
Validation of the Atmospheric Chemistry Experiment
by noncoincident MkIV balloon profiles

Voltaire A. Velazco,1,2 Geoffrey C. Toon,1 Jean‐Francois L. Blavier,1 Armin Kleinböhl,1

Gloria L. Manney,1 William H. Daffer,1 Peter F. Bernath,3 Kaley A. Walker,4

and Chris Boone5

Received 19 August 2010; revised 14 December 2010; accepted 11 January 2011; published 25 March 2011.

[1] We have compared volume mixing ratio profiles of atmospheric trace gases measured
by the Atmospheric Chemistry Experiment (ACE) version 2.2 and the MkIV solar
occultation Fourier transform infrared spectrometers. These gases are H2O, O3, N2O, CO,
CH4, HNO3, HF, HCl, OCS, ClONO2, HCN, CH3Cl, CF4, CCl2F2, CCl3F, COF2,
CHF2Cl, and SF6. Due to the complete lack of close spatiotemporal coincidences between
the ACE occultations and the MkIV balloon flights, we used potential temperatures and
equivalent latitudes from analyzed meteorological fields to find comparable ACE and
MkIV profiles. The results show excellent agreement for CH4, N2O, and other long‐lived
gases but slightly poorer agreement for shorter‐lived species like CO, O3, and HCN. For
example, in the upper troposphere (∼400–650 K), maximum differences between MkIV and
ACE are 2.4% for CH4, 1.7% for N2O, −12.4% for CO, −15.9% for O3, and −5.6% for
HCN. In the lower stratosphere (∼650–900 K), maximumMkIV‐ACE differences are 7.6%
for CH4, 14.1% for N2O, 7.3% for CO, −9.2% for O3, and 31.5% for HCN. Apart from a
small vertical misregistration problem, the overall agreement between MkIV and ACE is
very good.
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1. Introduction

1.1. ACE‐FTS

[2] The Atmospheric Chemistry Experiment (ACE) on
board SCISAT‐1 of the Canadian Space Agency is a solar
occultation Fourier transform spectrometer (ACE‐FTS).
ACE was launched on 12 August 2003 into a 74° inclina-
tion, circular, 650 km altitude, Earth orbit, providing cov-
erage that focuses on the polar regions. Coverage of the
lower latitudes is relatively sparse (see Figure 1). Also,
around the solstices, the spacecraft never enters the shadow
of the earth and so there are no occultations. There are ∼29
occultation events per day (∼10,000/year), but not all of
these could be telemetered back to Earth, especially in the
first year of the ACE mission.

[3] ACE‐FTS operates in the mid infrared range (750–
4400 cm−1) with a spectral resolution of 0.02 cm−1 (25 cm
maximum optical path difference, OPD). It measures a large
number of atmospheric trace gas species with a vertical
resolution of 3–4 km from the cloud tops to about 150 km.
A detailed description of the ACE mission is provided by
Bernath et al. [2005]. A description of ACE data analysis
methods is provided by Boone et al. [2005].

1.2. JPL MkIV Balloon‐Borne Interferometer

[4] The JPL MkIV interferometer is a balloon‐borne
solar occultation FTIR spectrometer [Toon, 1991]. It was
designed and built at the Jet Propulsion Laboratory, based
on the ATMOS instrument [Farmer, 1987]. The MkIV
covers the entire 650–5650 cm−1 region simultaneously at
0.01 cm−1 spectral resolution (56 cm maximum OPD). The
JPL MkIV interferometer has performed 21 balloon flights
since 1989. Flights are of 6–30 h duration depending on
float winds. Each provides one or two occultation events
covering altitudes from the cloud tops to the balloon (35–
40 km) at 2–4 km vertical resolution. MkIV data analysis
methods are summarized by Sen et al. [1996]. The MkIV
has an established validation heritage that includes instru-
ments on the UARS in the 1990s [Russell et al., 1996],
ILAS‐1 [Nakajima et al., 2006] and ILAS‐2 [Irie et al.,
2006], in situ sensors on board NASA ER‐2 aircraft
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