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[1] A global stratospheric ozone data set for 1979–2005 is described. Interannual
variations are derived from analysis of Stratospheric Aerosol and Gas Experiment (SAGE I
and II) profile measurements, combined with polar ozonesonde data from Syowa
(69�S) and Resolute (75�N). These interannual changes are combined with a seasonally
varying ozone climatology from Fortuin and Kelder [1998] to provide a monthly global
data set. These data are intended for use in global modeling studies and for analysis
of global variability and trends. In order to generate continuous fields from the gappy
SAGE data, we use a regression fit that includes decadal trends, solar cycle, and QBO
terms, and the spatial structure of these variations is studied in detail. Decadal trends are
modeled using an equivalent effective stratospheric chlorine proxy. Ozone variability from
the vertically integrated SAGE/sonde data set is compared with results derived from a
merged Total Ozone Mapping Spectrometer/solar backscatter ultraviolet column ozone
data set, showing good overall agreement (in particular for trends in extratropics). We also
compare the SAGE data with ozonesonde measurements over Northern Hemisphere
midlatitudes and find excellent agreement for lower stratospheric variability and trends. In
the tropics, the SAGE ozone data show relatively large percentage decreases in the lower
stratosphere. However, the vertically integrated SAGE data do not agree with column
ozone trends in the tropics, so there is less confidence in the SAGE results in this region.
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1. Introduction

[2] The effects of stratospheric ozone variability and
change are important for modeling and attribution of global
change. The studies of Santer et al. [1996] and Bengtsson et
al. [1999] demonstrate that stratospheric ozone change is a
crucial ingredient for modeling the detailed vertical struc-
ture of temperature changes in the troposphere and strato-
sphere. Modeling studies also confirm that ozone loss is a
dominant mechanism leading to cooling of the lower
stratosphere since �1980 [Langematz et al., 2003; Shine
et al., 2003; Dameris et al., 2005; Ramaswamy et al., 2006].
In order to accurately model and assess the impacts of
stratospheric ozone variability and change, it is important to
have detailed knowledge of past behavior, in particular for
the vertical profile of ozone. To that end, we present here a
global ozone profile data set for the stratosphere that covers
the time period 1979–2005.
[3] The ozone profile data set described here results from

combining a seasonally varying ozone climatology [from
Fortuin and Kelder, 1998] with interannual changes derived
from global measurements spanning 1979–2005. Interan-

nual variability in ozone profile data is derived over the
majority of the globe using Stratospheric Aerosol and Gas
Experiment (SAGE) I and II measurements [McCormick et
al., 1989]. These data have the key attributes of long-term
accuracy plus high vertical resolution. The SAGE data
primarily cover the latitude range � 55�N–5�S (depending
on month). Because polar regions are not observed during
most of the year by SAGE, we use ozone profile measure-
ments from ozonesondes at Syowa (69�S) and Resolute
(75�N), which have reasonably complete records over
1979–2005 up to �27 km. Upper stratospheric polar
regions are extrapolated from high-latitude SAGE I and II
data.
[4] Beyond simply generating a continuous global data

set, we include an updated analysis of interannual variability
observed in the ozone profile data, in particular examining
the spatial structure of long-term decadal trends, solar cycle
variability, and quasi-biennial oscillation (QBO) effects.
These components contribute a majority of interannual
variability in both profile and column ozone, and our results
provide an updated analysis based on SAGE I and II data
[cf.Wang et al., 1996, 2002; Randel and Wu, 1999; Li et al.,
2002; World Meteorological Organization (WMO), 2003].
A further focus is to make detailed comparisons between
the vertically integrated profile data and global column
ozone data derived from merged Total Ozone Mapping
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Spectrometer/solar backscatter ultraviolet (TOMS/SBUV)
measurements [Stolarski et al., 2006]. These comparisons
include analysis of both time series and the statistical fits of
trends and solar cycle variability. While there is good
overall agreement between the integrated profile and col-
umn ozone data sets, we highlight differences that point to
uncertainties in current understanding of low-frequency
ozone variability and trends. We also include comparisons
between the SAGE ozone profile data and ozonesonde mea-
surements over Northern Hemisphere (NH) midlatitudes,
in order to improve understanding of SAGE-derived results
in the lower stratosphere.

2. Data and Analyses

2.1. SAGE/Sonde Data Set

[5] Accurate estimates of interannual variability and
trends are derived using ozone measurements from the
SAGE I and SAGE II satellites over most of the globe
(55�N-S), together with ozonesonde profile measurements
over both polar regions. The merging of the data sets is
shown schematically in Figure 1. The domain is global,
covering altitudes from the climatological tropopause (de-
rived from NCEP reanalysis) to 50 km, with a spatial
sampling of 5� latitude and 1 km.
[6] Results over 55�N–S are derived from SAGE I and II

data [McCormick et al., 1989]. SAGE I data span the time
period 1979–1981, and cover an altitude range of 20–
50 km. SAGE I data employ the altitude registration adjust-
ments recommended by Wang et al. [1996]. SAGE II data
cover the time period November 1984 to August 2005
(when the satellite ceased operation), and span a wider
altitude range from the tropopause to 50 km. The SAGE II
data used here are based on the v6.2 retrieval algorithm.
Data are omitted for 2 years following the eruption of
Pinatubo in June 1991, when high levels of stratospheric
aerosols influenced the SAGE retrievals [Wang et al., 2002].
The SAGE I and II solar occultation measurements cover
much of the latitude range 55�N–S during approximately
one month, but there are substantial gaps in monthly
sampled data at individual latitudes [see McCormick et al.,

1989, Figure 1]. Both sunrise and sunset SAGE II data are
used as available; only sunset measurements are available
after mid-2000. Because of irregular data gaps, we use a
regression analysis (discussed below) to generate a contin-
uous data set; although there is substantial sampling uncer-
tainty for individual months from SAGE, the data are
probably adequate for quantifying low-frequency interan-
nual variability (as demonstrated in our comparisons with
column ozone data and ozonesondes). Although the
SAGE II data end in August 2005, for completeness we
extend our results to the end of 2005 (based on extended
time series of proxy variables).
[7] Ozone profile data in the polar regions (poleward of

60� latitude) are based on monthly sampled ozonesonde
measurements from two stations with relatively continuous
time series: Syowa (69�S) and Resolute (75�N). These data
were obtained from the World Ozone and Ultraviolet
Radiation Data Center (WOUDC), from the Web site
http://www.woudc.org/. We use the polar ozonesonde data
for altitudes from the tropopause to 30 hPa; above this level
the polar results are based on extrapolation of the SAGE I
and II data.
[8] We use a regression analysis to generate a continuous

interannual anomaly data set from the combined SAGE I
and II and polar ozonesonde data sets. Each data set is first
deseasonalized using a harmonic regression of monthly
binned data, and ozone anomalies at each latitude and
height are fit with a regression model of the form

OZ tð Þ ¼ a � decadal trendþ b � solar cycle
þ g1 � QBO1 þ g2 � QBO2 ð1Þ

Decadal trend changes in ozone are modeled using the
equivalent effective stratospheric chlorine (EESC) proxy
shown in Figure 2a [WMO, 2003; Fioletov and Shepherd,
2005; Stolarski et al., 2006]. This term is intended to isolate
ozone changes associated with the amount of ozone-
depleting chlorine and bromine in the stratosphere. The
EESC function used here has a maximum in 1997, and is
most appropriate for midlatitude ozone (EESC probably
peaks later in polar regions, associated with older strato-
spheric age of air, but this variability will not strongly
influence our trend results). The solar cycle proxy is the
standard F10.7 radio flux (Figure 2b), and QBO1 and QBO2

are two orthogonal QBO time series based on observed
equatorial stratospheric winds [Wallace et al., 1993; Randel
and Wu, 1996]. We include a constant plus annual harmonic
term for each of the regression coefficients in equation (1).
Figure 3a shows an example of the regression fit to SAGE I
and II ozone measurements at one particular latitude and
height (40�N, 21 km). The regression analysis provides a
reasonable overall fit of the monthly data, and the data in
Figure 3a show a clear decadal-scale decrease in ozone, in
addition to relatively large QBO variability. Overall the
regression fits explain a large fraction (�50–70%) of the
interannual variance in the monthly SAGE data over much
of the stratosphere, as shown in Figure 3b. The regression
model captures a relatively low fraction of interannual
variance in the extratropical lower stratosphere (below
20 km) in Figure 3b, although the overall variance of the
SAGE data is large in this region. This is probably due to

Figure 1. Schematic diagram showing data sources used
to calculate interannual variability for the global ozone
profile data set.
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