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1. History of discovery

The SAOZ zenith-sky spectrometer for measuring total O3 & NO2, being 
installed at Faraday (65°S) by Derek Oldham in March 1990
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1. History of discovery
Midwinter Start to Antarctic Ozone Depletion: Evidence from Observations and Models
H. K. Roscoe,  Anna Jones,  Adrian Lee (Science 1997)
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2. Definition of edge region from dynamical
                                                                models 
• mixing in a fluid is enhanced by stretching and folding:
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• mixing in a fluid is enhanced by stretching and folding:

• this is quantified by “effective diffusivity” 
eff 

 

  (Nakamura 1996, Haynes  & Shuckburgh 2000) 

• it uses the enhancement of a tracer contour above
  its minimum possible length 
  (how convoluted a tracer contour has become) 

 where k is the actual diffusivity
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• mixing in a fluid is enhanced by stretching and folding:

• this is quantified by “effective diffusivity” 
eff 

 

  (Nakamura 1996, Haynes  & Shuckburgh 2000) 

• it uses the enhancement of a tracer contour above
  its minimum possible length 
  (how convoluted a tracer contour has become) 

 where k is the actual diffusivity

• for presentation purposes we sometimes use  
  “log-normalised equivalent length of effective diffusivity”:  Leq = ln

 



The edge region of the Antarctic stratospheric vortex 1

10

2. Definition of edge region from dynamical
                                                                models 

Midwinter Start to Antarctic Ozone Depletion: 
Evidence from Observations and Models
H. K. Roscoe,  Anna Jones,  Adrian Lee (Science 1997)
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3. Evidence for its existence from chemical
 models
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3. Evidence for its existence from chemical
 models
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4. Evidence for its existence from chemical
  measurements
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4. Evidence for its existence from chemical
  measurements

from MLS  
on UARS
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4. Evidence for its existence from chemical
  measurementsSouth Pole 1 July      1 Aug     1 Sept

                             

425 K

460 K

495 K

Chemically active & passive O3 from SLIMCAT model 
(lines), and O3 from sondes (points), in 2003

from QUOBI  
EC project
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4. Evidence for its existence from chemical
  measurementsSouth Pole 1 July      1 Aug     1 Sept

                             

425 K

460 K

495 K

Chemically active & passive O3 from SLIMCAT model 
(lines), and O3 from sondes (points), in 2003

Rothera (67°S)

•Syowa

from QUOBI  
EC project
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4. Evidence for its existence from chemical
  measurementsSouth Pole 1 July      1 Aug     1 Sept

                             

425 K

460 K

495 K

Marambio (64°S)

Chemically active & passive O3 from SLIMCAT model 
(lines), and O3 from sondes (points), in 2003

•Syowa

from QUOBI  
EC project
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4. Evidence for its existence from chemical
  measurementsSouth Pole 1 July      1 Aug     1 Sept

                             

425 K

460 K

495 K

Chemically active & passive O3 from SLIMCAT model 
(lines), and O3 from sondes (points), in 2003

Syowa (69°S)

•Syowa

from QUOBI  
EC project
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4. Evidence for its existence from chemical
  measurementsSouth Pole 1 July      1 Aug     1 Sept

                             

425 K

460 K

495 K

Chemically active & passive O3 from SLIMCAT model 
(lines), and O3 from sondes (points), in 2003

Belgrano (78°S)

•Syowa

from QUOBI  
EC project
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4. Evidence for its existence from chemical
  measurementsSouth Pole 1 July      1 Aug     1 Sept

                             

425 K

460 K

495 K

Chemically active & passive O3 from SLIMCAT model 
(lines), and O3 from sondes (points), in 2003

Rothera (67°S)

from QUOBI  
EC project

•Syowa
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from VORCORE 
project

5. Evidence from dynamical measurements
 (balloons)
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from VORCORE 
project

5. Evidence from dynamical measurements
 (balloons)

Top: 
Height (potential temperature) 
of the balloon launched on 
20 September  2005

Bottom: 

Colours: effective diffusivity at 
the height of the balloon

White: location of the balloon,  
in PV-equivalent latitude
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from VORCORE 
project

Problem: the calculation of PV-equivalent latitude of the balloon is wrong
- probably because of the poor vertical and horizontal resolution of the 

model used 
Also: the balloon is rather low for a well defined edge region, particularly at the start

5. Evidence from dynamical measurements
 (balloons)

Top: 
Height (potential temperature) 
of the balloon launched on 
20 September  2005

Bottom: 

Colours: effective diffusivity at 
the height of the balloon

White: location of the balloon,  
in PV-equivalent latitude
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from VORCORE 
project

Problem: the calculation of PV-equivalent latitude of the balloon is wrong
- probably because of the poor vertical and horizontal resolution of the 

model used 
Also: the balloon is rather low for a well defined edge region, particularly at the start

5. Evidence from dynamical measurements
 (balloons)

Contours of 50˚, 60˚ and 70˚ 
equivalent latitude,
at 395K (red), 530K (blue) 
and interpolated to balloon 
level (black). 

Contours  at T106 resolution

*   location of the balloon
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from VORCORE 
project

Problem: the calculation of PV-equivalent latitude of the balloon is wrong
- probably because of the poor vertical and horizontal resolution of the 

model used 
Also: the balloon is rather low for a well defined edge region, particularly at the start

5. Evidence from dynamical measurements
 (balloons)

Contours  at T213 resolution

Contours of 50˚, 60˚ and 70˚ 
equivalent latitude,
at 395K (red), 530K (blue) 
and interpolated to balloon 
level (black). 

Contours  at T106 resolution

*   location of the balloon
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6. Why is it important?
It should allow climate and 
chemistry to interact, delaying 
the recovery of the ozone hole
  



The edge region of the Antarctic stratospheric vortex 1

31

6. Why is it important?
It should allow climate and 
chemistry to interact, delaying 
the recovery of the ozone hole
 • increased greenhouse gases (CO2, 
stratospheric H2O) & reduced O3 are 
cooling the stratosphere

 • about 2 K globally since 1980
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Monthly-mean zonal-mean T at 550 K 
(from met. analyses, Bodeker et al. 2002)
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6. Why is it important?
It should allow climate and 
chemistry to interact, delaying 
the recovery of the ozone hole
 • increased greenhouse gases (CO2, 
stratospheric H2O) & reduced O3 are 
cooling the stratosphere

 • about 2 K globally since 1980

 • a colder stratosphere will increase 
ozone loss in the edge region by 
forming more PSCs

 • the vortex core is full of PSCs in 
winter, so there would be no effect on 
ozone loss if the core mixed with the 
edge region

 
Monthly-mean zonal-mean T at 550 K 
(from met. analyses, Bodeker et al. 2002)
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stratospheric H2O) & reduced O3 are 
cooling the stratosphere

 • about 2 K globally since 1980

 • a colder stratosphere will increase 
ozone loss in the edge region by 
forming more PSCs

 • the vortex core is full of PSCs in 
winter, so there would be no effect on 
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edge region

 

Ratio of ozone loss with different Cly & T 
to ozone loss in the model’s control run. 
Equiv lat  60-65°S at 480 K in mid-Oct 96
(Lee, Roscoe et al. 2001)

                   Cly (ppbv)



The edge region of the Antarctic stratospheric vortex 1

35

6. Why is it important?
Is the ozone 
hole getting 
bigger 
despite the 
maximum 
in Cly in 
the 1990s?
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• Strong evidence for existence from calculated effective diffusivity
- area equal to the vortex core, unmixed with core for most of the spring

• Strong evidence for existence from chemical models with prescribed transport 

• Strong evidence for existence from measurements 
- of HNO3 by MLS on UARS satellite
- of O3 by sondes on balloons (QUOBI project)

  - but not yet from trajectories of super-pressure balloons (VORCORE 
project)
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• Strong evidence for existence from calculated effective diffusivity
- area equal to the vortex core, unmixed with core for most of the spring

• Strong evidence for existence from chemical models with prescribed transport 

• Strong evidence for existence from measurements 
- of HNO3 by MLS on UARS satellite
- of O3 by sondes on balloons (QUOBI project)

  - but not yet from trajectories of super-pressure balloons (VORCORE 
project)

 • Importance: allows a climate-chemistry interaction
- colder stratosphere should increase ozone loss despite less Cly
- may delay the expected recovery of the ozone hole

 • Is the ozone hole still growing despite no increase in Cly?
- possibly, yes
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- area equal to the vortex core, unmixed with core for most of the spring

• Strong evidence for existence from chemical models with prescribed transport 

• Strong evidence for existence from measurements 
- of HNO3 by MLS on UARS satellite
- of O3 by sondes on balloons (QUOBI project)

  - but not yet from trajectories of super-pressure balloons (VORCORE 
project)

 • Importance: allows a climate-chemistry interaction
- colder stratosphere should increase ozone loss despite less Cly
- may delay the expected recovery of the ozone hole

 • Is the ozone hole still growing despite no increase in Cly?
- possibly, yes

The end
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