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The purpose of this electronic supplement is to provide ad-
ditional information on the mean ozone over the polar cap, to
discuss the location of the minimum ozone column and the
maximum chemical ozone column loss relative to the loca-
tion of the vortex edge in the E39/C model, and to provide
a more detailed discussion of differences between between
vortex size in models and in meteorological analyses.

In the main paper, the mean ozone over the polar cap was
discussed extensively (see Figs. 1 and 2 of the main paper).
Here we show in addition mean ozone over the polar cap for
the Arctic in April (Fig. 1) and for the Antarctic in October
(Fig. 2).

In the main paper, it was argued that for many years
the minimum ozone is located outside the polar vortex in
the presented E39/C timeslices. The erroneous association
of the minimum column ozone with high chemical ozone
loss becomes clear in a comparison with analysed chemi-
cal ozone loss. Chemical ozone loss based on a methane-
ozone tracer correlation with the reference relation estab-
lished on 1 January each simulated year and compared to
the 1 April methane-ozone relation was first presented by
Lemmen (2005) for this data set. Here, the loss values are
recalculated based on an improved method for determining
the vortex edge. The vortex edge was determined by fitting
a third-order polynomial to the potential vorticity (PV) dis-
tribution as a function of Φe for each potential temperature
level between 340–640 K, defining the vortex edge by the
steepest PV gradient constrained by the wind maximum on
each level, converting the PV value at the vortex boundary
to modified PV (Lait, 1994), and then using the median of
these modified PV values as the criterion for distinguishing
between vortex and out-of-vortex air masses in the model.
The ozone column and vortex data for individual years of
both time slice experiments are listed in separate files in the
electronic supplement.
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Average Ozone Column in April
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Fig. 1. Top panel: the April mean of Arctic ozone for a latitude
boundary at 60◦N, 63◦N, 65◦N, and 70◦N. Bottom panel: the April
mean of Arctic ozone for a latitude boundary at 63◦N is compared
with calculations using the equivalent latitude of 63◦N and the max-
imum gradient in potential vorticity (applied on the 475 K potential
temperature surface) as vortex edge definitions. All averages are
area weighted averages.
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Average Ozone Column in September
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Fig. 2. Top panel: the September mean of Antarctic ozone for a
latitude boundary at 60◦S, 63◦S, 65◦S, and 70◦S. Bottom panel: the
September mean of Antarctic ozone for a latitude boundary at 63◦S
is compared with calculations using the equivalent latitude of 63◦S
and the Nash criterion (applied on the 475 K potential temperature
surface) as vortex edge definitions.

For both time slices, Fig. 3 relates the location (in equiv-
alent latitude) of the minimum ozone column and the maxi-
mum chemical ozone column loss to the location of the vor-
tex edge as defined by Nash et al. (1996). For all winters of
both time slice experiments, the maximum chemical column
ozone loss is located within (or, in two cases, on) the polar
vortex edge, i.e., in the shaded region in Fig. 3. For only
three winters in each time slice experiment is the polar cap
ozone minimum located within the vortex. On the ensem-
ble average (determined separately for each time slice, un-
certainty given as one standard deviation), the vortex edge is
located at Φe ≈ 74◦±8◦ in 1990 (78◦±6◦ for ‘future’), and
the location of the polar cap minimum is around 62◦± 15◦

(57◦±13◦), i.e., clearly outside of the vortex.
Further, we provide here additional information on the dis-

cussion of differences between between vortex size in mod-
els and in meteorological analyses. The fact that the size of
the Arctic vortex in E39/C is smaller than in reality is dis-
cussed briefly in section 3.2.2 of the main paper. This fact
is highlighted here in Fig. 4 where the strength of the barrier
to meridional transport (κ = ∇PV · v, where v is the absolute
value of the horizontal wind velocity, Bodeker et al. 2001)
is compared with the same quantity calculated using output
from the transient run with E39/C (Dameris et al., 2005) as
a function of equivalent latitude on the 550 K surface. Ob-

served potential vorticity and wind fields on the 550 K sur-
face were obtained every 6 hours from the NCEP/NCAR re-
analysis database for these calculations. We focus on the
first ten days of April to avoid too much sampling of vortex
breakdowns which are more likely to occur towards the end
of April and on the years 1990-1999 to focus on the period
when ozone depletion over the Arctic is maximised.

Clearly the dynamical vortex in E39/C is weaker and
broader than in reality and leans poleward. As a result, mov-
ing poleward in E39/C, ozone decreases more slowly than in
reality. Furthermore, the dynamical vortex in the Arctic, as
inferred from the maximum in κ , would be smaller in area
in E39/C (at Φe ≈ 73◦) than in reality (at Φe ≈ 69◦, Kar-
petchko et al., 2005). A similar result is reported by Tilmes
et al. (2007) for the WACCM3 model, where the maximum
of κ in the Arctic is smaller in magnitude and located further
poleward with a much wider peak compared to observations.

Finally, We provide tabulated numbers for the values
shown in several plots in the main paper for easier use. Listed
in separate files are the ozone column and vortex data for in-
dividual years of the time slice experiments (shown in Fig.3
in this supplement), the values for mean column ozone over
the polar cap for the Arctic and for the Antarctic (see Figs. 1
and 2 of the main paper), the minimum of the daily average
ozone in spring poleward of a threshold value (see Figs. 6 and
7 of the main paper). We also provide the values for VPSC for
the Arctic that are used in the paper and the PFP values em-
ployed here (which constitute a slightly updated version of
the values presented earlier, Tilmes et al. 2006).
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Location of Arctic O3 Column Extrema
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Fig. 3. Simulated 1 April location of the minimum ozone column and the maximum chemical loss column from two CCM 20-year ensemble
(time slice) experiments with 1990 (blue, red) and near-future (dark yellow, cyan) boundary conditions for greenhouse gases and sea surface
temperatures. For each time slice and for each analysis method (spatial minimum ozone column within the polar cap and spatial maximum
of tracer-tracer correlation derived maximum chemical ozone loss). Box-whisker diagrams indicate the respective mean, standard deviation,
and range of locations. The shaded area denotes the polar vortex.
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Fig. 4. Equivalent latitude (on the 550 K surface) zonal mean to-
tal column ozone (top two curves plotted against the left ordinate),
and the strength of the barrier to meridional transport κ , (bottom
two curves plotted against the right ordinate) for the northern hemi-
sphere averaged over the years 1990–1999 and 1–10 April. Obser-
vations are shown in black and model results (from the transient run
of E39/C, Dameris et al., 2005) in red. The vertical bars show the
extremes (maximum and minimum values over the period).
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