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Applications of Radiocarbon

Ø Dating in archeology and historical sciences

Ø Dating of paleoclimate archive

Ø Reconstruction of solar activity

Ø Neuroscience and medicine

Ø Tracer studies on ground water flow, plant physiology, etc…
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Ø Understanding the exchange processes in the global 

carbon cycle (atmosphere-biosphere-ocean)

Ø Determine the partition of fossil fuel of atmospheric CO2
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Ø Tracer studies on ground water flow, plant physiology, etc…

Ø Understanding the exchange processes in the global 
carbon cycle (atmosphere-biosphere-ocean)

Ø Determine the partition of fossil fuel of atmospheric
CO2

Ø …



Atmospheric 14C in CO2

[Levin et al. 2010]
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Natural production of 14C (Libby 1960, Nobel prize lecture)

1 cm2 14N (n, p) 14C
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Fast oxidation of 14C to 14CO22



Properties of radiocarbon

Ø Rare (12C/14C) ≈ 10-12

Ø Radioactive (T1/2 = 5700a)

Ø Everywhere in the (short) carbon cycle
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Properties of radiocarbon

Ø Rare (12C/14C) ≈ 10-12

Ø Radioactive (T1/2 = 5700a)

Ø Everywhere in the (short) carbon cycle

Accelerator Mass SpectrometryProportional counting chambers
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Production and fate of 14 C  

14C
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[Currie, 2004]
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[Currie, 2004]

Nuclear bomb tests



Atmospheric 14C in CO2
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Atmosphere

Production: natural and anthropogenic

14CO2 propagation in the carbon cycle
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Ocean Biosphere



Manning & Melhuish, Levin & Kromer, Levin et al., Guilderson et al., Druffel, Harrison et al., Harkness et al.
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Ø Determine inter-hemispheric exchange rate 
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Ø Determine the exchange rate of ocean and atmosphere
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14CO2 propagation in the carbon cycle 
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Ø Determine the “age“ of biogenic carbon pools



Global inventory of 14C

[Naegler, 2005]
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14CO2 propagation in the carbon cycle 
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Determing fossil fuel from radiocarbon observations

Levin et al. 2010 and Vogel et al. 2011
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Determing fossil fuel from radiocarbon observations

Levin et al. 2010 and Vogel et al. 2011
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Ø Derive the seasonal cycle of fossil fuel CO2 in the atmosphere

Ø Long-term monitoring of changes in FFCO2



Determing fossil fuel from radiocarbon observations

Observations – Paris, France
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Ø Understand urban CO2 signals

[Lopez et al. 2013]
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Observations – Paris, France Simulation – Paris, France
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Ø Understand urban CO2 signals and improve models

[Lopez et al. 2013]
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Determing fossil fuel from radiocarbon observations
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Determing fossil fuel from radiocarbon observations

15

20

25

F
F

C
O

2
 [
p
p
m

]

 
14

C-based estimate (observation)

 FLEXPART/ECMWF EDGAR const.

 FLEXPART/ECMWF EDGAR optimised

0.5

1.0

1.5

2.0

S
c
a
lin

g
 f
a
c
to

rs

 Non-industrial combustion

 Transportation

 Primary energy and industry

40

50

60

70

C
o
n
tr

ib
u
ti
o
n
 t
o
 a

n
n
u
a
l 
to

ta
l 
e
m

is
s
io

n
 [
%

]

 Primary energy and industrial

 Non-industrial combustion

 Transportation

Vogel et al. 2013

SOFIE spring school PKU-LSCE May 12th, 2014, Beijing, China

01.01.2011 01.07.2011 01.01.2012 01.07.2012

0

5

10

∆
F

F
C

O

1 2 3 4 5 6 7 8 9 10 11 12
0.0

Month of year

EC inventory, ON

ICF report 2
008+

This study

0

10

20

30

40

C
o
n
tr

ib
u
ti
o
n
 t
o
 a

n
n
u
a
l 
to

ta
l 
e
m

is
s
io

n
 [
%

]

Ø Determine the contribution of different emission sectors (i.e. categories)



Summary

Ø Radiocarbon is used across many fields of research

Ø It is produced naturally and anthropogenically and is distributed in the whole

(living) carbon cycle

Ø Concentrations are low and measurement techniques still complex/costly

Ø Radiocarbon helped to reveal the interaction of the major compartments of the

carbon cycle by following its dispersion after the bomb-peak 1950-1960ies
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Ø It can be used to determine the fraction of modern versus fossil fuel CO2 and

Ø When combined with modelling studies radiocarbon can be used to derive

emission estimates for urban areas and help to identify specific sources
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Ø Significant 14C depletion for Egbert and Toronto observations
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