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We highlight chemistry and trend measurements from the Atmospheric Chemistry Ex-
periment (ACE) which is providing precise middle troposphere to the lower thermo-
sphere measurements of the Earth’s upper troposphere to lower mesosphere with the
solar occultation technique. The primary instrument is a 0.02 cm-1 resolution Fourier
transform spectrometer covering 750-4400 cm-1 simultanously. ACE also known as
SCISAT 1 is a Canadian lead mission launched into a 74◦ inclined orbit at 650 km
altitude on August 12, 2003 by a U.S.-supplied Pegasus vehicle. Additional measure-
ments are obtained with a UV-visible spectrometer and two imagers providing mea-
surements at 0.525 and 1.02 microns. The Sun produced some of the most powerful
solar flares ever recorded between 18 October and 5 November 2003. ACE measure-
ments of Arctic NOx vs. pressure from 0.07-2 hPa (4̃0-60 km) during February and
March 2004 showed the dilution of NOx resulting from photochemical loss in the sun-
lit atmosphere, and the time series of measurements were used to estimate the descent
rate from the upper stratospheric NOx time series. The capability of solar occultation
instruments to infer nearly all components of the stratospheric inventories of chlorine
and fluorine from high spectral resolution solar occultation instruments was pioneered
by the Atmospheric Trace Molecule Spectroscopy (ATMOS) Fourier transform spec-
trometer. The ACE instrument improved on the ATMOS design, and has been used to
infer the trends of both chlorine and fluorine at a critical time when stratospheric chlo-
rine is near its maximum. Trend studies comparing ATMOS and ACE measurements
have been reported in addition to the detections of HCFC-142b and CFC-113. Invento-
ries for chlorine and fluorine in 2004 have been inferred including the detection of CO-
ClF, a missing component in the chlorine and fluorine chemical families from coadded
ACE spectra in the region of its strongest infrared band. Frequent clear sky scenes oc-



cur in the middle and upper troposphere. ACE measured several molecular species not
previously detected from space. Important new results are the detection of methanol
(CH3OH), the most abundant organic molecule in the troposphere, and formic acid
(HCOOH). ACE measures southern hemisphere lower to mid-latitudes during August
to October when intense vegetative fires occur in tropical regions of Africa and South
America. Convection from those fires results in transport of the pollutant emissions to
the middle and upper troposphere, where molecules with a sufficiently long lifetime
can be measured by ACE. Measurements include formic acid (HCOOH) an important
oxygenated volatile organic compound (OVOC) with major limitations recognized in
the ability of models to reproduce OVOC chemistry, particularly in the dry upper tro-
posphere where OVOCs are a major source of HOx in the background troposphere
with ACE measurements showing elevated HCOOH in upper tropspheric plumes dur-
ing both 2004 and 2005. Additional measurements from plumes include H2O2 (hy-
drogen peroxide). ACE also measures boreal regions which are frequently impacted
during summer by biomass burning. Summer 2004 measurements show elevated up-
per tropospheric CO, C2H6, HCN, CH3Cl, CH4, C2H2, CH3OH, HCOOH, and OCS
mixing ratios in plumes up to 189 ppbv (10-9 per unit volume) for CO, 1.40 ppbv for
C2H6, 830 pptv (10-12 per unit volume) for HCN, 1.78 ppbv for CH3Cl, 2.16 ppmv
(10-6 per unit volume) for CH4, 0.118 ppbv for C2H2, 3.89 ppbv for CH3OH, 0.843
ppbv for HCOOH, and 0.543 ppbv for OCS in western Canada and Alaska at 50◦N-
68◦N latitude between 29 June and 23 July 2004. Emission factors have been inferred
and compared with previously reported values.


