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Questions

e Are explicit sediment parameterization
Important in shallow lakes modeling?

e How different turbulent mixing
concepts “perform” for these lakes?

Expected answers

e Sediments are important since the heat
capacity of water column is relatively small

e Shallow lakes are well-mixed and do not
need sophisticated turbulence closure to be




Kossenblatter Lake
(Germany)
e Shallow (mean depth 2 m, max 5 m)

e Very turbid (extinction coef. ~7 m1)
e Size 168 hectares




Observational data

(Lindenberg Meteorological Observatory -
Richard ABmann Observatory)

Parameters and sampling frequency

e Conventional meteorological variables (10min)

e Radiation (10 min)

e Turbulent fluxes
(30 min)

e Water temperature
(10 min)
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“Completely-mixed” model
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Setup of numerical
experiments

e warm season of 2003 (1 May—11 November)

e depths: local(1.2m), mean(2m) and
maximal (5m)

e extinction coef. ~7 m- (Secchi disk 0.24 m)
e Timestep <10 min, MINLAKE96 — 24 h
e “native” surface flux schemes

e test for surface schemes decoupled from
lake models

e zero heat flux at the bottom or explicit soil
treatment If available



Surface temperature errors
for the whole period
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For the entire period models demonstrate comparable error values,
with slightly lower RMSEs for K-g£ models.
The exception is complete-mixed model that has significant bias.



Two periods

e Temperature rise period (summer,
stable stratification):

1 May — 10 August

e Temperature decrease period
(late summer, autumn, unstable
stratification)

10 August — 10 November



Surface temperature errors
for temperature rise period

Surface temperature errors - period 1
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During the period of stable stratification in a lake K-€ models
have less errors. Models with simpler mixing parameterizations
tend to overestimate surface temperature (and stratification).



Lake stratification

The O — 1 m depth temperature difference

Hostetler and Flake produce too strong
stratification in summer
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Bottom temperature, Celsius
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Surface temperature errors
for temperature decrease period

Surface temperature errors- period 2
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During fall models with explicit soil parameterization have less bias
and RMSE, excluding MINLAKE96.




Surface temperature In the fall
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Heat fluxes at the lake surface

Means: Sensible heat flux errors - whole period
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Surface flux schemes test

Surface
schemes are
forced by

1) surface
layer
meteorology;

2) measured
water surface
temperature.

All biases
are
positive.
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The lake heat balance
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The Iinfluence of depth on
surface temperature error

Depths: local(1.2m), mean(2m) and maximal (5m)
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Errors when using local and mean depths are close,
but with 5 m they increase due the increase of lake heat capacity



Conclusions

e Shallow and turbid lakes are likely to have
significant stratification in summer calling for
accurate mixing parameterization, that is
crucial for reproducing deep temperatures

e Parameterization of heat exchange in solil
becomes important for reproducing lake
temperature during the fall

e Accurate “deep” temperatures are important
for biochemical processes which rates are
exponentially dependent on temperature



Errors of sensible and latent
heat fluxes
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