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To address the threat of climate change, governments, companies and private citizens are
taking steps to reduce greenhouse gas emissions. But how will we know if we are making
progress toward the greenhouse gas emissions reductions needed to keep climate change
below dangerous levels?

The United Nations Framework Convention on Climate Change requires that individual
countries calculate and report their emissions according to specified guidelines. These
“bottom up” emissions calculations are based on counting emission-producing activities and
scaling these activities by the estimated amount of emissions per unit of activity. Both the
activity calculations and the emission scaling factors are subject to uncertainties, and there
is potential for systematic biases or unaccounted sources. National emissions are
considered to have uncertainties of ±5% for countries with good energy data systems but
±10% or more for countries with less well-developed energy data. The uncertainty in global
total fossil fuel emissions is not well-known, even though it has been quoted as ±5%, and it
is certain to increase over time as the contribution of emissions from countries with less
well-developed energy data increases. Independent “top-down” methods for assessing
anthropogenic emissions at global scales based on measurements of the atmosphere need
to be developed to evaluate and verify the emissions changes taking place.

This project will produce the first atmospheric observation-based estimate of global fossil
fuel CO2 emissions, which are responsible for the majority of the radiative forcing from
greenhouse gas emissions. While the atmospheric concentration of CO2 has increased by
nearly 50% since the Industrial Revolution, measurements of the annual growth rate of CO2

cannot be used to estimate annual anthropogenic emissions. Large natural CO2 fluxes
between the atmosphere, ocean, and terrestrial plants and soils remove roughly half of the
emissions from human activities and these natural fluxes vary year to year in ways that
cannot be predicted precisely.

This project will use radiocarbon to constrain global fossil fuel emissions and carbon-climate
interactions. Radiocarbon (14C) is a powerful tracer of fossil fuel emissions because
radioactive decay has removed all the 14C in million-year-old fossil fuels. As fossil-derived
CO2 dilutes the 14C/C ratio in atmospheric CO2, radiocarbon provides a fingerprint that can
identify and quantify fossil-derived CO2.

The project will be computational, building on existing models and data currently available.
The student will interact with international colleagues in the US, Europe and other countries.
The student should have experience with Matlab, Python, or equivalent.
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