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Complex terrain surrounding urbanized basins
around the world has long been recognized to
strongly affect the characteristics of vertical trans-
port and mixing of pollutants. The Department of
Energy’s Vertical Transport and Mixing (VTMX)
program will investigate tilng processes within
night-time boundary layers over large urban basins.
The program will launch several field experiments
withh the Salt Lake City basin in the coming yeazs.
This modeIing study, like many other studies be-
ing undertaken by the participants of the VTMX
programs, is intended to complement the proposed
field experiments by munerically examining some
of the flow interactions known to occur in large
basins. Using idealized simulations, we particu-
larly investigate drainage flows from deep canyons
similar to those along the Wasatch Front into the
Salt Lake City basin. Literature shows that under
favorable conditions, drainage flows can generate
bore waves that may propagate ahead of the density
current (e.g., Simpson 1969; Simpson 1982; Crook
and Miller 1985). Existence and frequency of such
bore waves can profoundly influence the spatial and
temporal variability of vertical transport and mix-
ing within large basins. If bore waves do occur on
a regular basis within the Salt Lake City basin (a
task for the upcoming experiments to determine),
then understanding the basin-scale conditions un-
der which these waves are produced and how they
may propagate and interact with the city’s build-
ings will be of great importance in characterizing
transport and mixing processes within the basin.

2. NUMERICAL EXPERIMENTS

Two and three-dimensional experiments have
been performed to investigate drainage flow inter-
action with the stable boundary layer using the Re-
gional Atmospheric Modeling System–RAMS (e.g.,
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Figure 1. Potential temperature after 13 min into
the simulation.

Pielke et al. 1992). Both stability and height
of the inversion were changed to understand the
conditions for generation of bore waves in two-
dimensional simulations. A verical cross section
of potential temperature over a 200-m high hill is
shown after 13 tin of simulation in Fig. 1. A cold
bubble with a perturbation in potential tempera-
ture of 5°C was introduced at the top of the moun-
tain to generate the required density current to pro-
duce bore waves. A horizontal resolution of 20 m
was used in these simulations. The vertical reso-
lution was stretched horn 5 m to 50 m to increase
the computational efficiency. Bore waves are shown
to propagate both west and eastward ahead of the
density currents (see Fig. 1) with a shallow stable
layer near the surface with near neutral atmosphere
above it.

A three-dimensional simulation over an ideal-
ized complex terrain representative of the Salt Lake
City basin (Fig. 2) is also shown in this paper.
Fig. 3 shows a vertical cross section of the poten-
tial temperature after 36 min into the simulation.
A wave structure can be noted on top of the the sur-
face inversion layer. This is suggestive of possible
complex wave generation and propagation under
favorable stable conditions due to canyon-induced
drainage flows. The three-dimensional structure of
these waves should be further explored to deter-
mine spatial/temporal variabilityy of vertical trans-
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Figure 2. Idealized topography with two canyons
on the north side reaching into the basin.

Figure 3. Potential temperature after 36-rein into
the simulation.

port and mixing. Further three-dimensional simu-
lations with simplified urban canopy parameteriza-
tions will be presented at the conference.

3. SUMMARY AND CONCLUSIONS

Two-dimensional results indicate that for fa=
vorable stability and boundary-layer inversion
heights relative to the height of the hill, bore
waves indeed form and propagate rapidly ahead of
the gravity current. Three-dimemional simulations
also were performed that suggested wave formation
under favorable stable conditions. These experi-
ments also indicate that RAMS can be successfully
used for gentle hNs. However, our ongoing research
shows that as the steepness of the hill increases,
RAMS tends to introduce numerically-induced in-

stabilities that will cause the model to slow down
and eventually blow up. Such steepness is realistic
along the Wasatch front and when buildings within
the Salt Lake City basin are explicitly represented
in simulations of VTMX processes. This behavior
of RAMS and other mesoscaIe models particularly
in Klgh-resolution simulations need to be further
addressed. These issues and others will be explored
and dkcussed at the conference.
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