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Using a propellent combination of liquid oxygen and hydrogen the main engine exhaust 
plume of the Space Shuttle consisted almost entirely of water vapour. During every launch 
(always from the Kennedy Space Centre, 28.6°N/80.7°W) several hundred tons of water 
vapour were injected into the atmosphere. About half of this injection occurred in the lower 
thermosphere off the US east coast when the Shuttle flew almost horizontally prior to the 
main engine cutoff, leaving behind a water vapour plume of about 1000 km in length and       
3  km in diameter. Subsequently the plume spreads out and dissolves by dynamical 
processes, i.e. advection and diffusion, and the photodissociation by Lyman-α radiation. 
Especially for studies of dynamics in the upper mesosphere and lower thermosphere the 
Space Shuttle exhaust plumes have been found to be a valuable tool. It was revealed that the 
meridional transport is more rapid than expected from earlier studies and GCM simulations, 
however the reasons for that remain poorly understood. Occasionally the Space Shuttle 
exhaust plumes reach the polar latitudes and contribute to the formation of noctilucent 
clouds (NLCs, also PMCs = polar mesospheric clouds) in the polar summer mesopause 
region, raising not only questions of their contribution to an individual NLC season but also to 
the trends in NLC parameter that are studied currently.

In the seminar the more or less complete data set of Space Shuttle exhaust plume 
observations from a number of satellite-borne instruments is presented. The observations 
show that the fate of the exhaust plumes is determined by a combination of bulk transport 
and rapid horizontal diffusion. The relative roles for each of these processes over the first ~12 
hours following launch depends on the local time of the launch such that Space Shuttles 
launched in the morning or early afternoon move north whereas those launched later in the 
day move south. After the first 12 hours other processes such as horizontal diffusion and 
planetary wave activity play an important role in the fate of the shuttle plume water vapour 
exhaust. Finally the influence of the Space Shuttle exhaust plumes to the NLCs discussed.


