
SUMMARY 

Here we present 10 years of CO
2
, O

2
 and APO measurement records from two 

mountain sites: Jungfraujoch, Switzerland (JFJ) and Puy de Dome (PUY), France 

based on weekly flask samplings. At both sites nearly similar CO
2
 and O

2
 trends 

were observed ; however, the seasonality at PUY is about twice the observation 

at JFJ, due to strong biospheric influence at PUY. While similar downward APO 

trends were observed at both sites, the seasonal peak-to-trough APO amplitudes 

differ significantly. The maximum seasonality in APO is in October at both sites 

while PUY reaches its minimum in April, two months later than JFJ. The 

observed difference in the APO amplitudes is ascribed to the depletion in APO 

at PUY during spring, induced mainly by anthropogenic sources. From the long-

term trends in CO
2
 and APO at JFJ, we have estimated a land biosphere and 

oceanic sinks of 3.2 ± 0.5 PgC yr
-1

 and 2.7 ± 0.5 PgC yr
-1

, respectively. However, 

a slightly higher land-biosphere sink of 3.6 ± 0.5 PgC yr
-1

 and a lower oceanic 

sink of 2.3 ± 0.5 PgC yr
-1

 were estimated from measurements at PUY. Both of 

these calculations include the contribution from land-use change (1.0 GtC/yr) 

into the land-biosphere sink. At both sites about 42 % of the total emitted CO
2
 

over the period July 2005 – July 2015 remains in the atmosphere, in close 

agreement with the global estimates of 44.1 % during 2006 – 2015 [1]. 
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OBSERVATIONS OF CO2, O2 & APO 

Figure 2. Measured CO2, δ(O2/N2) and calculated APO at JFJ (left) and PUY (right) sites from 

flasks sampled between 2005 and 2015. Black closed circles show the filtered raw data and the 

red line represents a linear trend term plus a seasonal harmonic fit to the data. From 

observations at JFJ, we have determined trend values of 1.99 ± 0.15 ppm/yr,  

-19.80 ± 1.76 per meg/yr and -10.04 ± 0.50 per meg/yr for CO2, δ(O2/N2) and APO, respectively 

very close to the values observed at PUY. A seasonal peak-to-through amplitudes of 8.9 ± 1.6 

ppm, 67.4 ± 13.6 per meg, and 44.3 ± 17.2 per meg were determined for CO2, δ(O2/N2) and APO, 

respectively at JFJ, while 15.5 ± 0.6 ppm, 129.8 ± 22.1 per meg, and 61.9 ± 18.4 per meg were 

determined for CO2, δ(O2/N2) at PUY. The difference is possibly due to stronger biospheric 

influence at PUY due to its lower altitude. 

OBSERVED AND MODELED SEASONALITIES 

Figure 3. Observed APO Seasonalities at PUY (left) and JFJ (right) sites from combined CO2 and O2 

measurements, and comparison with modeled APO using the TM3 atmospheric transport model with 

three type of datasets: APO-Climatology (based on global net air-sea CO2 and O2 exchanges as well as 

their seasonal variations),  APO-Inversion (based on APO-measurements at 7 marine sites) and APO-

PlankTOM5a (based on the air-sea exchanges of CO2 and O2 simulated by the PlankTOM5a 

biogeochemical processes model). The difference between the simulations from APO-inversion and 

the observations (phase shift in the maxima or minima) are mainly due to tuning of the model using 

marine sites while our observations are conducted at high-altitude continental sites.        

Figure 4. Graphical representation of the calculation of partitioning of CO2 emitted into the 

atmosphere among reservoirs using the measurements from Jungfraujoch. Brown rectangles are 

the expected CO2 and APO values if all the emitted CO2 calculated based on the amount of global 

fossil fuel usage remains in the atmosphere while the mint colored diamonds are the 

atmospheric increase/decrease in the background CO2/O2 values measured at JFJ from the flask 

samples. The blue represents the oceanic sink while the green horizontal line corresponds to 

uptake by the land-biosphere (including the emissions from land-use change) with no effect on 

APO. The vertical red line represents the net oceanic oxygen outgassing with no effect on CO2.  
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PARTITIONING BASED ON CO2 & APO (2005-2015) 

 
 

Puy de Dôme 

- 1465 m a.s.l. 

- Westerly air 

masses 

- One 

flask/week 

- Sampling 

mostly 11:00-

15:00 

Jungfraujoch 

- 3580 m a.s.l. 

- North 

Westerly air 

- Duplicate 

flasks/week 

- Sampling 

usually  

6:30-7:30 

 

Figure 1. Geographical location of the 

PUY, France (left) and the JFJ, 

Switzerland (right) sampling sites as 

well as their corresponding footprints 

[3, 4]. During daytime, the PUY site 

receive signals mainly from France and 

anthropoegnic influence might be 

present in the flasks samples 

depending on the time of the day. In 

contrast, the high-altitide site JFJ is 

mostly in the free troposphere and its 

footprint extends deep into the Atlantic. 

BACKGROUND 

The oceans are the major sinks of anthropogenic CO
2 

emitted into the 

atmosphere mainly due to fossil fuel burning. While these oceans are 

expected to remain as a net CO
2
 sink in the future, a thorough investigation 

into oceanic share may provide useful information about the ocean 

biogeochemical processes and its response to climate variability. 

Atmospheric Potential Oxygen (APO ≈ O
2
 + 1.1 × CO

2
) derived from combined 

CO
2
 and O

2 
 measurements in the atmosphere is an important tracer sensitive 

mainly to oceanic processes and useful to quantify marine biological 

productivity, ocean ventilation and air-sea gas exchange [2]. Additionally, the 

long-term CO
2
 and APO records can be used to determine the oceanic CO

2
 

share as: 

                                               𝑂 =  
1

1.1
[−∆(𝐴𝑃𝑂) × 𝑀𝑎𝑖𝑟 × 𝑋𝑂2

+ (𝛼𝐵 − 𝛼𝐹) × 𝐹 + 𝑍𝑒𝑓𝑓]  

where Δ(APO) is the observed annual change in APO and M
air

 is the total 

number of moles of dry air in an air parcel (1.769 × 10
20

 mol). XO
2
 represents 

the standard mole fraction of oxygen in air and F represents CO
2 

emissions 

from fossil fuel combustion and cement production. Z
eff

 represents the net 

oceanic O
2 
outgasssing of 0.45 × 10

14
 mol × 10

20
 mol O

2 
yr

-1

. 
 


