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1. Introduction [J

The Vertical Transport and Mixing Experiment (VTMX)
took place in Salt Lake City, Utah, in October 2000. This
field campaign was carried out under the sponsorship of
the Atmospheric Sciences Program of the Department
of Energy to study the transport and mixing processes in
complex terrain under stable conditions. Details of the
filed campaign are given in J.C. Doran, J.D. Fast and J.
Horel (‘The VTMX 2000 Campaign’, submitted to Bull.
Am. Meteorol. Soc.) Measurements presented in this
communication were conducted on an northeastern
slope of the Salt Lake Basin with particular interest in
nocturnal boundary layer (katabatic flows) in the
absence of significant synoptic influence. Extensive
measurements of mean flow, turbulence, temperature
and solar radiation were made, from which circulation
patterns on the slope and nature of stratified turbulence
in katabatic winds were inferred.

2. Site and Instrumentation

The observation site was located in the northeastern
side of the valley, in a grassy open area (aerodynamic
roughness length ~0.1 m), adjoining the Mount Olivet
Cemetery, having a gentle slope (~0.07, ie. 4°).
Because the measurements were made away from
buildings and trees, the data can be considered as free
from the immediate effects of obstacle wakes. Deployed
instruments consisted of a 14 m mast equipped with two
3-cup anemometers, two thermistors, upward facing
spectral pyranometer, and a downward facing
pyrgeometer. A Data Logger provided computation and
storage of 5 min-averaged air temperature, wind speed
and radiation. Two  ultrasonic  fast-response
anemometers-thermometers were used to measure
three velocity components and air temperature with a
sampling rate of 10 Hz. In order to analyze the vertical
structure of the lower atmosphere, two tethered balloons
were used to measure the air temperature, relative
humidity, pressure, wind speed and wind direction.
Simultaneous measurements of ground level aerosols
and vertical aerosols profiles were also made.

3. Data Analysis

Sixty-second averages of ultrasonic data were used to
evaluate eddy diffusivity of momentum
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where z is the vertical coordinate, U mean slope
velocity, 8 mean potential temperature, W@&"' vertical
heat flux, and u'w momentum flux.
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Figure 1 shows the dimensional form of Ky and Ky as a
function of the Gradient Richardson number defined as
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where N is the buoyancy frequency and V the mean
velocity vector.
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Empirical best fits to the data show following relations:

Ky =045(Ri;  (m’s™). @
for the entire RTg range,

K, =0.07 [RTQ_OAS m’s™y, (5)
for ﬁg <1 (solid line), and

K, =007 (m’s™), (6)

for ﬁg>1 (dashed line). Note that in the ﬁg range
investigated both Ky and Ky are much larger than their
molecular diffusive counterparts (kH =210° and
ky =1500° m’s™,  respectively) the
dominance of turbulent transport.

indicating

Attempts were made to express eddy diffusivities in
non-dimensional form by employing suitable length and
velocity scales of nocturnal boundary layer. Several
scaling possibilities were considered. It was concluded

that the shear length scale |_ = JW/‘d\-i/dz‘ and rms of

vertical velocity g, could be taken as a proper length
and local velocity scales, respectively. A plausible
scaling for both eddy coefficients is ¢, Ls, or

equivalently g'v%/‘d\-i/dz‘. Ku and Ky so normalized are

shown as a function of Wg in Figure 2. The

normalization has arranged the data of Figure 1 to a
more regular variation, with normalized Ky being
approximately a constant and normalized Ky is a

decreasing function of RTQ The best fit lines to the data

show:
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— M =008[R, =008,
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It is interesting that (7) and (8)
expressions Ky =O.3457\,2v/‘d\7/d#

reduces to the
and

K, =008 /N .
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4. Summary

Nocturnal atmospheric boundary layer data taken during
the Vertical Transport and Mixing eXperiment (VTMX),
conducted in the Salt Lake City air basin during October
2000, were used to study the downslope (katabatic)
flow. The eddy diffusivities of momentum and heat
inside katabatic layer were evaluated as a function of

Rig , and were found to be well above their molecular

counter parts. A striking behavior was noted when the
diffusivities are scaled with the shear length-scale and
the rms of vertical velocity fluctuations.

5. References

Arrit, J., and R. A. Pielke, 1986: Interactions of nocturnal
slope flows with ambient winds. Boundary-Layer
Meteor., 37, 183-195.

Doran, J. C., and T. W. Horst, 1983: Observations and
models of simple nocturnal slope flows. J. Atmos.
Sci., 40, 708-717.

Fernando, H. J. S., M. Princevac, J.C.R. Hunt, and E.
Pardyjak, 2000: Thermal circulation in complex
terrain: a case of urban fluid mechanics, in Fifth
International Symposium on Stratified Flows, Vol. Il
G. A. Lawrence, R. Pieters, and N. Yonemitsu
(Eds.), 649-654.

Mahrt, L., 1998: Stratified atmospheric boundary layers

and breakdown of models. Theor. Comp. Fluid Dyn,

11, 263-279.
Monti, P., H.J.S. Fernando, M. Princevac, W.C.Chan,
T.A. Kowalewski, and E. Pardyjak, 2002:

Observations of flow and turbulence in the
nocturnal boundary layer over a slope, J. Atmos.
Sci. (in press)



