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Fossil fuel-derived CO2 is measured from a network of towers using radiocarbon (14C) 

Million-year-old fossil 
carbon has lost all its 14C 
from radioactive decay 

Fossil fuel combustion 
decreases the ratio 
14C/C in CO2 

Measuring the change in 
14C/C in CO2 allows us to 
calculate CO2 added by 
fossil fuel combustion
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California’s CO2 budget Independent assessment of fossil fuel emissions

Boxplots show the range of observed 
or simulated values. Each segment 
represents 25% of the data. Gray bar 
shows detection limit for fossil fuel CO2.

Simulations using 2 atmospheric models and 3 fossil fuel emission models 
at high resolution show similar patterns to the observations, with some varia-
tion between simulations. Observations and simulations are being used in 
an inversion to produce a statistical best estimate of emissions.

Comparison of observed and simulated fossil fuel CO2 
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We are developing a top-down assess-
ment of fossil fuel CO2 emissions using 
tower-based observations of CO2 con-
centration and radiocarbon in CO2, com-
bined with models and remote sensing

Previously, top-down studies of CO2 
have assumed fossil fuel emissions are 
well-known and used atmospheric data 
to estimate natural CO2 fluxes 

Radiocarbon measurements are 
needed to distinguish fossil fuel influ-
ences on CO2 from natural influences 

Observations show similar patterns to 
simulations of fossil fuel-derived CO2 

using atmospheric models and fossil 
fuel emission models, with some differ-
ences between models

Validation of bottom-up fossil fuel in-
ventories to within approx. 10% is likely 
possible with this method, based on 
simulation experiments

Detection of changes in emissions of 
less than 10% may thus be possible, 
depending on location, observation net-
work and emissions

Evaluation of atmospheric transport 
models is key to establishing the accu-
racy of top-down methods 
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California’s fossil fuel CO2 
emissions are approx. 370 Mt 
CO2 yr-1, about 1% of the 
global total

California’s AB-32 law re-
quires GHG emissions be re-
duced to 1990 levels by 2020, 
and 80% below that by 2050

Bottom-up fossil fuel CO2 in-
ventories differ by approx. 
15% in their statewide total 
emissions, with larger differ-
ences for some subregions of 
California in spatially resolved 
emission maps
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