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An unbiased tracer of fossil fuel derived CO, A14CO, Measurement repeatability

Quantification of recently-added fossil fuel derived CO, (Cx) requires measurements in both “background” and “observed” air for both the CO, mole fraction and its #C activity
(i.e., egs. 1a and b), with the total uncertainty in C;dominated by the greater relative uncertainty of the A*CO, measurements. If the desired Cdetection limitis 1 ppm (10),
then the necessary A*CO, measurement precision will be <2 %o (10). At INSTAAR, the measurement repeatability is evaluated based on repeat extraction and measurement of
whole air from control cylinders. Presently we measure 3 extraction aliquots from each of two cylinders, “NWT3” and “NWT4", in each AMS measurement wheel. Individual
measurement wheels are comprised of 8 primary measurement standards, 2 secondary standards, 1 process blank (#C-free air from cylinders), 6 controls, and 23 authentic
samples. Extraction, graphitization, and measurement follow methods described in Turnbull et al. [2007]. Extraction occurs on either a manual or an automated extraction line
("CRex”, as described in Turnbull et al., [2010]) and samples from individual observing sites are always extracted on the same line. In Figure 2 we show individual measurement
values, means and un-normalized 1o repeatabilities for both NWT3 and 4 by order of either measurement or extraction. There is no statistically significant difference between
results for the two extraction lines. Temporal patterns of the measured value by measurement order suggest some systematic variances result from either graphitization or
measurement conditions (graphitization and measurement occur nearly simultaneously). For authentic samples we report the un-normalized 1-sigma measurement repeatability
of £1.8 %o or the single sample measurement precision, whichever is greater. Long term repeatabilities for NWT3 and 4 are comparable to that for our previous control cylinder
measured from 2003-2009, “NWTstd” [Turnbull et al., 2007, Lehman et al., 2010], which is near exhaustion. John Southon and colleagues at the UC-Irvine Keck AMS

Fossil fuel derived CO, (Cy) is '*C barren as a result of radioactive decay during storage of fossil carbon in the rock reservoir, while all other sources of CO, to
the atmosphere are close in isotopic composition to the atmosphere itself. Simple mass balance considerations indicate a sensitivity of ambient A'*CO, to
addition of fossil fuel derived CO, of ~ -2.7 %o/ppm. If other contributions to the tropospheric *C budget are either small or relatively uniform in space, then the
mass balance sensitivity and the measurement precision will closely approximate the actual C detection capability. As an indication of the strong relationship
between “C and C;we compare in Figure 1 maps of near-surface (~300 m) fossil fuel-derived CO, and total A'*CO, over North America as represented by the
TM5 transport model [Krol et al., 2005]. The color scales depicting A#CO, and fossil fuel CO,, distributions correspond to the expected mass balance sensitivity.
Thus, the similar colors and patterns indicate that the '#C gradients are controlled almost entirely by the presence of fossil fuel CO,. The remaining small
differences are due primarily to small atmospheric gradients imposed by the terrestrial disequilibrium flux, which is also quantified in the model. (This is the
heterotrophic respiration of *CO, photosynthetically assimilated a decade or two ago when the atmospheric A'*CO, was much higher as a result of above-
ground nuclear weapons testing.). Cosmogenic production and ocean disequilibrium isofluxes, which are important globally, do not result in significant spatial
gradients of *C over the U.S., although they are also specified in the model.
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Figure 1. a) A'*CO, (left panel) and b) the fossil fuel component of total CO, (Cs; right panel) in the atmosphere near the surface over North America for a
week in January of 2006 in the TM5 transport model. For comparison to simulated gradients, the long term A¥CO, measurement error is 1.8%o (10) (Fig. 2), 30 -45 -
equating to a Cj; detection of better than 1 ppm. The fossil fuel emissions used in the model are based on the CDIAC US and global totals and the spatial _ o S |
patterns from the EDGAR inventory (see carbontracker.noaa.gov). The sites labeled in white are existing “C sampling sites and those in yellow are planned Figure 2. Measurement values for individual extraction aliquots of NWT3 (left panels) or NWT4 (right panels), by order of
sampling sites as needed to better characterize the “background” A#CO, (see egs. 1b and c) entering the coterminous U.S. Bowties are aircraft sites (three graphitization and measurement (top panels) or extraction (lower panels). High pressure control cylinders were prepared for INSTAAR
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measurement altitudes each) and triangles are surface or tower sites. NWR (surface flask site) was excluded for clarity, but overlays with BAO. from whole air collected at NOAA-ESRL's NWR site by Duane Kitzis. “C-free CO, was added to NWT4 to lower the activity.
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