


is a cross-section view, Figure 4a sugqgests that air below the level of the Canyon
rim is undergoing drainage flow. Figure 4b suggests that no secondary cross-
canyon flow is preseni under decoupled conditions. The potentially stable air
below the Canyon rim is proposed to drain gently downriver (into the paper in
Fig. 4b).

Two data sets were available to test the model we proposed. The first was
produced by a set of three wind sensors deployed near to and within the Grand
Canyon. The second was a set of 39 pilot balloon launches made from within the
Canyon.

The wind sensors consisted of standard wind vanes and cup anemometers.
They were deployed alop 10 m fowers in each case. Figure 1 shows their locations.
Each data collecting system was solar powered and transmitied average wind
velocity via satellite to a receiver in Fort Collins, Colo., once per hour. Data
collection began during September, 1983. Data for one year were analyzed for this
work.

A series of 39 pilot balloon launches were made during Sept. 25-28, 1984, from
the Tonto Plateau site depicted in Figure 1b. The balloons were tracked using two
theodolites separated by 657 m. Triangulation yielded the horizontal and vertical
winds as each balloon rose.

The results we obtained using the two data sets include the following:

1) Airtlow below the rim level moves predominately paraliel to the Canyon
during coupled flow conditions which may eccur during any month of the
year.

2) The secondary “cavity flow™ suggested in our conceptualization occurs
predominately during coupled conditions. These conditions are most often
associated with periods of clear days and nights.

3) A strong shear layer was often present near the Canyon's rim level. Air
below this layer appeared to be draining gently downriver. Above this layer,
synoptic-scale forces predominated.

4) Winter months appeared more prone to decoupled (or drainage flow)
behavior within the Canyon. It may be that potentially cold air from radiative
cooling, frontal passages or snow at the rim is responsible for this.

5) Shear layers were present at lower levels within the Canyon. They may
have been the product of a slow erosion process from above or the
establishment of a radiation inversion. They appeared to act as an
alternate bottom to the Canyon for airflow purposes.

B} At times, scouring occurred instead of secondary cavity flow. This may
have been limited to very light wind cases or instances where shear layers
established an alternate bottom to the Canyon.

A number of measurements important to understanding the airflow in the Grand
Canyon have yet to be made. They include the veriical temperature struclure,
vertical wind velocities near the rims, and the radiant energy flux from the Canyon
walls. An instrumented aircraft is being used to collect the appropriate data.

Final recommendations await further analysis of these additional data. The
Pielke mesoscale flow model is being applied in the Grand Canyon area to obtain
a better understanding of local wind flow characteristics. If our simplified concep-
tual airflow model is correct, it would be unwise 1o burn during periods when stable
air filts the Canyon. This could occur during times of synoptic scale subsidence;
as the result of cold outflow from passing thunderstorms (as we observed); as the
result of cold air outhreaks after frontal passages; during pericds of radiative
cooling; or finally, as a result of snow along the Canyon rims creating a mechanism
for cold air to sink into the Canyon.

To forecast the onset of such adverse conditions adequately we suggest that
standard synoptic-scale data plus meteorological information from the Canyon rim
and Tonto Plateau would be necessary. Standard forecasting procedures could be
used to predict cloudiness, subsidence conditions, cold air outbreaks, frontal
passages, or snow. On the days when burning is forecast to be feasible, winds
and temperature at the Canyon rim and Tonto Plateau would be scrutinized for the
presence of coupled aifflow. If coupled flow were present, burning could com-
mence. Burning would be discontinued if decoupled behavior began to appear.

To diminish the annoyance posed by burming, it will be necessary to minimize it
at times when winds would carry smoke into the town. Our preliminary suggestion
is that only very limited burning be undertaken at the south rim when synoptic-scale
northerty flow could carry smoke into Tusayan. If northerly flow were not forecast,
buming could commence. but winds at the south rim would need to be monitored
for evidence of any switch to a northerly component. If such a switch were
detected, burning would need to be discontinued. Buming on the south rim after
sunset should be minimized because of the possibility of drainage flow away from
the Canyon and into Tusayan.

Boatman is with NOAA/Environmenta! Research Laboratories, Air Resources
Lab, Air Quality Division, 325 Broadway, Boulder, CO 80303, Henderson is with
the NPS Air Quality Division, Denver, CO 80225.

Figure 3. Wind pattern in the Grand Canyon under coupled conditions: {a) a plan
view and (b) a cross-section view.
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Figure 4. Wind pattern in the Grand Canyon under decoupled conditions: (a) a
plan view and (b) a cross-section view.



