Sep-27-99 04:36P ARES PROJ

—
© D00~ O A PR e

p—
—

- e
[ Y P ™ N ]

Unravelmg Ce@

Randall R. Friedl

As common a5 contrails are in the sky
day, it is casy o imagine that the (@
10,000 jet aircraft operating every day
ter the composition of the atmosphere sub-
stantizlly at sircraft cruising [YU2)altitades.
But do they? And if so, by how much?
Two recept campaigns in the North Atlan-
tic region are now providing much-needed
observational constraints on the chemieal
compasition of the atmosphere at the rele-
vant altitudes. Such studies are particularly
tmely as airline industry forecasts are pre-
dicting 8 doubling in the nuinber of opera-
tional aircraft over the next 20 years (/).
(us)

Jet aircraft amit several chemical spe-
cies that affect atmospheric chemistry and
climate, including carbor dioxide (CO3),
water (H20), nitrogen oxides

out

2 (st heights of 9 to 13 km), where most air-

* eraft fly, represents a relatively pristine
environment that is affected only episodi-
cally during weather events that rapidly lift
surface air or bring down stratospheric air.
Even the smail fraction of surface emis-
sions transported to high altitude i8 Sirnilar
in magnitude to (JUTIthe aircraft source—
although quantifying it [JUf)is a major
challenge for atmospheric scientists. To
complicate matters, the same weather
events responsible for surface NOy trans-
port may also be associated with lightning
that eant produce and inject NOy directly at
the upper altitudes. But detailed under
standing of NOx generation and transport
in lightning events is lacking.

The various source contributions to up-
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Further mode!l development is hindered
by the lack of observationsal data. Satellite-
based instruments have encoumtered sub-
stantial difficultias in probing the chemical
composition of the upper tropospheye and
lowsr stratosphere, leaving sporadic air-
crafi- and balloon-based measurcments as
the primary data source. In addition to
providing a basis for mode| improvement,
observational data may enable an empiri-
cally based, model-independent assess-
ment of aircrafl mpacts. This was one of
the mativations for two recent airorafl-
based field campaigns investigating cruise-
level avistion impacts on NOy end ozone
photochemistry in and around the North
Atlantic flight comrider between September
and November 1997: the Subsomic As-
ssssment Ozone and NOx Experiment
(SONEX) and the Pollution from Aircraft
Emiggions in the North Atlantic Flight
Corridor (POLINAT) experiment ($-7),
Investigations were carried out onboard
the DLR Falcon and NASA DC-3 aircrafi,

(NOy), sulfur oxides (SOy), and
soot. Over the lagt decade, NOy
emissions have amracted the most
anention bacsuse of their role in
forming ozone, &  potent
greenhouse gas throughout the
atmosphere and a common air
pollutant in the Jower troposphere.
Considerable research has been
focnsed on low NOy combustor
technologies, and the International
Civil  Aviation Organization
({CAO) has twice reduced the
recommended cailing on aircra®t
NO; emissions during landing
and takeoff.

The NO, emissions from
present-day aircrat into the

e 1

which cmried 10 and 14
chamical and rediation
measuring instroments,

tespectively. The measurement
cfforts were complemented by
advanced flight plannmg and
data analysis modeling tools.
Empirical NO, source
deconvolution [TU9)is possible
only under favorable
ammosphenc conditions. The
abmospheric NOy impapt of an
individual source must have a
geographically distinct pattern,
preferably peaked close to its
origin, Such patterns can de-
velop if atmospheric mixing is
slow relative to NOy removal.

aunosphere are now relatively
well quantified at about 0.5 teragrams of N
per ycar. But their impact on ambient at-
mospheric chemistry (JU4lis obscured by
other NOy sources such as lightming and
surface emissions (see the figure). Surface
emissions, in particular, are substantially
larger than aircraft emissiong. For exam-
ple, NO, emissions fronbestothobilés and
biomass burning amount to about 20 “and
10 teragrams of N per year, respectively.
However, most of these emissions are
thought to be removed fom the atmos-
phare by uptake on cloud drops followed
by precipitation, before they can diffuse or
be lifted to aircraf cruise [JUSJaltitudes. If
this view holds(JUs}, then the upper tropo-
sphere—lower stratosphere (UT-LS) region
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per opospheric NOy concentrations must
be quantified to reach an understanding of
aircraft impacts an ozone. Atmospheric
photochemical models incorporating the
best available patameterizaviens of NO,
sources and atmospheric fransport have
hitherto provided the only quantitative
guidance (2—¢). These models have pre-
dicted that current aircraft operations per-
tarb NO, concentrations at cruise altitudes
in the northem midlatimides by about 20%,
bt possibly by up 10 100%. The czone t2-
sponss to this perturbation is rmoderated by
the amount of hydrogen oxide (hydroxyl
radical and its peroxy precursors) available
for ozone-forming chemical reactions.
Predicted ozone perturbation ranges be-
twean 2 and 14%. The wide range of pre-
dictions reflects the substantial uncertain-
ties associated with model process
parameterizations and souwrce strength es-

For an aweral  sowrce,
maximum concentrations over tha United
States and Europe and in the North Atlan-
tic flight corridor would be a likely part of
the panern. In addition, source scparation
is facilitated if the source emisiions, at-
mospheric mixing processes, and chemica)
loss processes are steady, continuous proc-
esse; that combine to produce smooth
concentration patterns.

Neither of these conditions are ex-
pected to be met for NOy in the UTLS.
Nevertheless[JU10), the SONEX and
POLINAT findings have revealad more
fully the extent of NOx variability as a re-
sult of atmospheric dynamics and source
fOuctuations and the resultant difficulties
with an empirical analysis, The picture that
emerges from these studies is of a region
with frequent, bt irregular, injections of
NO; from the surface, from lightoing, and
from stratosphere-troposphere exchange.

» Por Izsue Date: 7777



Sep-27-99 04:37P ARES PROJ

VoAV hHh WK -

et ¥ e e s S i i

Ambiemt NOy perturbations as a result of
aircraft emissions are readily observed a
few kilometers behind individual aircraft,
but the signetures are quickly lost at
greaver spatial scales in a mostly incoher
ent NOy landscape (§). Observed NOx
concenmations are umevenly distributed
over 4 wide range, making it difficult to
define average UT-LS background con-
centrations.

A degree of coherence is imposed on
the NOy observations through correlarions
with other tracers of emission Sources and
by air mass trajectory analysis. In par
ticular, measurements of CO, O3, and to-
tal particle density have been used to
identify surface and stratospheric influ-
ences on sampled air masses. Combined
with apalysis of wind speed and direction
over a 3- to S-day penod before an obser-
vation, these diagnostics provide insights
into the latitudinal and altitudinal history
of the air parcel. On the basis of these
analyses, the derived magnitude of the
aircraft contribution to the regional scale
NO, and ozone envitonment (9, /0) is
consistent with the low-end range of
mode] gstimmates. At this impact level, the
global warffiing porential ' of aircraft-
induced ozonz change is predicted to be
comparable to that of aircraft CO2 emis-
sions (2[FU11}).

FEven with the SONEX and POLINAT
efforts, the UT-LS remains substantially
undersampled. This scarcity of data is a
considerable impediment to an improved
assessment of aircraft impects. Future sat-
ellite-based measurements of UT-LS
chemical compasition, such as those
planned from the NASA Earth Observing
System (EOS) platform, promise to im-
prove this situstion substagtially. In the
meantime, the SONEX and POLINAT
findings argue strongly for the need to
improve model weatment of tropospheric
transport and chemistry through caxefully
designed modeling and data studies (2,
11,12),

Although our understanding of aircraft
effects on ozone remains incomplete, fu-
ture studies of aircraft impacts are likely
to focus increasingly on atmospheric
cloudiness. The Intergovernmemntal Pancl
on Climste Change concludes that air-
crafi-induced cloudiness, either through
direct contrail formation or through indi-
yect effacts on cirrus cloud formation, may
mersase global warming to a greater ex-
tent than aircraft CO2 and NOy cmissions
(2). SONEX and POLINAT measure-
ments of condensation nuclel densities
have provided initial constraints on the
arcraft contribution to cloud precursoers in
the traffic corridors (10, /3). However, the
current level of scientific understanding of
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cloud-forming processes is considerably
poorer than that of ozone chemical proe-
es9e8.
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Sources of atmospheric NOy. Biomass bum-
ing, sutomobile and industrial emissions, light-
ning, enad aircraft emissions all coniribute to the
upper troposphere-lower :u-ltosphere NO,
budget, but quannfymg these sources

diffionit. Velues are given in units o?engmm )

of N per year.
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