
MAR 542 – Fundamentals of Atmosphere and Ocean Dynamics
Instructor: Marat Khairoutdinov 
Room: 158 Endeavour 
Time: Tuesdays and Thursday 11:30 AM – 12:50 PM

Text: Atmosphere, Ocean, and Climate Dynamics: An Introductory Text By John R. Marshall and R. Alan Plumb, Academic Press 2008

This course serves as an introduction to atmosphere and ocean dynamics. It is required of first-year atmospheric science graduate students, and it is 
recommended for first-year physical oceanography students. It assumes a working knowledge of differential and integral calculus, including partial 
derivatives and simple differential equations. Its purpose is to prepare students in atmospheric sciences and physical oceanography to move onto more 
advanced courses in these areas, as well as to acquaint each other with some fundamental aspects of dynamics applied to geophysical fluids outside your area 
of specialization. It is anticipated that the entire book will be covered. The chapter contents of this text are as follows, but some other topics will also be 
covered.

1. Characteristics of the atmosphere 
2. The global energy balance 
3. The vertical structure of the atmosphere 
4. Convection 
5. The meridional structure of the atmosphere 
6. The equations of fluid motion 
7. Balanced flow 
8. The general circulation of the atmosphere 
9. The ocean and its circulation 
10. The wind-driven circulation 
11. The thermohaline circulation of the ocean 
12. Climate and climate variability
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Atmosphere is very thin: 99.9% of mass is below 50 km
Compared to the Earth’s radius (6500 km), it is only 1% 
which is comparable to the thickness of an apple’s skin

Thus, the synoptic-scale systems are quasi-two-dimensional!
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20 Introduction and Overview

subtropical anticyclones and, in the Pacific and
Atlantic sectors, they encompass equatorial regions
as well.

Small seasonal or year-to-year shifts in the position
of the ITCZ can cause dramatic local variations in
rainfall. For example, at Canton Island (3 °S, 170 °W)
near the western edge of the equatorial dry zone,
rainfall rates vary from zero in some years to over
30 cm per month (month after month) in other years
in response to subtle year-to-year variations in sea
surface temperature over the equatorial Pacific that
occur in association with El Niño, as discussed in
Section 10.2.2.

Over the tropical continents, rainfall is dominated by
the monsoons, which migrate northward and south-
ward with the seasons, following the sun. Most equato-
rial regions receive rainfall year-round, but the belts
that lie 10–20° away from the equator experience pro-
nounced dry seasons that correspond to the time of
year when the sun is overhead in the opposing hemi-
sphere. The rainy season over India and southeast Asia
coincides with the time of year in which the surface
winds over the northern Indian Ocean blow from the
west (Figs. 1.17 and 1.18).Analogous relationships exist

between wind and rainfall in Africa and the Americas.
The onset of the rainy season, a cause for celebration
in many agricultural regions of the subtropics, is
remarkably regular from one year to the next and
it is often quite dramatic: for example, in Mumbai
(formerly Bombay) on the west coast of India, monthly
mean rainfall jumps from less than 2 cm in May to
!50 cm in June.

The flow of warm humid air around the western
flanks of the subtropical anticyclones brings copious
summer rainfall to eastern China and Japan and the
eastern United States. In contrast, Europe and west-
ern North America and temperate regions of the
southern hemisphere experience dry summers. These
regions derive most of their annual precipitation
from wintertime extratropical cyclones that form
within the belts of westerly surface winds over the
oceans and propagate eastward over land. The rain-
fall maxima extending across the Pacific and Atlantic
at latitudes !45 °N in Fig. 1.25 are manifestations of
these oceanic storm tracks.

Rainfall data shown in Fig. 1.25, which are aver-
aged over 2.5° latitude ! 2.5° longitude grid boxes, do
not fully resolve the fine structure of the distribution
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Fig. 1.25 January (top) and July (bottom) climatological-mean precipitation in cm. [Based on infrared and microwave satellite
imagery over the oceans and rain gauge data over land, as analyzed by the NOAA National Centers for Environmental Prediction
CMAP project. Courtesy of Todd P. Mitchell.]

P732951-Ch01.qxd  9/12/05  7:39 PM  Page 20

January (top) and July (bottom) climatological mean precipitation






