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Many earth, environmental, ecological, biological, physical, social, financial and other variables, Y, exhibit (2)
asymmetry in sample frequency distributions, as well as (ii) symmetry in distributions of their spatial and/or tem-
poral increments, AY’, at diverse separation distances (or lags), with sharp peaks and heavy tails which appear
to decay asymptotically (often toward exponential tails of the Gaussian distribution) as lag increases. No model
known to us captures all of these behaviors in a unique and consistent manner. We propose a new model that
does so upon treating Y (z) as a random function of a coordinate x in the Euclidean (spatial) domain or time,
forming a stationary random field (or process) with constant ensemble mean (expectation) (Y'). We express the
zero-mean random fluctuation Y’(z) = Y (z) — (Y) in sub-Gaussian form. In the classical sub-Gaussian form,
Y’(z) = UG(z), where G(z) is a zero-mean stationary Gaussian random field (or process) and the subordinator U
is an independent non-negative random variable (Samorodnitsky and Taqqu, 2014). We generalize this by writing
Y’(z) = U(z)G(x) in which U(x) is iid. This enables us to analyze, and synthetically generate, heavy-tailed
non-Gaussian distributions of both Y and AY in both probability space (across an infinite ensemble of random
realizations) and real space (in a single realization). We derive analytical expressions for probability distribu-
tion functions (pdfs) of Yand AY as well as their lead statistical moments. We show that when U is lognormal
Y follows the well-known normal-lognormal distribution (NLN, of which the Gaussian distribution is a particular
case) with constant parameters. The NLN pdf has been successfully used to interpret financial (Clark, 1973) and
environmental (Guadagnini et al., 2014) data. However, AY is not NLN and forcing the latter on the former gives
a false and widely accepted impression that (a) parameters of the AY pdf vary with lag and (b) the pdfs of Y
and AY are mutually inconsistent. Our new theory shows that both "observations" stem from a misconception.
We eliminate these apparent inconsistencies by deriving analytically the pdf of AY from that of Y, given that the
latter is NLN. In our model the tail of the AY pdf scales with the correlation coefficient of G and thereby with lag;
all other parameters of the pdf remaining unaltered with lag. We illustrate key features of our new model by way
of synthetic examples. We then propose and test a methodology to estimate, accurately and efficiently, all model
parameters using sample moments of both Y and AY. We end by exemplifying the use of our new model and
method of inference by applying them to neutron porosity data from deep boreholes.
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