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Surface energy balance

Thermodynamic model of surface energy balance
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Observed energy balance
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Model description
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top of the
boundary layer
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sensible
—  heat flux

surface

solar > terrestrial = turbulent
radiation radiation fluxes



Energy balance equation and parametrisaton

top of the
boundary layer

Jsw JLwa

Assumptions: sunny day, no
cloudy, no rain

atmosphare heat balance
dQa/dt=gJLws — 2eJLwa +H

Ta : sensible
: : heat flux H=Cp p & w (Tsurf-Tatm)

vertical velocity of the turbulent heat flux

balance equation of the surface
0=Jsw(1-ay) - JLws + JLwa - G- H

soil heat balance
dQsoil/dt=G

G=k /(z/2) (Tsurf-Tsoil)

solar = terrestrial = turbulent
radiation radiation fluxes thermal conductivity



Model setup

e Diurnal radiation forcing

 Only sensible heat flux —s desert condition
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Temperatures [K ]
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Radiation Flux [W/m2]
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Soil entropy balance

Entropy production
dS/dt £ dSi/dt}ydSe/d

T

Internal entropy production External entropy production
dSi/dt=c = G [(1/Tsoil)-(1/Tsurf)] dSe/dt= NEE= G/Tsurf




Convective power

Jin dSi/dt = H [(1/Tatm)-(1/Tsurf)]

= H (Tsurf-Tatm)/TatmTsurf)

= (1/Tsurf) H (Tsurf-Tatm)/Tatm
= (1/Tsurf) Hn

— Free energy

P=H (Tsurf-Tatm)/Tsurf

Jout



Maximal Power of sensible heat ~ vertical velocity
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Maximal power of H [W/m2]
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w, turbulent, vertical velocity [m/s]
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Summary

* Energy balance model
e Thermodynamic description
 Model parameters =2 maximisation of power

Outlook
* Include latent heat

e Study the effect of vegetation on turbulence









