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Abstract. Dessler (1998) analyzed 60,000 radiosonde profiles to
re-examine an analysis done nearly 20 years earlier by Newell
and Gould-Stewart (1981) (hereafter: NGS). Contrary to NGS,
Dessler finds that the mean tropical tropopause saturation mixing
ratio (SMR) is sufficient to explain stratospheric dryness and that
there is no need to assume a seasonal or regional preference for
water vapor entering the stratosphere. However, in using the
SMR to compute the water vapor amount, he implicitly assumes
that the air is saturated, since only under this condition are tem-
perature and water vapor physically connected. If the air is not
saturated, the average computed by Dessler will overestimate the
amount of water crossing the tropical tropopause ([H,O],), while
supersaturation and the presence of ice particles will underesti-
mate [H,O],. These processes, which are likely to have different
regional and temporal distributions, may have fortuitously can-
celed each other in Dessler’s analysis. NGS studied the
distribution of tropopause temperatures and focused on the
regions and seasons, in which dehydration is more likely to take
place. Recent studies indicate that the tropical tropopause has
been cooling over the last 25 years and show that the years used

by Dessler have the coldest tropical tropopause temperatures. -

Thus his conclusion may have been different if other years had
been studied. These differing viewpoints emphasize the need for
a detailed understanding of the stratospheric dehydration
mechanism.

Background

The study ‘A reexamination of the “stratospheric fountain”
hypothesis’ by A. E. Dessler (1998) repeats for a different time an
analysis done by Newell and Gould-Stewart (1981) (NGS), in
which they analyzed radiosonde data to study the tropical tropo-
pause dehydration. NGS found that only in the Western Pacific
during the boreal winter and in the Indian Ocean during the mon-
soon season is the tropopause cold enough to explain stratospheric
dryness. NGS surmised that there is a preferential region and a
preferential season for air to enter the stratosphere. The limited
data used by NGS make a repeat of this analysis highly desirable.

Dessler analyzes 60,000 radiosonde profiles, launched between
1994 and 1997. He correctly points out that, unlike in NGS, the
minimum saturation mixing ratio (SMR) of the temperature pro-
file should be used since averaging over the minimum temperature
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and subsequent application of the Clausius-Clapeyron equation
leads to an overestimate of the average SMR at the temperature
minimum. He obtains a value of 4.0 £ 0.8 ppmv for the annual and
zonal average of the minimum SMR near the tropical tropopause.
He compares this value with an estimate for the entry value for
water vapor [H,O], of 3.8 £ 0.3 ppmv, which was obtained by an

“average over various measurements and points out that the annual

and zonal average of the minimum SMR is consistent with this
estimate for the entry value for water vapor. He concludes that a
theory, which assumes a regional and seasonal preference for the
entry of air into the stratosphere, is not necessary.

While a study of this kind is highly desirable, the analysis pre-
sented by Dessler has some shortcomings, which in our view leave
the necessity of a stratospheric fountain as an open issue and show
that our knowledge on the detailed mechanism of tropical tropo-
pause dehydration is still limited.

Tropopause saturation

To estimate [H,O], from temperature data it has to be assumed
that the air is saturated at the temperature of the minimum SMR. If
the air is not saturated then temperature and water vapor content
have no direct relationship and temperature cannot be used as a
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Figure 1. Water vapor and SMR profiles obtained in March of
1993. The solid lines indicate the mean profiles, the shaded areas
the minimum and maximum values for the data series. (a) Four
profiles in the western Pacific, (b) five profiles in the central
Pacific over Christmas Island. While the western Pacific profiles
show consistently a nearly saturated tropopause region, none of
the profiles over Christmas Island shows saturation, despite a sig-
nificantly more moist tropopause region.
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