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Sensitivity of the middle atmosphere to ozone depletion and increase in greenhouse gases: Implications for recent stratospheric cooling

The sensitivity of the middle atmosphere circulation to ozone depletion and increase in greenhouse gases is assessed by performing multi-year simulations with the MAECHAM4/CHEM climate-chemistry model. Respectively, three simulations have been carried out: one simulation for the near past (1960) and two simulations for the near present (1990 and 2000) conditions. In the Arctic lower stratosphere, a significant cooling in March with respect to the 1960 simulation is found only for the 2000 simulation. From the analysis of the dynamical response it is concluded that in the 2000 simulation the cooling in the lower stratosphere mainly involves radiative-chemical processes. These results support the interpretation that the observed extreme low temperature in March in the 1990s can arise solely from the radiative-chemical feedback. In the Antarctic, the ozone hole develops in both simulations for the near present conditions in contrast to the 1960. During spring in both the Arctic and Antarctic, the comparison of the 1960 and 2000 simulations also shows that a negative dynamical feedback is initiated in the mesosphere by the gravity wave reaction to the increased stratospheric zonal winds. It is therefore plausible that while the feedback of the planetary waves may exacerbate ozone depletion, the negative feedback of the gravity waves can limit the cooling and the strengthening of the lower stratospheric polar vortex, which in turn facilitate ozone recovery. In both the Arctic and Antarctic, the cooling from ozone depletion is found to affect the area covered with polar stratospheric clouds in spring, which is substantially increased from the 1960 to the 2000 simulations. In turn, increased amounts of  Polar Stratospheric Clouds can facilitate further ozone depletion in the 2000 simulation. [Manzini et al., 2002]

Time Average Effect of the QBO on the Tropical Residual Circulation

The QBO has a net effect on the climatological annual means of variables in the QBO domain. Neglecting the QBO in GCM simulations necessarily results in systematic climatological annual mean biases in zonal wind, residual meridional circulation, temperature, and residence time in the lower tropical stratosphere. Hence it is necessary to include the QBO in GCM based studies of the tropical stratosphere, either by direct simulation, as used here, or by assimilation as chosen for the KODYACS transient experiments where the QBO evolution is known. Two climate simulations have been carried out, using the middle atmosphere ECHAM climate model, to quantify the time averaged QBO effect. It is found that including the QBO specifically improves the upwelling in the tropical lower stratosphere as evident in the simulated atmospheric tape recorder in equatorial specific humidity. The ascent of a minimum or maximum from 90 hPa to 10 hPa takes 17 months in the experiment including the QBO, but only 12 months in the experiment without the QBO. Observed is a duration of approximately 18 months. [Giorgetta et al., 2002]
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