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Abstract Using a chemistry transport model (SLIMCAT) and reanalysis data, this study investigates the extremely low ozone
events in 1997 and 2011 in the Arctic stratosphere. The analysis reveals that, the magnitudes of total column ozone (TCO) a-
nomalies over the Arctic in 1997 and 2011 both could be up to about — 80 DU and the ozone decreases between 200 hPa and
30 hPa accounted for about 80% of the TCO anomalies. Our analysis suggests that the two extremely low Arctic TCO events
were possibly related to La Nifia activity, which resulted in a stronger Arctic polar vortex, a lower stratospheric temperature,
more polar clouds, and eventually more ozone chemical loss. Furthermore, since the positive sea surface temperature anomalies
in the North Pacific in 2011 led to a lower Aleutian low, a weaker troposphere wave forcing, a colder Arctic vortex and more
type Il PSCs , the ozone chemical loss in the Arctic UTLS region was accelerated in 2011. A comparison of the ozone anoma-
lies in different layers between 1997 and 2011 indicates that the ozone decrease in the Arctic UTLS region in 2011 was much
larger than that in 1997.

Key words Arctic, Ozone depletion, Polar stratospheric clouds (PSCs), Sea surface temperature anomaly
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Fig. 1

(a) Time series of global mean total column ozone (TCO) based on the TOMS satellite data (black line)

and SLIMCAT model output (red line), (b) differences between SLIMCAT and TOMS data,
(¢) 1979 — 2011 average TCO distribution from TOMS satellite data,
(d) 1979 — 2011 average TCO distribution from SLIMCAT model output
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Fig. 3 Anomalies of 100 hPa ozone mixing ratio in March of 1997 (a) and 2011 (b)
in the northern hemisphere based on SLIMCAT model output
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Table 1  Arctic ozone anomalies and ozone chemical losses at different layers in March of 1997 and 2011
(Ozone chemical loss is the difference between ozone output from SLIMCAT model without and with disabled chemistry)
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(a) Variations of minimum temperature between 30 — 200 hPa in Arctic during Dec 1996 — Apr 1997

and Dec 2010 — Apr 2011, and variations of maximum PV (b), PSCs NAT Area (c). and PSCs Ice Area (d)
on the 460 K isentropic surface during Dec 1996 — Apr 1997 and Dec 2010 — Apr 2011
(Information of PV, PSCs NAT Area and PSCs Ice Area are from http: // ozonewatch. gsfc. nasa. gov/meteorology/NH. html )
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