Processes affecting variability of water vapor and ozone in the tropical lowermost stratosphere
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The tropical lowermost stratosphere serves as the gateway for air entering the global stratosphere. As air parcels slowly ascend through the tropical tropopause layer (TTL, ~14-19 km), they are dehydrated to a water vapor concentration close to the saturation mixing ratio of the coldest temperature experienced; this is often referred to as the Lagrangian cold-point, and is closely related to the value of the tropical cold-point tropopause (CPT). The water vapor mixing ratio at the cold-point is roughly “imprinted “on air ascending through this region, and the seasonal cycle of CPT temperature, which is related to the seasonal cycle in TTL upwelling, leads to the so-called “tropical tape recorder”. In addition to this seasonal variability, TTL temperatures exhibit variability on interannual timescales, related to interannual variability caused by various climate phenomena such as the El Nino-Southern Oscillation, the quasi-biennial oscillation (QBO), and tropical upwelling in the Brewer-Dobson circulation. 

In contrast to water vapor variability, which is driven ultimately by temperature variability, ozone variability results from a combination of upwelling variability and variability in quasi-isentropic mixing from high latitudes. Over a range of timescales from seasonal to interannual, positive anomalies in TTL upwelling (i.e., increased upwelling) advect low-ozone air upward, leading to negative ozone anomalies in this region. Similarly, positive anomalies in tropical in-mixing from higher latitudes (i.e., increased mixing) bring in higher levels of ozone and lead to positive ozone anomalies in the tropics. The seasonal and interannual variations in upwelling and in-mixing are related to both wave driving in the stratosphere and effects from the Asian summer monsoon. The phases of these various processes are hemispherically asymmetric, which leads to a hemispheric asymmetry of the seasonal cycle of ozone in the tropics.
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