


Ø Soils + Permafrost:
~4100PgC

Ø Uptake 1/3 CO2 emission



• The least abundant isotope of carbon: 

C-14 (< 10-10 %)   6 protons, 8 neutrons

• 14C is the longest lived radioactive isotope, and 
decays to 14N by emitting a ! particle 
(electron):  
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Radiocarbon 14C



Applications of radiocarbon 

• Determining the age of C in a closed system
half-life 5730 years; 

• As a purposeful tracer
tracing pathways (allocation)

• For open systems, a measure of the rate of exchange 
of C with other reservoirs 

Mean residence time versus mean age
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Soil Carbon

∆ Soil C = 0
CIN = COUT
d14C/dt = I14C – K14C - !14C

Carbon mean age in a one-pool model

Past Changes in Atmospheric 14C
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Carbon mean age in a one-pool model
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• 789 soil profiles

• ∆14C measurements of bulk soil

• Coverage of major land biomes 

and climate condition

Locations of soil 14C profiles
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Frequency distribution of soil profiles



Relative variable importance 
from the random forest 
algorithm

R2 = 69%
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Relative variable importance 
from the random forest 
algorithm



Land cover type

Soil order

Soil clay

R2 = 69%

Relative variable importance 
from the random forest 
algorithm



Surface soil: 0 – 30 cm Subsurface soil: 30 – 100 cm

Strong depletion in radiocarbon with latitude and depth

−97 ± 24‰ −391 ± 56‰

Global mean: −391 ± 56‰



1390±310 years 8280±2820 years

Global mean: 4830±1730 years

Millennial carbon age in high latitude and deep soils
Surface soil: 0 – 30 cm Subsurface soil: 30 – 100 cm



Majority of soil carbon older than 1000 years

• 70% older than 1000 yrs
• Younger than 1000 yrs in surface soils



Permafrost region

• 70% older than 1000 yrs
• Younger than 1000 yrs in surface soils

Majority of soil carbon older than 1000 years



Less depleted soil radiocarbon in models

Surface soil: 0 – 30 cm



Surface soil: 0 – 30 cm

Less depleted soil radiocarbon in models



Data-derived ELM

Less depleted soil radiocarbon in models

Subsurface soil: 30 – 100 cm



Data-derived CLM

Subsurface soil: 30 – 100 cm

Less depleted soil radiocarbon in models



Higher proportion of carbon with enriched radiocarbon

ELM

CLM

• Surface soil: 0 – 30 cm

• Modern radiocarbon: 15%

vs > 60%
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Subsurface: 30 – 100cm

> -200‰: 5% vs 50%

Higher proportion of carbon with enriched radiocarbon



• Soil depth and climate are important predictors for global ∆14C

• Much older mean carbon age than expected
• Land surface models may considerably underestimate

the age of soil carbon.

Conclusions


