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Introduction

ÅWhy subsurface modeling ?

Understanding the spatial distribution

Development plans and behavior prediction

Central piece of information: gateway for expertise and aggregating data

ÅWhat are critical issues ?

Diversity of data , geological, geophysical and fluid flow parameters

Data with different scale of information , models with different resolution

Hierarchy in model building

Subjectivity in model building, few ground truths

Uncertainty in all model and data aspects

26 May. 2021

Pyrcz and Deutsch 2004



Subsurface modelling

Pyrcz and Deutsch 2004
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Geophysical subsurface characterization

ÅUsing quantitative interpretation of seismic/geophysical data to 
characterize the earthôs internal properties

ÅCreate probability maps of rock and fluid properties: facies + fluids

ÅBuild quantitative earth models constrained to geophysical interpretation 
and honoring spatial geologic continuity: geological plausibility
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Soares et al. 2007
Stochastic Inversion with a Global Perturbation 

Method

Nunes et al. 2012

Azevedo et al. 2014
Multidimensional scaling for the evaluation of a 

geostatistical seismic elastic inversion methodology

Azevedo et al. 2018. 
Geostatistical seismic AmplitudeȤversusȤangle

inversion

Azevedo et al. 2019
Geostatistical rock physics AVA inversion

Cyz and Azevedo 2020
Direct Geostatistical Seismic Amplitude Versus Angle Inversion for Shale Rock Properties

Azevedo et al. 2015
Integration of well data into 

geostatistical seismic 

amplitude variation with angle 

inversion for facies estimation

Azevedo et al. 2020
Stochastic perturbation optimization for discrete-

continuous inverse problems

Azevedo and Demyanov 2019
Multiscale uncertainty assessment in geostatistical seismic inversion

Azevedo et al. 2020
Geostatistical Seismic Inversion with Self-

Updating of Local Probability Distributions

Narciso et al. 2020
Geostatistical inversion of electromagnetic 

induction data for landfill modelling

Geostatistical geophysical inversion

One framework fits it all

1) Consistent framework for acoustic/elastic/rock properties. 

2) Global perturbation with Direct Sequential Simulation (all flavours)

3) Stochastic global optimizer based on local mismatches between simulated and observed data
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Geostatistical geophysical inversion

One framework fits it all

Mineral deposits characterization

Geotechnical characterization

Groundwater modelling 

Oil and gas reservoirs
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Geostatistical seismic inversion
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Azevedo & Soares. Geostatistical methods for reservoir geophysics. 2017

Forward model

Real geophysical
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Compare
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Co-simulation of a new set of

models 



Key features

Reproduction of well data, variogram, marginal and joint distributions
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Global Stochastic Inversion (GSI)
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Å Realizations of Ip from last iteration



Global Stochastic Inversion (GSI)

26 May. 2021

Å Mean from realizations of last iteration



Global Stochastic Inversion (GSI)
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Å Variance from last iteration seismic



Global Stochastic Inversion (GSI)
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Å Best-fit synthetic seismic



GSI + 

uncertainty

Geost

FDEM 

inversion
Self-

learning 

GSI

Acoustic 

Inversion  

GSI

Elastic 

Inversion  

GEI

AVA 

Inversion 

w/ Facies

AVA Rock 

Physics
AVA 

Inversion

Direct 

Facies 

Inversion

Soares et al. 2007
Stochastic Inversion with a Global Perturbation 

Method

Nunes et al. 2012

Azevedo et al. 2014
Multidimensional scaling for the evaluation of a 

geostatistical seismic elastic inversion methodology

Azevedo et al. 2018. 
Geostatistical seismic AmplitudeȤversusȤangle

inversion

Azevedo et al. 2019
Geostatistical rock physics AVA inversion

Cyz and Azevedo 2020
Direct Geostatistical Seismic Amplitude Versus Angle Inversion for Shale Rock Properties

Azevedo et al. 2015
Integration of well data into 

geostatistical seismic 

amplitude variation with angle 

inversion for facies estimation

Azevedo et al. 2020
Stochastic perturbation optimization for discrete-

continuous inverse problems

Azevedo and Demyanov 2019
Multiscale uncertainty assessment in geostatistical seismic inversion

Azevedo et al. 2020
Geostatistical Seismic Inversion with Self-

Updating of Local Probability Distributions

Narciso et al. 2020
Geostatistical inversion of electromagnetic 

induction data for landfill modelling

One framework fits it all

26 May. 2021

Geost

DC 

inversion



How to model the spatial distribution of rock 
properties? 

Porosity

Fluid saturations

Volume of minerals

Pressure
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What petrophysical properties may 

stand behind the seismic amplitudes: 

porosity , lithology , fluid ?
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How to model the spatial distribution of rock 
properties? 

Porosity

Fluid saturations

Volume of minerals

Pressure



Introduction : rock physics modelling
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Calibration at the well
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Geostats . seismic rock physics inversion
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Real case application example
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Azevedo, Grana, Amaro. Geostatistical rock physics AVA inversion 2018

True Data Predicted Data

nearstack

midstack

farstack

nearstack midstack

farstack



Inverted petro - elastic models
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Azevedo, Grana, Amaro. Geostatistical rock physics AVA inversion 2018



Relationship reproduction
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Azevedo, Grana, Amaro. Geostatistical rock physics AVA inversion 2018



Blind well assessment
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Azevedo, Grana, Amaro. Geostatistical rock physics AVA inversion 2018
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Geostatistical FDEM inversion
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Geostatistical FDEM inversion
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