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A new generation of observations of methane isotopologues are being developed based on quantum cascade
laser spectroscopy.  These new instruments, when combined with sample pre-concentration techniques, may
allow in situ measurement of δ13C-CH4 and δD-CH4 at higher precision than previously possible and around an
hourly frequency.  If the anticipated precisions can be achieved, these new measurements should sample much
of expected methane isotopologue variability on daily through annual timescales.  Using model-generated time
series’ of δ13C-CH4 and δD-CH4, and estimates of source/sink-isotopologue sensitivity functions, we evaluate the
benefit of these new observations in inverse estimates of methane sinks and emissions from four major sectors
(microbial, fossil fuel, biomass burning and landfill).  For global source estimation, we find additional
uncertainty reductions of between 1 - 9 Tg/year for these source categories, compared to mole fraction-only
inversions.  On national scales, we obtain average uncertainty reductions of ~5-10% of the source strength for
countries close to high-frequency monitoring sites, although the degree of uncertainty reduction on such small
scales varies significantly (from close to 0% to almost 50%) for different sectors and countries.

Figure 1. Model-generated daily average methane mole fractions (top panel, purple), and delta values for the
two major isotopologues of methane (δ13C-CH4, blue, and δD-CH4, red) at Mace Head, Ireland. Anticipated
measurement repeatabilities are indicated by the shading. The figure shows that much of the isotopologue
variability should be resolved by the new observations.


