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[1] We report on in situ and remote sensing measurements
of ice particles in the tropical stratosphere found during the
Geophysica campaigns TROCCINOX and SCOUT-O3. We
show that the deep convective systems penetrated the
stratosphere and deposited ice particles at altitudes reaching
420 K potential temperature. These convective events had a
hydrating effect on the lower tropical stratosphere due to
evaporation of the ice particles. In contrast, there were no
signs of convectively induced dehydration in the
stratosphere. Citation: Corti, T., et al. (2008), Unprecedented

evidence for deep convection hydrating the tropical stratosphere,

1. Introduction

[2] Air enters the stratosphere in the tropics [Brewer,
1949], where it is transported across the tropopause situated
at about 380 K potential temperature (�17 km) into the
stratospheric overworld [Holton et al., 1995] and toward
higher latitudes in the Brewer-Dobson circulation. It is well
known that moist boundary layer air is transported into the
upper troposphere by deep convection with a main outflow
region at about 13 km [Folkins and Martin, 2005]. How the
air reaches the stratosphere is in contrast subject of ongoing
debate. The way by which the rising air is dehydrated is
closely linked to the transport mechanism of troposphere-
to-stratosphere transport (TST) and equally uncertain.
[3] Two classes of hypotheses have emerged to explain

dehydration. ‘‘Cold trap dehydration’’ assumes a large-scale
upwelling motion as the main mechanism, involving quasi-

horizontal transport through a ‘‘fountain’’ region over the
maritime continent and Western Pacific, where the tropo-
pause is particularly cold [Newell and Gould-Stewart, 1981;
Holton and Gettelman, 2001]. The air is thereby gradually
dehydrated in cirrus clouds. This hypothesis is supported by
the distribution of high cirrus clouds [e.g., Wang et al.,
1996] and water vapor [Read et al., 2004], by trajectory
studies [Jensen and Pfister, 2004; Fueglistaler et al., 2005]
and radiative calculation [Corti et al., 2006].
[4] The alternative hypothesis, ‘‘convective dehydration’’,

postulates that dehydration occurs mainly in very deep,
overshooting convection [e.g., Danielsen, 1993; Sherwood
and Dessler, 2001]. This mechanism invokes overshooting
to lead to extremely dry air caused by the extremely low
temperatures in cumulonimbus turrets. However, efficient
dehydration requires an air parcel to be exposed to these low
temperatures for a sufficiently long time so that the ice
particles can sediment out [Holton and Gettelman, 2001]. It
is questionable whether convective overshoots satisfy this
requirement. In contrast, model simulations suggest that
overshooting convection has rather a hydrating than dehy-
drating effect [Chaboureau et al., 2007; Grosvenor et al.,
2007].
[5] There are several reports on tropical deep convection

reaching into the stratosphere [e.g., Adler and Mack, 1986;
Danielsen, 1993] leaving open whether the air eventually
mixed into the stratosphere or descended back into the
troposphere. In addition, observations of ice above 380 K
could not be linked unambiguously to convective over-
shoots [Kelly et al., 1993; Nielsen et al., 2007].
[6] The question whether deep convection leads to

hydration or dehydration of the stratosphere is still open.
The present study reports on in situ and remote observa-
tions of ice particles in the tropical stratosphere during two
recent aircraft campaigns tackling two questions: Are the
observed stratospheric ice particles of convective origin? If
so, are these convective events hydrating or dehydrating
the stratosphere?

2. Instruments and Data

[7] In 2005, two missions involving the high altitude
research aircraft Geophysica [Stefanutti et al., 1999] aimed at
shedding light on these questions: the Tropical Convection,
Cirrus, and Nitrogen Oxides Experiment (TROCCINOX) in
the State of Sao Paulo, Brazil in February 2005 and the
Stratosphere-Climate Links with Emphasis on the Upper
Troposphere and Lower Stratosphere (SCOUT-O3) experi-
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