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Antarctic Ozone Hole 2007
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Evolution of the
Ozone Hole
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Inter-Annual Variability in Ozone Loss

Ozone Loss w.r.t. 220 DU in the Southern Hemisphere
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The Antarctic Ozone Hole;
How Does it Form?

Mesosphere

* Recipe for enhanced ozone loss...

— A cold and stable atmosphere: The Weather
Antarctic Polar Vortex

Balloon

— Ultraviolet light to break-down
chlorofluorocarbons into ‘passive’ halogen
compounds (hydrochloric acid, hydrogen
bromide).

— Chemical reactions on icy particles to
create ‘active’ halogen compounds
(chlorine monoxide, bromine monoxide).

— Sunlight to release chlorine and bromine,
which react with ozone in a catalytic cycle
that can be impeded by nitrogen dioxide.




Stratospheric Temperatures

(~16km altitude, lower stratosphere)
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UKMO Temperature 2007 Sep 12 12UT, 46.4hPa (20.3km)
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Nacreous (Polar Stratospheric) Clouds

Visual Observations at Mawson, Antarctica

Renae Baker 27 Jul 2006



Height (km)

Polar Stratospheric Clouds

Lidar Measurements at Davis, Antarctica
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Ozone Hole and Ultraviolet Radiation

Erythemal UV index Clear-sky
SCIAMACHY - KNMI/ESA 22 November 2006
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Future Outlook

o Stratospheric Ozone Depleting
Substances (ODS) declining

 Recovery by ~2060, influenced by
climate change and ODS mitigation

e Next 5-10 years: variation in Ozone Hole
size dictated by meteorology

Thanks to the Australian Ozone Science Group,
and thank you for listening!
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Ozone Depletion, Ozone Depleting Substances &
| their Replacements: Roles in Climate Change

Paul Fraser & Paul Krummel
Centre for Australian Weather & Climate Research
CSIRO Marine & Atmospheric Research

Australian Government
Bureau of Meteorology



Ozone Depleting Substances & the Montreal Protocol

WWW.CSiro.au
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" the Montreal Protocol is a major ‘success story’

" stratospheric ‘chlorine’ (=EESC) peaked mid-1990s

¥ all ODSs now declining

biggest contributors to decline: methyl chloroform and methyl bromide (short-lived ODSS)
except HCFCs (3% of stratospheric chlorine, growing at 4%/yr) & halons (stopped growing)
" stratospheric ‘chlorine’ now declining by 0.8% per year

" should return to 1980 levels (when ozone losses became significant) by 2040 {mnb
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Stratospheric ‘chlorine’ & impact on Antarctic ozone
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Climate impact of Montreal & Kyoto Protocol synthetic gases
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® MP (CFCs etc) and KP (HFCs etc) synthetics are important GHGs
" how important? - radiative forcing compares of the climate impact of GHGs
" since pre-industrial times (1750)

© CO;,-63%, CHy — 18%, N,O — 6%

"~ MP & KP synthetics — 13%

® in addition to protecting ozone, the Montreal Protocol is an important climate
change agreement ‘“m’

CSIRO




Total climate impact: MP & KP synthetics & stratospheric ozone changes

WWW.CSiro.au

0.4 I | : | |
Kyoto synthetics e

03+ (HFCs, PFCs, SFg) - I
& CH,CCls, CCl4 i
g 0.2 HCFCs B
e
s 01F )
L
2
©
:-g 00 e e
n'd

stratospheric ozone
01F
0.2 ' | | ! .
1D 1960 1980 2000 2020 2040

radiative forcing due to MP & KP synthetics grew strongly until 1990, now peaked

will decline until 2030, then grow again in 2040 (MP decreases v. KP increases)

45% of climate impact of MP & KP synthetics negated by stratospheric O3 changes

taking O3 changes into account, net radiative forcing static until 2030, then starts to grow again
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Climate change impacts on ozone: coupled chemistry-climate models

(WMO 2007)
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Conclusions

WWW.CSiro.au

" Montreal & Kyoto Protocol synthetics (CFCs, HFCs etc) have accounted for
about 13% of climate change since pre-industrial times

® the climate impact MP & KP synthetics grew strongly until 1990, now peaked
(MP decline v. KP increase)...

% ...and almost half (45%) of climate impact of MP/KP synthetics negated by
stratospheric ozone changes

" however, the climate impact of KP synthetics will grow strongly after 2040,
when MP synthetics have declined and ozone depletion has ceased

" stratospheric ‘chlorine’ now declining by 0.8% per year, will return to 1980
levels by 2040: however ozone recovery may be impacted by climate change
® mid-latitude ozone changes

ODS only: O3 recovery possible by 2040
ODS + GHGs: O3 recovery possible 10-15 years earlier (i.e. as early as 2025)
if correct, we are more than half way down the path to ozone recovery

® polar ozone changes
Oz recovery by 2060, GHGs have no significant impact ‘mn'
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Global methyl bromide: latest results
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Global methane: on the rise again
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CSIRO Marine & Atmospheric Research
Dr Paul Fraser

Phone: +61 3 9239 4613
Email: paul.fraser@csiro.au
Web: www.csiro.au/people/is37.html

Thank you

Contact Us
Phone: 1300 363 400 or +61 3 9545 2176
Email: enquiries@csiro.au Web: www.csiro.au CSIRO
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Stratospheric ozone depletion and
Australian climate change

Prof David Karoly, University of Melbourne

Summary

« Ozone depletion has played a role in recent Australian climate
change, together with increasing greenhouse gases

* There will be competing influences from ozone recovery and
Increasing greenhouse gases on future climate change

» Australia does not have a world-class capability to model
stratospheric ozone and its influences on Australian climate

2iger [HE UNIVERSITY OF
B)e MELBOURNE




Southern Hemisphere storm track

 The Southern Hemisphere has a band of strong westerly
winds from 45 - 65°S from the surface into the stratosphere
(where it Is called the polar vortex)

e This Is associated with the main storm track, with weather
systems that bring rain to southern Australia

JJA wind vectors

NCE ]'-‘—11;}}";4['} S image



Southern Hemisphere annular mode

« Variations of the strength and location of the westerly jet and
storm track are the dominant mode of variability of the SH
high latitude circulation, called the SH annular mode (SAM)

« The SAM involves variations of the strength of the polar
vortex near 60°S, opposite variations of pressure between
middle and high latitudes, and shifts in the storm track

Pressure variations due to the SAM

Correlation of SAM variations with rainfall
0 From Cai et al. (2003)
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Trends over Antarctica

Response to ozone forcing?

30-year (1969-98) linear trends in temperature and height
averaged over Antarctica (from Thompson and Solomon, 2002)

Temperature trends
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Trends over Antarctica

Variations in SH high
latitudes in the
stratosphere and
troposphere (from
Thompson and
Solomon, 2002)

nits

November Ozone

Dobson U

November Z5,
Gillett and Thompson

(2003) show that the
modelled SH high
latitude response to
Antarctic ozone
depletion is very
similar to observed.
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Pressure changes due to CO, forcing or ozone forcing in
Hadley Centre climate models (from Gillett et al, 2002)

HadSM3-L19
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Projections of climate change

Ensemble mean multi-model climate change projections for
Dec-Feb for 2080-99 from IPCC ARA4.

Models include increasing greenhouse gases and aerosoils.
Some models also include projected ozone changes
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From IPCC AR4 (2007)
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Projections of climate change

The observed increasing trend in the SAM is simulated better
In models that include both increasing greenhouse gases and
stratospheric ozone depletion.

The largest differences in SAM variations are from 1990 to
2010, the period of lowest Antarctic ozone.

SH (Nov.—Feb.) Multi—Model Annular Index

From Miller et al. (2006)
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Competing influences

Future greenhouse gases and ozone Model NDJE SAM for
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Modelling ozone-climate interactions

The Australian climate model simulations used in the
IPCC AR4 did not include ozone depletion

Centre for Australian Weather and Climate Research
(CAWCR), together with Australian university
groups, Is developing the next generation Australian
climate model, ACCESS (Australian Community
Climate and Earth System Simulator)

A long-term goal (beyond 2010) is for ACCESS to
simulate coupled ozone-climate interactions

Inadequate resources are available for coupled
ozone-climate modelling




Summary

 Ozone depletion has played a role in recent
Southern Hemisphere climate change, together with
Increasing greenhouse gases, contributing to a
southward shift of the storm track and rainfall
decreases in southern Australia

* There will be competing influences from ozone
recovery and increasing greenhouse gases on future
climate change

« Australia does not have a world-class capability to
model stratospheric ozone and its influences on
Australian climate
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