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ABSTRACT

Mean vertical velocities w are of great interest in meteorology, and vertically directed VHF radars have been
used to measure w directly. Recently it has been pointed out that in a gravity wave with upward energy propa-
gation the radar reflectivity and the vertical velocity are negatively correlated, giving rise to a downward bias
for the observed w. In the present paper, it is shown that in regions of Kelvin—Helmholtz instability (KHI) the
correlation between refractivity-surface tilting angles and the (apparent) vertical velocity observed with a ver-
tically pointing VHF radar can lead to a bias Aw with magnitudes of several tens of centimeters per second.
This *‘KHI bias’’ is upward in the shear zone above the horizontal wind speed maximum of a jet stream and
downward below. Theoretical vertical profiles of the predicted KHI bias exhibit considerable similarity with w
profiles observed during jet stream events by other authors, suggesting that a major part of the observed w might

be attributable to the presumed KHI bias.

1. Introduction

Recently, Nastrom and VanZandt (1994) reported
VHF Doppler radar observations of long-term average
vertical wind velocities. They put forward a theoretical
model that possibly explains at least a major part of the
*‘downward bias’’ (Nastrom et al. 1990) of mean tro-
pospheric vertical winds retrieved from VHF Doppler
radar observations. Nastrom and VanZandt (1994) as-
sume the observed vertical wind velocity w, to be the
reflectivity-weighted mean of w’,
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where 7(r, ¢, ¢) is the time-dependent reflectivity dis-
tribution, w' (r, ¢, ¢) is the time-dependent distribution
of vertical wind fluctuations in the case of a mono-
chromatic gravity wave, and ¢ is the phase of the grav-
ity wave. Considering a gravity wave with downward
phase propagation (upward energy propagation), Nas-
trom and VanZandt (1994) show that  and w’' are
- correlated and that integration of Eq. (1) leads to the
downward bias w:
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Here, w is the amplitude of the vertical velocity as-
sociated with the gravity wave, and m and v are its
vertical wavenumber and its intrinsic frequency, re-
spectively. Note that w as stated in Eq. (2) is inde-
pendent of the observation period T and the obser-
vation volume V.,

In the following, we discuss a possible effect of Kel-
vin~Helmholtz instability (KHI) on vertical wind mea-
surements using vertically directed VHF radars.
Regions of KHI exhibit an asymmetric distribution of
the tilting angles of isentropic surfaces. Then the aspect
sensitivity of VHF radar echoes for near-vertical beam
directions leads to a tilting of the effective beam with
respect to the nominal beam direction. This gives rise
to a bias in the apparent vertical velocity observed with
a (nominally) vertically pointing beam. It will be
shown that the ‘‘KHI bias’’ is negative in a shear zone
in which the horizontal velocity « increases with height
(below the axis of a jet stream) and that it is positive
in a shear zone in which the horizontal velocity u de-
creases with height (above the axis of a jet stream).

Thus, the line of argument is complementary to that
put forward by Nastrom and VanZandt (1994). While
they consider correlations between the vertical wind
and the reflectivity, in the present paper we consider
correlations between tilting angles of refractivity sur-
faces and the (apparent) vertical wind observed with a
vertically pointing VHF radar. The model for the KHI
bias relies on a simple model for the distribution of the






