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The effects of water reservoirs on atmosphereThe effects of water reservoirs on atmosphere

breezes and breezes and 
associated tracer associated tracer 
transporttransport

severe snowfalls over severe snowfalls over 
large lakes in winterlarge lakes in winter

WeatherWeather ClimateClimate
• the change of the change of 
regional hydrological regional hydrological 
system due to global system due to global 
warmingwarming
•• emission of methane emission of methane 
by Siberian lakesby Siberian lakes



Numerical water reservoir models inNumerical water reservoir models in
coupled lake coupled lake –– atmosphere studiesatmosphere studies

1)1) 33--dimensionaldimensional (~oceanic)(~oceanic)
2) 2) 22--dimensionaldimensional
•• vertically averagedvertically averaged ((ShlychkovShlychkov))
•• averaged averaged inin one lateral directionone lateral direction ((CECE--QUALQUAL x.xx.x model)model)
3) 3) 11--dimensionaldimensional
•• singlesingle--columncolumn ((GOTMGOTM model (model (BurchardBurchard et al.),et al.), LakeLake model, model, 

V. M. Stepanenko & V. N. Lykosov, 2005)V. M. Stepanenko & V. N. Lykosov, 2005);;
•• laterally averaged modelslaterally averaged models (O. F. (O. F. VasilievVasiliev et al., 2007) et al., 2007) ––

applicable in many applicationsapplicable in many applications
4) 4) ½½ -- dimensionaldimensional models models –– the vertical profiles of the vertical profiles of 

temperature, salinity etc. are parameterized (temperature, salinity etc. are parameterized (FlakeFlake model, D. V. model, D. V. 
Mironov et al., 2006) Mironov et al., 2006) –– high computational efficiency high computational efficiency →→
application in operational forecastapplication in operational forecast

5) 5) 0 0 –– dimensional dimensional (mixed models)(mixed models)



Lake model (SRCC MSU)Lake model (SRCC MSU)
the equation for the horizontally averaged temperature:the equation for the horizontally averaged temperature:

the equations for horizontal velocities: the equations for horizontal velocities: 

the salinity/hydrosol transportthe salinity/hydrosol transport
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Snow and soil modelsSnow and soil models
Ice modelIce model

Snow model Snow model ((VolodinaVolodina et al., 2000)et al., 2000)

Soil model Soil model ((VolodinVolodin and Lykosov, 1998)and Lykosov, 1998)
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Turbulent mixing parameterizationTurbulent mixing parameterization
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M – friction frequency, 
N – Brunt-Vaisala frequency

stability functions
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WillisWillis--DeardorffDeardorff experiment (1974)experiment (1974)
Setup for numerical Setup for numerical 
experiment:experiment:

horizontally horizontally 
homogeneous water homogeneous water 
layer of infinite depth;layer of infinite depth;

linear initial linear initial 
temperature profile with temperature profile with 
the lapse rate the lapse rate --11ººСС/10 /10 m;m;

the constant sensible the constant sensible 
heat flux at the surfaceheat flux at the surface
100 100 WW//mm22 (cooling);(cooling);

the horizontal the horizontal 
velocitiesvelocities 0 0 mm//s;s;

Coriolis force is Coriolis force is 
neglectedneglected
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The terms of turbulent energy budgetThe terms of turbulent energy budget
Lake model 1) “E-ε” model by Canuto et al., 2001

2) LES results (Mironov et al., 2000)

The k-closure

' 'w k
zφ
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φ = −
∂

The shortcoming: does not take into 
account non-local effects
of convective thermals → does not 
reproduce uniform temperature profile



The counterThe counter--gradient heat transport by gradient heat transport by 
convective thermalsconvective thermals
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Implementation issuesImplementation issues
Fortran 90 codeFortran 90 code
MPI librariesMPI libraries
NetcdfNetcdf librarieslibraries
Lake driver implementation for N points Lake driver implementation for N points 
(lakes) at P processors, N(lakes) at P processors, N≥≥PP

1 k P… … P+1 P+k 2P… … … 2P+k …Number
of lake

MPI-
process
rank 1 k P 1 k P k

Number of
netcdf
output file

1 k P



Surface temperature from Lake model and from observationsSurface temperature from Lake model and from observations
Kossenblatter lake, Germany, 

June, 1998
Tiksi lake, Siberia, July, 2002

Monte-Novo lake,
Portugal, 
1999 - 2002
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The temperature in The temperature in MogaiskoeMogaiskoe reservoirreservoir
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Surface temperature time series,Surface temperature time series,
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Important features not taken into account:Important features not taken into account:
•• LengmuirLengmuir circulations;circulations;
•• SeichesSeiches;;
•• advection by tributaries.advection by tributaries.



Snow surface temperature,Snow surface temperature,
((KolpashevoKolpashevo, Western Siberia, February, 1961), Western Siberia, February, 1961)
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LakeLake AlquevaAlqueva ((PortugalPortugal))



Sensible heat fluxSensible heat flux (( Flake andFlake and LakeLake))
lakelake AlquevaAlqueva, summer 2007, summer 2007



Sensible heat fluxes (Flake and Lake)Sensible heat fluxes (Flake and Lake)

Averaging Averaging 
intervalinterval

TESSEL+TESSEL+
FlakeFlake

FlakeFlake LakeLake ObservatiObservati
onsons

1515 daysdays 29.8 29.8 
W/mW/m22

23.4 23.4 
W/mW/m22

22 22 
W/mW/m22

26.6 26.6 
W/mW/m22

5555 daysdays 30 30 
W/mW/m22

27 27 
W/mW/m22

14.6 14.6 
W/mW/m22

16.5 16.5 
W/mW/m22

Source code of Lake model and data for verificationSource code of Lake model and data for verification
http://http://www.inm.ras.ru/laboratory/models_en.htmwww.inm.ras.ru/laboratory/models_en.htm



The role of lake depthThe role of lake depth (Baikal)(Baikal)
1) The real depth - 740 m
2) The depth 100 m



The role of radiation The role of radiation 
extinction coefficient  extinction coefficient  

1 10.02 , 1e em m− −λ = λ =



The role of radiation extinction The role of radiation extinction 
coefficients (Baikal and Caspian sea)coefficients (Baikal and Caspian sea)
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Mesoscale atmospheric modelMesoscale atmospheric model
The code of The code of Nh3d modelNh3d model
(Miranda & James, 1992)(Miranda & James, 1992)

33--dimensionaldimensional
σσ--coordinatescoordinates
nonnon--hydrostatic equation sethydrostatic equation set
““warmwarm”” cloud microphysicscloud microphysics

ISBA soil modelISBA soil model
New features:New features:

shortwave (shortwave (CliradClirad--SW) and longwave (SW) and longwave (CliradClirad--LW) LW) 
radiation parameterizationradiation parameterization

lake modellake model
aerosol transport schemeaerosol transport scheme



Aerosol transport schemeAerosol transport scheme
( )s q q q

q q q qu v D R S
t x y

σ σ
σ

∂ ∂ ∂ ∂
+ + + − = + +

∂ ∂ ∂ ∂
&

qD -- turbulent diffusionturbulent diffusion ((11--st order closurest order closure),),

-- RaileighRaileigh damping termdamping termqR

Boundary conditions:Boundary conditions: 0q = at all boundariesat all boundaries

Numerical scheme:Numerical scheme: SmolarkiewichSmolarkiewich monotonous schememonotonous scheme

spatial spatial discretizationdiscretization –– 22--d orderd order
temporal temporal discretizationdiscretization –– 22--d orderd order

qS -- aerosol sourceaerosol source,,

sσ -- sedimentation speedsedimentation speed,,



Aerosol distribution in test caseAerosol distribution in test case

Resolution:Resolution:
∆∆x = x = ∆∆y = 3.7 kmy = 3.7 km
21 21 σσ –– levelslevels

HantyHanty--Mansiisk Mansiisk 
regionregion

Time integrationTime integration
∆∆t = 5 sect = 5 sec
8 days8 days

Breezes develop Breezes develop 
over water bodies over water bodies 
and transport and transport 
the tracer far fromthe tracer far from
source even in source even in 
calm synoptic calm synoptic 
conditionsconditions
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