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Ongoing work: measuring dissolved gases in Rotsee7

 

Lateral transport by cooling-driven density currents 
in a small temperate lake
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What is a "thermal siphon"?1

Figure 3 - Current velocity Ux measured at MT over one day (August 24-25, 2019) as a function 
of  height above the sediment. Positive (purple) values = flow moving offshore. Negative (green) 
values = flow moving towards the shore. Black lines are 0.02 °C isotherms. 

1. Onset

What are the characteristics of  the current over one day?3

Cooling phase (night) Heating phase (day)

2. Maximum flushing  
3. End of  the flushing 

(restratification) 

Main characteristics:
Velocity ~ 2 cm/s
Thickness ~ 1.5 m
Flushing duration ~ 10 h

Watch a simulation of  
the diurnal cycle here! 

SCAN ME

Where do thermal siphons occur?4
All around the lake! 
Time needed to flush the littoral: 5-10 hours only.

Figure 4 - Numerical tracer experiment with MITgcm. The tracer was injected in the 
littoral region (depth < 6m). Dark colors indicate a higher tracer concentration. 
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Watch the complete 
simulation here!

How often does the process occur?5

Figure 5 - Percentage of  occurrence of  thermal siphons between March 2019 and February 
2020, estimated from measurements at MT (no measurement in May). 

Regular occurrence 
from summer to winter!

Follow the Aphys group!
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Cross-shore flows connect the littoral and pelagic regions of  lakes. They can participate in the lateral transport of  heat, dissolved compounds or particles, and can play an important 
role for the lake ecosystem [1]. One type of  cross-shore flows is driven by surface cooling at night or during cold autumn days and is called thermal siphon  [2]. Thermal siphon has the 
potential to bring dissolved gases offshore on a daily basis.   
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How do we study this current?2
1. In-situ measurements: Lake Rotsee (2019-2020) 
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2. Numerical modelling: 3D (MITgcm) and LES
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Figure 2 - (a) Bathymetric map of  Rotsee. Red and green crosses indicate 
long-term and short-term moorings, respectively. (b) Schematic of  the 
vertical moorings MB and MT.

What are the characteristics of  this lateral transport and what could be the implications for dissolved gases?

Mixed layer

Differential cooling

50 m

Intrusion

Watch the explanatory 
video here! 
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Figure 1 -  Schematic of  the cooling driven thermal siphon.  The temperature field has been linearly interpolated from 11 CTD profiles (Fig. 2) collected in Rotsee on August 22, 2019 (08:20 - 08:45 UTC). 
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 Potential for the transport of  dissolved gases6
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Figure 6 - Measurements of  dissolved gases in 
Rotsee (MT) using two miniRuedis. 

Littoral region: high daytime primary production and night-time respiration rates 
[3] +  strong methanogenesis [4]    

Goal: determine the contribution of  thermal 
siphons to the transport of  dissolved gases.

 Transport of  littoral waters enriched in CH4 and CO2 and depleted in O2?

1. Continuous measurements of  O2, CH4, CO2 at 
ML, MT, MI (Fig. 2) over 48 hours with two 
portable mass spectrometers (miniRuedi, Fig. 6).

3. Physical data: moorings, profiles.

lateral gradients of  O2, CO2, CH4.   

Efficient flushing by thermal siphon:  

2. Tracer experiment: injection of  Kr at ML.

morning + diurnal frequency (Fig. 3)
basin-scale (Fig. 4)
regular (Fig. 5).  

Downslope density current

Shallower region = faster cooling


