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Measurement sites



Measurement sites

Heathfield
Tall Tower

(HFD)

Inlet: 100 m

Weybourne 
Atmospheric 
Observatory

(WAO)

Inlet: 10 m
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system
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system



Gas 
Handling
Diagram

Measurement 

every

2 minutes
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CO2 long term trend:

2.40 ppm yr-1 (2.38 to 2.42)

O2 long term trend:

-24.0 per meg yr-1 (-24.3 to -23.8)

APO long term trend:

-11.4 per meg yr-1 (-11.7 to -11.3)

From Global

Carbon Budget

2.4 ± 0.1 ppm

2012-2022
(Friedlingstein et al., 2022)

Weybourne –
CO2, O2 & APO

Note: CO2 & O2 y-axes are 

visually comparable, APO 

y-axis is half the O2 y-axis



Average
Seasonal cycles

CO2: 16 ppm (15 to 17)

O2: 134 per meg (128 to 139)

APO:

68 per meg

(62 to 73)

Note: y-axes are 

visually comparable



Average
Diurnal cycles

Note: y-axes are 

visually comparable





Target Tanks

O2 : ∼ ±3 per meg

CO2 : ∼ ±0.005 ppm 



May 2010 – December 2021
CO2: 1.9 million data points
O2: 1.5 million data points



O2:CO2 ratios

Terrestrial biosphere -1.10±0.05

Coal -1.17

Oil and petroleum -1.44

Natural gas -1.95

Fossil fuel average -1.39



Temperature & Diurnal cycles



O2 long-term trend & seasonal cycle



Interannual variability of CO2 long-term trend



Interannual variability of CO2 long-term trend



Interannual variability of O2 long-term trend



Interannual variability of O2 seasonal amplitude



Interannual variability of O2 seasonal amplitude



Interannual variability of O2 Autumn Zero Crossing



Heathfield –
CO2, O2 & APO
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Note: CO2 & O2 y-axes are 

visually comparable, APO 

y-axis is half the O2 y-axis



Heathfield vs Weybourne : O2

∼ 230 km



Heathfield vs Weybourne : O2

∼ 230 km



Heathfield & Weybourne events

Note: y-axes are not 

visually comparable



Heathfield & Weybourne events

Note: y-axes are not 

visually comparable



𝑓𝑓𝐶𝑂2 =
𝐴𝑃𝑂𝑚𝑒𝑎𝑠 − 𝐴𝑃𝑂𝑏𝑔

𝐴𝑃𝑂: 𝐶𝑂2

Quantifying ffCO2

0.37

25 ppm 𝑓𝑓𝐶𝑂2 =
−470 − −425 ∗ −0.2095

1.44 − 1.07 = 0.37 

-470 per meg

-425 per meg

Heathfield 2020

Pickers et al., 2022, 

Science Advances
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Weybourne ffCO2 example

NAME Modelled ffCO2: 

Hannah Chawner,

University of Bristol

(Chawner et al., 2023, ACPD)



Summary

Weybourne Heathfield Seasonal ratios

Trends & seasonal cycles Weybourne vs Heathfield ffCO2

Diurnal cycles
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