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While Gaussian models have been used to describe spatial heterogeneity of hydro-geological attributes, the
Generalized sub-Gaussian (GSG) model introduced by Riva et al. (2015) has been shown to be able to capture
heavy tailed marginal distributions and simultaneous leptokurtic scaling of increment distributions of a broad
range of hydrogeological variables. In this context, it can be noted that the main statistics characterizing the
spatial heterogeneity of a given system attribute such as, e.g., permeability, depend on observation scale. A
key parameter of the GSG model is a length scale which is proportional to the size of the volume associated
with observations and can be characterized through standard inverse approaches. Here, we investigate the de-
pendence of observation scale of the parameters of the GSG model, with specific focus on the way uncertainty
propagates across random fields associated with diverse observation scales. We do so by analytically deriving
expressions according to which the variance of a (two- or three-dimensional) GSG random field varies as a
function of the degree of spatial averaging. Our formulations enable one to estimate the level of heterogene-
ity (as quantified through the variance) at a given scale, as a result of averaging from a reference scale. Our
analytical findings show that the level of heterogeneity in GSG fields (a Gaussian distribution being a special
case thereof) is highest at the finest scale and decays towards zero as we increase the spatial averaging vol-
ume. As expected, the field becomes homogeneous at the limit of complete spatial averaging. Our model for
variance propagation across averaging scales allows efficient estimation of residual heterogeneity retained
at larger length scales, thus being of interest when formulating coarse grained hydro-geological flow mod-
els. The model is first verified through comparison with results achieved through a Monte-Carlo numerical
analysis and it is then applied to a comprehensive dataset composed of more than 2000 air permeability data
collected at various observation scales on the surface of a block of Massilon Sandstone sample.
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