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Question I PO (Andreas Miinchow)
June 1995

A spatially uniform wind blows along the straight coastline of California. You
just finished a hydrographic section across the shelf using a CTD. The density field
shown in fig. 1 emerges on your computer screen when your fellow graduate student asks
you if it possible that her shipboard ADCP indicates a current of about 2 m/s within 50 m
of the surface. She asks you if her instrument is working properly. The chief scientist is
sea sick and thus not available because of heavy seas and very strong winds (the
kinematic wind stress along the coast t/p is 104 m2/s2, the vertical viscosity A, of the
water is 10-! m2/s). How do you respond to the request for help? Do you have to wake
up the engineer to check the ADCP? Use dynamical arguments (thermal wind, Ekman
dynamics) as well as scaling analysis to make a decision base on the following questions:

a) Estimate the along-shelf velocity scale of the flow assuming thermal wind holds (the
Coriolis parameter f is 104 s~1). Justify your choice of a reference layer.

b) Your collegue at the ADCP also has compass or sign problems. Based on your
hydrography, advise her on the direction of the flow.

c) Which physical processes neglected in the thermal wind equation could contribute to
the flow that could possibly explain the "observed" ADCP velocity magnitude of 2 m/s?
Could these processes possibly add up to a total flow of 2 m/s?

d) What are the dynamically relevant length scales Ly, Ly, and L (fig. 2) assuming that
friction and sloping isopycnals set the the vertical and across-shelf length scales L, and
Ly, respectively. How do the scales compare with those depicted in fig. 1?

e) A biologist finds high nutrient and phytoplankton concentrations within 20 km of the
coast. He asks you what the vertical velocities are as he wishes to estimate fluxes into or
out of the surface Ekman layer. What is your estimate of a vertical velocity scale if you
assume that the across-shelf Ekman flux Myff is balanced by a vertical flux Myp? Use
your length scales Ly, Ly, and L, from above if you need them.
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