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Fic. 1. Time-height display of vertical velocities from the 2-um Doppler lidar. The width
of the image is 40 min and the height is 3.0 km. Two large updrafts can be seen, one from
1930 to 1935 UTC and another from 1945 to 1952 UTC, which feed into the cumulus cloud

bases near 1500 m.

mixed layer often extend from the minimum range of
the Doppler lidar to the top of the CBL. When com-
bined with backscatter data from SABL, the w data
will be used for detailed studies of the motion in the
vicinity of the entrainment zone.

Figure 2 shows an example of @ at 750 m above
ground level (AGL) from 1200 to 1400 LT on 2 Au-
gust 1996. The temporal resolution of this time series
is 2 s. A quantization limit of 20 cm s™! was imposed
by the lidar data system, but this limit will be removed
for future experiments. Calculations of profiles of
mean vertical velocity @ over 3-h time spans some-
times reveal a bias, with @ nearly constant with alti-
tude but varying between —0.5 and 0.25 m s™' for
different time spans. We expect @ = O for long time
averages. Data from radar wind profilers located at and
near HRDL are available for comparison. Figure 3 com-
pares vertical velocity measured with HRDL with that
from the collocated wind profiler (30-s resolution).
Both instruments were staring vertically and both see
similar features. This data will be used to investigate
velocity biases. Fortunately, if the nonzero mean is a sys-
tematic error it will not preclude use of the data for stud-
ies of turbulent fluxes and higher-order moments of @.
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The variance 62 of a time se-
ries contains contributions from
both uncorrelated and correlated
fluctuations. We use autoco-
variance functions (ACF) of
the w time series to separate
atmospheric variability from
measurement variability (e.g.,
Mayor 1995). Figure 4 shows an
estimate of the vertical velocity
variance 02 as a function of
height (dots) for the same 2-h
period as Fig. 2. The total var-
iance of each time series (solid
line), which includes uncorre-
lated variance from instrumental
and atmospheric noise, is also
shown. Error bars on 02 were
computed using the integral
scale of the time series follow-
ing Lenschow et al. (1994). The
error bars are of order 30%. The
integral scale was determined at
each altitude by noting the lag at
which the ACEF first becomes <
0. For this series the integral
scale was about 90 s. The shape
of the variance profile agrees well with earlier obser-
vations, shown for example, in Stull (1988). For the
time series of Fig. 2, 02 was approximately 0.91 m* s
and the uncorrelated variance was 0.25 m* s

Turbulent virtual heat flux is defined as Q = pC @.
This direct definition requires a measurement of both

Fic. 2. Vertical velocities measured with HRDL at 2-s aver-
aging, collected from 1200 to 1400 LT at 750 m AGL on 2 Au-
gust 1996.
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