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type outlined earlier? Why was the size of the ozone
hole so much less in 2002 than in other recent years?
The research that led to the answers to these questions,
which is outlined later, was one of the triumphs of
20th century science.

During the austral winter (June–September),
stratospheric air over the Antarctic continent is
restricted from interacting with air from lower lati-
tudes by a large-scale vortex circulation, which is
bounded at its perimeter (called the vortex collar) by
strong westerly winds encircling the pole. Because of
the lack of solar heating in the austral winter, the air
within the vortex is extremely cold and it lies within
the sinking branch of the Brewer–Dobson circulation
(Fig. 5.21). High-level clouds, called polar stratospheric
clouds (PSCs), form in the cold core of the vortex,
where temperatures can fall below �80 °C.35 In the
austral spring, as temperatures rise, the winds around
the vortex weaken, and by late December the vortex
disappears. However, during winter, the vortex serves
as a giant and relatively isolated chemical reactor
in which unique chemistry can occur. For example,
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Fig. 5.19 Satellite observations of the total ozone column in the southern hemisphere during October for 8 years from 1970 to
2002. The color scale is in Dobson units (DU). The small black circles over the pole in 1970, 1971, and 1972 are a reflection of
missing data. [Courtesy P. Newman, NASA Goddard Space Flight Center.]
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Fig. 5.20 Average areal extent of the ozone hole (defined
as less than 220 Dobson units) averaged from September
7–October 13 of each year from 1979 to 2003. Vertical red
bars are the range of values for each period. Year-to-year
variations are caused by temperature fluctuations near the
polar vortex edge. Warmer years have smaller holes (e.g.,
2002), whereas colder years have larger ozone holes
(e.g., 2003). The blue horizontal line highlights the total area
of the Antarctic continent; for comparison, the area of North
America (dashed blue line) is about twice the area of
Antarctica. (Courtesy of P. Newman, NASA Goddard Space
Flight Center.)

35 During the drift of the Deutschland in the Weddell Sea in 1912, PSCs were observed in the late winter and early spring. Also, the
Norwegian–British–Swedish 1949–1952 expedition to the Antarctic frequently observed a thin “cloud-veil” in the lower stratosphere in
winter months. However, the widespread nature and periodicity of PSC formation in the Antarctic were not fully appreciated until they
were observed by satellites starting in 1979.

P732951-Ch05.qxd  12/09/2005  09:05 PM  Page 192

The “Ozone Hole”




