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® Annual Mean Total Column Ozone

ALongest measurements have been at Arosa, Switzerland, since 1927

AThe Arosa data (black line) arery similar to the annual mean area
weighted total ozone deviation from the 194980 means for northern
mid-latitudes (3ON-60°N) (dashed gray line, blue data pon(g8VMO
Scientific Assessment of Ozone Depletion, 2010)

A Anthropogenic tropospheric chlorine (green line) depleted ozor#é £3olomon, 1999)

A Eruption of Pinatubo increased ozone 2% in 1991 , but decreased it 8% in 1992

ASimilarly for Icelandic basaltic volcanoes Eyjafjallajokull (2010) and Grimsvotr
(2011) and most earlier eruptions

ALongterm depletion of ozonavassynchronous with
I Cooling of lower stratosphere 2@ purple line)
I Increase in annual mean height of the troposphere by ~1h60
I Warming of the upper troposphere ~0Q
I Increase in mean surface temperatures Q.5
I Increase in ocean heat content (dashed red line)



@ Ozone Increase Before Eyjafjallajokull Eruptic

Total column ozone for Feb 19, 2010 Mean deviation Feb 208, 2010
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Envwonment CanadaArchlve of World ozonenaps

Aozone Increased on February_Ze exp-studies.tor.ec.gc.ca/clf2/e/ozoneworld.html
2010,JUSt as Surface deforma’uon Videohttps://www.youtube.com/watch?v=wJFZcPEfoR4
and earthquakes showed magma  « | - i
started moving up from 4 km depth=p-#=---------- ool |-

AFlank eruption began March 20 ¢ ! :
ASummit eruption began April 14 | olus ol g s
AMagma is in a reductive state so it |§ : f# st el
unlike to contain ozone ; m/’ 9L
ASource othe ozone is not clear o] Al b FLOPE
ASimilar before Pinatubo but leglirect =5+ = —aE—i—

Month in 2009 Month in 2010

dueto the BrewerDobsoncirculation Base figure fromSigmundssoret al., Nature 468:426,2010
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@Ozone Column Is Always Varylngach January fis

Total ozone (DU)/Ozone total (UD) 2005/01/01 Total ozone (DU) /Ozone fotal (UD) 2006/01/01

Total ozone (DU) / Ozone fotal (UD) 2004/01/01
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(6) Photodissociation of Ozone Warms the Atmosphe

A Photodissociation is the most effective way to convert electromagnetic radiation into
temperature because all of thenergyabsorbed 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 aver
translational kinetic energy of all of its atoms and molecules timasnatant

A Depletion of 0zone moves this warming from the lower BrewerDobson circulation
Nimbus-7 SBUV 1980-89 ozone (DU/km) .

stratosphere down into the troposphere and Earth 4

A & C NeYtime of Dobson's earljneasurementsn
the 1920sjt has been known that the total ozone
amount undergoes large dag-R I @ F £ dzO
(Reed, 1950in the mid to high latitudesvherethe
BrewerDobson circulation bringstratospheric
ozone formed mostly in the tropics down into the
lower stratosphere and upper troposphere

Pressure (hPa)

Latitude
A Thereis a strong correlation between column ozone and meteorologicatiitions such

asatmospheric and surface temperatures and the resulting depth and location of
surface pressure highs atalvs Fioletoy 2008)

A Verysmall 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 tt
amount ofozone



@ The Ozone Column Determines How Mucl
Solar Ultraviolet Energy Reaches Earth

Ozone concentration (mol I/m3 * 1014)

AUV with wavelength <242 nm photodissociates oxygen '™ T;ZL;’Z?;:;W’
AUV with wavelength <340 nm photodissociates ozone :\:\ S |
APhotodissociation heats the stratosphere efficiently e \\\\ "
AActinic flux (AF) shows how much of these wavelength arg-} \> F
filtered out in the stratosphere ::_ ~L N | [E
. . e R
AA 30% decrease in ozone column allows an increase in solar_ { _—=—=1"
flux of 1 W n?in a narrow wave ban¢ted shaded aréato 1 _C=r T\,
reach Earth for T remperret
overheadsun
and 0.28W m2
for solar zenith
angle of 70
(Madronich,

1993)



