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Outline
qGeneral remarks on the lake physics

qBasics of 1D approach

qBasics on greenhouse gases in lakes 

qCase studies with greenhouse gases modeling

qModeling greenhouse gases in artificial reservoirs

qInternal gravitational and inertial waves in lakes

qParameterizations of seiching in 1D models

q1D vs 3D models

q1½ D simulations of Lake Iseo seiching case
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Vertical structure of a stratified lake
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Complex mixing processes in lakes
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What is seiching?
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Hierarchy of lake models by dimensionality

q3D models (Reynolds equations in Boussinesq approximation)

q2D models – 3D equations are averaged in horizontal or vertical
plane

q1½ D models – vertical transports are resolved, horizontal 
processes are resolved partially

q1D models – only vertical processes are simulated
q½ D models – vertical processes are simulated in simplified way 

(not explicitly)
q0 D (bulk) models – obsolete 
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LAKE model physics

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

Thermal regime of sediments,
including freezing/thawing
is important for modeling
biogeochemical processes,
especially, CH4
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Lake-atmosphere continuum
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Methane production, consumption, 
transport and emission in lakes

(Bastviken et al., 2004)
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Biogeochemical interactions in the model
(Stepanenko et al., FAC, 2020)
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Methane

Temperature

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

o Lakes regional
o Lakes global
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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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(Gladskikh et al.,
Water Resources, 2021)
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(Gladskikh et al.,
Water Resources, 2021)
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Results with Iseo Lake
(Stepanenko, Valerio, Pilotti, JAMES, 2020)
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Results with Iseo Lake: temperature series
(Stepanenko, Valerio, Pilotti, JAMES, 2020)
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Results with Iseo Lake: 
intensity of temperature fluctuations 

(Stepanenko, Valerio, Pilotti, JAMES, 2020)
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Results with Iseo Lake: spectra of temperature 
(Stepanenko, Valerio, Pilotti, JAMES, 2020)

Fourier power spectrum of modeled longitudinal speed at 
depth 1.16 m for the period 18 June to 10 October 2011. 

Baseline simulation is represented by black line, and red 
curve presents simulation with horizontal pressure 

gradient parameterization switched off.
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Lake Thermodynamics CH4 CO2 Reference
Vendyurskoe (Russia) + - - Stepanenko, 2007

Shuchi (Siberia) - + - Stepanenko et al., 2010

Kossenblatter (Germany) + - - Stepanenko et al., 2013

Valkea-Kotinen (Finland) + - - Stepanenko et al., 2014

Kuivajarvi (Finland) + + + Heiskanen et al., 2014; 
Stepanenko et al., 2016

Kivu (Kongo) + - - Thiery et al., 2014

Seida (Russia) + + - Guseva et al., 2016

Bolshoi Vilyui (Russia) + - - Stepanenko et al., 2018

Uvs Nuur (Mongolia) + - - Stepanenko et al., 2019

Alqueva (Portugal) + - + Iakunin et al., 2020

Mozhayskoe (Russia) + + - Stepanenko et al., 2020a

Suva (Japan) + + - -

Iseo (Italy) + - - Stepanenko et al., 2020b

A list of validation sites
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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
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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=7/3 n=10/3

Production 1.08*10-6 mol/(m2*s) 1.08*10-6 mol/(m2*s) 1.08*10-6 mol/(m2*s)
Diffusion 6.25*10-7 1.25*10-7 2.51*10-8

Ebullition 4.58*10-7 9.59*10-7 1.05*10-6
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Проект с РусГидро
“Измерение выбросов парниковых газов и оценка поглощающей 

способности гидроэнергетических объектов”
Задачи исследования:
3.3.1. Проведение 
измерений выбросов 
парниковых газов с 
поверхности 
водохранилищ ГЭС. 
3.3.2. Разработка 
методики и 
математических 
моделей баланса 
парниковых газов 
водохранилищ; 
3.3.3. Придание 
разработанной методике 
статуса национальной 
методики Российской 
Федерации. 
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Participating models

-- k-epsilon models

-- Henderson-Sellers models

-- models based on TKE balance in the mixed layer

-- integral (1/2 dimensional) models


