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The movement of the winds encircling Antarctica can impact SH climate 



Life cycle of the SH stratospheric jet (polar vortex)

SH stratospheric westerly jet starts developing 
in autumn and peaks in winter in the latitude 
band of 40-50°S at the stratopause (~ 1 hPa; 
50km)

In spring, the jet becomes weaker and is 
disturbed by large-scale atmospheric waves 
propagating vertically from the lower 
stratosphere/upper troposphere   
🡪 further weakens and warms the vortex, 
causing it to contract towards the pole and 
move downward

The stratospheric polar vortex completely 
breaks down in the upper to mid- 
stratosphere by late Nov to early Dec

Climatological zonal-mean zonal winds [U]

South Pole                   Eq.
The seasonal evolution of the polar vortex sometimes happens faster than normal (anomalous 
spring polar vortex warming & weakening & earlier vortex breakdown) & at other times slower than 
usual  (anomalous spring polar vortex cooling & persistent winds & delayed vortex breakdown)



Typical dynamical evolution of unusually strong spring polar vortices

An equatorward shift of the 
winter stratospheric jet

The meridional dipole anomalies 
of the jet move poleward and 
downward with time, leading to a 
stronger and colder polar vortex 
in spring 

Slower evolution of the polar vortex

The spring vortex anomalies move  
further downward 🡪 a poleward 
shift of the tropospheric jet (i.e., 
positive SAM)  in mid-spring and 
summer Positive SAM – leading mode of the SH 

extratropical circulation variability



Lim et al 2021

A sudden polar vortex weakening in 2019 => 

Antarctic polar vortex weakening 🡪 Australian heat, dry and fire danger extremes



Zonal mean westerly anomalies at 60S (JRA-55)

       2019      2020      2021      2022      2023

After the extreme stratospheric vortex weakening 
and warming event in 2019, the Antarctic 
stratosphere experienced four consecutive strong 
vortex events in austral late spring seasons

Nov-Dec

SAM index

Recent extreme variability of the SH polar vortex

The 2020 vortex in late spring was the 
strongest on record in the last 45 years



For Oct-Dec the 
2020 vortex in late 
spring was the 
strongest and 
coldest on record in 
the last 45 years 
and had significant 
ozone depletion 
over Antarctica

Oct-Dec

The 2020 Antarctic polar vortex event

Lim et al JGR 2024



ACCESS-S1 forecast of the mean SH stratospheric polar vortex 

The extraordinary circulation pattern of September 2020 was not well 
predicted by the Australian Bureau of Meteorology’s coupled 
ocean-atmosphere seasonal forecast system (ACCESS-S1)

The polar vortex was not predicted even at 1 month lead time

Lim et al JGR 2024

In contrast with the 2021 and 
2022 polar vortex 
strengthening cases which 
were well predicted as much 
as three months in advance

Oct-Dec mean stratospheric vortex 
forecast skill



Canonical vortex weakening/strengthening 
has maximum wind anomalies in upper 
stratosphere in October & downward 
propagation of the signal through Oct-Jan 

Lim et al JGR 2024

In 2020 the vortex did not follow this 
canonical pattern. The upper stratospheric 
winds remained remarkably persistent 
through October before coupling down to 
the surface

The 2020 Antarctic polar vortex event



The reduction of upward 
propagating wave activity in 
September 2020 was on par with 
the previous record set in 1987

700 hPa geopotential height anomaly in September 2020 An anomalous tropospheric 
circulation pattern that persisted in 
September 2020, reduced the 
upward propagating wave activity, 
therefore leaving the vortex 
undisturbed and staying strong

The 2020 Antarctic polar vortex event

45-75SSep 2020

Lim et al JGR 2024



Wedd et al 2022

ACCESS–S2: Bureau of Meteorology's ocean-atmosphere coupled dynamical 
subseasonal to seasonal forecast system 



ACCESS-S2 experiments for understanding the 2020 SH polar vortex

Control experiments
3-member ensemble hindcasts for 
1981–2018 to compute the forecast 
climatological mean and standard deviation 
and 33-member ensemble forecasts for 2020 
using monthly climatological zonal-mean 
ozone averaged over 1994–2005 (Cionni 
et al., 2011). 

Ozone experiments
33-member ensemble forecasts for 2020 using 
the prescribed 2020 observed monthly 
zonal-mean ozone anomalies from ERA5 
added onto the Cionni et al. (2011)'s monthly 
ozone climatology 

Ozone anomalies in 2020

All experiments were initialized on 1 September 2020 Lim et al JGR 2024



Including realistic ozone in ACCESS-S2 experiments improves the simulation of the 2020 SH polar vortex

ACCESS-S2 experiments for understanding the 2020 SH polar vortex

Lim et al JGR 2024
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ACCESS-S2 predictions of December-February of 2020-2021 
with one month lead time

Forecast including 
realistic ozone 
concentrations

Forecast (with 
climatological ozone 

concentrations)

Observed 
anomalies

Lim et al JGR 2024

Using the observed 2020 
spring ozone in ACCESS-S2 
experiments had ~10-20% 
improvement in forecasting 
the strong polar vortex at 
lead-time of one month & 
significant improvements in 
forecasting subsequent 
positive SAM & increased 
summer rainfall over the 
eastern part of SEA at lead 
time 3 months.

Scope for further 
improvements in the forecast 
skill for the SH climate by 
improving the ozone 
representation and its 
feedback in a forecast system



Winter stratospheric warming in July-August 2024



Sudden stratospheric warming events frequently occur in the NH in winter

They are very rare in the SH because 
• planetary-scale wave activities that erode the vortex are weak in the SH – i.e. ocean 

hemisphere 
• the stratospheric vortex is strong likely because of the presence of Antarctica & the 

weak planetary-scale wave forcing

Winter stratospheric warming in July-August 2024



The winter stratospheric warming event was caused 
by the persistent lower tropospheric circulation 
anomaly pattern, characterised by primary 
high-pressure anomalies over the Bellingshausen 
and Amundsen Seas and secondary high-pressure 
anomalies south of Australia in May and June 2024

�  unprecedentedly active upward wave propagation 

�  eroded the stratospheric vortex, causing the vortex 
to substantially shrink towards the pole, and 
warmed the Southern Ocean & the Antarctic 
coastal region

Winter stratospheric warming in July-August 2024

May-June mean height anomalies at 700 hPa

Lim et al (in preparation)



 -ve SAM (+ve SAM) can be promoted by eastern Pacific 
El Niño (La Niña) in late spring – early summer Antarctic polar 

vortex strengtheningLa Niña

Antarctic polar vortex variation and ENSO are not strongly related 
over satellite era. ENSO can …
•  increase the predictability of SAM 
    - strengthening of vortex + La Nina 🡪 +ve SAM   (e.g. 1998, 1999)
    - weakening of vortex + El Nino 🡪 -ve SAM          (e.g. 1982)
•  decrease the predictability of SAM
    - strengthening of vortex + El Nino (e.g. 2015)
     - weakening of the vortex + La Nina (e.g. 2016)

• Two sources of predictability of SAM and associated surface climate in late 
spring to early summer 

• Both ENSO and Antarctic polar vortex behaviour need to be well monitored 
and predicted for skilful forecasts of SAM & SH warm season climate

+ve SAM in 
spring-early 
summer

Sources of SH subseasonal to seasonal predictability



- Dynamical seasonal evolution of the polar vortex from winter to early summer is an 
important source of long-lead predictability of SH climate anomalies 

- Antarctic stratospheric polar vortex variability has been exceptionally large over the 
last 5 years, directly impacting the surface SAM and associated SH climate 
anomalies in spring and summer

- Case study of the 2020 super vortex - Antarctic ozone is another important source of 
predictability of the SH surface climate anomalies => improving the realistic ozone 
representation in seasonal forecast systems can improve the forecast skill for the SH 
climate anomalies

- Antarctic upper stratosphere experienced extraordinary warming in July and August 
2024 with the early July warming being the greatest on record for that time of year

- Surface negative SAM was extraordinarily strong and persistent, making a record for 
early August – finding the mechanistic linkage with the stratospheric warming event 
needs further investigation

Summary


