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Stratospheric water vapour affects Earth's radiative budget and plays a key role in 

stratospheric chemistry, importantly for processes that permit ozone depletion. Air 

largely enters the stratosphere in the tropics, but the processes that bring water through 

the cold tropopause into the stratosphere are not well understood. Isotope measurements 

have the potential to identify the underlying processes, but previously reported 

measurements lack the spatio-temporal coverage necessary to fully exploit this potential. 

We present 19 months of δD(H2O) data in the tropical stratosphere from remote sensing 

measurements with the Michelson Interferometer for Passive Atmospheric Sounding 

(MIPAS). The data show a clear seasonal cycle in isotopic composition that propagates 

upward in the tropical stratosphere. The seasonal HDO and H2O variations provide 

constraints on processes controlling stratospheric humidity. The slope of the HDO-H2O 

correlation of water entering the stratosphere in the tropics is close to, but slightly steeper 

than expected from Rayleigh fractionation. This points to a key role for gradual 

dehydration via in-situ formed cirrus clouds. A seasonally varying contribution from 

evaporation of convectively lofted ice steepens the HDO-H2O slope relative to Rayleigh 

fractionation. The dataset provides a benchmark for the accuracy of the hydrological 

cycle in numerical models used for climate predictions. 



	  


