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Joint stochastic modeling using copulas for the
dependency between petrophysical properties and

seismic attributes at well-logs scale
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The use of petrophysical data and seismic attributes in the oil industry have allowed the characterization of
the reservoirs due to their value as predictive tools, for the evaluation of reservoir information is needed the
petrophysical parameters such as porosity, permeability, saturation, etc. And the seismic information can
infer the physical properties of the rocks on the place (Li & Zhao, 2014).

However, we have problems related to the characterization of these reservoirs due to the uncertainty inherent
in the data, in most of the studies conducted in earth sciences is fragmented, we have limited information, it
is not statistically representative, or you must resort to nonparametric perspectives to reduce the error in the
calculations based on the data obtained and thus, comply with the aspect of continuity.

Due to this condition, stochastic modeling is used, which is an effective tool that allows obtaining the probabil-
ity distribution of one or several random variables, in this case of the petrophysical data and seismic attributes,
so we can manage the uncertainty of the generated model, especially if the spatial distribution is not so good.

Recent work has modeled the dependency relationship between seismic attributes and petrophysical proper-
ties using Geostatistical estimation methods such as Cokriging (J.O. Parra, Iturrarán-Viveros, Parra, Jiménez-
Andrade, & Carrillo-Calvet, 2015), (J. Parra & Emery, 2013). This approach requires that the model has a
strong “linear” dependence between the properties because otherwise their application is not viable, which is
uncommon in deposits with complex lithologies. On the other hand, estimation methods such as Cokriging
underestimate the dispersions and extreme values that exist in the data, which can be critical for properties
such as permeability, where the most important are high values (preferential flow paths) or very low (seals).
As alternative can be used stochastic model with general dependences using copulas (Diaz-Viera, et al, 2016).

A copula is a set of functions that combine or couple the function of multivariate distribution with their
marginal distribution functions and whose marginal distribution function is uniform (Nelsen, 1999). Then, we
can represent the dependency structures between one or several petrophysical properties with one or several
seismic attributes, this represents a very important advantage, since for the copulas it is not required that the
dependence between the petrophysical properties and seismic attributes be of some type specific (Díaz-Viera,
Erdely, Kerdan, del-Valle-García, & Mendoza-Torres, 2017).

The application of the method is shown in a case study of deep marine reservoir at well-log scale.
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