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The effects of water tesetvoits on atmosphere
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Numerical water teservoir models 1in
coupled lake — atmosphere studies

1) (~oceanic)

2)

o vettically averaged (Shlychkow)

* averaged in one lateral ditection (CE-QUAL x.x model)

3)

* single-column (GOTM model (Burchard et al.), Lake model,
V. M. Stepanenko & V. N. Lykosow, 2005);

* laterally averaged models (O. F. Vasiliev et al., 2007) —
applicable in many applications

4) models — the vertical profiles of

temperature, salinity etc. are parameterized (Elake model, D. V.
Mironow et al., 2006) — high computational efficiency —
application in operational forecast

5) (mixed models)




Jlake model (SRCC MSU)

v the equation for the horizontally: averaged temperature:

Coordinate transformation:

= turbulent

dissipation

= Coriolis force

» horizontal pressure
gradient force

N, . = the friction of flow
v the salinity/hydrosol transport on vegetation

= the advection by

oS _ a(ksa—Sj—W as |1 j’(&-}%)Sdl tributaries
ot |0z 0z A~ s
4 = gravitational




Snow and soil models

/4

m lce model

' Soil (sediments
m Soil model (Volodin-and Lykosoyv, 1998) ( )

» diffusion terms
» freezing terms
= gravitational
infiltration




Turbulent mixing parameterization

I a(IT - counter-gradient

wio'=—k, el effects missing

Kolmogorov formula (1942)
M — friction frequency,

C, =C,(M,N) N — Brunt-Vaisala frequency

k-e parameterization

Boundary conditions




Willis-Deardoxti experiment (1974)

= horizontally
homogeneous water
layer of infinite depth;

= Jinear initial
temperature profile with
the lapse rate -1°C/10 m;

= the constant sensible
heat flux at the surface
100' W/m? (cooling);

= the horizontal
velocities 0 m/s;

= Coriolis force is
neglected
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The terms, of turbulent energy budget
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TKE Budget
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The shortcoming: does not take into
account non-local effects
of convective thermals — does not

reproduce uniform temperature profile




T'he counter-gradient heat transporit by
convective thermals

00 00 -
_ _k¢5_j |:> W'o'= _k¢@_i)+ ((I)d _(I)) (Seares et al. 2004)
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Implementation issues
s Eortran 90 code
s MVPI libraries

m Netedf libraries

n [Lake driver implementation for N points

(lakes) at P processors, N=P
MPI-

N

Number
of lake

Number of \\
netcdf

output file
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T'he temperature in Mogaiskoe reservoir

Sutface temperature time series, Vertical temperatute profile,
266.06.1996 — 13.07.1996 01:005 13.07.1996
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Important features not taken into account:
* Lengmuir citculations;
e Seiches;

* advection by tributaries.




Snow surface temperature,
(Kolpashevo, Western Siberia, Eebruary, 1961)

Temnepamypa noeepxHocmu cHez2a, Konnaweeo, 01.61
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Lake Alqueva (Portugal)

Distancia N-S (km)

Distancia E-W (km)

30
Profundidade (m)




Sensible heat flux ( Flake and Lake)

lake Alqueva, summer 2007

Sensible heat fluxes upwards, W/m**2 TESSEL +
Flake

Observations

TESSEL+Flake:
dt = 60 sec

Sensible heat flux

Lake
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Time, days standalone

Sensible heat fluxes upwards, W/m**2 TESSEL +
150 Flake
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Averaging
mterval

TESSEL+
Flake

Flake

[Lake

Observati
ons

1’5 days

29.8
W/m?

23.4
W/m?

22
W/m?

26.6
W/m?

55 days

30
W/m?

27
W/m?

14.6
W/m?

16.5
W/m?

Source code of Lake model and data for verification
http: / /www.inm.ras.tu/laboratory/models en.htm




T'he role off lake depth (Baikal)

1) The real depth - 740 m
2) The depth 100 m

Baikal lake surface temperature
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The role of radiation
extinction coefficient

A, =002 m', A =1 m"

Great Bear Lake surface temperature
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The role of radiation extinction

coefificients (Baikal and Caspian sea)

Baikal lake surface temperature
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Mesoscale atmospheric model

(Miranda & James, 1992)

. 3-dimensional

. G-coordinates

= non-hydrostatic equation: set

. “wamm’ cloud microphysics
= ISBA soil model

" shortwave (Clirad-SW) and longwave (Clirad-LW)

radiation patametetization
B [ake model

B Jerosol transport scheme




Aerosol transport scheme
a_q+u@+va_q+(a&_cs)a_q:l) +R +S
ot Ox Oy oc 4 * 7

- sedimentation speed,
- aerosol seurce,

- turbulent diffusion (1-st order closure),

- Raileigh damping term

Boundary conditions: H at all boundaries

Numerical scheme: Smolarkiewich monotonous scheme

U spatial discretization — 2-d order
4 temporal discretization — 2-d order




Aerosol distribution in test case

Hanty-Mansiisk

region

Resolution:
U Ax = Ay = 3.7 km
L 21 6 —levels

Time integration
L At = 5 sec
U 8 days

Breezes develop
over water bodies
and transpott

the tracer far from
source even in
calm synoptic
conditions
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The work underway: aerosol emission
and sink at water bodies

ST

-"' .n:aH;LLuﬂ'T _A_r al Sea

@)

Norilsk:
Emission
of Zn,
Cu,
Hg,...

:




Huture development of ILake
model

Insertion the model of methane generation, transport

and sink m the soil (lake sediments) — B. Walter and
M. Heimann., 2000:

Introduction of the methane ebullition and bubble

convection parameterization in the water body;

Incorporation of the computationally efficient version
ot the model mto climate model of the Institute for
Numerical Mathematics, Moscow:
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Thank you!

Your questions are welcome!






