
What can we learn from 
measurements of 13C:12C and 14C:C 

in atmospheric CO2? 
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… or, Other tracers that are hard to measure well and tell you about the carbon cycle
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Radiocarbon basics

• 14C is produced in the upper atmosphere and oxidized to CO2 which is 
incorporated into the atmosphere-land-ocean system.
• Fossil fuels have no 14C, because its half-life is ~6000 yrs. This makes 
14CO2 an ideal tracer for fossil CO2.
• As with stable isotopes, we report 14C abundance (~10-12 of CO2) using 

“delta” notation:
∆	≈ ( !!"#$%&

!!'"()"*)
 -1) x 1000 ‰

à as Delta decreases, 14C:C decreases, indicating more fossil



Why Top-Down 14CO2? 
Significant spread in national inventories.

Why estimate fossil CO� from the atmosphere? �

» Inventories are expected to be within ≥��
of true fossil CO� emissions for Annex I
countries, but spread can be larger

» Independent verification can help

» Uncertainty in inventory estimates
significantly larger for non-Annex I
countries, complicating mitigation and
monitoring efforts

» Spread among Chinese inventory
estimates was ≥��� of US emissions
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China: ~ 700 Tg C/yr USA: ~130 Tg C/yr

Fo
ss

il 
Em

iss
io

ns
 (P

g 
CO

2)

2

12

2000 2016

4

S. Basu



Measurement sites are global but mainly in North 
America

• ~ 1000 measurements per year.

• US sites 1 – 3 x per week.

• Most from U.S. tall towers (NOAA)

• Also aircraft sites

• Many global background sites from 
U. Heidelberg.
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D14C and CO2 variations over U.S. are dominated 
by biology and fossil emissions, respectively

20 ppm FF
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D14C can separate fossil and biological 
components of continental CO2
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Forward model comparisons with data gives confidence 
ahead of inversion: 1) large scale lat. gradient

Fossil Emissions
Air-sea exchange

à Model includes all D14C budget terms: Fossil, cosmogenic and 
nuclear reactor production, land and ocean disequilibrium
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US top-down fossil emissions for 2010 and 2015
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Top-down estimates show reductions consistent 
with US EPA (bottom-up) 



LA Megacity 14C sampling

14CO2 sites
1. Quantify fossil (Cff) and biospheric (Cbio) 

contributions to CO2 enhancements (Cxs)

2. 2015 sampling showed that Cbio 
seasonality was correlated with urban 
water use (PNAS, 2020).

3. Use Cff to evaluate urban bottom-up 
fossil flux estimates.

LA Megacity GHG Network



Significant Cbio during SUNVEX-LA 2021

Cobs = Cbg + Cbio + Cff

MWO

CalTech 14C

August CO2 uptake consistent with 2015 results 
published in Miller et al., 2020 PNAS. 

August 2021

Cxs = Cbio + Cff



Atmospheric 13CO2 in transition…
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CO2 and 13C:12C are strongly connected via plant 
photosynthesis.

LEF tall tower, northern Wisconsin Midwest: LEF, WBI influenced by maize (C4)
East: SCT, AMT influence more by C3



Global mean d13C shows that much of CO2 variability 
originates in the terrestrial biosphere.
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Why is the d13C growth rate not trending?

Over the last 30 years:
1. Fossil isoflux has decreased from ~ – 120 to – 200 PgC*(per mil)/yr
2. Isotopic disequilibrium has increased over the same period from ~ 80 to 

140 PgC*(per mil)/yr
3. What does this mean?

Diseqflux ∝ GrossFlux*reservoir_residence_time

𝐶!
𝑑δ!
𝑑𝑡 = 𝐹" δ" − δ! + 𝐹#$%&𝜀!& + 𝐹#$%'𝜀!' + 𝐹&!(δ& − δ!) 	+ 𝐹'! δ' − δ!

àSome combination of gross fluxes (e.g. respiration) and/or residence times in 
the surface waters or terrestrial biosphere have been changing a lot!
àOur bottom-up calculations explain ~85% of this change (but our bottom-up 
absolute values are too low.)



Unoptimized land 
model output

Model optimized using CO2 only

Model optimized using 
CO2 and d13C
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13CO2 inversions can improve the drought 
response of land models.

Dry, more 
plant stress

Wet, less 
plant stress

Recently developed SiB4 (land model)

Aleya Kaushik

Peters et al., 2018


