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At 25 km (20 hPa) ozone concentration is about  15 parts per million

OZONE



All UV-C and most UV-B are absorbed by ozone and oxygen. 
UV-A is not absorbed by ozone  



British Antarctic 
Survey

https://legacy.bas.ac.uk/met/jds/ozone/index.html

A big surprise in 

the 1980s

Why didn’t the 

satellite detect it 

at first?

What was going 

on?

https://legacy.bas.ac.uk/met/jds/ozone/index.html


In fact, the satellite data did show the decrease, but the low values were 

attributed to an instrument error.



Could chlorofluorocarbons be the culprit?
One chlorine atom can attack ozone many times over.
However, that reaction seemed too slow to account for such rapid 
removal of the ozone



Susan Solomon 

suggested that polar 

stratospheric clouds 

could be a catalyst 

for the destruction of 

ozone.

Polar stratospheric 

clouds only form at 

very cold 

temperatures (colder 

than -780 C)





https://www.cpc.ncep.noaa.gov/products/stratosph
ere/strat_a_f/#emct





https://earth.nullschool.net/#current/wind/isobaric/70hPa/overlay=temp/ortho

graphic=-199.69,-85.12,281/loc=-168.231,-87.267





Animation of what the ozone “hole” looks like.

https://gml.noaa.gov/dv/spo_oz/movies/index.html





https://gml.noaa.gov/dv/iadv/graph.php?code=SPO&program=ozwv&type=vp





https://ozonewatch.gsfc.nasa.gov/meteorology/SH.html

•NASA Paul A. Newman                Ozone hole area:  ozone is less than 220 DU  





10 October 2021

https://ozonewatch.gsfc.nasa.gov/monthly/SH.html



https://www.cpc.ncep.noaa.gov/products/stratosphere/polar/polar.shtml





https://www.cpc.ncep.noaa.gov/products/stratosphere/polar/gif_files/vtx_sh.png



https://www.cpc.ncep.noaa.gov/products/stratosphere/polar/gif_files/psc_sh.png

The area of the Antarctic stratosphere with temperatures below -78 oC where 

ozone could be destroyed on the polar stratospheric clouds (PSC)



https://www.cpc.ncep.noaa.gov/products/stratosphere/polar/gif_files

/ozone_hole_2022.png



https://www.cpc.ncep.noaa.gov/products/stratosphere/polar/gif_files/ozone_hole

_plot.png



https://ozonewatch.gsfc.nasa.gov/meteorology/figures/ozone/to3mins

_2022_toms+omi+omps.pdf
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UNEP video (about 16 minutes)

https://www.youtube.com/watch?v=AU0eNa4GrgU

Excellent   Centre for Research into Atmospheric  Chemistry (CRAC)  

University College, Cork, Ireland About 26 minutes , produced in 1995.

https://www.youtube.com/watch?v=Ll_TR7C4xr4
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https://www.youtube.com/watch?v=CvcvMkFGBi8

https://ozonewatch.gsfc.nasa.gov/meteorology/SH.html

PSC chemistry

http://www.theozonehole.com/psc.htm

https://www.ozonelayer.noaa.gov/data/antarctic.htm

http://www.theozonehole.org/ozonehole2022.htm
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https://www.ozonelayer.noaa.gov/data/antarctic.htm


What about the  Arctic? Is there an 
ozone hole there?

There have been a few cases – winter 
2004,  2011 and 2020

Generally the polar vortex is not so 
strong and breaks up earlier (due to the 
stronger wave patterns in the northern 
hemisphere).

Cooling of the Arctic stratosphere with 
increased greenhouse gases could make 
an Arctic ozone hole more likely. 

There have also been small ozone holes 
over the Tibetan plateau.



Is there any impact on our weather, or vice versa? 

Still an area of research – but it is possible that the ozone hole 
has caused the dominant westerly jet stream in the mid-
latitudes to move toward the pole, with an accompanying shift 
in precipitation patterns associated with the mid- to high 
latitudes. 
https://www.earth.columbia.edu/articles/view/2802

There seems to be a connection between positive Indian 
Ocean Dipole and Sudden Stratospheric Warmings in the 
southern hemisphere (although there are only two cases –
2002 and 2019)

Interestingly, the last three years have been La Niña years and 
the ozone hole has been relatively deep and prolonged.

https://www.earth.columbia.edu/articles/view/2802


https://www.abc.net.au/news/2022-10-23/antarctic-winds-drive-rain-

south-east-australian-flood/101537816





Is there a connection between the “ozone hole” and 
greenhouse warming?
They are quite different processes but there is some overlap:

Two factors that lead to a cooler stratosphere and accentuate the ozone hole
• Loss of heating from ozone in the stratosphere
• Greenhouse reduction of outgoing long wave radiation leads to cooling of 

the stratosphere.   

The chlorofluorocarbons were strong greenhouse gases so eliminating them 
and their replacements reduces that source of heating

Reduced ozone causes the stratosphere to absorb less solar radiation, thus 
cooling the stratosphere while warming the troposphere; the resulting 
colder stratosphere emits less long-wave radiation downward, thus cooling 
the troposphere. 

Overall, the cooling dominates.

Because ozone is a greenhouse gas ozone pollution does tend to warm the 
atmosphere. 



Because:

• We live on a spherical planet where the incoming energy from the 

sun is greater in the tropics than in the polar areas

• We have an atmosphere and ocean which try to even out the 

energy imbalance

• We live on a rotating planet that complicates the work of the 

atmosphere and ocean by deflecting winds (and currents) that 

develop. (Coriolis Force)

• Land and ocean, mountain ranges and different types of surface 

add their own effects.  



Forecasting the Weather

A bit like a consultation with your doctor:

• First step is diagnosis

• Then prognosis and treatment.

In weather forecasting the first step is to analyse the weather 

now, and then to make a forecast. The “weather map” is one 

of the results from the analysis stage.

The method of making a forecast will depend on factors such 

as:

• What element are you interested in?

• How far ahead do you need a forecast?



• Where are you?

• How far ahead are you interested?

• Who are you and what do you want to do?
• planning a picnic … today,  … or next week
• Going for a camping trip … in the high country
• Sailing on Port Phillip  … or in Bass Strait….
• An aircraft pilot making a long flight
• Fighting a bushfire
• A farmer deciding what to plant and when
• An astronomer looking for clear skies ….
• A gardener worried about frost
• …...

• What weather elements are most important? 

Forecasting the Weather



T rain cloud wind RH Pheno
mena

How far 
out?

You

Sailor

Farmer

Firefighter

Aircraft 
Pilot



Imagine we are just interested in the general weather for 

tomorrow?   What techniques could we use?

Persistence

Assume tomorrow’s weather will be the same as today’s

Climatology

Assume that the weather will be typical for the time of year 

for the location you are interested in

This could include the daily trend and regular features such 

as a sea breeze.

Rules of thumb or local knowledge

e.g. . rings around the moon are a sign of rain to come

. red sky at night, shepherd’s delight, …

. it’s always 40 degrees on Christmas Day

. the sea breeze will come in when the cloud clears.





Darwin Post Office – average number of days with rain > 1mm 1869 to 1962



Extrapolation 
. Watching the upstream weather

e.g. Melbourne will have tomorrow what Adelaide had today.
. A useful technique for short-term forecasts based on radar  

or satellite images.

Creating a forecast weather chart
Move the weather features on the synoptic chart at the rate at 
which they have been moving
Look at the pressure changes and project the pressure changes 
and apply them to the weather chart 

Analogue

Find a past weather chart similar to today’s and use the 

weather that happened on that occasion



Looking for some underlying cause

e.g. sunspots, sea surface temperature patterns

Statistical techniques

Seasonal forecasts are mainly statistical – correlations sea 

surface temperature patterns.

Numerical (Computer ) Weather Prediction

Using a computer to analyse the current weather and use 

equations to predict the weather ahead.

No one method is the best all the time.

All techniques have their appropriate time and place, 

and method of use.  


