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Lake temperature
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Omstedt (2015): Guide to Process Based Modeling of Lakes and Coastal Seas
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Wind velocities and global warming?

S.C. Pryor, R.J. Barthelmie / Renewable and Sustainable Energy Reviews 14 (2010) 430–43 5

Ensemble average difference in percent 
of (a) energy density and (b) 50-year
return period wind speed computed using 
a probabilistic empirical downscaling
Approach for 43 stations across northern 
Europe based on output from 8-GCMs
(BCCR-BCM2.0, CGCM3.1, CNRM-CM3, 
ECHAM5/MPI-OM, GFDL-CM2.0, GISS-
ModelE20/Russell, IPSL-CM4, and MRI-
CGCM2.3.2.). The future time period is
2081–2100, while the historical period in 
1961–1990. A positive value indicates
higher energy density or extreme wind 
in the later time period
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No 
data

Temperature observations from lake Årungen



Probability density function of wind velocities from Søråsjordet in 
the period from 2007 to 2015, 10 min average. 
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The Simstrat Model
https://www.eawag.ch/en/department/surf/projects/simstrat/
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• 1D physical lake model. 

• For simulation of stratification and mixing in deep lakes.

• Originally developed by Goudsmit et al. (2002). 

• Applied to lakes with different physical properties. 

• Open source: The Simstrat code is freely available on 
Github: 

– https://github.com/Eawag-AppliedSystemAnalysis/Simstrat/



The Main properties 
of the Simstrat Model
https://www.eawag.ch/en/department/surf/projects/simstrat/
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• Simulates temperature, salinity, stratification and ice 
cover.

• k-ε model for turbulent mixing and buoyancy oscillations.

• Includes energy transfer to mixing via internal seiches

• Hydrology: inflows can be added at specified depths or 
with density-dependent intrusions.

• Variable lake surface levels.

• Programmed in object-oriented Fortran 2003.

• Parameter estimation using PEST is implemented
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The stochastic wind model
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Temperature simulations
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June 1st 2011 (12:00)
Blue is the observed
temperature
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Probability density function of temperature (T) given depth (z): f(T|z)

Hypolimnion

Monovariate pdf ?

Bivariate pdf ??

Multivariate pdf ???
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Questions for further work:
1) What’s the impact of wind to temperature stratification in lakes? 

2) Do we expect more circulation because of more wind or vice versa?

3) Do we need wind observations to mimic temperature in lakes, or can a 
stochastic wind model do the job?

4) Is a simple stochastic model sufficient (mean and covariance), or do 
we need to include more physics (e.g. coupling of temperature)?

5) What time resolution is necessary? Challenge: Mixing parameters 
depends on variance in wind velocities.
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