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Abstract.
leading to the dramatic depletion of ozone thauoseach
springtime over Antarctica, known as the Antarctzone
hole. The temporal evolution of the size and séyeiithe
ozone hole, and how it might change in the futune
analysed. In addition the ways in which the Aniarozone
hole can affect southern mid-latitudes, includingwN

Zealand, are discussed. Some of these effects cal

isolated and transitory events, but the overalldotgs a
general dilution of ozone in mid-latitude air.

Introduction

It is now more than twenty years since the firgerstific
paper was published on enhanced depletion of orotiee
Antarctic (Farmaret al.,
effort has brought a broad understanding of thehaeisms
for this depletion, now known as the Antarctic ozdmole.
This knowledge is summarised in quadrennial intéonal
assessments of ozone depletion (e.g. WMO 20B8tause
of the relative proximity of New Zealand to Antacet,
there is understandably concern, not all of it ielinded,
that the ozone hole affects us in New Zealand.

The “recipe” for Antarctic ozone depletion

The principal contributor to ozone depletion is the

elevated levels of anthropogenic chlorine and bnenin
the atmosphere. However, the enhanced depletiormfe
over Antarctica that occurs each spring resultsnfra
combination of additional factors.

The story starts in winter with the formation opalar
vortex in the stratosphere around Antarctica. T band
of strong westerly winds that acts as a barrierthie
transport of air into and out of the Antarctic &isphere.
Inside this container, the lack of incoming soladiation
during winter means results in cooling of the stsphere
to global record lows.

Polar stratospheric clouds (PSCs) then form indter

This paper briefly describes the processe:
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Probe TOMS data and uncorrected OMI data.
Data for 2005 are all uncorrected OMI data.
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Figure 1. The area of the Antarctic ozone hole (total ozer220
DU) as a function of time for several years. Th®2hole is

1985). Since then a huge researchshown by the blue line and 2002-2004 with lines aiier

colours. The range and mean size of earlier hakealao shown.

Once the Antarctic ozone hole has formed it remains

largely contained within the vortex until the cadtiatis that
maintain the vortex weaken and it breaks up, uguall
November or December (Figurel). During this petiog
vortex can get moved around by planetary-scale svave
the atmosphere, resulting in a sloshy, rotatinganofThis
means that a given site near the coast of Antarctight
have the ozone hole over it on one day and nohemext.

For example, NIWA measurements of ozone at Arrival

Heights (near Scott Base) during October 2005 darie
wildly from 150 DU to 400 DU. It can also mean thale
is temporarily displaced to lower latitudes.

Is the Antarctic ozone hole getting bigger?

Figure 2 shows the daily average ozone mass defieit
Antarctica, averaged from late winter through torlyea
summer. The ozone mass deficit, a measure ofetverity of
the Antarctic ozone hole, shows the mass of ozeaevwould
need to be added to the stratosphere so that ompienger
falls below 220 DU, the minimum ozone levels obedraver

stratosphere at altitudes of 12-20 km, much highan Antarctic in the 1970s. Also plotted in Figures2ai measure
everyday clouds. The PSC particles can consisterithof the amount of ozone depleting chemicals in the
mainly of hydrates of HN@that form below 196K, or of stratosphere, calculated from the concentrationssmfrce
water ice that form below 187K. The surfaces ofsthe 9ases in the lower atmosphere and lagged by 3 years

particles provide reaction sites for the chemicaiversion ~ ccount for transport time to the stratosphereledcan the
of relatively stable forms of chlorine and bromimethe ~ 9r@Ph to show the best fit to the ozone hole sizesring the
atmosphere more reactive forms 1980s and 1990s there was a general and rapichsein the

The final step in that activation is a photolysisction ~SSVeity of the ozone hole, but with consideralsianyto year
that occurs as sunlight returns to the Antarctiatesphere varlablllty that sometimes appears o be a tw o-yeaillation.
i 1 hiahl i hlori d b . Ieatt, This rapid growth has now stopped and since 208(@#one
resulting in ignly reactive chiorin€ an romiry hole has generally been less severe. This redudsiche
destroys ozone through catalytic cycles. The teSUR  geyerity of Antarctic ozone depletion in recent rgesesults
rapid removal of almost all the ozone during Sebiemnat

- k more from unusually warm stratospheric conditiomsecent
altitudes where PSCs form, reducing the total colwh

) years (Hoppel et al., 2005), which reduced the @me and
ozone by 60-70% and affecting an area of up to B®mM  frequency of PSCs, rather than a significant redocin
square kilometres (Figure 1).

concentrations of ozone depleting substances. Mewas
concentrations of ozone depleting substances declin
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continued reduction in ozone hole severity is etgebdut it
will be several decades before there is no longehraarctic
ozone hole.
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Figure 2. A measure of Antarctic ozone hole severity, theaye
mass of depleted ozone from July to December, dia@mo
symbols, left axis) and an estimate of the amotichtrine and
bromine in the stratosphere, effective equivalenataspheric

chlorine (smooth curve, right axis).

The effect on mid-latitudes

When the ozone hole is at its maximum extent, ia la
September and October, there is no direct effecin@h
latitudes because the ozone hole is well contamethe
polar vortex. During this period, a ridge of ozaieh air
builds up at the equatorward edge of the vortex dad
Zealand experiences its annual maximum in ozone.
example, at the start of October 2005, when the®iwle

The second type of event occurs when the ozone hole
breaks up and remnants or filaments of ozone-degpleir
pass over sites in mid-latitudes. There was suchvant
observed over New Zealand in 1998 (Ajécal., 2003),
and another more recently in December 2005. Tleeedf
this later event peaked on ™ December, when ozone
dropped to 250 DU and the peak measured UVI waat 14
Lauder, compared to 12 a few days either sideegtlent.
The later in the year these events occur, i.eclbger to
the summer solstice, the bigger the effect on UaGabise
of the dominant effect of sun angle in determinig at
the ground.

The two types of event described so far are transit
but the third and final effect is more significarifter the
vortex breaks up, the mass of ozone-poor air thzt tve
Antarctic ozone hole dilutes ozone concentrations i
southern mid-latitudes as it mixes. This effeatrzst be
directly measured, but efforts to quantify it areséd on
either model simulations, in which ozone conceitrasre
compared with and without the chemical processing o
PSC particles included in the model (e.g. Ajécal.,
2004), or by examining the correlation betweenrgpiine
ozone in the Antarctic with summertime ozone at-mid
latitudes (e.g., Figure 4 of Connetral., 2006). The range
of estimates from these studies indicate that 4@-80the
change in ozone since 1980 at southern mid-lattude
summer months is attributable to the dilution frdhe
Antarctic ozone hole. This is clearly a significaffect.
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was close to its maximum size, the ozone over Newigures from the final WMO Antarctic ozone bulletfor

Zealand was relatively high at 370 Dobson Units JRod
the peak clear sky UV index (UVI) would have beem5
the South and 6 in the North .

Figure 3. Total ozone measured by satellite on November 10

2005 (left panel) showing the ozone hole displaedards the
South Atlantic, and estimated peak surface UVIudated from
the same measurements (right panel).

However three distinct effects can occur which fleca
mid-latitudes later in the season. The first ofstheare
events where the ozone hole is displaced to loatéudles
before it breaks up. For example od"MNovember 2005

(Figure 3) the ozone hole was displaced towards the

2005 prepared by Geir Braathen and available at
http://mww.wmo.ch/web/arep/gawozobull05.html
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