Failure of the Constant Flux Layer
AEHI 10, 2025 Assumption Caused by Asymmetric
Turbulent Flux Transport of Scalars
by Large Eddies in the Unstable
Atmospheric Surface Layer

ABSTRACT:

The constant flux layer assumption is vital in Monin-Obukhov Similarity Theory and
interpreting eddy covariance (EC) flux measurements in the atmospheric surface
layer (ASL). It has been demonstrated that the asymmetric furbulent flux fransport
of scalars (e.g., heat and water vapor) by the sweeps and ejections of large
eddies under unstable atmospheric stability conditions reduce scalar fluxes.
However, how changes in such an asymmetry affects flux divergence and
convergence (FDFC) in the ASL—leading to the breakdown of the constant flux
layer assumption—remains underexplored. Using turbulence data collected at

multiple levels over a sagebrush surface, it is demonstrated that sweeps and

ejections of large coherent eddies influence changes in furbulent fluxes of heat
and water vapor with height, leading to flux divergence and convergence in the
Heping Liu unstable ASL. Asymmetric turbulent flux tfransport of large eddies leads to

imbalanced contributions between sweeps and ejections to fluxes, as quantified
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by the third-order moments in the furbulent flux budget equations. Additionally,

fluxes across layers, thereby contributing to the failure of the constant flux layer
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convective boundary layers, and the failure of the constant flux layer assumption
across instability ranges, along with its links with the asymmetry, deserves further

studies at different sites.
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