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Moments, Correlations, and Spectra

See: Garrat, Section 2.1 and 3.5; and Kaimal and Finnigan, Chapter 2.

Turbulence is described in terms of moments, correlations, and spectra.
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Units and converstions (frequencies, non-dimensionalization, Taylor’s hypothesis)
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Moments (mean, variance, co-variance).

st = fozo(x — )" f(x)dx
= %fOTs dt or 5= %fOLs dx (note: s’ = 0)
= %fOT(s’)Zdt or w's' = %IOTW’S’dt

(Here L and T are spatial and temporal lengths of the measurement series.)
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Correlations (auto-, cross-). Times and length scales.
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ps(1) = L T2 and Pws(T) = L
T = f0°° ps(t)dt  (Here T is time scale with corresponding length scale A = u 7'.)
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Spectra (Energy or Power, One-dimensional). Fourier transforms.
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4) Discussion of the energy spectra of turbulence (Fig 2.1 in both texts).

Synoptic and Mesoscale = Spectral Gap = Energy Containing Range = Inertial Subrange =
Dissipation Range.

In x

Fic.2.1. Schematic of energy spectrum in the atmospheric boundary layer showing distinct
regions of energy production (A) and dissipation (C) and the inertial subrange (B), where
both energy production and dissipation are negligible. A is the integral scale of turbulence
and 7 is the Kolmogorov microscale.
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Fig. 2.1 Schematic representation of the energy spectrum of turbulence.



