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The water cycle 





Vertical structure of a stratified lake 



Lake-atmosphere continuum 



LAKE model: basic physics 

A general procedure 
of horizontal 
averaging allows to 
take into account 
heat and gas fluxes 
at the sloping 
bottom 



LAKE model: horizontal averaging 



The model of sediments 

Thermal regime of sediments, 
including freezing/thawing 
is important for modeling 
biogeochemical processes, 
especially, CH4 



Механизмы переноса растворённых  
газов через поверхность воды 





Роль водоёмов суши в углеродном и метановом цикле 





Methane production, consumption,  
transport and emission in lakes 

(Bastviken et al., 2004) 



Модель метана в донных отложениях 



The role of bubbles trapped in sediments 

The general aqueous and gaseous 
diffusion equation reduces to: 

which is solved semi-analytically. 

Hypothesis: presence of bubbles in 
sediments significantly affects total CH4 
emission to atmosphere, because gaseous 
diffusivity 4 orders large than aqueous 
one. 

n=4/3 n=10/3 

X-ray 
tomography  
of bubbles  
in sediments 

(Liu et al., 2018) 

In a typical case of bubbles trapped in sediments, 
bubble volume becomes a measure of vertical 

diffusive flux. 



Biogeochemical interactions in the model 
(Stepanenko et al., FAC, 2020) 































Methane 

Temperature 

Vertical distribution of temperature and methane 
in the Mozhaisk reservoir: summer 2017 (Stepanenko et al., 2020) 



Results with Mozhayskoe reservoir 
 mcmol/(m2*s) 

ebullition 
diffusion 
dam 

Total CH4 flux from 1 August 2016 till 1 August 2017 is 570 Mt, where:  
- ebullition 455 Mt/yr (80%),  
- diffusion 87 Мг/yr (15%),  
- dam flux 28 Мг/yr (5%). 



ISIMIP3: lake methane sector 
Requirements for the validation sites 

VARIABLE NAME  UNIT  RESOLUTION  COVERAGE  PRIORITY (1 is 
highest priority)  

MANDATORY/ 
OPTIONAL 

LAKE TEMPERATURE 
(profiles) 

K  daily or monthly > 2 years  1 M 

Total CH4 flux to the 
atmosphere  

mol/m3 daily or monthly > 2 years 1 M 

Ebullition of CH4  mol/(m2 s) daily or monthly > 2 years 2 O 
Diffusive CH4 flux mol/(m2 s) daily or monthly > 2 years 2 O 
CH4 concentration 

(profiles)  
mol/m3 daily or monthly > 2 years 2 M 

Oxygen concentration 
(profiles)  

mol/m3 daily or monthly > 2 years 3 O 

Clabile (labile carbon density) mol/m3 daily or monthly > 2 years 4 O 
CO2 concentration 

(profiles)  
mol/m3 daily or monthly > 2 years 4 O 

Total CO2 flux to the 
atmosphere 

mol/m3 daily or monthly > 2 years 4 O 
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Заключение 
Mixing in thermocline: existent turbulence closures do not properly 

reproduce metalimnetic mixing, calibrated background diffusivities are 

used 

 Internal waves are not represented in most 1D models 

Standard 1D model formulations do not reproduce bottom boundary layer 

The physics of saline lakes is understudied 

There is no alternative for Monin-Obukhov similarity for small lakes or 

lakes with surrounding bluff topography 

Proper understanding and parameterization schemes of interactions 

between atmosphere, surface waves and currents are missing 

Feedbacks of biological processes on physics (via water turbidity) is 

lacking in most models  



24.03.2021 REPRESENTING HYDROLOGICAL PROCESSES … Slide 11/15 

Biogeochemical interactions in the model 
(Stepanenko et al., FAC, 2020) 
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Meromictic lakes (Zadereev et al., 2017) 
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LAKE model website 
http://tesla.parallel.ru/Viktor/LAKE/-/wikis/LAKE-model  

http://tesla.parallel.ru/Viktor/LAKE/-/wikis/LAKE-model
http://tesla.parallel.ru/Viktor/LAKE/-/wikis/LAKE-model
http://tesla.parallel.ru/Viktor/LAKE/-/wikis/LAKE-model
http://tesla.parallel.ru/Viktor/LAKE/-/wikis/LAKE-model
http://tesla.parallel.ru/Viktor/LAKE/-/wikis/LAKE-model
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White Sea lake experiment-1  
(Barskov et al., 2019) 

Third moments, e.g. 
are indicative of coherent 
turbulent structures, such as 
vortices after backward step. 

𝑤′𝑤′𝑇𝑇 
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White Sea lake experiment-2  
(Barskov et al., 2019) 

Flow across forest 

Flow along a gap 

Monin-Obukhov theory fails to simulate observed fluxes  
for small fetches and bluff topography 
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Valkea-Kotinen Lake: stratification 

Effect of  
momentum  
flux partitioning 
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Results with Iseo Lake : temperature series 
(Stepanenko, Valerio, Pilotti, JAMES, 2020) 
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Results with Iseo Lake : temperature series 
(Stepanenko, Valerio, Pilotti, JAMES, 2020) 
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Kuivajarvi Lake: water turbidity 

The lake mixed-layer 
temperature is sensitive to 
the extinction coefficient 
when the characteristic 
depth of radiation 
penetration exceeds the 
depth of the mixed layer, 
which in turn is due due to 
the wind action and 
buoyancy flows on the 
surface. 
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