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1. Introduction

Modern Doppler radars havtke ability to scanlarge
volumes of the atmospherelagh spatialandtemporal
resolutions,but the wind measurementare limited to

the velocity componentin the radial direction of the

radar beam. When radial-wind measurements are
analyzed and interpolatedon to a regular grid for

numericalapplications,thereis a questionconcerning
whether radial winds can be treated as scalairs asgany
existing schemes for Doppleadarradial-wind analyses.
This question is addressed in this paper.

2. Error covariance functions

Denoteby v = (u, v) the error field of background
wind and assume thatis an unbiase@Guassiarrandom
vector field in the horizontallhe radial component of
at point xj = (Xj, yj) viewedfrom the radar (located at

the origin) can be expressed by

Vi = ujcoBj + visinB;.

@)

Using (1) and(5.2.18) of Daley (1991), one canderive
the covariance function of, that is,

Cur(X1, X2) = <Vpvp2>
= <(urcogB3; + v1SinBq)(uxcoPB, + vosinB,)>
= 0.5[Cyi(r) + Cit(r)] cosBy - B2)

+ 0.5[Cy(r) - C(r)] cos@y + B - 20), @

where<(+)> denotesthe meanof (¢), Cj(r) = <l1l>>,
Cut(r) = <ato>, 1 = Kq - Xaf, (I, )T =Rvj (i =1, 2),
R = R(a) is the rotational matrix that rotatélse x-axis
to thel-direction (fromxq to x»), a is the angleof the
rotation,3; and3, are the direction angles »f andx»,

respectively (positive for counterclockwise, see Fig. 1).
The covariancefunctions estimatedfor 850 mb in
Fig. 1 of Xu and Wei (2001) can be approximated by

Cil(r) + Cu(r) = 20%exp[+%/(2L2)],
Ci(r) - C(r) = (12 - ogd)reL-%exp[+%/(2L2)],  (3)
where 22 = 6,2 + 042 is the variance of with o,2 for

the rotational part andq? for the divergentpart, and L

is the decorrelationlength scale. In this paper, L is
downscaled to 12 km.
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Fig. 1. Velocity vectors(bold arrowsv, andvs), their

radial components(hollow arrows vy1 and vp), |-

componentgthin arrows|; andl,), and t-components
(thin arrowst; andty).

3. Analysis of a single observation

When the statistic interpolation is applied tsiagle
radial-wind observationat point x;, the observation
spacebecomegne-dimensionahndthe incrementfield
produced by a singlebservatiorhasthe samestructure
as the correlation function defined Byy (x4, X)/2. An
example is shown in Fig. 2.
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Fig. 2. Correlation functioi©€y (x4, x)/cr2 for x; = (X4,
y1) = (-6, -6) km,L = 12 km ando,2/a¢? = 1.5.
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Note thatB - 3, is the angle of vectox with respect
to vectorx; anda - B, is the angle of vectorx - x;
with respect to vectax; (see Fig. 1 but witlk, viewed
asx). This implies that cos@; - o) andcos(3; + B> -

20a) in (2) are invariant for a mirror reflectiaf x with
respect tovectorx; (alongthe diagonalline of y = x),

and so does the correlation function in Fig. 2.



As shownin Fig. 2, Cyr(X4, X) is positive and
approachedo unity asr = |x - x1|, but it becomes

negative ax moves to the northeasf the radaracross
the zero contour. This change of signconsistentwith

the continuity of the vector wind field inferred from a
single (positive) observationat X, (wherethe observed

radial wind is southwestward away from the radar).

6. Numerical Experiments

The true wind fields assumeo be uniform with U
=1 mstandV =1 m sk The true radialvind is given
by Uco + VsinB (Fig. 3). The observedadial winds
are given on a polar grid centeredat the radar with
resolutions ofl km in the radial directionand 1 degree
in the azimuthaldirection,but coveronly the left half
of the domain outsidethe 10 km range of the radar
(shownby the shadedareain Fig. 3). The observation
erroris measureddy ogp = 1 m s1. The background

field is assumedo be zerobut the backgrounderror is
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Fig. 3. Idealized true radial wind fieltdico3 + Vsinp.

nonzero witho = 10 m s.. 20
The analysis (statistic interpolation) with the \
correlationfunctionin (2)-(3) is plotted in Fig. 4. As 3 S
shown, the analysis is very cloge the true radial-wind %
field within the datadenseareain the left-half domain, Bl I gt
exceptfor the southwestcorner area where the radial 5 PP <t
wind is underestimatedueto the lack of observations 0. _ =000 0
outside of the domain. The true radial-wind field is ') IR 2
symmetric with respectto the radar (Fig. 3). This = T
symmetryis well capturedoy the analyzedfield in the -5+ iln\"\
vicinity of the radar within the range of tliecorrelation W ,' i "\ "\\‘\
length scale (12 kmincluding the datavoid areain the =101 /" 1 N
right-half domain. / 4 iy \ %
Figure 5 is the analysis performed by using$hme "15'f . iy \\
methodasin Fig. 4 but with the following isotropic 0 L OCL A R .'_ - \‘. &
correlation (obtained by treating radial winds as scalars): -20 -15 -10 -5 0 5 10 15 20

Cuvr(Xq, X)/02 = exp[+2/(2L2)]. %)

The analysis obtained with (4) is quite different frime
true radial-wind field especiallyin the vicinity of the
radar. Numerical experimentsare also performed with
real Doppler data and the results viné presentedat the
conference.
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Fig. 4. Analyzed radial wind field using (2)-(3) with=
12 km ando;2/04? = 1.5.
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Fig. 5. As in Fig. 4 but using (4) with= 12 km.



