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1 Abstract

Methyl chloride (CHCI), the largest natural source of stratospheric chlocoeently
accounts for about 16% of chlorine-catalyzed ozone deastrum the stratosphere
Its importance Is expected to increase, however, as emissiurols alter the relativ
contributions from natural and anthropogenic halogenassirThus a quantitative un
derstanding of the C¥ClI distribution and variability will be valuable in enhangiour
prognostic capability for ozone layer stability. The Aurackdwave Limb Sounder
(MLS) measures vertical profiles of temperature, cloud ar&l an extensive suite o
trace gases in the middle atmosphere. With the recent eetdabe version 3 (v3.3)
data processing algorithms, Aura MLS now provides the fadydlobal observations
of CH3Cl. The unprecedented scope of the MLS data set makes itelgiguited to
studying the spatial, seasonal, interannual, and loreger-variations in the distribu-
tion of CHzCl at the tropopause and in the lower stratosphere. Remiocesf the
MLS data with the v3.3 algorithms is currently underway,halie entire mission dat
set scheduled for completion by early 2011. We presentrpiadiry validation results
to substantiate the quality of the v3.3 MLS &E measurements and their utility fo
scientific studies. A preliminary global climatology of GEl is also shown.
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[1 CHsCI (methyl chloride, chloromethane), the largest natunakse of stratospheric
chlorine, currently accounts fer16% of chlorine-catalyzed ozone destruction.

| ntroduction

[1 Unlike most other relatively long-lived ozone-depletirgsgs, CHCI has both nat-
ural and anthropogenic sources of significance.

[0 Known sources of emissions are predominantly naturaludiob tropical / sub-
tropical plants, senescent and dead plant matter, oceaastat salt marshes
wood-rotting fungi, freshwater wetlands, rice paddies, et

[ Biofuel / biomass burning accounts for nearly 25% of its glaburce strength.

[ Exclusively anthropogenic activities such as coal combasmunicipal and do-
mestic waste incineration, and industrial processes makermontributions to
the atmospheric flux of C§Cl.

[1 CH3Cl will likely increase in importance as a source of stratesy chlorine.

[1 Anthropogenic halocarbons are declining in response talaigns mandated b

the Montreal Protocol.

Biomass burning, about 90% of which is estimated to be humdneed, Is ex-
pected to increase at the rate of a few percent per yearnigsallarger pyrogenic
CHsCl emissions in the future.

Changes in the oxidative capacity of the atmosphere maya@nly alter CHCI
abundances.

CHsCl fluxes from many natural sources vary depending on ambm@ntonmen-
tal conditions (e.g., temperature, moisture / humidityingg, acidity, the types
of organic material present, the length of the growing seastt.), so changes i
global climate and land use patterns may have a substanjalat on the ChCl
input to the atmosphere.

[]

[1 Limited measurements of G&l have been obtained in the upper troposphere @nd
lower stratosphere through in situ and remote technigues balloons and aircratft.
[1 Stratospheric profiles of GI€I have also been measured from space using flin-

frared solar occultation by the Atmospheric Trace MolecBfeectroscopy (AT-
MQOS) Spacelab 3 and space shuttle missions, and by the AmaosgChemistry
Experiment Fourier Transform Spectrometer (ACE-FTS).

But solar occultation data are sparse, especially in thedspwhich are typically
only sampled by ACE-FTS during 4-5 months of the year at mitgent intervals.

The catalog of Aura MLS data products has been expanded soweB to include
the first daily global observations of GAl.

The unprecedented scope of the Aura MLS data set — daily gilnbasurements
over (at least) six complete annual cycles, by far the masijrehensive CkCl ob-
servational record — makes it uniquely suited to studyiregdpatial, seasonal, in
terannual, and longer-term variations in the distribubdH;ClI at the tropopause
and in the lower stratosphere.
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[1 Overview of the Aura MLS CHKCI Retrieval
[1 The version 2 (and earlier) Aura MLS CIO measurements wedie G

acterized by a substantial-0.1-0.4 ppbv) negative bias at retriev
levels below (i.e., pressures larger than) 22 hPa.

[1 Contamination from Ck{CI, which has lines in two wing channel
of the 640-GHz band used to measure CIO, is partially respens

for the bias in the previous CIO retrievals.

[1 Retrieval of CHCI in the version 3 (v3.3) data processing algorithi

has largely mitigated the bias in the CIO data and yieldediabte
CHsCI product.

[1 Resolution, Precision, and Range
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CHsCIl measurements are reported at 6 pressure levels per dé

change in pressure.

Smoothing, imposed on the retrieval system in both thecadréind
horizontal directions to enhance retrieval stability anecgsion, de-
grades the inherent resolution of the measurements.

Vertical resolution, determined from the full width at haedbximum
of the rows of the averaging kernel matrix (figure above);4s-6 km
In most of the lower stratosphere, degrading to 8—10 km atange
14 hPa.

There is overlap in the averaging kernels for the 100 and P&#b-
trieval surfaces, indicating that the 147 hPa retrievakdus provide
completely independent information.

From the horizontal averaging kernels, the along-trackizbar
tal resolution Iis determined to be450—-600 km below 10 hPa an
~700-850 km at and above that level.

The cross-track resolution, set by the width of the field efwof the
640-GHz radiometer, i3 km.

The along-track separation between adjacent retrievddge e 1.5
great circle angle~165 km), whereas the longitudinal separation
MLS measurements, set by the Aura orbit, i$-321’ over low and
middle latitudes, with much finer sampling in the polar regio
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[1 Precision is estimated empirically by computing the stanhdivia-

tion of the differences between matched measurement patirkse
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3 Quality of the Aura ML S Version 3 CH3Cl Measurements. Preliminary Validation Results

Intersections of the ascending (day) and descending (rsgles of
the orbit.

Differences between paired profiles are mostly small (figirave),
Implying the absence of significant systematic ascendiregs¢end-
Ing biases.

Observed scatter, representing the statistical repdéftaifithe mea-
surements, is 100 pptv or less throughout the vertical domai

This estimate reflects the precision of a single profile; isrea can
usually be improved by averaging, with the precision of agrage

of N profiles being 1¥/N times the precision of an individual profile.

The theoretical precision reported by the Level 2 data msiog sys-
tem exceeds the observationally-determined precisi@augirout the
vertical range, indicating that the smoothing applied &bsize the
retrieval and improve the precision has a nonnegligibleierte.

Although CHCI is retrieved (and reported in the L2GP files) ov
the range 147 to 0.001 hPa, on the basis of the drop off in {r
sion and resolution, the lack of independent informatiomtcbuted

by the measurements, and the results of simulations usimtesyc

data as input radiances to test the closure of the retriggéts, the
data are not deemed reliable at retrieval levels above [fressures
lower than) 4.6 hPa.

Despite the overlap in the averaging kernels for the 147 @&chPa
surfaces, maps at 147 hPa display substantial featureseeat a
100 hPa that are believed to represent real atmospheratioms.

Thus we recommend that the v3.3 ¢H data may be used for sci
entific studies between 147 and 4.6 hPa.

[1 Accuracy and Comparisons with Correlative Data Sets
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The impact of various sources of systematic uncertaintynoayet
been quantified for CkCIl. This work is planned as part of a ded
cated validation exercise for the v3.3 ¢ data.
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As a first-order check on the fidelity of the v3.3 &E, monthly

zonal mean cross sections from MLS are compared to simul
fields from the NCAR WACCM coupled chemistry-climate modg
(figure above, WACCM data courtesy of D. Kinnison).

In general the retrievals show excellent agreement witleebgtion,
In terms of both morphology and magnitude.

Slight differences are seen, however, especially at higtgudes,
where the measured GHI gradients are somewhat steeper.

As part of the Aura validation program, measurements from
JPL MKIV solar occultation Fourier Transform Infrared sjpem-
eter [Toon 1991] were obtained near Aura overpasses during

loon campaigns in Ft. Sumner, New Mexico, in September 2004|a

2005.

[1 Comparisons (figure below) between the balloon measurement
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and coincident (within£1° of latitude, =12° of longitude, and
+12 hours) MLS measurements show good agreement within
MLS uncertainty, although for the 2004 flight both coincitd®&lLS
profiles show slightly oscillatory behavior at the lowestdks.
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Whole air samples of a large suite of chlorine-containingaorc
compounds, including C¥CIl, were collected between 92 and
88N over the 10-21km altitude range during the Stratosphefic
Aerosol and Gas Experiment Il Ozone Loss and Validationdgixp
ment (SOLVE) campaign in January—March 20@@hauffler et a.
2003].

The SOLVE CHCI data show a very compact correlation withON
(black overlay in figure below).

Although characterized by a far greater degree of scattertawa-
diance noise, the MLS data (colored points) display essignthe
same CHCI/N,O relationship as the in situ measurements.
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4 Climatology of CH3Cl at the Tropopause and in the Stratosphere: Spatial and Seasonal Variations
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[1 Time series of MLS CHCI over the Aura mission at 850 K (corresponding approximgati® the 10 hPa MLS re-
trieval surface), 520K (46 hPa), and 400K (100 hPa) (figu@vapnote that large gaps reflect periods for whicﬁ

v3.3 data are not yet available) show substantial tempairstions.

[1 A distinct minimum in the polar regions in late winter / easlyring every year is induced by the action of diabg
descent inside the winter polar vortices in each hemispbhenging down air poor in CkCl from above.
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variability in the tropical CHCI distribution.
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Monthly mean maps of MLS CCl at 147 hPa (for 2006, figure above) show considerable g@bgral and seasonal

Factors contributing to this variability include convexcti(which can inject CkICl from biomass burning into the
upper troposphere very rapidly) and the seasonal and kpattarns of the surface sources.

Measurements of the distribution of GEl, a relatively long-lived (1.3 year global lifetime) spes of tropospheric
origin, are valuable for investigating troposphere-sigsphere exchange processes and their representation @isnog

[Bernath et al. 2005]) CHCI measurements are in very good agree-
ment (within~20%) over most of the altitude range (figure below)
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[1 Though preliminary, these validation results indicatet the v3.3

Aura MLS CH;Cl measurements are of sufficiently high quality t
be useful in scientific studies.

[]

[]

5 Summary and Future Plans

With the recent release of version 3 data processing afgosit Aura
MLS is providing the first daily global measurements of {CH

The MLS CH;Cl retrieval is useful for scientific studies over the ran
147 to 4.6 hPa, with a single-profile precisiordef00 pptv and a ver-
tical resolution of 4—6 km in the lower stratosphere.

Increases in CECl — the predominant natural carrier of chlorine t
the stratosphere — in a future warmer climate could potiyntéset
projected declines in stratospheric chlorine and delayezecovery.

We will use the MLS data to characterize the distribution eaudiabil-

ity of CH3Cl at the tropopause and in the lower stratosphere, est@ab-
lishing a baseline against which the future stratosphadglT burden

may be assessed.

Such a comprehensive climatology will provide needed dlcinal
seasonal context for sparse aircraft and balloon profilmayvaill also
be of benefit for model initialization and validation.

We will compare the distribution of C4€lI to that of other pollutants
measured by MLS, including CO, HCN, and ¢EN.

CHsCl provides a valuable constraint on transport into theéa$gzhere
and may help to distinguish biomass burning from induseiais-
sions.

Model studies are planned to evaluate the relative influehsarface
emissions and vertical transport and convection on traselgribu-
tions at the tropopause and in the lower stratosphere.
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