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ABSTRACT

Michael Cox was a pioneer in the development and application of numerical models to the study of the
ocean circulation. His simulation of the response of the Indian Ocean to the monsoons was one of the first
applications of a numerical model to seasonal changes in circulation near the equator. Cox’s finding that the
seasonal reversal of the Somali Current was primarily due to local monsoon-driven coastal upwelling challenged
a popular theory that the effects of remote forcing, propagating westward along the equatorial waveguide, were
the most important mechanism. In a detailed follow-up study, he was able to demonstrate that remote forcing
could only be important near the equator along the Somali Coast and that local driving was the only viable
mechanism to explain the amplitude and phase of the main features of the seasonal reversal of the Somali
Current.

In another pioneering calculation, Cox was the first to simulate the seasonal changes of the eastern equatorial
Pacific, including the Legeckis waves between the South Equatorial Current and the Equatorial Counter Current.
From his analysis, he concluded that the Legeckis waves were due to both baroclinic and barotropic instability.

Using observed temperature and salinity data, Cox carried out a new type of diagnostic study of the circulation
of the World Ocean. His calculations demonstrated the great importance of adjusting the observed density field
in a manner compatible with the constraints imposed by the conservation of mass, temperature, and salinity.

In a detailed comparison of simulations of ocean circulation in eddy- and noneddy-resolving models of
simplified geometry, Cox was able to demonstrate that mesoscale eddies could have some very important effects
on midlatitude thermocline ventilation by wind-driven downwelling. In particular, the mixing by mesoscale
eddies along isopycnal surfaces could be strong enough to erase tracer and potential vorticity gradients over
trajectories of less than 2000 km. On the other hand, Cox found that poleward transport of buoyancy was
approximately the same in similar runs, which did, or did not, include mesoscale eddies. He concluded that
this was due to eddy-time mean flow compensation. A similar phenomenon exists in the weakly driven flows
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of the earth’s stratosphere.

1. Introduction

To many, Cox is known for developing and docu-
menting an ocean circulation model and widely sharing
it with modelers all over the world. In part due to his
natural modesty, his scientific achievements over two
decades have been somewhat overshadowed by his
widely appreciated efforts in scientific cooperation. The
pioneering studies, which he carried out with so much
creativity and attention to detail, have done a great
deal toward establishing numerical modeling as a rec-
ognized approach to studying the ocean.

In 1962 Cox chose to work at the U.S. Weather Bu-
reau’s General Circulation Laboratory (now NOAA’s
Geophysical Fluid Dynamics Laboratory) because it
was most consistent with his technical interests and his
beliefs as a religious conscientious objector. His first
job was operating the IBM “Stretch” computer, a be-
hemoth computer of the day but less powerful than
many of today’s desktops. He quickly rose to positions

Corresponding author address: Dr. Kirk Bryan, GFDL/NOAA,
Princeton University, P.O. Box 308, Princeton, NJ 08540.

of greater responsibility. In 1973-74 Cox attended the
University of Washington as a graduate student in
oceanography, an experience he valued greatly.

It is obviously impossible to include all his papers
in this review, and the choice of only four studies car-
ried out in the 1970s and 1980s was somewhat arbi-
trary. Cox received NOAA'’s Environmental Research
Laboratories Distinguished Author Award three times,
twice for papers that he coauthored and once for a
paper for which he was the sole author. In this review,
the focus is on papers he wrote as a lead author. In the
early part of his research career, his interest was pri-
marily in equatorial oceanography. He prepared the
ground for much of the numerical modeling activity
connected with tropical air-sea interaction of the last
decade. In recent years his attention turned to higher
latitudes and the problems of mesoscale eddies and
water mass formation. Conspicuously lacking in this
review is a discussion of his last paper “An idealized
model of the World Ocean. Part I: The global scale
water masses” (Cox 1989). This paper was intended
to provide some insight on the fundamental processes
that determine the water-mass distribution of the

1259



1260 JOURNAL OF PHYSICAL OCEANOGRAPHY VOLUME 21

19.5°
b
10° < ¢! -
of
E —_ — —_— | 2
—
I///’
/ e
Mooy
-10°— £ )‘ -
1.0°~ ol
f
arf
0 \
-19.5 T T I T
0 i0° A—s 20° 30° 0 Ad—>10° 443°
10, (b) Remote Local Remote + Local
al~ Linear o ____.__ - -
Vdyre_._ . B -
o 2dyne— L // \.\ | / \-\
apy ' \ — / \ .
e | 4 - /, A T e - / . / 88
Sv/dyne / [ ~- K .
2+ - < -
2 -
4 L 1 L ! 1 1 I
101 = -
8 B B 7\ I~
[l - / \ /\\_:\\ /
L A
Yet 4 I L N 5.2°
Sv/dyne \\\
o | | S
o
2 - L
! 1 1 1 I 1 1 1 1 1
0 / o o - / 20
8t s T8 F -/ fom 18
) s s N A AN — 7
- R A VAN TS 16
7/ gy ,', R T / ~-
¥rl 4 S 7 s | N e L 7 S e |17
Sv/dyne /L // e /’
2k 2 / " | - e 22 12
0 4 ho = J20—lio—]
2 - L
-4 L L | L i | 1 L 1 1
0 30 &0 90 30 60 90 30 80 90

t —s (days} t =~ {days) t—> (doys}






