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Standard Gaussian-type statistics are not really adequate
todescribe atmospheric variability; this traditional approach
implicitly dismisses fluctuations as “noise” of use only in
computing a standard deviation which, together with the
mean, presumably varies so little in space and time that
one can meaningfully speak of “climatological” values. In
geophysics, unfortunately, this approach often fails. Means
and standard deviations not only exhibit no “climatology,”
but depend on the scale of space/time sampling.

We adopt the opposite viewpoint: variability is in fact the
signal, not the noise. This variability teaches us about the
fundamental physics at work. Even simple laboratory or
computational systems (and a fortiori geophysical systems)
are typically attracted into dynamical equilibria
characterized by a large range of length- and/or time-
scales, power-law energy spectra, and fractal geometrical
properties. For such systems, the concepis of scale-
invariance and/or multifractality provide the most productive
framework for data analysis and simulation.

Typical atmospheric signals exhibit non-stationary behavior.
Our first task is therefore to define the most interesting
stationary aspects of such non-stationary datasets. One
method for doing this, called “Singular Measures,” focuses
on the absolute values of the gradient field, which is more
likely to be stationary; as we progressively degrade the
resolution rof this field, taking powers gand averaging, the
results appear as power-laws in terms of the resolution r
where the exponent is a function of g. Another method,
called “Structure Functions,” focuses on the absolute

values of the differences that occur in the data over
arbitrarily large or small scales. For detailed descriptions
of both methods, we refer to Davis et al. (1993a) for a
graphically based tutorial and to Davis et al. (1993b and
refers therein) for a wavelet-based approach.

Singular Measures are currently attracting more attention
than the once more popular Structure Functions. This is
largely due to their close connection with multiplicative
cascade models, firstinvented to describe turbulentenergy
cascades. While there is no completely general connection
between the two methods, for a specific physical process
or stochastic model, a relation may exist. However, in a
typical data analysis situation, we have no inkling whether
such a relation exists; in fact, one of our goals is to find a
statistical connection between the fluctuations of the field
and the fluctuations of its gradients. (We proceed by
analogy with classical theory, where a complete description
ofthe system calls for both energy [field] and flux [gradient]
terms.) We therefore advocate the use of both methods of
analysis, either independently (Davis et al. 1993a) or
jointly (Davis et al. 1993c). Indeed the two techniques
revealquite differentand, in many respects, complementary
aspects of the data and, hence, of the underlying physical
processes.

Structure Functions characterize the non-differentiability
or “roughness” of the data, as well as its degree of
stationarity. As anexample, Figure 1ashows atime-series
of cloud liquid water content (LWC) measured during the
Atlantic Stratocumulus Transition Experiment (ASTEX)
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Figure 1. 10 Hz LWC data collected with the Gerber PVM-100 during an ASTEX research flight (Gerber 1992). (a) a
segment of LWC data from 17 June 1992. (b) Absolute small scale gradient field of the dataset in (a).



