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Abstract
The SPARC Data Initiative includes climatologies of stratospheric aerosols made
from satellite based measurements that date back to the start of the SAGE II time
series. Also included within the initiatives are climatolgies produced by other
satellite experiments including SAGE III, GOMOS, SCIAMACHY and OSIRIS on
Odin. This poster highlights and compares the available aerosol climatologies
produced within the SPARC DI and illustrates many interesting features including
the volcanic sources associated with the recent increase in the sulphate aerosol level
within the stratosphere. The sulphate aerosol component within the SPARC DI
reinforces the important contribution this data initiative will make for those who
need to know how the data they are using for their analysis compare and contrast to
other satellite based data.

Comparison with the Historical Records
The historical satellite based stratospheric aerosol records date back to 1985 with the
launch of SAGE II. One of the goals of the aerosol component of the SPARC DI is to
provide a comparison of the current measurements in order to best extend the
historical record through to the present.

to the increase in the stratospheric aerosol load over the last
decade is significant.

2. Aerosols Measurements in the Tropical
Stratosphere From Space‐Borne Platforms

[4] Stratospheric aerosols have been monitored since the
early 1970’s [SPARC, 2006; Deshler et al., 2006] by (i) solar
occultation with the Stratospheric Aerosol and Gas mea-
surements (SAGE) series of instruments [SPARC, 2006],
(ii) a network of ground‐based lidars that are a part of the
Network for Detection of Atmospheric Composition Change
(NDACC) and (iii) balloon borne Optical Particles Counters
[Deshler et al., 2003]. Since 2002, those measurements have
been complemented by a new generation of satellite instru-
ments that include limb scatter measurements made by the
Optical Spectrograph and InfraRed Imaging System (OSIRIS)
onboard the Odin satellite [Llewellyn et al., 2004], stellar
occultation measurements made by the Global Ozone Moni-
toring by Occultation of Stars (GOMOS) on ENVISAT
[Vanhellemont et al., 2010] and by the Cloud‐Aerosol
Lidar with Orthogonal Polarization (CALIOP) aboard the
CALIPSO platform since 2006 [Winker et al., 2010].
[5] Figure 1 shows a composite time history of the

monthly mean Extinction Ratio (ER) profile at 525 nm in
the tropics (20S to 20N) since 1985 based on SAGE II
and CALIPSO measurements. The ER, which is the ratio
between the particulate and molecular extinction and is
analogous to an aerosol mixing ratio, was constructed using

SAGE II 525‐nm aerosol extinction coefficient (1985–2005)
and CALIPSO backscatter measurements (2006–2010)
using a 532‐nm lidar ratio (i.e., the aerosol extinction‐to‐
backscatter ratio). This ratio varies between 30 and 70 sr as a
function of latitude and altitude and was determined using
collocated CALIPSO backscatter values and GOMOS
extinction between 2006 and 2009 then applied throughout
the whole period of the CALIPSO measurements (see
auxiliary material).1 These values are in good agreement
with theoretical calculations [Chazette et al., 1995] given the
∼10% uncertainty in the retrieved CALIOP extinction
coefficients and optical depths. On Figure 1, we have super-
imposed the Singapore zonal wind speed component at
10 hPa (white line) which is indicative of the phase of the
Quasi‐Biennial Oscillation (QBO).
[6] Several strong volcanic events can be seen between

1985 to 1995 (see Table 1) including: Nevado del Ruiz in
Colombia in November 1985, Kelut in Indonesia in February
1990, and the dominant event of the past 30 years: the VEI 5–
6 Mount Pinatubo (Philippines) eruption in June 1991. The
Pinatubo eruption resulted in an increase of the aerosol
loading by a factor of 100 at altitudes up to 35 km. Several
eruptions with stratospheric influence occurred during this
period, including Cerro Hudson in October 1991 and Rabaul
in Papua New Guinea in September 1994, but their less

Figure 1. Monthly mean extinction ratio (525 nm) profile evolution in the tropics [20°N‐20°S] from January 1985 to June
2010 derived from (left) SAGE II extinction in 1985–2005 and (right) CALIPSO scattering ratio in 2006–2010, after remov-
ing clouds below 18 km based on their wavelength dependence (SAGE II) and depolarization properties (CALIPSO) com-
pared to aerosols. Black contours represent the extinction ratio in log‐scale from 0.1 to 100. The position of each volcanic
eruption occurring during the period is displayed with its first two letters on the horizontal axis, where tropical eruptions are
noted in red. The eruptions are listed in Table 1. Superimposed is the Singapore zonal wind speed component at 10 hPa
(white line).

1Auxiliary materials are available in the HTML. doi:10.1029/
2011GL047563.
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Figure 1: The SAGE II and CALIPSO aerosol extinction ratio data record dating
back to pre-1985. This plot illustrates the altitude dependent average of all

measurements made within a latitude bin that extends from 20 degrees south to
20 degrees north. Note the measurement gap that occurs after SAGE II was shut

off and before CALIPSO was launched. From Vernier et al. (2011), Figure 1.

CALIPSO within the 50°N‐20°N (Figure 3, top), 20°N‐20°S
(Figure 3, middle) and 20°S‐50°S (Figure 3, bottom) latitude
bands. The GOMOS SAODs are consistent with those of
SAGE II before 2005 and those inferred from CALIPSO
after 2006. Between 20°S‐20°N in the tropics, the strato-
spheric aerosol load does not display a linear trend but
instead a sequence of impulses of various amplitudes and
durations associated with the small volcanic eruptions. The
persistence of the volcanic signature is enhanced by the 1 to
2 years required for the ascent of the aerosol to 25 km by the
upwelling branch of the Brewer‐Dobson circulation. Com-
pared to the tropics, the mid‐latitude SAOD records do

show smoother increases with enhancements of smaller
amplitude delayed by an additional year due to the time
required for transport from the tropics to mid‐latitude. This
is illustrated by the series of monthly mean zonal averages
of CALIPSO scattering ratio following the Soufriere Hills
eruption shown in Figure 4. The first in July 2006 (Figure 4a)
shows the dense volcanic plume of the Soufriere Hills at
19–21 km with the remnants of the Manam eruption aerosols
between 22 and 27 km. Six months later (Jan‐07, Figure 4b),
the Soufriere Hills plume has ascended to the stratosphere
and is mostly confined in the tropical reservoir [Plumb,1996;
Hitchman et al., 1994]. During the same period, the plume

Figure 2. (top) Enlargement of Figure 1 in 2002–2009. (bottom) Odin/OSIRIS aerosol extinction at 750 nm zonal monthly
mean profile at 20N‐20S since the beginning of the mission.
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Figure 2: The upper panel is a subset of the figure above that includes the
times since OSIRIS was launched. The lower panel is similar OSIRIS

measurements for the same time period. Note the extinction ratio for these
two panels are defined slightly differently so should not agree in absolute

value. What is evident from these plots is the consistency between the three
data sets. From Vernier et al. (2011), Figure 2.

Figure 3: A zonal average SPARC DI look at the OSIRIS data from the
same time period. The SPARC DI climatologies are monthly mean
zonal averages on predefined pressure levels. The colour scale is

extinction per kilometer times 10−3.

OSIRIS / SAGE III Comparisons
Two of the data sets included within the SPARC DI are the OSIRIS and the SAGE III
extinction data. These two data records overlap from 2002 to 2005. During the period of
overlap the extinction ratio near 750 nm as retrieved by both instruments agrees extremely
well. Images taken from Bourassa et al. (2011).
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# of points: 345
Mean:        1.0633
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# of points: 477
Mean:        1.0738
Std Dev:     0.76304

10
−5

10
−4

10
−5

10
−4

OSIRIS 750 nm Extinction (km−1)

S
A

G
E

 II
I 7

55
 n

m
 E

xt
in

ct
io

n 
(k

m
−

1 )

 

 

2004
# of points: 444
Mean:        1.0341
Std Dev:     0.26264

10
−5

10
−4

OSIRIS 750 nm Extinction (km−1)

 

 

2005
# of points: 308
Mean:        1.2092
Std Dev:     0.52846

16.5 km
19.5 km
22.5 km
25.5 km

16.5 km
19.5 km
22.5 km
25.5 km

16.5 km
19.5 km
22.5 km
25.5 km

16.5 km
19.5 km
22.5 km
25.5 km

Figures 4&5: Individual coincident comparisons between OSIRIS and SAGE III;
scatter plots of multiple comparisons.
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Figure 6: Coincidence statistics.
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Further OSIRIS / SAGE III Comparisons
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Figure 7: A comparison of all the SAGE III extinction measurements with
coincident OSIRIS measurements.
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Figure 8: Additional OSIRIS measurements.

Figure 9: The SPARC DI climatologies that correspond to the OSIRIS
measurements seen above.
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