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[1] We use in situ measurements of water vapor (H,O), ozone (O5), carbon dioxide
(COy), carbon monoxide (CO), nitric oxide (NO), and total reactive nitrogen (NOy)
obtained during the CRYSTAL-FACE campaign in July 2002 to study summertime
transport in the subtropical lowermost stratosphere. We use an objective methodology to
distinguish the latitudinal origin of the sampled air masses despite the influence of
convection, and we calculate backward trajectories to elucidate their recent geographical
history. The methodology consists of exploring the statistical behavior of the data by
performing multivariate clustering and agglomerative hierarchical clustering calculations
and projecting cluster groups onto principal component space to identify air masses of like
composition and hence presumed origin. The statistically derived cluster groups are then
examined in physical space using tracer-tracer correlation plots. Interpretation of the
principal component analysis suggests that the variability in the data is accounted for
primarily by the mean age of air in the stratosphere, followed by the age of the convective
influence, and last by the extent of convective influence, potentially related to the latitude
of convective injection (Dessler and Sherwood, 2004). We find that high-latitude
stratospheric air is the dominant source region during the beginning of the campaign while
tropical air is the dominant source region during the rest of the campaign. Influence of
convection from both local and nonlocal events is frequently observed. The identification
of air mass origin is confirmed with backward trajectories, and the behavior of the
trajectories is associated with the North American monsoon circulation.
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forcing by infrared-active species, it is necessary to under-
stand the mechanisms that transport air masses between the
troposphere and the stratosphere year-round. Transport of
chemical constituents plays a crucial role in explaining
issues such as UV dosage at the surface, distribution of
greenhouse gases like water vapor and carbon dioxide in the
upper troposphere and lower stratosphere (UT/LS), and

1. Introduction

[2] In order to predict the response of the global climate
system to thermal and chemical changes resulting from
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Possible transport pathways of air into the lowermost stratosphere over Florida (dark gray

box): equatorward transport of stratospheric air (A(1)), equatorward transport of convective air injected
into the stratosphere at higher latitudes (A(2)), local convection (B), poleward transport of air from the
tropical transition layer (C), and poleward transport of air that descended diabatically from the tropical
stratosphere (D). JS represents the approximate location of the polar jet stream over North America
during July 2002. The subtropical jet stream was not observed during this time of the year. The light gray

shaded area represents the lowermost stratosphere.

heterogeneous ozone loss in the tropopause region. The
summertime circulation, particularly in the stratosphere, has
been studied less extensively than the other seasons, be-
cause it has been regarded as quiescent because of the
weakening of the large-scale circulation driven by thermal
forcing and wave activity [Plumb, 2002]. Several studies,
however, have shown that this season can be important,
because deep convection over land can have a direct and
significant impact on the chemical composition of the
extratropical lower stratosphere [Jost et al., 2004; Dessler
and Sherwood, 2004].

[3] In this study, we use an Eulerian approach to quali-
tatively explore transport pathways in the subtropical low-
ermost stratosphere during the summer by (1) using a novel
combination of nonparametric and parametric techniques
along with tracer-tracer correlations to identify the origin of
sampled air masses and (2) backward trajectory calculations
to elucidate the responsible transport pathways. For this
purpose, we use in situ measurements of H,O, O3z, CO,,
CO, NO, and NOy, obtained aboard NASA’s WB-57 aircraft
during the Cirrus Regional Study of Tropical Anvils and
Cirrus Layers—Florida Area Cirrus Experiment (CRYSTAL-
FACE) that was based out of Key West, Florida during July
2002.

[4] Earlier observations of H,O vapor [Brewer, 1949] and
O; [Dobson, 1956] in the stratosphere revealed the exis-
tence of a large-scale meridional circulation that couples the

troposphere and the stratosphere. In this Brewer-Dobson
circulation, tropospheric air ascends into the stratosphere
primarily in the tropics, travels poleward, and descends into
the troposphere at high latitudes, where it can eventually
return to the tropics. Isentropic surfaces, or surfaces of
constant potential temperature, can be used to divide the
troposphere and the stratosphere into three regions: the
overworld, the middleworld, and the underworld [Hoskins,
1991]. These regions are delineated in Figure 1. In the
overworld and underworld, air is considered to be entirely
in the stratosphere and troposphere, respectively. In the
middleworld, air is considered to be in the troposphere at
low latitudes and in the stratosphere at high latitudes. The
stratospheric side of the middleworld is known as the
lowermost stratosphere, which is the focal region in this
study. The lowermost stratosphere is bounded from below
by the local tropopause, and from above by the tropical
tropopause. We use the long-standing definition of the
tropical tropopause to be the 380 K isentrope. Exchange
of air between the lowermost stratosphere and the tropo-
sphere is controlled by smaller-scale transient processes
[Holton et al., 1995]. These short-lived processes that can
develop in the extratropics include blocking highs, cutoff
lows, and tropopause folds.

[s] Figure 1 depicts possible transport pathways that can
bring air to the subtropical lowermost stratosphere over
southern Florida represented by the dark gray box. Pathway
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