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Scientific Objectives

The Georgia Tech group’s effort- on NASA’s‘GTE program and TRACE-A field mission
primarily involved analysis and interpretation of the measurement data base obtained during the
TRACE-A field campaign. These investigations focused on the distribution of ozone and ozone
precursors over the south Atlantic and nearby continental regions of Africa and South America.
The Transport and Atmospheric Chemistry near the Equator-Atlantic (TRACE-A) Mission was

designed with the goal of investigating tropospheric trace gas distributions, sources, and
photochemical state over the southern Atlantic.

Major scientific issues related to N,O, tropospheric chemistry addressed in this program
included:

(1) What controls the tropospheric ozone budget over the southern Atlantic?
(2) What are the spatial distributions of CO, CO,, NO, NO,, NO,, PAN, O,,
NMHC, H,0,, etc. over the southern Atlantic?
(3) How does long range transport of long-lived NO, compounds affect the

more reactive NO, budget in the southern Atlantic troposphere?

NO, concentrations play a pivotal role in controlling the photochemical O, lifetime in
these environments. Transport of NO, into the region in the form of longer lived N,O,
compounds was examined in relation to comparing naturally occurring sources of NO, (i.e.,
lightning and stratosphere/troposphere exchange) to those prbduced as a result of anthropogenic
activity (e.g. biomass burning). Our measurements of NO,/NO,, in conjunction with other

investigators’ measurements of PAN and HNO;, have been used for a detailed assessment of




total active nitrogen levels over the study regions, as well as the partioning of active nitrogen
species in their various forms. This data base, in conjunction with other measurements (O, CO,
H,0 NMHC’s, etc.), was used to assess: (1) closure within the N,O, budget; (2) distribution of
the more reactive NO, and longer lived NO, odd-nitrogen reservoir species within the
troposphere; (3) the relative impact from long-range transport of odd-nitrogen reservoir NO,
components on the cycling of the more reactive odd-nitrogen species within the southern
Atlantic; and (4) the relative photostationary state of the atmosphere relating to odd-nitrogen
chemistry.

Our group’s primary TRACE-A objective was the characterization of the factors
controlling the distribution and fate of reactive nitrogen compounds over the equatorial and
tropical South Atlantic and adjacent continental region. We particularly focused on determining
the source of the large abundances of NO that were found to be ubiquitous within the free
troposphere over this region and that contributed significantly to the levels of O; on a regional

scale.

Summary of Results

The chemical characteristics of air masses over the tropical South Atlantic during
September and October 1992 were analyzed in aged marine and continental outflow

classifications. Comparison of the composition of aged Pacific air with aged marine air over

the South Atlantic Basin from 0.3 - 12.5 km altitude indicated potential accumulation of long-




lived species during the local dry season. NO and NO, were significantly enhanced (up to ~1
ppbv) above 10 km altitude and poorly correlated with the biomass burning tracers CO and
CH,;Cl. In addition, median mixing ratios of NO and NO, were essentially identical in aged
marine and continental outflow air masses. The horizontal injection of biomass burning products
over the South Atlantic, particularly water-soluble species and aerosol particles, were frequent
below 6 km altitude. The deposition of atmospheric nitrogen and other nutrient species to
oligotrophic tropical South Atlantic surface waters may have important implications for this

marine ecosystem.

NO, (NO + NO,) mixing ratios in the 8 to 13 km region averaged 150 pptv and were
greatly éffected by what appeared as spatially large "plumes" (100 to 1,000 km) with NO
enhancements of over 800 pptv. Other trace gases were also often enhanced within these plumes
(e.g., C,H,, CO, CH,CI, CO,, CH,, C;H;, C,H,, and PAN). However, these tracers of surface
emissions displayed inconsistent patterns of enhancement and attenuation with respect to one
another and to NO. We analyzed these plumes for indications of coherent relationships between
the enhanced levels of NO and the enhanced levels of biogenic and combustion related tracers.
This analysis indicated that the tracer relationships were primarily produced by their common
injection via deep convection into the upper troposphere. A corollary analysis using a
combustion tracer reference frame in combination with meteorological analysis indicates that an
efficient mechanism exists in the upper troposphere for recycling HNO, back into NO, with a
rate comparable to that predicted for HNO,’s formation. During the TRACE-A study period,

this in-situ of NO, was estimated to provide the equivalent of approximately 0.7 TgN/yr of NO,




within this region’s upper troposphere. This magnitude of local in-situ source is estimated to

be equivalent to the combined inputs from lightning and biomass burning, which are both

injected via deep convection. Our analysis also suggests that lightning can contribute as much

as 50% of the external input of NO, into this region of the upper troposphere with biomass

burning possibly representing the remainder.
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