to that
obtained from measurements close together in azimuth (beams separated by about
5-10°).

This paper presents a method of obtaining estimates of the magnitude of the
wind speed normal to the radar beam. These estimates represent a crude upper
bound for this component of the wind. These results show reasonable consistency
with the observed winds normal to a radar beam and may have some limited
applications in Doppler weather radar studies. However, it must be stressed that
even moderate broadening of the observed spectra due to windshear and turbulence
has severe effects on the accuracy of the wind estimates.

One of us (PTM) was supported by an Australian Academy of Science/Japan Society for
the Promotion of Science international exchange fellowship. The MU radar belongs to and is
operated by the Radio Atmospheric Science Center of Kyoto University. ’
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