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Total ozone in the regions of zonal maximum (left) and

minimum (right) at 65 S in September–November. Blue

curves present polynomial fit.

Total ozone in the high SH latitudes 

during spring



Climatology of total ozone poleward of 30 S for September–

November 1979–2014 from the 20th Century Reanalysis

V2C data (http://www.esrl.noaa.gov/psd/data/20thC_Rean/).

Zonal asymmetry in the SH total ozone: 

climatology

Zonal ozone minimum

Zonal ozone maximum



Zonal asymmetry in the SH total ozone: 

variability

65 S

Changes in zonal distribution of total ozone at 65 S 

(white circle on left plot) for September–November 

during 1979–2014.

2014



Zonal TOC minimum longitudes for September-November at

(left) 65 S with 3rd-order polynomial fit and (right) averaged

over 55-70 S with easternmost (westernmost) locations

outlined by solid (dashed) rectangle.

Zonal ozone minimum longitude: 

variability and decadal tendency



Changes in longitudes of quasi-stationary ozone minimum

and maximum in September–November 1979–2013 from

cubic polynomial fitting.

Geography of longitudinal shift in total 

ozone minimum/maximum location



 
Regression coefficient for ERA-Interim climatological anomalies of (a) surface

pressure (SP), (b) 2-m air temperature (T-2m), (c) 200-hPa zonal wind speed

(U200) and (d) 200-hPa vertical pressure wind speed W200 in September–

November 1979-2014.

Relationships between ozone minimum longitude 

and atmospheric variables. Regression.
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Relationships between ozone minimum longitude 

and atmospheric variables. Composites.

Anomaly composites 

for eastern (right) and 

western (left) locations 

of the ozone minimum 

show sign reversal in 

SAM and QSW3 

structures.

SAM

QSW3



(left) Surface pressure anomaly (X-axis) for grid box 1 (42.5 S, 65.0 E) against

QSWmin longitude (Y-axis). (b) Timeseries of the standardized SAM index

(orange) and the QSWmin longitude (black).

Square of correlation coefficient for linear regression (left) shows 57% of variance

in QSWmin longitude explained by regional surface pressure related to QSW3.

Relationships between ozone minimum longitude 

and atmospheric variables. Correlation.



Relationships between ozone minimum longitude 

and atmospheric variables. Correlation.
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Correlation between 

QSWmin longitude and air 

temperature averaged over 

midlatitude zone 40-60 S 

in longitude–height cross-

section, 1979-2014.

Correlation peaks show QSW1 

(QSW3) structure in the 

stratosphere (troposphere) 

coupled with QSWmin 

migrations. 

QSW1

QSW3



 

Relationships between ozone minimum longitude 

and atmospheric variables. Decadal change.

Correlation between QSWmin longitude 

at 65 S and tropospheric temperature 

(500 hPa) in five 14-year intervals.

QSW3 structure demonstrate sequential

eastward shift during the first 3 intervals 

(1979-2003) and sign of stopping and 

reverse shift in the 2 last intervals (1995-

2013). Such decadal evolution is 

consistent with longitudinal shift of 

QSWmin in Antarctic ozone.



Conclusions

1. Increasing ozone loss in the spring Antarctic stratosphere 

during 1980s–1990s has ceased in 2000s.

2. Accompanying change in zonal asymmetry of ozone hole –

eastward shift of ozone minimum – has also stopped.

3. It has been revealed that longitudinal migrations of the 

stationary ozone minimum is highly correlated with the SAM 

and QSW3 in the SH troposphere, however, decadal shift in 

ozone minimum is consistent with change in the tropospheric 

QSW3 structure only.

4. The results suggest existence of feedbacks between the spring 

Antarctic stratosphere and midlatitude SH troposphere: 

changes in zonal asymmetry of ozone-related heating in the 

lower stratosphere influence conditions of troposphere–

stratosphere interaction and quasi-stationary wave 

propagation. 


