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2002 Ozone Hole Evolution
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Antarctic Ozone L osses
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October Average Ozone Hole
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Zonal Mean vs. Time plot
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Zona mean ozone deviations

2002 Total 6zone minus EP-TIOMS climatology (1997-2001)
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Ozone observations summary

Ozone hole split into 2 pieces in late September, sized
decreased dramatically, and minimum stopped decreasing.

Ozone hole was the smallest, weakest, and had earliest
breakup since 1988.

Profiles of ozone did not show the expected decrease to

near zero over the expected layer from 14-20 km, and
0zone above 22 km was much higher than normal

Mid-to-high latitude total 6zone was higher than normal
over the course of the winter, and low | atitude ozone was
somewhat |ower than normal




2002 Meteorology

e [emperatures

 \Winds and vortex behavior
o \Wave activity

o \Wave forcings?
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Climatology Temp departures
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Latitude

May Jun | Jul Aug Sep Oct
2002 v'T' (100 hPa, 30°S-80°S)

7

-Heat Flux (K m/s)

Apr | May “Jun  Jul Aug | Sep " Oct

5/12/2003



* 500 hPa Temp Deviations
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Heat flux vs. Temperature
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« The higher heat flux of 2002 |ed to warmer temperatures, whilethe low heat
flux of; 1998, 1999, 2000, and 2001 |ed to colder temperatures. A 10%
Increase of -v' 1" increases T; by 1.8 K, and consequently decreases the area

by about 2 Million knv.
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Climatology Wind Departures
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August zonal mean wind
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Sen. 17, 2002
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« Slightly higher E-P flux in upper stratasphere
o Jet somewhat weaker than nermal
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Sep. 22, 2002
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Sen. 26, 2002
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EP-Flux
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Tropospheric forcing
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VT (K m/s)
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Wave Propagation Analysis
Use coherency to analyze vertical wave propagation:
Y(I,f,zt)=2.[S,(f,zt) sn(m ) + C_(f,zt) cogml ) ]
Choose S, (f 4,2,,t) and C,(f 5,2,,t) - Wave-1 at position f ;,z,

Con(f ,z) = linear correlation of variance of Wave-1 at position
(f 5:Zp) With Wave-1 at all other; points (f,2)

See Randel (1987) for an analysis of 1983 and 1984

Use May 1- Sep. 15, 2002 non-divergent stream function
derived from wind observations
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%< Vertical wave-2 coherence
50°S, 100 hPa
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Wave-1 coherence
10 hPa, 60°S
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Tropical Upper Stratospheric wind Is strongly
correlated with polar temperatures
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» Gray et al. (2001) suggest equatorial winds at mid-upper stratosphere may act asa

waveguide. Supported by Gray et a. (2001b) and Scott:and Haynes (1998) modeling
work.

. U(S hPa, 20S-20N, July 16-September: 15 average) correlated With?(1979-2002)
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Summary & Conclusions

The 2002 ozone hole was small because of wave events that warmed the
vortex collar region. The September 22 major warming split the hole, cuting
the size 5 Mkn? (normally about 25 Mkn¥). The small size of the 6zone hole
was not a result of the Montreal Protocal.

Higher wave activity propagating into the stratosphere and a disturbed mean
flow field was evident as early as mid-May 2002. The vortex was aready
substantially perturbed by early September - preconditioned.

Tropospheric mean flow showed clear anomalies throughout the winter that
strengthened after the major warming. Little evidence for downward wave
propagation

The active winter: was most probably dueto 2 factors:

— Increased tropospheric eddy activity - most prabably from
anomalous tropical wave-1 forcing

— Anunusual upper stratospheric tropical wind pattern
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