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Example:  Modelling the Temperature Profile of a Lake
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Example:  Modelling the Temperature Profile of a Lake

solar energy
Temperature profiles: Wellington Reservoir
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Heat Equation in a Fluid
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Problem: We need to parameterize turbulence.Problem:  We need to parameterize turbulence.

A h 1 Fi t O d T b l ClApproach 1: First Order Turbulence Closure

• assumes turbulent eddy motion transports heat 
analogously to molecular diffusion g y

• requires eddy size to be small

• does not parameterize turbulence itself just the• does not parameterize turbulence itself – just the 
impact of turbulence on temperature profile



Heat Equation in a Fluid
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Ke = constant Ekman Theory

Ke = Ke(z) constant shape

Ke = Ke(z,t) most general
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Problem: We need to parameterize turbulence.Problem:  We need to parameterize turbulence.

Approach 2: Integrated Turbulent Kinetic Energy (TKE)

• assumes uniform well mixed layer at surface

• does parameterize turbulence itself as well as the 
impact of turbulence on temperature profile

T fil W lli R iTemperature profiles: Wellington Reservoir
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wind and buoyancy forcing
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z=0 Fq surface dissipation
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z=0 Fq surface
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wind and buoyancy forcing
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• well know sources/sinks of turbulent kinetic energy
govern depth of mixed layer
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wind – driven deepening
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Tsfc

wind – driven deepening
TKE Forcing
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Tsfc Initial Conditions

wind – driven deepening
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Tsfc

wind – driven deepening
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Tsfc 13:30 July 10

wind – driven deepening
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CLASS Lake Module

wind and buoyancy forcing
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ConclusionsCo c us o s

• Where possible begin from fundamental law (e g conservation• Where possible, begin from fundamental law (e.g. conservation
of energy, mass, etc.).

• Clearly state (and understand) the assumptions you need to simplify 
the problem (e.g. turbulent eddies small for eddy diffusivity concept).

• It’s better to parameterize processes that cause an effect than it is to 
parameterize the effect itself (e.g. rather than parameterize a temperatureparameterize the effect itself (e.g. rather than parameterize a temperature
profile, it’s better to parameterize processes that move heat)



LAKE1D – Turbulence Model
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