Biospheric Theory
and Modelling

MAX PLANCK INSTITUTE
FOR BIOGEOCHEMISTRY

How much of the surface energy partitioning
can be explained by controls imposed by
thermodynamics?

Sarosh Alam Ghausi and Axel Kleidon




Overview

Laws of thermodynamics mm——) Land — atmosphere system
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First Law: Energy remains conserved
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Second Law: Entropy of system can only increase
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Maximum work that can be performed (Carnot limit)
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First Law: surface energy balance

Rs + Rl,down — Rl,up + ] + G

Turbulent fluxes (H + LE)

Can we use second law of
thermodynamics to constrain the
amount of turbulent flux exchange?




Thermodynamic limits on Earth system
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Surface energy balance Maximising convective power G for
optimum turbulent flux J

RS + Rld = Rl,up + H+ LFE
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See also (Kleidon et al., 2013;2014;2017; Conte et al., 2019)




Evaluating the maximum power limit at a global scale

NASA - CERES Maximum Power
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Manuscript in prep.



Latent Heat Fl

Surface energy partitioning for optimised turbulent fluxes

Latent Heat
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derived from thermodynamics
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(Kleidon et al., 2013)
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is the water limitation factor
is the slope of saturation

vapor pressure curve
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Using the additional constraint to quantify the cloud radiative

Differences (Clear sky — all sky)
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Conclusions

/ Latent heat
Radiative conditions

constraints
+ E—) Turbulent flux Governed by thermodynamics

exchange and water limitation

Thermodynamic Laws
\ Sensible heat

Implications
Estimating first Reduced need for Supports the notion for
order changes parameterization thermodynamic optimality

Meet me during EGU for further discussion
Contact me: sghausi@bgc-jena.mpg.de s_ghausi . 7
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