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Present-day observations of stable water isotopes (SWI) in precipitation on monthly time scales are abundant and
the processes governing the variation of SWI on these time scales have been investigated by many studies. However,
also on much shorter time scales of hours mesoscale meteorological processes lead to significant variations of
SWIs, which are important to understand. There are only few studies investigating the variations of SWI on this
short time scale, for which, e.g., frontal dynamics, convection and cloud microphysics play an essential role. In
particular, the isotopic composition of both near-surface vapor and precipitation is significantly influenced by
below-cloud processes that include precipitation evaporation and isotopic exchange between falling precipitation
and surrounding vapor.
In this study, simultaneous measurements of SWI in near-surface vapor and precipitation with high (sub-hourly)
temporal resolution in combination with observational data from radars, disdrometers, radiosondes and standard
meteorological instruments are used for a detailed analysis of the relative importance of below-cloud and in-cloud
(i.e. precipitation formation) processes during the course of three rain events in Switzerland in spring 2014. Periods
are identified when the isotopic composition of near-surface vapor and equilibrium vapor above liquid rain drops
agree and when they differ due to either evaporation of precipitation or incomplete equilibration of precipitation
with surrounding vapor. These findings are verified by the supporting observational data. In addition, calculations
with a simple rain-shaft model fed with observational data are compared to the actual isotopic composition of
precipitation. This combination of isotope measurements and model calculations allows us to test the sensitivity of
the precipitation isotope signal to rain intensity, drop-size distribution and temperature and humidity profiles.


