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What is the triple oxygen isotope Δ17O ? 
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Δ17O = ln(δ17O + 1) –  0.5229 · ln(δ18O + 1) 

δnO =                                  – 1     
[nO/ 16O]sample  

[nO/ 16O]standard  

≈ δ17O –  0.5229 · δ18O 

 
• Definition of δnO (n =17 or 18): 

 
 
 
 
 
 
 
 

• Definition of Δ17O: 
 
 
 
 
 

• Also known as the 17O-excess 

δnO > 0 : sample enriched in nO 
 
δnO < 0 : sample depleted in nO 



Global budget of Δ17O in CO2 

𝑂3 + ℎ𝜈  →   𝑂2 + 𝑂 1𝐷  

Δ17O ≈ 0 

stratosphere 

troposphere 100 

Δ17O > 0 

Δ17O ≈ 0 

352 349 

90 92 

𝑂 1𝐷 + 𝐶𝑂2   →   𝐶𝑂3
∗   →   𝐶𝑂2 + 𝑂 3𝑃  

100 

• Budget from 1D box model with fluxes 
in PgC/yr (Hofmann et al., 2017)  
 

• Source of Δ17O is in the stratosphere 
 

• Vegetation is main sink of Δ17O → tracer 
of gross primary production (GPP)   
 

• Other sinks of Δ17O: 
  - oceans 
  - soil invasion 
  - biomass burning 
  - fossil fuel combustion  
 

• Objective: build 3D model for Δ17O 
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Overview of TM5 model setup 

• Model setup: 
 
 

 
• Active tracers: 

 
 
 

• Model resolution: 
 
 
 

• Platforms: 
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  - offline 3 hrly ERA-Interim meteorology 
  - offline SiBCASA vegetation model results 
  - slopes advection scheme  
 
  - CO2 
  - C17OO 
  - N2O (Bergamaschi et al., 2015) 
 
  - 6° x 4° horizontal resolution 
  - 25 vertical layers 
  - 1 hr time step 
 
  - cartesius (SURFsara) 
  - capegrim (WUR) 



TM5 simulations of N2O tracer 

 
• Stratospheric N2O sinks and 

optimized surface fluxes 
(Bergamaschi et al., 2015)  
 

• Comparison of TM5 
simulated N2O ‘climatology ’ 
(average over 2007) vs 
observed N2O 

 
• N2O observations detrended 

with atmospheric growth 
rate for N2O 
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Linear N2O-Δ17O correlation 

• Stratospheric source of C17OO 
determined from N2O tracer 
and N2O-Δ17O fit  
 

• Sensitivity analysis for 
different fits 
 

• Domain of application for fit: 
  - N2O threshold 
  - level threshold 
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Sensitivity analysis for N2O-Δ17O fit 

• Monthly average Δ17O at surface for Göttingen (Germany) and La Jolla (California) 
 

• Fit is applied for model level 20 (∼60 hPa) and above 
 

• Sensitivity of calculated Δ17O on N2O-Δ17O fit is not negligible (∼10 per meg) 
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Göttingen La Jolla 



N2O threshold for N2O-Δ17O fit 

• Monthly average Δ17O at surface for Göttingen (Germany) and La Jolla (California) 
 

• Fit is only applied for cells where simulated N2O is below N2O threshold 
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Göttingen La Jolla 



Vegetation model for Δ17O in CO2  

• Vegetation model SiBCASA 
with ERA-Interim meteorology 
 

• C3 and C4 vegetation 
photosynthesis scheme 
 

• Internal and external CO2 
concentrations for leaf 
stomata 
 

• Gross atmosphere-leaf flux 
from ci / ca  
 
 

 
FAL = FA 

ca 

ca - ci  
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Gross atmosphere-leaf flux of CO2  

• Gross atmosphere-leaf flux shows large seasonality (amplitude ∼400 PgC/yr) 
 

• Average gross atmosphere-leaf flux > 350 PgC/yr from Hofmann et al. (2017) 
 

• Spatial distribution of atmosphere-leaf flux for years 2010 and 2011 
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Spatial variation of Δ17O in CO2 

• Average Δ17O in CO2 at surface for 2011 
 

• Confirms potential of Δ17O in CO2 as tracer of GPP 
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Project overview 

• Summary 
 
  - Stratospheric source of Δ17O based on N2O- Δ17O correlation 
 
  - Vegetation model allows for explicit calculation of atmosphere-leaf flux 
 
  - Spatial pattern of Δ17O at surface confirms its potential as tracer of GPP 
 

• Future work 
 
  - Compare gross STE fluxes (Appenzeller et al. ,1996; van Noije et al., 2004)  
 
  - Improve soil invasion model (e.g. scaling hydrogen deposition maps) 
 
  - Incorporate production of Δ17O  in CO2 from tropospheric chemistry 
 
  - Perform sensitivity tests and runs at higher resolution 
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