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DOBSON UNITS

Seasonal & Latitudinal Variations of Atmospheric Ozone (Dobson, 1968)
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1971: James Lovelock measures CFC-11 in the Northern and
Southern Hemispheres
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Distribution of CCIsF in and over the North and South Atlantic Ocean

©, Aerial concentrations (x 10™) by volume
J. LOVELOCK ET AL. NATURE. 1€
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COMMON TROPOSPHERIC SINKS
SOLAR PHOTOLYSIS

Cl + light > Cl + Cl
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RAINOUT .
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HCl + raindrop =2 l
OXIDATION

CH3Cl + HO - H20 + CH2Cl




The break-up of Chlorofluorocarbons in the Stratosphere,
producing chlorine

CCI,F + UV light — Cl + CC\,F

CCLF, + UV light— Cl + CCIF,




Chlorine from CFC’s destroys Ozone in the Stratosphere

Cl + O,—CIO + O,

CO+0— Cl+0,
sum: O+0,— O,+ 0,




Mario J. Molina & F. S. Rowland

Department of Chemistry, University of California, Irvine, California 92664

Chlorofluoromethanes are being added to the
environment in steadily increasing amounts.
These compounds are chemically inert and may
remain in the atmosphere for 40-150 years, and
concentrations can be expected to reach 10 to 30
times present levels. Photodissociation of the
chlorofluoromethanes in the stratosphere
produces significant amounts of chlorine atoms,
and leads to the destruction of atmospheric ozone.
Nature, June 28, 1974



The ozone problem

e O; absorbs the sun’s
UVC rays and most of
the UVB rays

« Depletion of O; means A
more UVB reaching the
ground

e More UVB means more
skin cancer uve

uve

Ozone
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Calculated vertical profile for CCI4F, 30°N
Rowland & Molina, Rev. Geophys. Space Phys., 1975
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Measurements confirm predictions that CFC'’s,

a) reach the Stratosphere, b) are decomposed there
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NAS Reports

September 1976




September 13, 1976
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The Antarctic Ozone Hole

Observations made by Chubachi at the

Japanese Antarctic station in Syowa and
by Farman and co-workers at the British
Antarctic station at Halley Bay showed a
dramatic decrease of 50% or more in the
springtime (October) ozone column.

Mean October ozone at Halley
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TOMS/NIMBUS-7 TOTAL OZONE
SOUTHERN HEMISPHERE
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TOMS/NIMBUS-7 TOTAL OZONE
SOUTHERN HEMISPHERE
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TOMS/NIMBUS-7 TOTAL OZONE
SOUTHERN HEMISPHERE
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H,O + CIONO, — HOCI + HNO,
HCI + CIONO, — Cl, + HNO,



Altitude (Km)

Antarctic CIO (deZafra & P. Solomon 1987)
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Atmospheric Chlorine

0
1975 1985 1905 2006 2015 2026 2035 2045 2055 2066 2075




DIFFERENCE

%

-10

OZONE CHANGE AT AROSA
1970 -1988 MINUS 1931-1969

—

_¢¢;‘L%
P W

—

nn

J ASQNDJFMAMJ
MONTH



PERCENT DIFFERENCE
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NASA's Ozone -Trend Panel
(March 1988)

50% total ozone depletion over Antarctic in
October 1987

Record losses outside the "hole"
Longer-lived hole - December 1987
Year-round effect, 95% of 1979 levels
Chlorofluorocarbons primarily responsible




The 2006 Science Assessment Qw\&

* Worldwide effort involving >300 scientists as Cochairs, Lead
Authors, Coauthors, Contributors, and Reviewers

- MOST OF YOU ARE/WERE INVOLVED

* Now delivered to the Parties in response to their request (Terms of
Reference, 15th MOP, Decision XV/53, November 2003)

» Fully reviewed three times by the international scientific
community

e |sthe 6th in the series of the SAP’s assessments for the Parties

SCIENTIFIC ASSESSMENT OF
a2
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Global Ozone Observations \

Ozone Change (DU)
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There are early signs that the ozone layer is starting its expected
recovery.

A clear statement on recovery would “require” having a clear
decrease in ozone AND

Attribution of changes to all contributors...

Coupling and non-linearity...



Ozone Hole October 8, 2005

Punta Arenas 156 D.U.

Ushuaia 161 D.U Halley Bay 113 D.U.







USHUAIA, ARGENTINA (55<5)
AUSTRAL SPRING 1991
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UV WAVELENGTH, NANOMETERS

Surface UV-B intensities on 4 different days
BIOSPHERIC INSTRUMENTS, INC.



Maximum daily UV Index
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Seasonal Changes in the UV Index
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Palmer, Antarctica (64 S)
San Diego, California (32 N)
Barrow, Alaska (71 N)

Winter Spring

Summer F all



280F 1 r =] f

240

CFC-11 (ppt)
N
=

2

CFC-11 (ppt)

I . : :19‘96: i :20'005 :
1980 1988 1996 2004
Time

2004 :

Concentration of CCI,F (CFC-11) vs. time. Units parts per 102
Northern Hemisphere (blue), Global (green), Southern Hemisphere (red).
Dutton et al., NOAA/CMDL
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Concentration of CClyF; (CFC-12) vs. time. Units parts per 1012,
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Dutton et al., NOAA/CMDL



Global Temperature: Land-Ocean Index
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CO2 CONCENTRATION, (PPM)
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Dots: Mauna Loa Observatory, Hawaii, and South Pole, Antarctica
Monthly Average Carbon Dioxide Concentration
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IPCC

Global Mean Radiative Forcing of Climate for year 2000 relative to 1750
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Surface Air Warming ('F)
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Source: GFDL R15 Climate Model; CO; transient experiments, years 401-500.
Office of Science and Technology Policy




Dead Spruce, Kenai peninsula

4,000,000 acres (16, OOO
s.km.)

killed by Spruce Bark’ Beetle

Failure to “winter kill” V\_(}_F_I_;th.- |

NATIONALGEOGRAPHIC MAGAZINE SEPTEMBER 2004







KWh

Regulations and fiscal policies can make a difference

Total Electricity Use, per capita, 1960 - 2001
kWh
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