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Annual Mean Total Column Ozone 
ÅLongest measurements have been at Arosa, Switzerland, since 1927 

ÅThe Arosa data (black line) are very similar to the annual mean area-
weighted total ozone deviation from the 1964-1980 means for northern 
mid-latitudes (30oN-60oN) (dashed gray line, blue data points) (WMO 
Scientific Assessment of Ozone Depletion, 2010) 

ÅAnthropogenic tropospheric chlorine (green line) depleted ozone ~3% (Solomon, 1999) 

ÅLong-term depletion of ozone was synchronous with 

ïCooling of lower stratosphere ~2oC (purple line)  

ïIncrease in annual mean height of the troposphere by ~160 m 

ïWarming of the upper troposphere ~0.1oC 

ïIncrease in mean surface temperatures ~0.5oC 

ïIncrease in ocean heat content (dashed red line) 

ÅSimilarly for Icelandic basaltic volcanoes Eyjafjallajökull (2010) and Grímsvötn 
(2011) and most earlier eruptions 

ÅEruption of Pinatubo increased ozone 2% in 1991 , but decreased it 8% in 1992 
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Ozone Increase Before Eyjafjallajökull Eruption 

ÅOzone increased on February 19-26, 
2010, just as surface deformation 
and earthquakes showed magma 
started moving up from 4-6 km depth 

ÅFlank eruption began March 20 

Total column ozone for Feb 19, 2010 Mean deviation Feb 20-28, 2010 
from 1978-1988 means 
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Eyjafjallajökull Eyjafjallajökull 

ÅSummit eruption began April 14 
ÅMagma is in a reductive state so it is 

unlike to contain ozone 
ÅSource of the ozone is not clear 
ÅSimilar before Pinatubo but less direct 

due to the Brewer-Dobson circulation  Base figure from Sigmundsson et al., Nature 468:426,2010 

Environment Canada. Archive of world ozone maps 
exp-studies.tor.ec.gc.ca/clf2/e/ozoneworld.html 

Video https://www.youtube.com/watch?v=wJFZcPEfoR4 
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Ozone Column Is Always Varying Each January first 5 
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ÅάCǊƻƳ the time of Dobson's early measurements in 
the 1920s, it has been known that the total ozone 
amount undergoes large day-to-Řŀȅ ŦƭǳŎǘǳŀǘƛƻƴǎέ 
(Reed, 1950) in the mid to high latitudes where the 
Brewer-Dobson circulation brings stratospheric 
ozone formed mostly in the tropics down into the 
lower stratosphere and upper troposphere 

Å There is a strong correlation between column ozone and meteorological conditions such 
as atmospheric and surface temperatures and the resulting depth and location of 
surface pressure highs and lows (Fioletov, 2008) 

Å Very small amounts of ozone are important because the photodissociation of ozone 
and its recombination are catalytic processes that typically occur over and over, 
converting electromagnetic energy into temperature while not necessarily changing the 
amount of ozone 

Photodissociation of Ozone Warms the Atmosphere 

Å Depletion of ozone moves this warming from the lower 
stratosphere down into the troposphere and to Earth 

Brewer-Dobson circulation 
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NASA 

Å Photodissociation is the most effective way to convert electromagnetic radiation into 
temperature because all of the energy absorbed to break a molecular bond is converted 
into translational kinetic energy of the two separating atoms or molecules and, 
according to the kinetic theory of gases, the temperature of a gas is equal to the average 
translational kinetic energy of all of its atoms and molecules times a constant 



The Ozone Column Determines How Much 
Solar Ultraviolet Energy Reaches Earth 

ÅUV with wavelength <242 nm photodissociates oxygen 

ÅUV with wavelength <340 nm photodissociates ozone 

ÅActinic flux (AF) shows how much of these wavelength are 
filtered out in the stratosphere  

ÅPhotodissociation heats the stratosphere efficiently 

ÅA 30% decrease in ozone column allows an increase in solar 
flux of 1 W m-2 in a narrow wave band (red shaded area) to 
reach Earth for 
overhead sun 
and 0.28 W m-2 
for solar zenith 
angle of 70o 
(Madronich, 
1993) 
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