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response is not related to the value of Rig at which mixing is
suppressed but rather its rate, some of the modified and
alternate second-order closure formulations, which change
how abruptly turbulence decays under the influence of
stratifying effects, may produce solutions in the two-dimensional upwelling setting more akin to KPP.
[82] The one-dimensional wind deepening study reveals
that which scheme mixes more is dependent on both the
wind stress magnitude and intensity of stratification at the
base of the boundary layer. When boundary layer deepening
is halted by the development of intense stratification at the
pycnocline, entrainment is sustained with the M-Y scheme
by downward diffusion of turbulent kinetic energy. No
analogous process is represented in KPP. It is unclear in
this case which behavior is more appropriate as the self
transport of turbulence in such an environment is not yet
well understood. While KPP contains no formulation for
this process, shortcomings of the M-Y formulation for this
term have also been suggested [Stacey et al., 1999].
[83] The two-dimensional coastal upwelling experiments
reveal that for moderate to low stratification the choice of
parameterization had a significant impact on the resulting
circulation close to shore, while at higher stratification,
vertical mixing plays a weaker role producing nearly
identical solutions with the two schemes. It is important
to note that while this study emphasizes cases in which the
forcing, initialization and physical constraints lead to
significant differences in the performance of the two
schemes, in many cases the differences produced may be
negligible as their basic response to shear and stratification
are qualitatively quite similar.
[84] It would be useful if the differences found between
the performance with the two parameterizations suggested
one to be superior to the other. Indeed, in some aspects the
additional physics included in the M-Y scheme, such as
diffusion of TKE or buildup of TKE in a vertically confined
boundary layer, seem intuitively more correct. However, a
conclusive statement cannot be made without comparisons
with real data and/or high-resolution numerical studies that
resolve the fine-scale structure of these processes. Hopefully
the points of difference noted in this study can help direct
such future efforts.
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