The Role of Stratospheric Vortex Breakdown in Southern Hemisphere Climate Trends
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The final breakdown of the SH stratospheric polar vortex can play a critical role in the model forced only by observed changed In Y. _ INSNDEENEL. e SN, J8Eee S
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=ERA-40 and NCEP/NCAR reanalysis datasets for the period of 1980-2001. Dec 15 the period 1960-1999 (days per decade), and the red _— .
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Three climate model outputs (1960-1999) include; Nov 15 (NCEP/NCAR reanalysis) for the period of 1980- IGuUre 1. Zonal wind trends averaged at 50°S-70°S in (Left) ERA-40, (Middle left) NCEP/NCAR
. | _ 19680 1965 1970 1975 1980 1985 1990 1995 2000  2001. reanalysis, (Mlddle right) AMTRAC(_SST+RAD(ODS)), z_;md (ng_ht) AM2(SST+RAD(0O3)). The (Top)
*AM2(SST only): forced by observed changes in sea-surface temperatures (SSTs) and total zonal wind trends are separated into (Middle) the adjusted wind trends about the mean SFW onset
sea Ice with fixed preindustrial radiative forcings; Regression onto the SFW onset dates date and (Bottom) the trends due to the changes in the SFW onset date shown in the brackets (days per
_ _ _ _ . N decade). The contour interval is 0.5 m s decade™. The blue dashed lines denote the mean onset dates.
"AM2(SST+RAD(O3)): observed changes in SST, sea ice, and radiative forcings; 0 — —" o m——t" T T The black lines indicate the trend significant at 95% confidence level by a t-test.
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*AMTRAC(SST+RAD(ODS)): force by the observed changes in SST, sea ice, with \‘& B@ oD a | &%5 % & o =Much of the stratospheric trends are attributable to the delay in the final warming onset
Interactive chemistry for ozone depletion. T 6| haa NN date.
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Decadal trends | e ‘ T = ] BN TN slowing of the spring-to-summer transition after the onset date each year is adjusted to
- . - - - the mean onset date.
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1000 ——=—c—~—" iy, T T AsoNDpDJFMAMY P mean meridional circulation in (Top) ERA-40, (Middle) NCEP/NCAR reanalysis and (Bottom) ol k ol ‘ decomposition of the decadal trends, especially
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Figure 1. (Left): mean zonal wind trend (shade) and annual cycle (contour) averaged at 50°S-70°S C results. Black contours indicate student’s t-test 95% confidence leve 100/ 100/ :?een dlsogb?)?lg thei? nﬁzgn SFV;[/ f)ngg’gudsgfgs Thicsi
In 1980-2001 in ERA-40. (nght) Similar to top, but for 60°S-90°S temperature. . Tick marks on the The regression pattern Corresponds to a de'ay iIn SFW by one standard deviation. The 300 300y suagests that the differences in zonal W|nd
horizontal axis indicate the middle of the month | | similarity with Figure 1 indicates the important role of SFW dates in climate trends. 05 N D v F s o N oD JF be?v%een ate final warmings and early final
*The decadal zonal wind trend shows an increase In zonal winds above 100 hPa onset date changs (13 onset date changs (14 _ _ t tg i yt -
throughout spring and summer and extending downwards into the troposphere in Separating the role of SFW in zonal wind trends | ] o \C/ivarrglr:gst aredandlmpct)r antc;)n rlhu_or o e
December-February. There Is a negative temperature trend between 30 hPa and the 1960 Into SFW ovent dec? t"f‘ ren ue 1o stratospheric 0zone
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tropopause, persisting from September to February. Slower deceleration Delayed warming 60 EEESTEE | | - : | epietion.
=The delay in the final breakdown of the polar vortex can be seen from the zonal wind 50/ - 1000 qo00l
and temperature seasonal transitions in the periods of 1980-1990 and 1991-2001. 40f - e
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B 40 50 hPa 60-905 [T} ol Figure 8. Asin Figure 7, but for the zonal wind anomaly regressed onto the interannual variability of
— ubar SFW onset dates in (Left) AM2(SST only) and (Right) AM2(SST+RAD(03)). For the latter, the SFW
h 10/ —u(t) dates are first detrended by removing the 10-member ensemble mean. The SFW dates are normalized in
2001 Anomaly Anomaly ol — - both cases, and the pattern corresponds to a delay in SFW by its one standard deviation shown in the
@ @ ol I“conlwp(t)l o brackets in the bottom panels. The contour interval is 0.5 m s™1. The blue dashed lines denote the mean
" J ASONDUJFMAMJ onset dates. The black lines indicate the trend significant at 95% confidence level by a t-test.
200/ Figure 5. Schematic of the zonal-wind transition and FIgure 6. One example of the high- Discussion
anomalies In the two components of the trends. ;t('j“ﬁ ;ngiL%V;E?r;;iﬂzlélon at 50 hPa Our study suggests two mechanisms by which ozone depletion influences SH climate
O s O ND JF M A M 180 Climate trends are decomposed into two components: those due to the change in the trends: First, the zonal wind trend due to the dela_y o the SFW_progresses dOVY”VY‘?rd
Month oo timing of SEW and those resulting from the change in the vortex breakdown rate. from the stratosphere to the lower troposphere, similar to the interannual variability
Figure 2. (Left): 50-70°S averaged 50 hPa zonal mean zonal wind in 1980 - 1990 (dashed line) and documented by _BIaCk and 'V'C'_Da”'e' (2007_)' Moreover, Iate_ final Warf”'”gs show a
1991 - 2001 (solid line). (Right), similar to top, but for 50-hPa 60°S-90°S temperature. Circles denote Au(t) = Auadj(t) - f(t)AtO SIO\_Ner deceleration and an ea_r“er recovery in the Str?tos_phenc zonal_wm_d in the late
the mean 50 hPa SFW onset dates for the two periods. spring and summer, accompanied by persistent anomalies in tropospheric winds.
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