0OCP6050 Physical Aspects of Oceanography Summer 2003

Lecture #12

Net Mass Transport by an Ekman Current

Of more practical significance than the velocity field in a wind-driven corrent is the knowledge of
the rate of mass (water) transport in a wind-driven current. Based on the Ekman solution, given
in the previous lecture, one can integrate to determine the rate of mass transfer across a control

surface of unit width and of height extending from the free surface to the bottom:
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However, one can by cleverly manipulating the governing equations obtain these expressions in a

straightforward manner. Recall, that Ekman’s equations are given by
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One can then write the above momentum equations as
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Integrating the above equations with respect to z from —co to 0, noting the definitions for M, and

My, and satisfying the continuity of shear stress across the sea surface, we obtain

0 dTmz Tzn
O:/ pfvEdz+/ dz = 0= fMyg + Ty —>MyE=—T

and

0
0:/ —pqudz—I-/ yzd = 0=—fMyg + Ty %MmE—T;"
—0oC

where 7., and 7, denotes x and y components of the wind-stress vector 7,:
Ty = Tent + Tyn)
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What is striking in these expressions is the fact that the mass transport along the x direction
is governed by the y component of the wind-stress vector, and wvice versal It is also practically
significant to note that the mass transport of water in the wind-driven current can be estimated
based on the knowledge of wind-stress and location (to know f). in other words, even without
the knowledge of velocity distribution in the ocean current driven by wind, one can estimate the

direction and amount of mass transport by simply knowing 7, and f; ain’t it awesome?!

One can formally show that the direction of mass transport is normal to that of the wind stress in

the following manner. Let us define rate of mass transport vector as
Mg = Mpi + My

Taking the dot product of 7, and Mg, and noting that M,p = Tyn/f and Myg = —7u,/f, we
observe
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which means that the direction of mass transport is perpendicular to the direction of the wind! By

=0

taking their cross product, we can be more specific:

Y, - Tyn Tan |7:;7|2
Mg x Ty = Ma:E‘Tyn — MyETzn = TTyn + 77':1:7] = f

which is positive(negative) in the northern(southern) hemisphere because of the sign of f. The
cross product M E X Tp positive(negative) means, per right-hand coordinates used, that M £ is to
the right(left) of 7. In other words, the direction of the mass transport is perpendicular and to
the right of the wind stress in the northern hemisphere. The direction of the mass transport is

perpendicular and to the left of the wind stress in the southern hemisphere (see figure below).
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Conjectures on upwelling and downwelling near the coast (because of the presence of land mass)
or in the open ocean (because of variability in the wind stress) based on the Ekman solution,
will be presented in class. Note that these can only be conjectures, as the Ekman model does not

account for the presence of lateral boundary nor does it allow variability of the wind stress in space.
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