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New Zealand’s “World Avoided” by the success of the Montreal Protocol
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Abstract. We present an estimation of the consequences ofinperturbed ozone layer of the 1980s had, in tinslation,
unrestrained, market-driven growth in ozone-depigeti a thickness of 300-380 Dobson Units (DU), depending
substances post-1975 on ozone, ultra-violet radiatnd
skin-cancer occurrence in New Zealand. In agreemvitht 60 F REF-C2 S
other modelling studies, we find substantial yeamd 30+ -
depletion of the ozone layer, corresponding in@sad UV ofF -
such that by 2060, even wintertime UV becomes sintd -30f -
present-day summer UV, and increases in the oaqureref -60F -
skin cancer. The actual increase in skin canceuroecce
in New Zealand due to historic and expected ozone 60F
depletion is relatively small compared to what wbbhve 30l
also happened in the absence of man-made ozoretidepl ok
due to a variety of other factors that dominate skin _zob
cancer risk in New Zealand. Hypothetical large déph of _sok
the ozone layer could have further increased tharoences
of skin cancers, although by 2030 this is still sglbstantial 1960 1980 2000 2020 2040 2060 2080
because of the long time lag between exposure tahty/ 20 50 100 150 190 220 250 275 300 330 370 400 425 450
skin cancer occurrence. However, post-2030 we predi Figure 1. Zona- and annu-mean tote-column ozon
very substantial increase caused by historically (popson Units) simulated using the NIWBKCA model
unprecedented high UV in the World Avoided scenario Top: Average of 4 reference simulations, eapannin
. 1950 to 2100, assuming compliancé&hwthe Montree
Introduction Protocol. Bottom: World-avoidedimulation spannir

The World Avoided describes what would have hapgene 1974 to 2070.

to the ozone layer, and consequently to ultravi@diation  season. In the World Avoided scenario, this drop0150
and skin cancer occurrence world-wide, had ozone-py; these ozone levels would year-round and glgball
depleting substances been allowed to grow unrestlaby  satisfy a commonly used definition of an “ozone efipl
regulation under the Montreal Protocol (Pra_theﬂetl996; Correspondingly, the UV index would increase, under
Velders et al., 2007). In such a market-driven diodne  symmer solstice noontime conditions, by a facto2.6fin
assumes that these substances would have growghe Northern Hemisphere, and by more than a faxt8rin
exponentially. World-Avoided scenarios have been the South. It would then exceed the global maxinfound
simulated using chemistry-climate models (Morgems&  today in the most UV-exposed populated region orthEa
al., 2008; Newman et al, 2009; Garcia et al., 2Edhrova  the Altiplano region of South America. Most of thisrease
et al., 2013); the results illustrate the wide-iaggsuccess  gccurs after 2040. Winter UV indices in 2065 wolle
of the Montreal Protocol, not only in saving th@oe layer, more typical of summer values today.

but also in protecting climate and the hydrologicatle Figure 3 shows corresponding projected changekiin s
(Morgenstern et al., 2008; Garcia et al., 2012; ®al.,  cancer incidence rates (from Van Dijk et al., 20fbB)New
2012). All of these would have been affected byragated  Zealand (35-45°S), where the current mortality sdtem
ozone depletion. The extreme ozone depletion melanoma skin cancer are the highest in the world.
characterizing this scenario (figure 1) causes ajncidence rates for all forms of skin cancer arpeeted to
corresponding increase in ultra-violet radiatioregnan increase markedly over the remainder of th& @dntury,
and McKenzie, 2011) As for the health erf.eCtS, ‘DEljlk et due main|y to Changes in demographics (i_e_' ammgi
al. (2013) calculate that by 2030, world-wide 14%skin popu|ati0n)_ The difference between the grey alatkb
cancer cases have been avoided by the Montreadd®ot  cyrves show the impact of past ozone depletion. tDuke
world-wide, corresponding to millions of cases. ¢leve  syccess of the Montreal Protocol, the effect islsard
assess what the World Avoided scenario would hag@ntn peaks around the middle of the century, about B@syafter
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for New Zealand, regarding ozone, UV, and skin eanc the maximum ozone depletion occurred. The brown
symbols (circles) show the estimated total skirceamates
Results that would have occurred in 2030 in the "World Adlexl".

. - ) ) _ While much bigger than the impact of the actualnnezo

The “World Avqlded scenario considered _here insv depletion, the effect is only a minor fraction ohat is

a 3% per year increase of ozone depleting substanceynyway expected in current projections. Note theataloise
starting in 1975 and running up to 2065. Figureh2ve ot the Jong time lag between exposure and diagndsis
projected changes in ozone and the UV index, réispég represents the effects of relatively modest ozaetion

at 40°, using a coupled-chemistry climate modelédrwith o411y on (around year 2000) in the World Avoideersio.
this scenario (Newman et al., 2009). The relaivel
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Figure2. (top) Predicted zon-mean ozone layer thickne
and (bottom) UV indices for local noon under clduek
conditions at (red) 40°N and (blue) 40°S.

However, in this scenario ozone depletion accederat
rapidly after 2050 (Newman and McKenzie, 2011; see
figure 2), which would lead to much more extreme
incidence rates by 2100.

The lower panel in figure 3 shows the equivalestitts
for the south-western United States, identifiedvlay Dijk
et al. (2013) as the region with the largest pitej@increase
in all forms of skin cancer. Apart from the overkiger
rates of skin cancer occurrence (to do with thé hilgitude
and demographics of this region) and a somewhgetar
impact of the Montreal Protocol, the results arilsir to
those for New Zealand.

Conclusions

Simulations assuming a “World Avoided” scenario of
market-driven growth of ozone-depleting substamessid
lead, particularly in the second half of this cepttio much
more severe ozone loss than experienced hitheyt80B5,
roughly two thirds of global ozone would have béest
(Newman et al., 2009); over New Zealand, there a/bel a
permanent ozone hole and a 3-fold increase of UV.
However, by 2030 this only leads to relatively dmal
increases of skin cancer, due to the long leadstiofeskin
cancer and the relatively modest increases of Wéed by
ozone depletion early on in the simulation. However
towards the end of the century, very substant@kiases of
skin cancer would have been avoided thanks to thetidal
Protocol. Other avoided impacts not discussed inetade
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Figure3. Incidence of skin cancers by type in New Zea
and the southvestern United States. Black: Total predi
skin cancer occurrence assuming compliance witt
Montreal Protocol. Grey: Skin cancer occurrenca imo-
anthropogenic ozone depletion scenari€olours
Difference skin cancer types. Orange dot: Ptegdskir
cancer occurrence in 2030 in a World-AvoidgzEnari
(Van Dijk et al., 2013).
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