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[1] Global satellite observations of ozone and carbon monoxide from the Microwave
Limb Sounder (MLS) on the EOS Aura spacecraft are discussed with emphasis on
those observations in the 215—100 hPa region (the upper troposphere and lower
stratosphere). The precision, resolution and accuracy of the data produced by the MLS
“version 2.2” processing algorithms are discussed and quantified. O3 accuracy is
estimated at ~40 ppbv +5% (~20 ppbv +20% at 215 hPa) while the CO accuracy is
estimated at ~30 ppbv +30% for pressures of 147 hPa and less. Comparisons with
expectations and other observations show good agreements for the O3 product, generally
consistent with the systematic errors quoted above. In the case of CO, a persistent factor of
~2 high bias is seen at 215 hPa. However, the morphology is shown to be realistic,
consistent with raw MLS radiance data, and useful for scientific study. The MLS CO data
at higher altitudes are shown to be consistent with other observations.
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1. Introduction

[2] Ozone and carbon monoxide play important and
distinct roles in the upper troposphere. Upper tropospheric
ozone is a potent and poorly understood greenhouse gas
[Intergovernmental Panel on Climate Change, 2001] whose
abundance, ranging from tens to a few hundred parts per
billion (ppbv), is influenced by a variety of factors including
the abundance of precursor HO, and NO, species and influx
of ozone rich air from the lower stratosphere. Rapid
transport of boundary layer air to the upper troposphere
by deep convection has a significant affect on ozone
through transport of precursor species [Prather and Jacob,
1997]. Carbon monoxide is a byproduct of combustion,
both natural and anthropogenic, and is one of the main sinks
of tropospheric OH [Jacob, 1999], the main atmospheric
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oxidant. Its relatively long (~2 month) photochemical
lifetime makes it a useful tracer of atmospheric motions,
particularly of the long-range transport of polluted air [e.g.,
Stohl et al., 2002; Liu et al., 2003].

[3] The Microwave Limb Sounder (MLS) [Waters et al.,
2006] on the Aura spacecraft [Schoeberl et al., 2006b],
launched on 15 July 2004, observes thermal microwave
limb emission from many molecules including O3 and
CO. This paper describes MLS O3 and CO data in the
upper troposphere and lower stratosphere (UT/LS), broadly
defined here as the region from ~300—100 hPa. With the
exception of section 3.3, all the MLS data described in this
paper are those produced by version 2.2 of the data
processing algorithms.

[4] Validation of the CO observations at higher altitudes is
discussed by Pumphrey et al. [2007]. The MLS ozone
product is also described in two companion papers in this
special section. Froidevaux et al. [2008] focus on observa-
tions in the stratosphere and mesosphere, while Jiang et al.
[2007] describe comparisons of MLS O; data with sonde and
ground-based observations, including in the altitude region
discussed in this paper.

[5s] Section 2 describes the relevant aspects of the MLS
instrument and data processing strategy, gives rules on
appropriate screening for the UT/LS Oz and CO data, and
quantifies their typical precision, expected accuracy and
spatial resolution. Section 3 describes some “‘zero-order”
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validation of these data including comparisons with non-
coincident observations. Section 4 focuses on comparisons
between MLS data and various colocated aircraft based
observations. Finally, section 5 summarizes all these find-
ings, and outlines plans for further validation and future
versions of the MLS products.

2. MLS UT/LS O3 and CO Observations
2.1. MLS Instrument Operations and Data Description

[(] MLS observes thermal microwave emission from
the Earth’s limb in five spectral regions from 118 GHz to
2.5 THz. The O; and CO standard products described in this
paper are taken from observations in the 230-250 GHz
spectral range. MLS looks forward from the Aura spacecraft
and scans the Earth’s limb vertically from the ground to
~90 km every 24.7 s.

[7] This paper describes MLS “Level 2” data, which are
geophysical products reported along the measurement track
of the instrument. These are retrieved from calibrated MLS
radiance observations (“Level 1 data’) by the MLS Level 2
data processing software [Livesey et al., 2006]. The MLS
O3 and CO products are reported on a fixed vertical pressure
grid having 6 levels per decade change in pressure in the
troposphere and stratosphere, evenly spaced in log;g
pressure starting at 1000 hPa (thinning out to 3 per decade
at pressures less than 0.1 hPa). These profiles are evenly
spaced at 1.5° great circle angle (geodetic) along the orbit
track. This gives 240 Level 2 profiles per orbit at fixed
latitudes, synchronized to the MLS vertical scans.

[8] The MLS Level 2 products are reported in Level 2
Geophysical Product (L2GP) data files. Individual files
describe one MLS “standard product” (O;, CO, H,O etc.)
for a 24 h period from midnight to midnight universal time.
The L2GP files store the data in an HDF-EOS version 5
“swath” format. The ozone files contain additional swaths
giving the estimated column ozone amount above the
tropopause [Froidevaux et al., 2008]. The MLS Version
2.2 data quality document [Livesey et al., 2007] gives more
information on the format and contents of the MLS data
files.

2.2. Proper Use of MLS UT/LS O3 and CO Data

[9] In addition to describing file formats and contents, the
data quality document [Livesey et al., 2007] also gives
detailed instructions on the proper use of all MLS data
products. The pertinent information for MLS UT/LS CO
and Oj is repeated here.

[10] Each MLS Level 2 data point is reported with a
corresponding precision value. This quantifies the impact
MLS radiance noise and (particularly in regions of lower
measurement sensitivity) the contribution of a priori infor-
mation. These issues are discussed in more detail in section
2.4. As an aid to users, the precisions are set to negative
values in situations where the retrieved uncertainty is larger
than 50% of a priori uncertainty, indicating that MLS
contributed little information to these data and that they
should not be used in scientific study.

[11] Three additional data quality metrics are provided for
each MLS profile. “Status” is an integer bit field indicating
where profiles are not to be used, or may be suspect because
of instrumental and/or retrieval issues. Odd values denote
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profiles that should never be used. Nonzero, even values
indicate situations where care may be needed, typically
where the retrieval algorithm detected strong cloud signa-
tures in some radiances and chose to discard those radian-
ces. The impact of this on MLS data varies with species and
height. Such profiles are typically suitable for scientific use,
though they are usually reported with poorer precision due
to the fewer number of radiances used in their retrieval.
Note that this is a change from v1.5, where such profiles
were to be ignored in the UT/LS. More details on the
“Status” field are given in the data quality document. The
“Quality” field gives a measure of the fit achieved to
the measured MLS radiances by the retrieval (larger numbers
imply better fits).

[12] The MLS data processing algorithms simultaneously
retrieve multiple (~10) MLS profiles in 15° orbit sections
known colloquially as ‘““chunks.” The “Convergence”
diagnostic compares the fit achieved across an entire
“chunk” to that expected by the retrieval algorithms. Values
in the range 1.0—1.1 indicate excellent convergence.

[13] MLS v2.2 CO and O3 data in the range 215 hPa to
100 hPa should only be used when (1) the precision value for
that data point is positive, (2) “Status™ for that profile is
an even number (this differs from the rules for v1.5 data),
(3) the “Quality™ field for that profile is greater than 1.2 (note
this is stricter than the stratospheric and mesospheric thresh-
olds of 0.4 for O3 and 0.2 for CO), and (4) “Convergence”
is less than 1.8.

[14] The MLS v2.2 O; and CO data are retrieved over the
range 316—0.00046 hPa. As will be shown later, the v2.2
05 and CO data at 316 hPa are not considered useful for
scientific study, and only data in the range 215—0.0022 hPa
should be used (see Froidevaux et al. [2008] and Pumphrey
et al. [2007] for discussion of upper altitude limits).

2.3. Signature of UT/LS O3 and CO in MLS Radiances

[15] Figure 1 shows typical MLS radiance observations in
the 240 GHz region of the spectrum, from which the UT/LS
O; and CO products are derived. All of the strong spectral
features are due to emission from O; lines, with the
exception of the feature at ~234.0 GHz in the lower
sideband from O'®*0 emission. The CO spectral line is at
~230.5 GHz in the lower sideband and has a ~1 K typical
amplitude in the upper troposphere. The small features in
this region seen at the higher tangent altitudes (e.g., red line)
are due to strong emission from mesospheric CO. The UT/
LS O3 information derives from the broad spectral contrast
across the spectral region, mainly seen by three of the
four “wide” channels, namely those at ~244.5 GHz,
~246.8 GHz and ~247.5 GHz upper sideband frequency.

[16] The MLS CO and O; data are retrieved using an
optimal estimation approach [Rodgers, 2000; Livesey et al.,
2006] from these 240 GHz radiances, along with observa-
tions of the 118 GHz O, line for additional pointing
information. In addition to O; and CO, this retrieval
also produces estimates for HNO;, SO,, temperature, geo-
potential height and tangent pressure (along with spectrally
flat ““extinction” terms). Figure 1 (bottom) shows the
average fit achieved to measured radiances. The scatter
about these averages (not shown) is generally consistent
with the levels of noise seen in the radiances, as would be
expected and desired. The fits in the CO region are
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