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[1] The Microwave Limb Sounder on Aura has produced an extensive set of
measurements of CO in the middle atmosphere. The measurements are usable for
scientific studies from the upper troposphere up to 90 km altitude. We describe these
measurements and validate them by demonstrating their internal consistency and by
comparing them to other remotely sounded measurements and to 2-D model simulations.
Comparisons with other measurements suggest that MLS has a positive bias of 25–50% in
the mesosphere and a negative bias of up to 70% in the (almost CO-free) lower
stratosphere. The geophysical features observed in the MLS CO field show excellent
qualitative agreement with other measurements.
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1. Introduction

[2] Carbon monoxide (CO) in the atmosphere has three
main sources: combustion at the Earth’s surface, oxidation
of methane in the stratosphere, and the photolysis of carbon
dioxide in the mesosphere and thermosphere [Solomon et
al., 1985; Allen et al., 1999]. The main loss mechanism is
oxidation by the OH radical. The balance between the
sources and the sink leads to relatively large mixing ratios
of CO in the troposphere and the upper mesosphere, with
extremely small mixing ratios in the lower stratosphere. The
lifetime of CO varies from 5–10 d in the upper stratosphere
to over 40 d at the mesopause and in the lower stratosphere
[Allen et al., 1999], so that the diurnal cycle is small and the
molecule acts as a tracer of atmospheric motion. The first
measurement of CO in the mesosphere was made using a
microwave technique [Waters et al., 1976] and was consis-
tent with the general picture that we have described.
[3] The Microwave Limb Sounder [Waters, 2006] (MLS)

on the Aura satellite has made daily global measurements of
the mixing ratio of CO since August 2004. These are the

most extensive set of measurements to date of middle-
atmosphere CO. In this paper we describe the measure-
ments, show that they are internally consistent, and compare
them to several other data sets. We restrict ourselves to the
stratosphere and mesosphere; clouds and spatial variability
mean that the upper troposphere presents a sufficiently
different problem of both validation and measurement that
it is considered in a separate paper [Livesey et al., 2007]. We
describe the second publicly released version of the MLS
data: version 2.2. For CO, this is a substantial improvement
on the previous release (version 1.5); we briefly describe the
differences between the two versions.

2. MLS Measurements

2.1. Overview

2.1.1. Instrument
[4] The MLS instrument [Waters, 2006] is essentially a

small radio telescope. It flies on the Aura satellite [Schoeberl
et al., 2006] which is in a Sun-synchronous near-circular
polar orbit; the nominal south-to-north equator-crossing
time is 1345 UT. MLS views the limb looking forward
from the satellite, so that the latitudinal coverage is from
82�S to 82�N every day. The antenna scans the limb exactly
240 times per orbit and there are approximately 14.5 orbits
per day. Each scan across the limb provides radiance
measurements at 120 tangent altitudes. These are spaced
300 m apart in the troposphere, 1.5 km apart in the
stratosphere and lower mesosphere and 3 km apart in the
upper mesosphere. The radiation received from the atmo-
sphere is fed from the antenna to five heterodyne radio-
meters covering spectral regions near 118 GHz (two
polarizations), 191 GHz, 240 GHz and 640 GHz. (A sixth
radiometer at 2500 GHz is fed by a separate antenna.) The
output of the five GHz radiometers is analyzed by 26
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