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Abstract

On 24 August 1992, the Microwave Limb Sounder (MLS) on the Upper Armo-
sphere Research Satellite observed a significant enhancement in the abundance of
lower stratospheric methyl cyanide (CH;CN) at ~100-68 hPa {16-19 km altitude)
in a small region off the coast of Florida. Concentrations of order 1400 parts per tril-
lion by volume (pprv) were observed, compared 10 a rypical stratospheric background
level of 30 pptv. Observations of additional atmospheric constituents, together with
trajectory calculations, provide strong evidence thar this enhancement arose from the
stratospheric injection, by severe thunderstorms, of air with high CH3CN concentra-
tions originating in regions of extensive forest fire activiry in Idaho (not observed by
MLS in this period because of orbital geometry). After being lofted into the lower

Introduction: Methyl cyanide and MLS.

o Methyl Cyanide (CH;CN, also known as Acetonitrile) is a product of

Biomass burning [Arijs and Brasseur, 1986; Hamm and Warneck, 1990].

- Estimated production is 0.8 Tg/year.

~ For comparison: 1990 CFC-12 emissions were estimated at ~400 Tg/y
s The Microwave Limb Sounder (MLS) [Warers et al,

1999] on the Upper Ammosphere Research Sarellite
(UARS) has provided the first global CH.CN dataset

{Livesey et al., 2000].

~ UARS was launched in September 1991 on shuttle Dir-

gvery.

sphere every ~36 days.

tul from 68 to 1 hPa (20 - 50km.)

around 22 hPa in tropics.

stratosphere, this air was advected towards the regions observed by MLS, and subse- source.

quently dispersed over ~5 days. No other events of comparable magnirude have been

seen in the ~8 year MLS dataset,

this finding as ver.

Early hypotheses for the origin of the enhancement

Atlas I rocket launch and destruction

o An Atlas I rocket carrying a communications
satellite was launched from Cape Kennedy on
August 22. i

& The payload included an Apogee ‘kick' motor. 8 ’ -

» A self destruct command was sent when the rocker was at 160
altitude, as one of the two engines in the upper stage failed to ig-
nire.

e It is likely that the payload itself remained intact during the fall
until ~-20 km [S. Kent, A. McRonald, personal communications
2000].

» Back trajectories are inconsistent with this hypothesis.

¢ Also, the CH3CN muss loading (> ~2000 kg) make this hypoth-
esis unlikely.

The eruption of Mt. Spurr in Alaska

e The 18 August eruption of Mr. Spurr in
Alaska was also considered.

* Some back trajectories fall close to its loca-
tion,

e CHCN is not a known direct product of
eruptions.
- Indirect mechanisms such as increased

biomass burning are possible, however.
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= The majority of the trajectories end up much further East.
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~ UARS/MLS observes from 34" in one hemisphere to
80 in the other, alternating ‘'majority viewing' hemi-

« In normal atmospheric conditions, MLS CH;CN dara is scientifically use-

o Stratospheric CH3CN concentrations are typically ~10-40 pptv,
e MLS data show a persistent stratospheric ‘peak’ in CH{CN concentration

~ This is evidence for a previously unknown tropical stratospheric CH:CN

~ However there have been no in-suu tropical observations to corroborare
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A dramatic enhancement in observed CH;CN

27-Aug-1992 |

* MLS Observes significant enhancement in 100 and
68 hPa CHCN on 25 Aug. 1992,

® Back trajectories have been ¢
hanced profiles.

~ Note that while the 100 hPa data is unreliable un-
der normal stratospheric loading, enhancements of
this magnitude can be easily seen,

— The resolution and response of the instrument at
these levels make it hard ro asses the true heighr of
the enhancement, it could be as low as 150 hPa.

o Nothing is seen earlier, or above these altitudes.

— The calculations are as de
[1994].
~ Code uses UKMO horizc
temperatures, with a radia
abatic descent rates
+ Trajectories launched from
show similar patterns,

e The motion of the enhancement is consistent with
trajectory calculations.

¢ While some {~3) similar events are seen in the
~9 year daraset, none are of this horizontal extent or

This figure shows trajectories launched trom one enhanced MLS
CHICN profile (#425) on 25 Augist 1992, Cyan: 379K (poren-
tial temperature), black: 399 K {(~ 100 hPa}, green: 419 K. The flled
contours show TOMS Aerosol Index [Krotov et al., 1997; Torres
et al., 1998]. Magenia, red, blue shadings correspond 1o 21, 22, 23

« All the trajectories cross of
hanced aerosol as seen by T(
denly on 22nd August.

duration.

August 1992 respectively.

Strongest hypothesis for origin of enhanced CH;CN

o From 19th August to 4th September 1992 a
major wildfire raged near Boise, Idaho.

“ ... largest fire since 1910, (dduho
Sentinel.)
& Fire burned 226,040 acres.
- For comparison the largest 1998 fire burned
111,130 acres.
~ 1988 fire in Yellowstone — 1,585,000 acres.
® This would haye led ro significant tropospheric CH3CN enhance-
ment.
~ Concentrations as high as ~1 ppmv have been seen in wildfires,
& Also, 4 series of major thunder storms occurred near the fires on
~22nd August.
* We suggest:
1. One or more of these storms lofted CHiCN enriched air into
the lower stratosphere.
2. The observed aerosol is a result of the fire and was present in the
lower stratosphere.
. The CHiCN enriched stratospheric air was advected into the
region observed by MLS.
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e Fromm et al. [2000] show evidence for similar events as seen by
POAM I and SAGE I,

Spread of the TOMS aerosol enhancement

Selected profiles of UKMO wind
speed (red, bottom axis) and tem:
perature {green, top axis} within
the region of TOMS Aerosal In-
dex enhancement, The dorted line
shows the approximate speed that
wotlld be required to account for the
spread of the enhancement region
over 24 hours.

Premare /it

Conclusions and further work

o MLS has provided the first global dataser of stratospheric
CHLCN.

# A dramaric enhancement in lower stratospheric CH;CN is seen
off the Florida coast in August 1992,

o Given the sudden appearance of the TOMS aerosol enhancement,
we can estimate its height by considering the speed of its spread.

o The figure above indicates that the enhancement spread is consis-
tant with wind speeds either around 500 hPa or 150 hPa.

¢ The AVHRR dara (below) show thick cloud in the upper tropo-
sphere in this region.

e TOMS would not be able to see aerosol ar 500 hPa through such
cloud.

& Therefore it is more likely that the observed aerosol is ar 150 hPa.

AVHRR images of smoke and cloud

: : i
AVHRR visible image taken ar 16:30UT on 21 August 1992, Smoke is seen over
Northern Califorma, Eastern Oregon and Idaho. The red lines indicate the trajec-
tories at 379K shown betore. Yellow boxes indicate locations of significant fires in

August (20,000 acres} The area of the box shown is 100 area of tire.

the local tropospheric air.
~ A series of thunderstorms lofted this air into the stratosphere.

— The CH1CN enniched air was advected over the next few davs
into the regions observed by MLS.

AVHRR iatrared invage, taken at 03:00 UT on 22
seen over NE Oregon, SE Washington and Idaho.
index, as shown before. Red contours are for 21 Aug
gust 1992,
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The coldest region of the infrared image s

enhancement is around —50°C (223K).

+ Radiosonde profiles from Boise Idaho in
around 220 hPa, close to the wropopause.

e Such a strong storm could lead to tropop

o These would transport CH;CN enrichec
stratosphere.




