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Introduction
The Montreal Protocol not only had an impact of UV
radiation reaching the surface, but also had an impact on
surface climate. These climate effects occurred because
 ODSs, replacement gases, and ozone are greenhouse
gases.
 The Ozone Hole modified the southern hemisphere
tropospheric circulation
Focus here on the latter.

2

Outline
1. Observed changes in Southern Hemisphere.
2. Attribution – Role of the Ozone Hole
3. Future – Impact of ozone recovery
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evidence that these wind stress changes have strengthened the overturning
Ocean. This may have led to a reduction in the amount of carbon uptake by t
uncertainties remain in both observing and simulating this process. Additiona
Ozone Assessment has shown that coupled models simulate a decrease in
sea-ice extent in response to ozone depletion. However, there is low con
because in
these
models
also simulate
a decrease
Antarctic sea-ice exten
Widespread changes
SH
climate
system
haveinbeen
anthropogenic and natural forcings, in contrast to the small observed incre
observed in last few
decades,
especially
during
summer.
schematically
summarizes
the impact of
ozone depletion
on the climate syste

OBSERVED CHANGES

Changes observed
from
•

Stratosphere down
to surface and into
oceans.

•

Polar regions to
subtropics.
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has also likely contributed to a southward expansion of the tropical circulatio
increased subtropical rainfall.

Ozone – Temperature – Geopotential Height
30-yr trends of polar
ozone

1.

2.
3.
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Large O3 depletion observed in
Antarctic lower stratosphere from
(Aug-Jan).
Cooling in polar lower
stratosphere (Oct-Feb)
Decrease in geopotential height,
down to surface (DJF).

temperature

Geopotential
height

[Thomson and Solomon, 2002, Thompson et al. 2011]

Mid-latitude Westerlies
This lead to a strengthening of winds on poleward side of
the jet, and weakening on equatorward side*.
Trend in DJF Zonal Wind (shading)
Latitude of jet at 850 hPa

*During summer but not winter
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This change in westerly winds is associated
with a wide range of changes …

Tropical Widening, Precipitation, and Weather
Also observed summer-time trends in edge of Hadley Cell,
storm tracks, clouds, precipitation, weather systems, ….
Edge of Hadley Cell

[Davis & Rosenlof, 2012]
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Cut-off Lows

[Kang et al., 2011]
[Ndarana et al., 2012]

Ocean Circulation
Also observations of changes in ocean circulation
consistent with a strengthening and shift of westerly winds.
E.g.,
Spin-up (strengthen) of subtropical gyres

Ocean “ventilation” time*
% difference in mean age (2005-1991),
based on CFC-12 measurements

[Waugh et al., 2013]
[Roemmich et al., 2007]
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* Increased upwelling of circumpolar deep
water linked to a decrease in ocean
uptake of carbon dioxide.

ATTRIBUTION
Observed changes in SH climate are consistent with ozone
hole, but could also be due to increases in greenhouse
gases (GHGs) and/or natural atmosphere-ocean variability.
Seasonality suggest ozone depletion plays a much larger
role than increased GHGs.
Modeling studies ...
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Attribution: O3 vrs GHGs.
Multiple modeling studies show
much larger shift in jet, and
associated changes in other
aspects, for ozone depletion than
for increased GHGs.
Seasonality of response also only
consistent with observations for
ozone depletion.

O3 Depletion

Increased GHGs

Both O3 and GHGs

Difference in DJF zonal
winds between integrations
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Polvani et al., 2011

Attribution: Natural Variability
30-yr trends in circulation can
occur due to natural variability,
and this may have also
contributed to observed trends.

Illustrated by differences among
simulated trends from single
model (with prescribed SSTs).

Trends in DJF mean (degree/dec)
Jet Latitude

Hadley Cell Edge

(Garfinkel et al. 2015)
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FUTURE: OZONE RECOVERY
What is expected to happen as Antarctic ozone recovers?
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FUTURE: OZONE RECOVERY
What is expected to happen as Antarctic ozone recovers?
•

The reverse changes in summer time circulation, and associated
impacts, are expected as the ozone hole disappears.

•

These changes will oppose the circulation changes due to
continued increases in GHGs.
2000-2060 trends in Zonal Wind

Weak changes due
to cancelation of
ozone recovery and
increased GHGs
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[Polvani et al., 2011]

CMIP5 models (e.g., Swart and Fyfe, 2012; Eyring et al., 2013; Barnes et al., 2014) have shown that in
austral summer the Southern Hemisphere circulation effects of stratospheric ozone recovery in the first
half of 21st century likely overwhelm those of GHG increases under a low GHG emissions scenarios, e.g.,
RCP2.6 (Box 4-1), as shown in Figures 4-10c and 4-17a. In the RCP8.5 scenario, which has high GHG
emissions, the influence of GHGs likely dominates (Figures 4-10d, 4-17a), whereas near cancellation is
simulated under moderate emission scenarios such as RCP4.5 and RCP6.0 (Box 4-1). In austral winter
(JJA), the jet shift is weaker and scales with the strength of the GHG emissions (Figure 4-17b).
Differences in radiative forcing between RCP scenarios are small in the near term (Box 4-1), and hence
the difference in projected jet trends between RCP scenarios may not be significant until the middle of
21st century (Figure 4-17; Simpkins and Karpechko, 2012).
Projected changes in the Southern Hemisphere midlatitude jet are also dependent on the
Antarctic lower stratosphere ozone trend itself. The CCMVal-2 and CMIP5 models with interactive
chemistry exhibit a range in future
a)
projections of stratospheric ozone. For
example, the dates when global-mean total
column ozone returns to its 1980 values
vary by about 20 years between CCMVal2 models (Eyring et al., 2010; see also
Sectionemissions
2.4 of Chapter scenario
2 of this AssessLow
ment). Consideration of the effects of
differing ODS emissions scenarios, and
High
emissions
the effects
of solar andscenario
volcanic forcing
changes, would further increase this spread
(see Sections 2.4 and 5.4 of Chapters 2 and
5 of this Assessment).

Ozone Recovery

The net change in SH circulation will depend on magnitude
of future GHG emissions.

b)

Figure 4-17. Time series of the CMIP5
Southern Hemisphere DJF (panel a) and
JJA (panel b) jet position anomalies
relative to the 1900–1910 value in the
historical simulations and three climate
scenario simulations (RCP8.5, RCP4.5,
and RCP2.6). Thick lines show the multimodel means and shading indicates the
model spread. Time series have been
smoothed using a 10-year moving average
filter. Adapted from Barnes et al. (2014).
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uncertainties remain in both observing and simulating this process. Additional
Ozone Assessment has shown that coupled models simulate a decrease in he
sea-ice extent in response to ozone depletion. However, there is low confid
because these models also simulate a decrease in Antarctic sea-ice extent
anthropogenic and natural forcings, in contrast to the small observed increas
schematically summarizes the impact of ozone depletion on the climate system.

CONCLUSIONS
Widespread changes in SH
summer climate have been
observed over last few
decades.
The ozone hole has been a
major contributor to these
changes.
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has also likely contributed to a southward expansion of the tropical circulation
increased subtropical rainfall.

Ozone recovery will cause the
reverse changes, and partially
offset circulation changes due
to increased GHGs.
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QUESTIONS?
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Antarctica
• Antarctic surface temperatures:
Ozone hole has likely
contributed to warming over
Peninsula and cooling over rest
of the Continent.
• Antarctic sea-ice: Influence of
ozone hole on (pre-2016)
increase in sea-ice extent is
unclear (sign is under debate),
and cause of increase is
unknown.
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