
Uncertainty estimation of Gross Primary Production and Ecosystem 

Respiration based on high-resolution oxygen profiles and oxygen time series. 
 

The idea is to use two large datasets of oxygen concentration: 

• Thetis profiles collected every ~3 hours (see below some plots of Chl-a, oxygen 

and temperature) and  

• oxygen time-series at six different depths (collected every 5 minutes). 

 

The objective is to balance the oxygen budget, which is the result of Gross Primary 

Production (GPP), Ecosystem Respiration (ER) depletion, gas exchange with the 

atmosphere, and vertical and lateral physical fluxes (Obrador et al., 2014; Staehr 

et al., 2012). 

Because of the seasonal miss-balances between GPP and ER, oxygen concentration in 

the upper layers of the lake evolves throughout the year. Historically, these seasonal 

variations, resolved by the available monitoring techniques, were used to investigate the 

metabolic balance of lakes and oceans. On seasonal time-scales, the main relevant 

physical processes to be considered in the oxygen budget are vertical mixing and 

exchange with the atmosphere, which can often be quantified with sufficient confidence. 

Nowadays, measurements at much higher temporal resolution allow quantifying the 

oxygen fluctuations resulting from the day-night cycle of metabolism, from which 

metabolic rates can be derived on a daily basis. However, we expect these values to be 

associated with large errors, due to residuals in the daily balance caused by short-lived 

physical processes, which are difficult to constrain and can drive large reversible or 

irreversible variations in oxygen concentration in the mixed layer. Those processes 

include, among others, lateral advection of spatial heterogeneities, storms, upwelling 

and upwelling or baroclinic motions (internal waves). 

Considering the interactions of both biogeochemical and physical processes on 

dissolved oxygen variations, you will need to investigate what is the appropriate time-

scale at which GPP and ER can be estimated reliably from high-resolution 

measurements.  

 

Once reliable estimates of GPP and ER time series have been established (with 

approximate statistical errors), you may build hypotheses on what causes these 

variations. This will be based on Chl-a concentration, light availability, stratification 

(temperature) and nutrients data. You can also include gas exchange estimates, 

especially during the wintertime, in order to close the oxygen budget. You can then 

analyse potential relations and build a simple mechanic model to explain the 

observations. 

This work will both lead to a better understanding of the statistical limitations (mainly 

due to the size of Lake Geneva) and of the production and respiration processes in large 

lakes. 

 

Considered data periods:  

We propose 3 time slots 

one in fall (low production; low gas exchange):   18/10/2018 to 29/10/18  

one in winter (low production; high gas exchange):   21/11/18 to 12/12/18 

and one in spring (higher production; low gas exchange):  24/02/19 to 16/03/19 



 

Available data: 

• High vertical resolution profiles measured with the Thetis profiler: temperature, 

O2, light (PAR), chlorophyll-a 

• High temporal resolution data of O2, temperature, and CO2 (six fixed depths 

between surface and 30 m depth, i.e. the trophogenic layer; t = 5 min). 

• Monthly-resolved nutrient profiles 
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Thetis schematic and picture of the Thetis when it surfaces near the LéXPLORE 

Platform 
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Spatiotemporal plots of the Thetis data for Temperature (top), Oxygen concentration (middle) and Chlorophyll a concentration (bottom) over three periods. 


