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Abstract

The OSIRIS instrument onboard the Odin spacecraft routinely measures vertical pro-
files of spectrally dispersed, limb scattered sunlight from the upper troposphere into
the lower mesosphere. These measurements are used to retrieve the ozone number
density vertical profile over the altitude range from 10 to 60 km using the SaskMART
Multiplicative Algebraic Reconstruction Technique, which is a one dimensional modifi-
cation of an existing two-dimensional tomographic retrieval algorithm. This technique
allows for the consistent merging of the absorption information from radiance measure-
ments at wavelengths in the Chappuis and the Hartley-Huggins bands at each iteration
of the inversion. The effectiveness of the retrieval is demonstrated using a set of coin-
cident SAGE Il occultation measurements that show a mean bias of less than 2% from
18 to 53 km.

1 Introduction

In recent years multiple satellite instruments have been developed that measure the
spectrum of limb scattered sunlight at ultraviolet, visible and near-infrared wavelengths.
The limb scatter data set allows for the retrieval of trace gas and aerosol profiles at a
vertical resolution comparable to that of occultation measurements, but with signifi-
cantly better global coverage. The first retrievals of ozone from satellite limb radiance
measurements were made in the upper atmosphere by the Ultraviolet Spectrometer
(UVS) on the Solar Mesospheric Explorer (SME) (Rusch et al., 1984). The demonstra-
tion flight instruments Shuttle Ozone Limb Sounding Experiment/Limb Ozone Retrieval
Experiment (SOLSE/LORE) measured the limb radiance at several wavelengths in the
Hartley-Huggins and Chappuis bands (McPeters et al., 2000). The vertical profile of
the ozone density was retrieved from these measurements using normalized pair and
triplet combinations of the radiances. The first routinely retrieved limb-scatter ozone
product was made with data from the Optical Spectrograph and InfraRed Imaging Sys-
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tem (OSIRIS) using a triplet combination of Chappuis band wavelengths to retrieve
ozone densities from the troposphere up to 35 km (von Savigny et al., 2003). The Scan-
ning Imaging Absorption Spectrometer for Atmospheric Cartography (SCIAMACHY)
on Envisat (Bovensmann et al., 1999) is currently operational and routinely retrieves
stratospheric/mesospheric ozone from limb radiance spectra in a similar fashion. The
Stratospheric Aerosol and Gas Experiment (SAGE) Il primarily retrieves trace gas pro-
files by solar occultation, but has the ability to measure the limb scatter radiances for
retrieval of ozone and other species (Rault, 2005). The limb scatter technique is to be
used in an operational sense with the upcoming launch of Ozone Mapping and Profiler
Suite (OMPS) on the NPOESS Preparatory Project (Flynn et al., 2004).

In this work we present a new technique for the retrieval of ozone vertical profiles
from 10 to 60 km using limb scatter radiances measured by the OSIRIS instrument. A
key feature of this algorithm is that it allows for the simultaneous merging of the informa-
tion contained within the visible and ultraviolet ozone absorption bands in a consistent
manner. This is done using a set of weighting factors that specify the importance of
each line of sight and each spectral measurement to the retrieval at each altitude of
the profile. As part of this work, we introduce a methodology, based on the physics of
the measurement, for the choosing of these weighting factors.

We demonstrate the success of this technique as applied to the OSIRIS measure-
ments through comparison of these retrievals with near coincident SAGE |l occultation
measurements.

2 The Measurements

The Canadian built OSIRIS instrument is onboard the Odin satellite and has been
fully operational since shortly after launch on 21 February 2001. The spectrograph
module measures the limb scattered sunlight dispersed over a wavelength range from
280 to 800nm at 1 nm resolution. In normal operational mode, OSIRIS scans the
limb from 7 to 70 km tangent altitude at approximately 0.75km/s. The Odin orbit is

11855

ACPD
8, 11853-11877, 2008

MART Limb Scatter
Ozone Retrieval

D. A. Degenstein et al.

: “““ I““


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/8/11853/2008/acpd-8-11853-2008-print.pdf
http://www.atmos-chem-phys-discuss.net/8/11853/2008/acpd-8-11853-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

circular and sun-synchronous at an altitude near 600 km with a period of 96 min. The
orbital inclination of 98 degrees from the equator provides near-global coverage as the
corresponding sampled latitude range for nominal on-track instrument pointing is from
82 degrees S to 82 degrees N. The local time of the ascending node, i.e. the northward
equatorial crossing, is 18:00h. For more information on the Odin satellite and the
OSIRIS instrument see Murtagh et al. (2002) and Llewellyn et al. (2004) respectively.

This work presents a method for the retrieval of vertical ozone number density pro-
files from OSIRIS limb radiance profiles. Examples of the OSIRIS measurements from
a typical limb scan are shown in Fig. 1 where the radiance is plotted as a function
of tangent altitude. The left panel of the figure shows radiance profiles at selected
wavelengths within the Hartley-Huggins absorption band. The right panel shows three
profiles from the Chappuis band absorption feature. The tangent altitude below which
the limb radiance profile becomes roughly constant is known as the knee. This is the
minimum altitude probed at that wavelength as it is the point where the optical depth
becomes large. It is clear from Fig. 1 that the UV measurements sample lower alti-
tudes at longer wavelengths due to the decreasing ozone cross section, and that at the
Chappuis wavelengths, it is still optically thin down to below 10 km.

The radiance profiles shown in Fig. 1 are combined to form the measurement vector.
In a fashion similar to the technique employed by Flittner et al. (2000), measurement
vector elements are formed using radiance profiles that are normalized at a reference
tangent altitude. In the Hartley-Huggins region, radiances are used in pairs defined as
the difference between the logarithm of a normalized measurement at an absorbing
wavelength, /(/, Aaps), and a similarly normalized measurement at a reference wave-
length where the ozone absorption is very weak, 7(/,/lref). Thus, the measurement
vector element is,

7(jr/1ref)
= n [ 2Ll ) 1
Y= <7(/, Aabs)> w

In this notation, / represents a normalized radiance profile and j denotes a measured
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tangent altitude, i.e. a line of sight. The measurement vector elements are indexed by
two subscripts, j and k. Again, j represents a tangent altitude, and k is a number that
represents a pair/triplet combination. For example, in this work we use seven pairs and
two triplets such that k ranges from 0 to 8.

At Chappuis band wavelengths, triplets are formed as the difference between the
mean of the natural logarithm of two weakly absorbed normalized radiance profiles
and the natural logarithm of the normalized radiance profile measured at a wavelength
near the peak of the Chappuis cross section,

\/7(/ Areﬁ)i(j”lrefz)
Yik =1In 7 ' ?
/(/: ’labs)

The two reference wavelengths are taken on either side of the peak absorption. A
summary of the measurement vector elements used in this work is provided in Table 1.

3 The SaskMART technique

The SaskMART technique is a type of Multiplicative Algebraic Reconstruction Tech-
nique (MART) that iteratively updates the atmospheric state parameter using the ratio
of observed and modelled measurement vector elements. In a fashion similar to a non-
linear relaxation technique (Chahine, 1972), the sensitivity of the measurement vector
to the state parameter must be positive; thus the pair and triplet definitions given above
are the inverse of those used in previous work (e.g. Flitiner et al., 2000; von Savigny
et al., 2003).

An important feature of the SaskMART algorithm is that more than one measurement
vector element can be used to retrieve the state parameter at any altitude. At each
iteration, the multiplicative factor used to update the current atmospheric state at each
altitude is a weighted average of all the ratios of observed and modelled measurement
vector elements that are significant to the retrieved value.
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3.1 Development

The SaskMART equation,
yobs
(n+1 n) kj
"33 ) ) ®
i \Ykj

has been presented in various forms in previous works (Degenstein et al., 2003; De-
genstein et al., 2004; Bourassa et al., 2007; Roth et al., 2007) associated with the
retrieval of geophysical quantities from OSIRIS radiance measurements. In this ap-
plication, xf") is the ozone number density at an altitude denoted by / after the o
iteration. The observed and modelled measurement vectors are denoted by y;,, where
J correponds to a tangent altitude element of the k™ pair/triplet combination. The

Wy terms in Eq. (3) are weighting factors that determine the importance of the e
pair/triplet combination and the jth line of sight to the ozone density at the altitude /. At
each altitude the sum over k and ; of the weighting factors, W, ;, is unity.

The line of sight and pair/triplet weighting factors terms can be considered indepen-
dently such that Eq. (3) can also be written as,

obs

Y

(n+1) (n) kj

X/ = X/ E Wk/ E WM//, s (4)
k J kj

where the W, term indicates the importance of the particular pair/triplet combination,
k, to the retrieval at altitude /. The W/-,- term allows more than one line of sight to
contribute directly to the retrieved value at that altitude. Similarly, the summation of
Wy, over k and W;; over j are both unity. This follows Roth et al. (2007), where the
SaskMART equation is discussed in two distinct parts. The first part, corresponding to
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the inner sum in Eq. (4),

yobs

kj

W= 2 Jmoa i | ®)
/ kj

is defined for a single pair/triplet profile, i.e. a given k, and determines the ratio
(n+1)
ik
Qjy = # (6)
Xik
This ratio, a;, is a multiplicative adjustment for iteratively updating x; based on infor-
mation from the &™ pair/triplet only. The notation x;, is used to indicate this partial
solution, which is for a given k, from the full solution that uses all pair/triplet combina-
tions.
The second part of the SaskMART equation, the outer sum of Eq. (4), can then be
written in terms of a;, as,

a; = D (Wigay) . (7)

k

where each multiplicative factor a;, is weighted by the importance of the e pair/triplet
for the retrieval at altitude /. Thus, a; is the final multiplicative value,
(n+1)
X

X
i

that is used to update the state parameter at each iteration.

3.2 Combining multiple lines of sight

In previous work by Roth et al. (2007), where only Chappuis band information was

used, the authors found it sufficient to allow three lines of sight, corresponding to suc-

cessively lower tangent altitudes, to influence the retrieval at any given altitude. We
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also follow this approach in this work such that elements W;; in Eq. (4) are non-zero
only if j represents the line of sight tangent through altitude / or the next two succes-
sively lower tangent altitudes. Likewise, we have followed the convention of Roth et al.
(2007) and assigned W; ; a weight of 0.6, W; ;_, a weight of 0.3 and W, ;_, a weight of
0.1 as these roughly correspond to normalized values from the path length matrix.

3.3 Combining multiple pairs and triplets

As discussed in Sect. 2, in the limb geometrydifferent wavelengths probe different al-
titude ranges based on the optical depth along the line of sight. At absorbing wave-
lengths, this is primarily a function of the strength of the ozone cross section. In com-
bining multiple pairs and triplets for the retrieval, it is important that each measurement
contributes only over the altitude range where lines of sight have a relatively large sen-
sitivity to ozone. Based on this, we have developed a straight forward methodology for
determining the altitude range over which each pair/triplet has non-zero weighting in
the inversion.

The minimum altitude for each Hartley-Huggins band pair is determined by the lo-
cation of the knee in the radiance profile of the absorbing wavelength (it is assumed
that the knee in the reference wavelengths is below this altitude). The knee altitude
is a somewhat weak function of the ozone profile; however, it is sufficient to choose
an altitude corresponding to an average profile. Because there is no knee in the ra-
diance profiles in the Chappuis band from 10 to 60 km, the minimum altitude of the
two triplets we use in this work is set to 10 km, i.e. the lower retrieval boundary. The
minimum altitude of the pairs formed from Hartley-Huggins band radiances decreases
with wavelength from 47 km at 292 nm to 18 km at 331 nm. All values are summarized
in Table 1. The normalization tangent altitude of the Chappuis band triplets is set at
33km. At this altitude the ozone absorption is becoming significantly weak. As well,
there is some potential for contamination from low signal to noise and stray light at
these wavelengths above this altitude. The Hartley-Huggins band pairs are normal-
ized at successively higher tangent altitudes such that the maximum value of the pair,
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which occurs at the minimum altitude, is approximately 1.0. In an approximate sense,
this represents a distance of one optical depth from the normalization altitude to the
minimum altitude. The important effect of this scaling is that systematic errors in the for-
ward model are minimized by using a normalization tangent altitude near the retrieval
points. Again, see Table 1 for a full list of the normalization altitudes.

Finally, the maximum altitude for which each pair/triplet has a non-zero weight is cho-
sen as 5 km below the normalization tangent altitude. It is important that the pair/triplet
is not used in close proximity to the normalization because, by definition, the pairs and
triplets, and hence the sensitivity, approach zero at the normalization point. As well,
because the MART iterations are based on the ratio of the observed and modelled
measurement vectors, it is wise to avoid the division of two small numbers in consid-
eration of the noise that will be present in the observation. Fig. 2 shows the pair and
triplet values constructed from the OSIRIS radiances shown in Fig. 1. The pairs using
absorbing wavelengths at 292, 302, 306, 309, 315, and 322 nm profiles increase from
zero at the normalization tangent altitude to a value near 1.0 at the minimum altitude.
Two Chappuis band triplets are used in the retrieval but they are almost indistinguish-
able on this plot so only one is shown.

The pair constructed using the 331 nm radiance profile was chosen in a similar fash-
ion; however as the ozone cross section is significantly weaker at this wavelength, the
location of the knee is not as obvious. We have chosen 18 km as the minimum altitude
for this pair. This creates significant overlap between the region that the Chappuis and
Huggins band information is being used and is of great benefit for the consistency of
the inversion in the transition region between the visible and ultraviolet wavelengths.
The sensitivity of the 331 nm radiance to ozone at these low altitude is still significant.
In fact, as shown in Fig. 3, the value of the Huggins band cross section at 331 nm is
very similar to the peak of the absorption in the Chappuis band. The similar nature of
the ozone sensitivity at these two wavelengths is reflected in the comparable shapes
of the profile of the 331 nm pair and the Chappuis triplet shown in Fig. 2. Because the
cross section at this wavelength is significantly less than for the other Hartley-Huggins

11861

ACPD
8, 11853-11877, 2008

MART Limb Scatter
Ozone Retrieval

D. A. Degenstein et al.

: “““ I““


http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/8/11853/2008/acpd-8-11853-2008-print.pdf
http://www.atmos-chem-phys-discuss.net/8/11853/2008/acpd-8-11853-2008-discussion.html
http://creativecommons.org/licenses/by/3.0/

10

15

20

25

wavelengths that are used, the normalization altitude was chosen at 42 km to limit the
contribution to an altitude range of approximately 20 km.

3.4 Setting the weighting factors

As explained in the previous section, the information from each pair and triplet shown
in Fig. 2 is used for the retrieval over different, overlapping altitude ranges. The weight-
ing factors, W, in the SaskMART algorithm specify the relative contribution of each
pair/triplet, k, as a function of altitude, where at each altitude, /, the sum of the weight-
ing factors over k must equal unity. As part of this work we have found that it is impor-
tant that the contribution from each pair/triplet is increased and decreased slowly over
an altitude range so that small systematic errors in the forward model that vary with
wavelength and altitude do not cause oscillatory structure in the retrieved profile. Thus
the weighting factor for each pair/triplet is increased slowly from zero at the minimum
altitude to the altitude where it has maximum significance for the retrieval and then
slowly decreased to zero at the maximum altitude. For the highest altitude pair and the
lowest altitude triplets the weighting factor is largest at the upper and lower retrieval
boundary respectively. Fig. 4 is a plot of the weighting factors assigned to each of the
pair and triplets used in this work. To create these weighting factors, we have used
a roughly linear trend over 5-8 km to increase and decrease the weighting factor in
each case from the minimum and maximum altitudes, while maintaining a unity sum of
the weighting factors at each altitude. A second consideration in the creation of these
weighting factors was to use information from at least three pairs or triplets at each
altitude. Again the upper and lower boundaries are a special case. It is important to
note that these factors do not have any direct mathematical relationship to either the
averaging kernel or the Jacobian matrix.

We should also note that we have found, through significant testing, that it is possible
to use similar, yet different weighting factors with very minimal impact on the retrieved
solution. Especially in the case of an instrument with lower signal to noise, the addition
of more pairs and triplets is certainly a good idea and a new of set weighting factors
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can be determined using the same methodology. The weighting factors presented in
this work are a sample set that is sufficient for use with the OSIRIS measurements.

4 Implementation details
4.1 The radiative transfer model

The radiative transfer model used in this work for the forward simulation of the limb
radiances used to construct the measurement vector pair and triplet elements is the
SASKTRAN model (Bourassa et al., 2008). SASKTRAN is a spherical shell, arbitrary
order multiple scatter model that simulates the effects of absorbing gases and strato-
spheric sulphate aerosols on the propagation of uv-visible radiation through the atmo-
sphere. The SASKTRAN model has been demonstrated by Bourassa et al. (2008) to
agree well with the other similar models compared by Loughman et al. (2004). The
ozone cross section used in SASKTRAN for this work is from Burrows et al. (1999).
For the results presented in this paper the order of the multiple scatter calculation is
limited to three scattering events, which is more than sufficient for the altitudes and
wavelengths that are considered.

4.2 The retrieval grid

The OSIRIS instrument scans the limb at a relatively constant rate; however, the auto-
exposure algorithm of the spectrograph achieves high signal to noise at low tangent
altitude with short exposure times such that the spacing of the measured spectra is
closer in tangent altitude near the bottom of the scan. Typically the spacing ranges from
1.0 km at low tangent altitude to 2.5 km at upper tangent altitudes. In the SaskMART
algorithm the altitudes at which the update factor a; is calculated correspond directly
to the tangent altitudes of the lines of sight, /, in the OSIRIS scan.

Therefore, after each iteration of the SaskMART equation the ozone profile in the
SASKTRAN model is updated by interpolating a; as function of altitude to the SASK-
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TRAN shell altitudes and multiplying the ozone profile at these shell altitudes by the
interpolated value of a;. Furthermore, the multiplicative factor used for the highest re-
trieved altitude is applied to the profile at all altitudes above this point. Similarly, the
multiplicative factor used for the lowest retrieved altitude is applied for all points below
this altitude. For this work, SASKTRAN vertical shell spacing is 1km and the altitude
range extends from 0 to 100 km.

4.3 Other parameters

It has been shown in previous workthat the limb scatter ozone retrieval is dependent
on knowledge of the stratospheric aerosol profile and the NO, profile. The sulphate
aerosol number density profiles used in the SASKTRAN model have been retrieved
using the OSIRIS data with the technique outlined in Bourassa et al. (2007). The NO,
number density was also retrieved from the OSIRIS data using a method based on the
SaskMART algorithm. Details of the NO, retrieval will be presented in a future work.

A basic cloud detection algorithm is implemented using a long wavelength channel.
The presence of a cloud top above 10km altitude defines the lower boundary of the
inversion. Also, a retrieval of the effective albedo is performed for each scan, see
Bourassa et al. (2007). For this implementation, the initial guess ozone profile is taken
from a standard climatology (VMicPeters et al., 1997).

4.4 A note on the error analysis

There have been recent papers that have addressed the sensitivity analysis of limb
scattering ozone retrieval (e.g. Loughman et al., 2005) and those results, e.g. the ef-
fects of albedo, aerosol, pointing, etc., are also valid for the SaskMART inversion tech-
nique and need not be repeated here. More specifically, however, a methodology for
performing a formal error analysis for the SaskMART technique has been presented in
Roth et al. (2007) and Bourassa et al. (2007) using a numerical perturbation technique
for the calculation of the required matrices. The results for this extended retrieval tech-
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nique are very similar to those presented in Roth et al. (2007); however, the addition
of the ultraviolet wavelength information keeps the uncertainty due to the measure-
ment noise below approximately 5% up to 55 km altitude. The effect of the initial guess
and the number of iterations are nearly identical to the results presented in Roth et al.
(2007).

5 Results: SAGE Il comparisons

In order to evaluate this inversion technique as applied to the OSIRIS data, we have
selected a set of coincidences between OSIRIS limb scans and Stratospheric Aerosol
and Gas Experiment (SAGE) Il occultation events. For a description of the SAGE Il
data set see, for example, Cunnold et al. (1989), Chu et al. (1989), and McCormick
et al. (1989). The coincidence set spans the almost four year mission overlap, from
2001 to 2005, and includes 196 events that are within 200 km and 2 h. The locations
of the measurements are relatively well distributed over both hemispheres, from 20 to
80° latitude, and are limited to solar zenith angles at the OSIRIS tangent point that are
less than 88°. Coincidences in the tropics do not occur with these tight criteria.

Figure 5 shows the SAGE Il and OSIRIS SaskMART ozone profiles for a sample of
four of these coincidences. These results are very typical and were chosen specifically
at different latitudes to demonstrate the similarity in the structure of the retrieved profiles
from the two instruments. It should also be noted that the OSIRIS retrievals appear to
be very consistent through the 20 to 40 km altitude region where the information in the
inversion transitions from visible to ultraviolet wavelengths.

The statistics that were generated using all 196 profiles in the coincidence set are
shown in Fig. 6. For this comparison, the SAGE Il profiles are convolved to 2 km resolu-
tion to better match the OSIRIS vertical resolution and interpolated to the 1 km OSIRIS
retrieval grid. The left panel in the figure shows the mean of the percent difference from
each coincidence and, between 18 and 53 km, it is less than 2%. Variability in time and
space is likely the cause of the larger bias below 18 km. The standard deviation of the
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percent difference from each coincidence is shown in the right panel of the figure and
it is approximately a consistent 5% from 20 to 50 km. Again, it is important to note that
the transitions between wavelengths in the inversion as a function of altitude do not
appear in the mean bias or in the standard deviation in these comparisons with SAGE
Il.

The retrievals at tropical latitudes were compared in a zonal average sense due to
the rare time and space coincidence between the two instruments in this region. Over
a 24 h period beginning on 10 October 2003, 15 SAGE Il events and 26 OSIRIS scans
fall in a latitude band between 16 and 21° N. The left panel of Fig. 7 shows the percent
difference between the mean profile measured by each instrument. The right panel
shows the standard deviation of the profiles as an indication of the measured variabil-
ity. The results are similar to the previous case with a mean bias of less than 5%
from 20 to 50km. It is likely that the agreement does not extend quite as low in this
case due to the higher altitude of the tropical tropopause. This can certainly also been
seen in the sharp increase in the variability of the profiles below 20 km. Overall, the
variability of the measured profiles is very similar between the two instrument from 20
to 50km. However, the slight increase in the SAGE Il results as altitude approaches
50 km does not appear in the OSIRIS measurements. Once more the transition be-
tween the Chappuis and Hartley-Huggins band absorption information in the OSIRIS
retrievals does not appear as a systematic bias or as an increase in the variability of
the measurements.

6 Conclusions

The SaskMART technique provides a method for the retrieval of vertical profiles of
ozone from limb scattered sunlight spectra that allows for the consistent incorporation
of information from the Chappuis and Hartley-Huggins band absorption features as a
function of altitude. A set of weighting factors is used to determine the importance
of each line of sight and each element of the measurement vector for the retrieved
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state at each altitude. The application of the technique to the measurements made by
the OSIRIS instrument demonstrates agreement with coincident SAGE Il occultation
measurements to within 2% from 18 to 53 km altitude over a large range of geolocations
and solar zenith angles.

This retrieval is regularly processed at the University of Saskatchewan for all OSIRIS
stratospheric limb scan measurements. Data from November, 2001, to the current date
is available for download as an OSIRIS Level 2 Product in HDF-EOS5 format. OSIRIS
remains fully operational and processing of this algorithm will be maintained into the
foreseeable future.
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Table 1. Definitions of the 9 pair/triplet combinations calculated from the measured limb radi-
ances shown in Fig. 1 that are used to construct the measurement vector, y.

Yio Yin Yo Yz Y YVis Ve Yi7 Yis
Definition Pair Pair Pair Pair Pair Pair Pair Triplet Triplet

Absorbing Wavelength (nm) 292 302 306 309 315 322 331 599 602
Reference Wavelength 1 (nm) 351 351 351 351 351 351 351 540 544

Reference Wavelength 2 (nm)  — - - - - - - 668 679
Minimum Altitude (km) 47 42 40 37 3 24 18 - -
Maximum Altitude (km) 60 60 54 50 44 40 37 28 28

Normalization Altitude (km) 65 65 59 55 49 45 42 33 33
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Altitude (km)

Fig. 1. A sample set of OSIRIS limb radiance profiles used for the ozone retrieval. Measure-
ments within the Hartley-Huggins band and Chappuis band are shown in the left and right

panels, respectively.
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Fig. 2. A sample set of the 9 OSIRIS pair/triplet measurement vector elements used in the
ozone retrieval. See Table 1 for complete definitions. Values of the two Chappuis triplets are

indistinguishable in this plot.
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Fig. 3. Typical ozone absorption cross section. The value is similar at 331 nm and 602 nm.
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Fig. 4. The weighting factors assigned to each of the vectors as a function of altitude.
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their inherent vertical resolution. The entire data set consists of 196 coincidences.
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Fig. 6. The mean and standard deviation of the percent differences between the retrieved
ozone profiles for 196 coincident OSIRIS and SAGE Il measurements.
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Fig. 7. The percent difference of the zonal average profile measured by OSIRIS and SAGE Il
over 24 h for a 5° tropical latitude band (15 SAGE Il measurements and 26 OSIRIS measure-

ments).
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