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Stratospheric CH3CN from the UARS Microwave Limb Sounder
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Abstract. CH3CN in the stratosphere has been measured
by the Microwave Limb Sounder (MLS) on the Upper At-
mosphere Research Satellite (UARS), providing the first
global CH3CN dataset. The MLS observations are in broad
agreement with past high and midlatitude observations of
CH;CN, although concentrations are a little larger than pre-
viously observed. In the tropics, where CH3CN has not up
to now been measured, a persistent ‘peak’ in the profiles is
seen around 22 hPa, which may be evidence of a tropical
stratospheric CH3CN source. Comparisons are made with
the NCAR SOCRATES model, including runs having an ar-
tificial tropical stratospheric CH3CN source.

1. Introduction

Methyl cyanide (CH3CN, also known as acetonitrile) is
a comparatively long-lived trace constituent of the Earth’s
atmosphere. The principal source is biomass burning [Ar-
ijs and Brasseur, 1986; Hamm and Warneck, 1990], which
contributes an estimated 0.5-1.0 Tg/year of CH3CN to the
troposphere [Holzinger et al., 1999]. CH3CN plays an im-
portant role in the chemistry of stratospheric ions; it dis-
places water in ion clusters H*(H20),, leading to clusters
H*(CH3CN),,(H20),,—,. Detection of these clusters led to
the presence of CH3CN in the stratosphere being deduced
and initially quantified (Béhringer and Amold [1981] and
references therein). Initial results indicated less than 10 pptv
(parts per trillion by volume) of CH3CN in the stratosphere.
Early studies [Murad et al., 1984] suggested that HCN might
be a source of stratospheric CH3CN, but modeling studies
[Brasseur et al., 1985] indicated that this is unlikely.

Early observations of tropospheric CH3CN were some-
what contradictory. Initial gas chromatography measure-
ments indicated a surface mixing ratio of 7000 pptv. Con-
centrations as high as 35000 pptv were observed following
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a fire in a rural area [Becker and Ionescu, 1982]. More recent
chromatography measurements at the surface [Snider and
Dawson, 1984] indicate much lower abundances (56 pptv
on average), with observations [Hamm and Warneck, 1990]
ranging from ~50pptv in the middle of the Atlantic to an
average of ~150pptv in urban areas. Biomass burning can
produce 10° pptv CH3CN [Holzinger et al., 1999].

The main chemical loss mechanism for CH3CN is thought
to be reaction with OH [Arijs and Brasseur, 1986]. The
CH;3CN lifetime from this reaction varies from 1 year at the
surface to 20 years at 20 km, decreasing to 1 month at 40 km.
Reactions with O(!D), O(3P) and C1 are thought to be less
important, although OCP) is significant in the mesosphere.
Measurements of Schneider et al. [1997] show a decrease
in CH3CN in the lowest 4km of the stratosphere, indicat-
ing a lifetime of ~1 year; the authors suggest ion-catalyzed
destruction as a possible mechanism. The primary sink for
tropospheric CH3CN is thought to be uptake in liquid water
(by rain and oceans). A lifetime as short as 15 days due to
ocean uptake is possible [Hamm et al., 1984].

2. MLS Measurements of CH3CN

MLS is one of ten instruments on UARS, launched in
September 1991 [Waters et al., 1999]. MLS observes ther-
mal microwave limb emission. The observations of interest
are from bands 2 and 3, where previously identified spec-
tral contributors are ClO, SO, and HNOs. Figure 1 shows
spectra for a time and region where the C1O, HNOj3 and SO,
signals are very weak. These are dominated by a feature near
0.9GHz intermediate frequency that can be explained by

emission from rotational lines of CH3CN near 202.3 GHz.
The lines are relatively strong on a per molecule basis due to
the large (3.9 D) CH3CN dipole moment.

CH3CN abundance is retrieved in the MLS version 5 pro-
cessing on pressure surfaces from 100 to 0.14 hPa at six sur-
faces per decade change in pressure. CH3CN data at 100hPa
are unreliable, as its spectral signature is somewhat con-
taminated by H2180, and are also not reliable above 1 hPa.
The typical precision on a single profile is 40-60pptv from
68-6.8hPa. Averaging is needed to produce results use-
ful for scientific studies. For example, the precision of a
monthly zonal mean 10° latitude bin is ~1 pptv at 10hPa.
The absolute accuracy of the CH3CN data is estimated at
10 pptv+20%. This is based on a 10% uncertainty in the
CH3CN pressure-broadened line width, and analysis similar
to that for MLS ClO observations [Waters et al., 1996]. Av-
eraging kernels indicate a vertical resolution of ~4 km from
68-10hPa, broadening to 8 km at 1 hPa.
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Figure 1. Spectra from MLS bands 2 and 3: zonal mean
radiance 10°S—-10°N on 8 June 1994. For this region and
time the spectra are dominated by CH3CN emission. Ra-
diances are in units of brightness temperature and averaged
over 1/6 of a decade in pressure (~2.5km). Intermediate
frequency is the difference (both positive and negative) from
the 203.267 GHz local oscillator frequency. Emission from

H,'80 can explain the increase in 100hPa radiance near
1.5 GHz. The bottom panel shows positions of spectral lines.

3. Results

Figure 2 compares MLS CH3CN results with previous ob-
servations. The high latitude MLS data are in reasonable
agreement with previous observations in the lower strato-
sphere, but show higher abundances in the upper strato-
sphere. MLS shows CH3CN to be more abundant in the
tropical stratosphere than at higher latitudes. The tropical
profiles show a persistent ‘peak’ in CH3CN at ~30-10hPa
(~25-30km) that is possible evidence for a tropical strato-
spheric source of CH3CN.

Output from the NCAR 2-D model SOCRATES (Simu-
lation of Chemistry, RAdiation, and Transport of Environ-
mentally important Species), has been compared with the
MLS data. The updated version of the Brasseur et al. [1990]
model was used, extending from pole to pole and the sur-
face to 120km altitude. The horizontal and vertical resolu-
tions are 5° and 1 km, respectively. The model includes 55
species and 144 gas phase, 5 heterogeneous, and 47 photol-
ysis reactions, with all the CH3CN loss reactions mentioned
earlier. The reaction rate coefficients and absorption cross
sections are from the JPL 1997 compilation [DeMore et al.,
1997]. Surface boundary conditions are specified as mix-
ing ratios which, based on prior observations, decrease from
100 pptv at the equator to 20 pptv at the poles for CH3CN.
The dynamical equations are expressed in the transformed
Eulerian mean framework. Zonal mean momentum forcing
is provided by dissipation of wavenumber 1 and 2 plane-
tary waves, by gravity waves and tides, and in the tropo-
sphere by mesoscale systems (climatology). A simple pa-
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rameterization of convection in the tropics and in frontal sys-
tems [Langner et al., 1990] accounts for vertical transport in
the troposphere. A semi-Lagrangian scheme [Smolarkiewicz
and Rasch, 1991] describes large scale advective transport.

Figure 2 includes model CH3CN results for the latitudes
and months of the MLS profiles shown. These agree with
MLS near 25 and 40 km at the equator, but do not reproduce
the observed peak. An artificial stratospheric CH3CN source
was added in a separate model run to determine the source
strength needed to reproduce the MLS observations. Pro-
duction of ~0.9-1.7 CH3CN moleculescm™3s™! between
25 and 32km, and £5° latitude, with boundary conditions
unchanged, yields a closer match to the MLS equatorial
observations between 25 and 40km. Both model datasets
show more equatorial CH3CN than MLS below ~25 km, due
to the tropospheric boundary conditions assumed. Above
40 km at the equator, MLS data show greater CH3CN abun-
dances than either model run.

At 70°N the MLS and model profiles are very different.
Both sets of model data show a much faster vertical de-
crease in mid to upper stratosphere CH3CN abundances than
the MLS data. In both January and July, MLS shows less
CH3;CN than either model run below ~35km, with higher
abundances than the model data above that altitude.

Validity of the MLS detection of a tropical stratospheric
peak depends on the accuracy of the smaller mixing ratios
seen below the peak. A detailed study has shown that the
possible biases in MLS CH3CN in this region (mainly due
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Figure 2. Comparison of MLS CH3CN observations with
previous observations and output from the SOCRATES
model. The MLS profiles shown have been generated from
the raw MLS data using a Kalman smoother (see the dis-
cussion in Figure 4 caption). Error bars (omitted on the
70°N July profile for clarity) indicate the precision of the
smoothed estimate (note that for the tropical profile, below
~30km, the precision is comparable to the width of the red
line). Narrow dashed lines denote output from the standard
model run. Heavy dashed lines show the run with an arti-
ficial tropical source of stratospheric CH3CN. Previous ob-
servations are reproduced from Schneider et al. [1997] (=S
97). Other references are: Hamm et al. [1989] (=H 89), and
Knop and Armold [1987a/b] (=K+A 87a/b). Balloon obser-
vations were made in central Europe in the late 1970s and
early 1980s. Rocket observations were made at 69°N in
May/June 1975 and February 1976 [Arnold et al., 1977].
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Figure 3. MLS CH3CN zonal mean (a) compared with
model results. Model data shown are (b) first model run,
(c) run with artificial stratospheric CH3CN source, (d) run
with decreased CH3CN surface abundance and increased ar-
tificial source. Model fields are for 1 July year 5 and 1 Jan-
vary year 6 of the runs. The corresponding MLS fields are
means of June and July 1993, and December 1992 and Jan-
uary 1993, chosen as they have good data coverage.
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Figure 5. Height/time cross sections of MLS zonal mean

CH3CN, with overlaid white model contours as in Figure 4.

Color levels are as in Figure 3. Model contours are logarith-

mic in the 70°N and 70°S panels and linear elsewhere.

to uncertainty in N2Q concentration) are much lower than
the ~20 pptv that would be needed to falsely give a peak.
Figure 3 compares zonal mean CH3CN for Dec/Jan and
Jun/Jul from MLS and the two model runs discussed. Both
MLS and the model show more stratospheric CH3CN in
the tropics than at higher latitudes, as expected for a tropo-
spheric source gas entering the stratosphere through the trop-
ical tropopause. The tropical stratospheric peak is clearly
seen in MLS data for both periods. The artificial source in
the second model run does not produce a peak in the trop-
ics as there is more CH3CN in the model below ~25km
(~25hPa) than in the MLS data; the source has little ef-
fect on model results outside the tropics. To further inves-
tigate what might be required to fit the MLS observations a
third model run was performed. In this run, surface bound-

Figure 4. Latitude/time cross sections of MLS zonal mean
CH3CN for June 1992 to December 1997. The data have
been binned into daily zonal means with 10° wide latitude
bins centered on the multiples of 10°. This dataset has then
been interpolated using a Kalman smoother with a decorrela-
tion rate of 1 pptv/day (a smoothing comparable to a ~5 day
running average). There is no interpolation or propagation
of information in either the height or latitude dimensions.
Paler colors denote regions where, because of data gaps, the
estimated precision of the interpolated field is worse than
10pptv. The color levels are as in Figure 3. Overlaid are
white contours from the final year of output from the first
model run (without the artificial CH3CN source, see text).
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ary conditions were lowered by 25% (near the lower limit of
abundances previously observed). The source was increased
to 1.4-5.8 CH3CN molecules cm 3 s™!, and confined to the
equator. Results of this run are shown in Figure 3; it pro-
duces a CH3CN peak from ~20 to ~10hPa compared to the
somewhat broader observed peak from ~32 to ~10hPa.

MLS observes notably less CH3CN between ~50 and
~5hPa at high latitudes in winter than summer; this is not
reproduced by the models, which show greater CH3CN con-
centrations in the northern hemisphere than the southern in
both January and July, especially below ~30hPa.

Figures 4 and 5 show vertical and horizontal cross sections
of MLS and model CH3CN. MLS data prior to June 1992
have been omitted because of spectral contamination by SO,
from the Mt. Pinatubo eruption. The temporal behavior of
the tropical peak is interesting. From July to November
1994 CH3CN abundances in the peak region are depressed,
then they steadily increase, reaching a maximum around
July 1996. The data show no evidence that this increase is
fed from the troposphere. Somewhat similar behavior is seen
from July 1992 to January 1994.

The high latitude panels in Figure 5 show annual cycles.
These appear more robust in the southern hemisphere than
the northern. Qualitatively similar cycles are seen in the
model output. At 70°S and 2.2 hPa, for example, the MLS
annual cycle range is ~4-12pptv (~%50%) and the model
range is ~0.07-0.19pptv (also ~+50%). The height varia-
tion of the annual cycles in both MLS and model seems to
indicate descent at high latitudes. It is unclear whether the
difference in absolute values between MLS and the model is
a manifestation of a source of CH3CN at lower latitudes.

4. Issues for future study

The MLS observations provide evidence for a previously
unknown tropical stratospheric source of CH3CN at ~30-
10hPa (~25-30km). Ground-based far-infrared measure-
ments at 30°N [Abbas et al., 1987] and microwave obser-
vations at 19°N [Jaramillo et al., 1988] have indicated an
increase in HCN with altitude between ~25 and ~40km.
HCN also has no known stratospheric source. Since there
are no identified mechanisms to convert HCN to CH3CN in
the atmosphere, it is speculative to try to link the two phe-
nomena. However, we note that the increase in HCN with
altitude in the tropics could be related to that of CH3CN.
Independent observations of both species as a function of
altitude in the tropics would be useful. Furthermore, a bet-
ter understanding of the tropospheric distribution of CH;CN
would better constrain future models, improving their ability
to evaluate possible sources in the atmosphere.

Also, a localized CH3CN enhancement of ~1000 pptv at
100-68 hPa was seen off the southeast U.S. coast on 25 Au-
gust 1992, (near the northernmost latitude MLS observed
that month), which over several days moved westward and
dissipated; the cause of this event is under investigation.
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