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[1] Radiocarbon levels in annual plants provide a means to
map out regional and continental-scale fossil fuel plumes in
surface air. We collected corn (Zea mays) across North
America during the summer of 2004. Plants from mountain
regions of western North America showed the smallest
influence of fossil fuel-derived CO, with a mean AMC of
66.3%o0 £1.7%o. Plants from eastern North America and from
the Ohio-Maryland region showed a larger fossil fuel
influence with a mean A'*C of 58.8%o = 3.9%0 and 55.2%o
+ 2.3%o, respectively, corresponding to 2.7 ppm £ 1.5 ppm
and 4.3 ppm = 1.0 ppm of added fossil fuel CO, relative to
the mountain west. A model—data comparison suggests that
surveys of annual plant A'™C can provide a useful test of
atmospheric mixing in transport models that are used to
estimate the spatial distribution of carbon sources and sinks.
Citation: Hsueh, D. Y., N. Y. Krakauer, J. T. Randerson, X. Xu,
S. E. Trumbore, and J. R. Southon (2007), Regional patterns of
radiocarbon and fossil fuel-derived CO, in surface air across
North America, Geophys. Res. Lett., 34, 102816, doi:10.1029/
2006GL027032.

1. Introduction

[2] The radiocarbon ('*C) produced by atomic weapons
testing in the late 1950s and early 1960s has served as a
powerful tracer of atmospheric and ocean transport, air-sea
gas exchange, and the age distribution of carbon in terres-
trial ecosystems. After reaching nearly 1000%o in the
northern hemisphere troposphere in 1963, A'C levels have
declined systematically as a result of dilution primarily from
carbon exchange with ocean and terrestrial biosphere
reservoirs [Nydal and Lovseth, 1983]. Key processes that
regulate the contemporary distribution of atmospheric A'*C
include rates of ocean mixing and air-sea gas exchange
[Broecker et al., 1985], carbon cycling within terrestrial
ecosystems [Trumbore, 2000], cosmogenic production
[Lingenfelter, 1963], re-entrainment of older stratospheric
air in the troposphere [Hesshaimer and Levin, 2000], and
fossil fuel emissions. At a regional scale, the relative
importance of these processes varies. In the Southern
Hemisphere, for example, upwelling and subduction of
intermediate and deep water masses (with low A'*C levels)
causes large latitudinal gradients, with a minimum in
atmospheric A'*C over the Southern Ocean [Levin and
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Hesshaimer, 2000]. In the Northern Hemisphere, large
urban and industrial centers in North America, Europe,
and Asia create Plumes of fossil fuel-enriched CO, that
are depleted in A 4C [Randerson et al., 2002; Levin et al.,
2003; Turnbull et al., 2006].

[3] The rate at which these fossil fuel plumes are lofted
off the northern continents and mixed between the northern
and southern hemispheres in atmospheric models critically
determines the distribution and magnitude of carbon sources
and sinks in ‘top down’ inversions that take advantage of
atmospheric observations. Atmospheric models that trap too
much fossil fuel CO, near the surface, for example, may
require erroneously large carbon sinks to match surface
observations [e.g., Gurney et al., 2004]. Vertical mixing in
atmospheric models is challenging to represent, in part
because some of the key processes (including convection)
occur at spatial resolutions smaller than the size of the
average grid cell. Tracers that can serve as potential con-
straints on atmospheric mixing processes include water
vapor, radon, and A'*C. Past work using radon and A'*C
provides evidence for strong regional and vertical gradients
in fossil fuel CO, across Europe [Levin et al., 2003]. A'C
is a particularly sensitive tracer of fossil fuel emissions in
the contemporary (2006) atmosphere; 1 ppm of CO, added
from fossil fuels causes a depletion of A'*C by approxi-
mately 2.8%o, which is near the precision of contemporary
accelerator mass spectrometers [Turnbull et al., 2006].

[4] In this study, we measured the A'*C of corn plants
across North America during the summer of 2004. We had
three objectives. First, we wanted to assess whether annual
plants could be used to obtain time-integrated atmospheric
samples over a period of several months, as a complement
to ground and aircraft flask sampling approaches. Second,
we wanted to better understand how fossil fuel emissions
disperse over the continent. To what extent, for example, do
the Rocky Mountains impede the surface flow of fossil fuel
CO, from the west coast to the east coast? Third, by
mapping regional variations in atmospheric A'*C we hoped
to improve our ability to use A'*C as a tracer in ecosystem
studies examining rapid turnover pools [e.g., Gaudinski et
al., 2001].

2. Materials and Methods
2.1. Sample Collection

[s] We collected samples of corn leaves (Zea mays) from
North America during the summer of 2004. A few addi-
tional samples were collected from Venezuela, Brazil, and
China. We relied on the generosity of colleagues to collect
corn samples in places near where they lived or visited.
Packets were sent to colleagues with a specific sampling
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