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Abstract

A new formulation for eddy diffusivity is derived from Taylor’s statistical theory on

turbulence and from a generalized turbulent spectral equation for energy in the inertial

subrange. The latter aspect is taken into account for considering the intermittency phenomenon

within turbulence model. The approach is used for a stable atmospheric boundary layer

parameterization.
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1. Introduction

Intermittency concept has been proposed to explain some theoretical and
experimental discrepancies from Kolmogorov’s theory on turbulence [1]. Parisi
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and Frisch [2] used a multifractal approach to model intermittency, where the second
Kolmogorov’s hypothesis (self-similarity) is replaced by the assumption that
‘‘turbulent flow is assumed to possess a range of scaling exponents b 2 ðbmin; bmaxÞ’’
[1]. Here, a generalized Kolmogorov’s law for inertial sub-range is used to represent
the intermittency and also to derive a new formulation for eddy diffusivity.

Many approaches in turbulence start assuming Reynolds’ hypothesis, where the
turbulence is described as a sum of a mean stream plus a fluctuation term (with zero
mean). The turbulence contribution in momentum, energy, and mass equations is
constituted by the product between fluctuations. These terms represent new
unknowns in the equations. The system of equations can be closed using the K-
theory, where the turbulent fluxes are represented by the gradient of the mean stream
multiplied by an eddy diffusivity. In this paper new formulations for these
parameters are derived based on the Taylor’s statistical theory of turbulence [3]
and by an analytical model for the energy spectra. This model of turbulence can be
applied for many physical systems, such as combustion, solar physics, pollutant
diffusion, and geophysical fluid dynamics.

Our approach is applied to the atmospheric turbulence, since it is a
permanent feature in the planetary boundary layer (PBL), a thin layer in direct
contact with the ground. In a recent paper, a similar formulation was used for
convective atmospheric boundary layer to derive eddy diffusivities and counter-
gradient term [4]. In the present work the intermittency is represented in a
parameterization for stable boundary layer (SBL). In this PBL, turbulence comes
from a delicate balance between heat flux from the atmosphere to the ground
(weakening the turbulence) and the shear of the wind (production term of the
turbulence).

2. Representing intermittency in the eddy diffusivity

The starting point for the new formula for the eddy diffusivity is to consider a
modified or generalized Kolmogorov’s energy spectra in the inertial subrange

EðkÞ ¼ c2 �
2=3 k�ð1þz2Þ (1)

c2 being a constant, � is the dissipation function, and k is the wavelength. For z2 ¼ 2
3

the Kolmogorov’s law is recovered and there is no intermittency.
Taylor’s statistical theory on turbulence [3] states that the variance of the position

of a particle is related to the velocity variance according to

s2
a ¼ 2s2

i

Z t

0

ðt � tÞ RLi
ðtÞdt with

a ¼ x; y; z ;

i ¼ u; v; w ;

(
(2)

where RLi
is the correlation coefficient and satisfies RLi

ð0Þ ¼ 1; and the subscript L is a
reference to Lagragian correlations. Assuming stationary behaviour for turbulent
velocity field, the relation between the correlation function and the spectra is
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