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Announcement
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Must use “atmchem”
to open this reading
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Ozone Hole and the Cryosphere
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Chapter 9, The Cryosphere, Shawn Marshall
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Polar Vortex Circulation
During winter:
    • radiative cooling leads to cold air in polar stratosphere
    • large scale low pressure region develops over pole
    • strong “polar night jet” develops, isolating air at high latitudes from air at low latitudes
    • T continues to fall in the “vortex like” circulation near the pole
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The Ozone Hole may have shielded the Antarctic surface from warming!

Gillett and Thompson, Science, 2003 

Model Observations

Simulated and observed changes in surface temperature (K) and wind speed,1969 to 2000,
 averaged over December to May. The longest wind vector corresponds to 4 m/s.

C
hange in Surface Tem

perature (K
)

As ozone depletion occurs:
      The positive phase of the southern annular mode (SAM) increases,
      causing Antarctic surface westerlies to intensify, resulting in cooling  
      of Antarctic continent
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The Ozone Hole may have shielded the Antarctic surface from warming!

Gillett and Thompson, Science, 2003 

Model Observations

As ozone depletion occurs:
      The positive phase of the southern annular mode (SAM) increases,
      causing Antarctic surface westerlies to intensify, resulting in cooling  
      of Antarctic continent

C
hange in Surface Tem

perature (K
)

SAM: difference in zonal mean sea-level pressure between 40°S and 65°S. 
The pattern associated with SAM is a nearly annular pattern with a large 

low pressure anomaly centered on the South Pole and a ring of high 
pressure anomalies at mid-latitudes.  The SAM effects storm tracks, 

precipitation patterns, etc.
                                                                     http://www.climate.be/textbook/chapter5_node6.html 

http://www.climate.be/textbook/chapter5_node6.html
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The Ozone Hole may have lead to increased ventilation
of CO2 from southern ocean

Lenton et al.,GRL, 2009 
As ozone depletion occurs:
           The positive phase of the southern annular mode (SAM) increases,
           causing Antarctic surface westerlies to intensify, resulting in  
           increased ventilation of CO2 from southern ocean
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Polar Ozone Depletion

Discovery of the ozone hole:

Farman et al., Large losses of total ozone in Antarctica
reveal seasonal ClOx/NOx interaction, Nature, 315, 207, 
1985.

Halley Bay (76°S)
October Mean

HALLEY BAY

Southern
Hemisphere
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POLAR  OZONE LOSS
• COLD TEMPERATURES   POLAR STRATOSPHERIC CLOUDS (PSCs)
• REACTIONS ON PSC SURFACES LEAD TO ELEVATED ClO 

    HCl + ClNO3  Cl2 (gas) + HNO3 (solid)
    ClNO3 + H2O HOCl + HNO3

    Cl2 + SUNLIGHT + O3  ClO
    HOCl + SUNLIGHT + O3  ClO
    HNO3 SEDIMENTS (PSCs fall due to gravity)

• ELEVATED ClO + SUNLIGHT DESTROYS O3
• BrO : REACTION PARTNER FOR ClO ⇒ ADDITIONAL O3 LOSS
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Airborne Antarctic Ozone Expedition: 
Punta Arenas, Chile,1987

Anderson et al., Science, 1991
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Total Column Ozone over Halley Bay, Antarctica in October

After Farman et al., Large losses of total ozone in Antarctica reveal
Seasonal ClOx/NOx interaction, Nature, 315, 207, 1985. Chlorine & bromine

in polar stratosphere,
largely due  to human activity

From Discovery of the Ozone Hole paper: Update:
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