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[1] A consistent time series of stratospheric inorganic
chlorine Cly from 1991 to present is formed using space-
borne observations together with neural networks. A neural
network is first used to account for inter-instrument biases
in HCl observations. A second neural network is used to
learn the abundance of Cly as a function of HCl and CH4,
and to form a time series using available HCl and CH4

measurements. The estimates of Cly are broadly consistent
with calculations based on tracer fractional releases and
previous estimates of stratospheric age of air. These new
estimates of Cly provide a critical test for global models,
which exhibit significant differences in predicted Cly and
ozone recovery. Citation: Lary, D. J., D. W. Waugh, A. R.

Douglass, R. S. Stolarski, P. A. Newman, and H. Mussa (2007),

Variations in stratospheric inorganic chlorine between 1991 and

2006, Geophys. Res. Lett., 34, L21811, doi:10.1029/

2007GL030053.

1. Introduction

[2] Knowledge of the distribution of inorganic chlorine
Cly in the stratosphere is needed to attribute changes in
stratospheric ozone to changes in halogens, and to assess the
realism of chemistry-climate models [Eyring et al., 2006;
Eyring et al., 2007]. However, there are limited direct
observations of Cly. Simultaneous measurements of the
major inorganic chlorine species are rare [Zander et al.,
1992; Gunson et al., 1994; Bonne et al., 2000; Nassar et al.,
2006]. In the upper stratosphere, Cly can be inferred from
HCl alone [e.g., Anderson et al., 2000; Froidevaux et al.,
2006b].
[3] Here we combine observations from several space-

borne instruments using neural networks [Lary and Mussa,
2004] to produce a time series for Cly. A neural network is
used to characterize differences among various HCl meas-
urements, and to perform an inter-instrument bias correc-
tion. Measurements from several different instruments are
used in this analysis. These instruments, together with
temporal coverage and measurement uncertainties, are listed
in Table 1. The HALOE uncertainties are only estimates of
random error and do not include any indications of overall
accuracy. All instruments provide measurements through
the depth of the stratosphere. A second neural network is

used to infer Cly from these corrected HCl measurements
and measurements of CH4.
[4] Sections 2 and 3 describe the HCl and Cly intercom-

parisons. Section 4 presents a summary.

2. HCl Intercomparison

[5] We first compare measurements of HCl from the
different instruments listed in Table 1. Comparisons are
made in equivalent PV latitude - potential temperature
coordinates [Schoeberl et al., 1989; Proffitt et al., 1989;
Lait et al., 1990; Douglass et al., 1990; Lary et al., 1995;
Schoeberl et al., 2000] to extend the effective latitudinal
coverage of the measurements and identify contemporane-
ous measurements in similar air masses.
[6] The Halogen Occultation Experiment (HALOE) pro-

vides the longest record of space based HCl observations.
Figure 1 compares HALOE HCl with HCl observations
from (1) the Atmospheric Trace Molecule Spectroscopy
Experiment (ATMOS), (2) the Atmospheric Chemistry
Experiment (ACE), and (3) the Microwave Limb Sounder
(MLS). In these plots each point is the median HCl
observation made by the instrument during each month
for 30 equivalent latitude bins from pole to pole and 25
potential temperature bins from the 300–2500 K potential
temperature surfaces.
[7] For each of these bins we only use data in the range

where the supplied quality flags show it suitable for
scientific use. For each bin, we characterize the median
observation uncertainty and the representativeness uncer-
tainty. The representativeness is a measure of the spatial
variability over the bin, in our case characterized by the
average deviation of the observations in the bin. The
average deviation is a measure of the width of the proba-
bility distribution of observations. Unlike the standard
deviation, the average deviation is not strongly influenced
by a few outliers. Each of these uncertainties are used later
in Figures 2 and 3.
[8] A consistent picture is seen in these plots: HALOE

HCl measurements are lower than those from the other
instruments. The slopes of the linear fits (relative scaling)
are 1.05 for the HALOE-ATMOS comparison, 1.09 for the
HALOE-MLS, and 1.18 for the HALOE-ACE. The offsets
are apparent at the 525 K isentropic surface and above.
Previous comparisons among HCl datasets reveal a similar
bias for HALOE [Russell et al., 1996; McHugh et al., 2005;
Froidevaux et al., 2006a]. ACE and MLS HCl measure-
ments are in much better agreement (Figure 1d). Note, all
measurements agree within the stated observational uncer-
tainties summarized in Table 1.
[9] To combine the above HCl measurements to form a

continuous time series of HCl (and then Cly) from 1991 to
2006 it is necessary to account for the biases between data
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