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[1] A tunable diode laser absorption spectrometer (TDLAS) was operated on the NASA
DC-8 aircraft during the summer INTEX-NA study to acquire ambient formaldehyde
(CH,0) measurements over North America and the North Atlantic Ocean from ~0.2 km
to ~12.5 km altitude spanning 17 science flights. Measurements of CH,O in the boundary
layer and upper troposphere over the southeastern United States were anomalously low
compared to studies in other years, and this was attributed to the record low temperatures
over this region during the summer of 2004. Formaldehyde is primarily formed over the
southeast from isoprene, and isoprene emissions are strongly temperature-dependent.
Despite this effect, the median upper tropospheric (UT) CH,0O mixing ratio of 159 pptv
from the TDLAS over continental North America is about a factor of 4 times higher
than the median UT value of 40 pptv observed over remote regions during TRACE-P.
These observations together with the higher variability observed in this study all point to
the fact that continental CH,O levels in the upper troposphere were significantly perturbed
during the summer of 2004 relative to more typical background levels in the upper
troposphere over more remote regions. The TDLAS measurements discussed in this paper

are employed together with box model results in the companion paper by Fried et al.
to further examine enhanced CH,O distributions in the upper troposphere due to
convection. Measurements of CH,O on the DC-8 were also acquired by a coil enzyme
fluorometric system and compared with measurements from the TDLAS system.
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1. Introduction

[2] The reactive intermediate formaldehyde (CH,O),
which is one of the most abundant gas phase carbonyl
compounds in the atmosphere, has been of interest to
atmospheric scientists for many years. This gas is formed
in the atmosphere from the oxidation of most anthropogenic
and biogenic hydrocarbons, primarily initiated by reactions
with the hydroxyl (OH) radical and by ozone (O3). Form-
aldehyde is also directly emitted into the atmosphere from
biomass burning [Lee et al., 1997], incomplete combustion,
industrial emissions, and by emissions from vegetation
[Carlier et al., 1986, and references therein]. Typical atmo-
spheric mixing ratios vary from approximately 1 part per
billion by volume (1 ppbv, 1 part in 10° parts of air) in the
background continental boundary layer [Harder et al., 1997]
to several 10s of ppbv for polluted air over urban regions
[Dasgupta et al., 2005] and air influenced by petrochemical
refinery emissions (primarily ethene and propene) during
summer months [Wert et al., 2003a]. In the remote back-
ground atmosphere by contrast, the oxidation of methane
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(CHy4) becomes the dominant source of CH,O. In such
cases, ambient CH,O mixing ratios are typically less than
100 parts per trillion by volume (1 pptv, 1 part in 10'? parts
of air), and on the order of 50 pptv or less in the upper
troposphere above 8 km [Fried et al., 2003b].

[3] Methyl hydroperoxide (CH;00OH, MHP) and metha-
nol (CH3;0OH), a ubiquitous gas found throughout the
atmosphere, can also be important CH,O precursors. In
the present study the median CH3;OH mixing ratio ranged
between 1 and 4 ppbv (see the 1-min averaged merged data
set (publicly available at http://www-air.larc.nasa.gov/
missions/intexna/meas-comparison.htm). Other organic pre-
cursors include isoprene, acetone, PAN, various alkanes and
alkenes, as well as other aldehydes and ketones, to name a
few compound classes. In many cases the production of
CH,0 proceeds through the CH30, radical, which reacts
with NO in producing CH30 and ultimately CH,O by
hydrogen atom abstraction with O,.

[4] Formaldehyde primarily decomposes via three path-
ways, two involving photolysis and one with OH. As will
be discussed in section 3.2, CH,O can also be lost via dry
deposition in the boundary layer. At wavelengths less than
339-nm the quantum yield for the radical photolysis channel
(2HO, + CO) is nonzero and this channel becomes domi-
nant at wavelengths less than or equal to 324-nm, while at
longer wavelengths than this but shorter than 361-nm the
molecular decomposition channel (H, + CO) becomes
dominant [Sander et al., 2006].

[5] As CH,O is produced as an intermediate from many
hydrocarbons, CH,O serves as an important test species in
evaluating our mechanistic understanding of tropospheric
oxidation reactions. Because of the relatively short lifetime
of CH,O (several hours at midday), CH,O is a good tracer
for recent photochemical activity. Moreover, Crawford et al.
[1999] found that CH,O can be twice as sensitive as HOx
(OH + HO,) to changes in precursor species in the upper
troposphere, and is thus an ideal candidate for testing the
presence of additional HO, sources in the upper tropo-
sphere. For the purposes of the present study we consider
the upper troposphere (UT) at pressure altitudes between 6
and 12 km. Understanding such UT HO, sources is impor-
tant for understanding net ozone production in this region,
which in turn impacts the Earth’s radiation budget, the
ultraviolet flux to the surface, and the production of radical
species that are responsible for removal of primary pollu-
tants. The companion paper by A. Fried et al. (Role of
convection in redistributing formaldehyde to the upper tropo-
sphere over North America and the North Atlantic during the
summer 2004 INTEX campaign, submitted to Journal
of Geophysical Research, 2008) will focus on this regime.

[6] The Intercontinental Transport Experiment-North
America (INTEX-NA) was carried out during the summer
0f 2004 (1 July to 15 August 2004) over North America and
the North Atlantic Ocean on the NASA DC-8 aircraft. This
study provided an excellent opportunity to further examine
radical chemistry and the role of convection in transporting
various O3 and HOy precursors to the UT [Singh et al.,
2006]. The present paper is the third of four papers
regarding CH,O measurements over North America and
the North Atlantic Ocean during the INTEX-NA campaign.
This paper focuses on the instruments and modeling
approaches employed and their comparisons as well as the
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CH,O distributions measured by a tunable diode laser
absorption spectrometer (TDLAS). The first paper by Millet
et al. [2006] discussed CH,O distributions over North
America and implications for satellite retrievals. The second
paper by Snow et al. [2007] discussed the influence of
convection in the UT on CH,O, MHP, and hydrogen peroxide
as well as an overview of comparisons and contrasts for these
three gases with two other airborne campaigns (TOPSE and
SONEX). The companion fourth paper by Fried et al.
(submitted manuscript, 2008) also discusses the influence of
convection on UT CH,O mixing ratios but goes into greater
detail regarding the statistics of CH,O observations and box
model results in the UT. All three studies utilize CH,O
measurements on the NASA DC-8 aircraft acquired by: the
TDLAS developed at the National Center for Atmospheric
Research (NCAR), and an automated coil enzyme (CENZ)
fluorometric system from the University of Rhode Island.

2. Overview of INTEX-NA Study

[7] The INTEX-NA study was a multinational, multi-
agency, and multiplatform campaign [Singh et al., 2006].
The results discussed in this paper are based on measure-
ments from 17 science flights carried out on the NASA DC-8,
spanning midlatitudes from the eastern Pacific to the mid-
Atlantic Ocean during the 1 July to 15 August 2004
timeframe at altitudes from ~0.2 km to ~12.5 km. As shown
by the flight tracks in Figure 1, the troposphere over most of
the central and eastern United States, southeastern Canada,
and the eastern Atlantic Ocean was covered by this study.

[8] As indicated by the meteorological overview of
INTEX-NA by Fuelberg et al. [2007], the DC-8 sampled
lightning influenced air from ~30% to 65% of the time, with
many encounters of lightning influenced air occurring within
6 h of in situ sampling. Fuelberg et al. [2007] also showed
that cold frontal passages over the East and Gulf coasts were
more frequent than normal, occurring on average every 4.6
d. These fronts were typically preceded by widespread
deep convection. This facilitated frequent vertical transport
of boundary layer air [Bertram et al., 2007]. However, this
anomalously high cold front passage frequency did not
allow for stagnant high pressure regions to build up over
urban areas with the concomitant build up of pollution. In
addition, the large number of cold fronts that passed over
the South brought record low temperatures to this region
in the summer of 2004, perhaps suppressing the high
emissions of isoprene that have been observed in previous
years from this region [Li et al., 2005]. Thus, although the
summer of 2004 was extremely active, deep convection of
high boundary layer pollution and biogenic emissions to
the UT were perhaps at the lower end of the scale relative
to other years (to be discussed in section 4).

3. Methods
3.1. Airborne DC-8 CH,O Measurements

[9] As discussed in section 1, two completely different
instruments utilizing different sampling and analytical tech-
niques for the measurement of CH,O were employed on the
DC-8 during the INTEX-NA study: the TDLAS system
from NCAR and the CENZ instrument from the University
of Rhode Island.
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