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INTRODUCTION

Geostatistics is a framework for data analysis, estimation, and simulation in media whose
measurable attributes show erratic spatial variability yet also possess a degree of spatial continuity
imparted by the natural and anthropogenic processes operating therein. The soil, rock, and contained
fluids encountered in environmental or geotechnical site investigations present such features, and their
sampled attributes are therefore amenable to geostatistical treatment. This guide is concerned with the
analysis, interpretation, and modeling of spatial variation. The purpose of this guide is to offer
guidance based on a consensus of views but not to establish a standard practice to follow in all cases.

1. Scope unique aspects. The word “Standard” in the title of this
1.1 This guide covers recommendations for analyzing, indocument means only that the document has been approved
terpreting, and modeling spatial variation of regionalizedthrough the ASTM consensus process.
variables in geotechnical anc_i envir_on_menFaI site inv_estigatio_n% et iendst odauintits
1.2 The measures of spatial variation discussed in this guide
include variograms and correlograms; these are fully described 2-1 ASTM Standards:

in (1), (2), (3). and (4).2 D 653 Terminology Relating to Soil, Rock, and Contained
1.3 This guide is intended to assist those who are already Fluids® ) ) - . .
familiar with the geostatistical tools discussed herein and does Dt'55432 Guide for Reporting Geostatistical Site Investiga-
ion

not provide introductory information on the analysis, interpre- . . . .
tation, and modeling of spatial variation. D 5923 Guide for Selection of Kriging Methods in Geo-

1.4 This standard does not purport to address all of the _ Statistical Site Investigatiofis _ _
safety concerns, if any, associated with its use. It is the D 9924 Guide for the Selection of Simulation Approaches
responsibility of the user of this standard to establish appro- N Geostatistical Site Investigatichs
priate safety and health practices and determine the applica; Terminology
bility of regulatory limitations prior to use. . o .
1.5 This guide offers an organized collection of information -1 Definitions of Terms Specific to This Standard:
or a series of options and does not recommend a specific 3-1-1 anisotropy, R—in geostatistics a property of the
course of action. This document cannot replace education oYariogram or covariance stating that different spatial variation
experience and should be used in conjunction with profession&itrUctures are observed in different directions. - .
judgment. Not all aspects of this guide may be applicable in all 3-1.1.1geometric anisotropy, #a form of anisotropy in
circumstances. This ASTM standard is not intended to repre/hich the variogram range changes with direction while the sill
sent or replace the standard of care by which the adequacy d€Mains constant. _ o
a given professional service must be judged, nor should thig 3-1-1.2zonal anisotropy, #-a form of anisotropy in which

document be applied without consideration of a project's manyn€ variogram sill changes with direction. L
3.1.2 correlogram n—a measure of spatial variation ex-

pressing the coefficient of correlation between two variables as
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3.1.3 drift, n—in geostatisticsa systematic spatial variation and history. All of these are necessary for a sound interpreta-
of the local mean of a variable, usually expressed as &on of spatial variation.
polynomial function of location coordinates. 4.4 For the modeling of spatial variation, this guide recom-
3.1.4 estimation n—a procedure by which the value of a mends attention to the short-scale behavior of the mathematical
variable at an unsampled location is predicted using a weighteahodel of spatial variation and to its anisotropy as reflected in
average of sample values from the neighborhood of thathe directional changes in the range.
location.
3.1.5lag, n—in geostatistics the vector separating the 9 Significance and Use
locations of two variables, as used in measures of spatial 5.1 This guide is intended to encourage consistency in the
variation. analysis, interpretation, and modeling of spatial variation.
3.1.6 nugget effectn—the component of spatial variance 5.2 This guide should be used in conjunction with Guides
unresolved by the sample spacing including the variance due 10 5549, D 5923, and D 5924.
measurement error.
3.1.7 range n—in geostatisticsthe maximum distance over 6. Analysis of Spatial Variation
which a variable exhibits spatial correlation in a given direc- 6.1 The principal tools for analyzing spatial variation are the
tion. variogram and the correlogram; whenever possible, both
3.1.8 regionalized variable —a measured quantity or a should be used.
numerical attribute characterizing a spatially variable phenom-

enon at E_‘ Iocathn in the f'_eld_' . are usually worthy of interpretation and should be reflected in the
3.1.9sill, n—in geostatistics a stable level of spatial yathematical model for spatial variation. Features that appear on one but
variation observed for lags greater than the range. not the other may reflect artifacts of the calculation or peculiarities of the
3.1.10 simulation n—in geostatisticsa Monte-Carlo pro- available data and their configuration; such features require further
cedure for generating realizations of fields based on the randoifvestigation before a decision can be made on whether they should be
function model chosen to represent a regionalized variable. IFfflected in the mathematical model for spatial variation.
addition to honoring a random function model, the realizations 6.2 If univariate data analysis has revealed that the data
may also be constrained to honor data values observed bBave a skewed distribution or if study objectives require that
sampled locations. the data be transformed, then the analysis of spatial variation
3.1.11 structure n—in geostatistics a source of spatial should be performed on an appropriate transform of the data.

variability with a characteristic length scale. . .
3112 . f tial iation defined Note 2—One of the most important aspects of a mathematical model of
-L.Le variogram, R—a measure of Spaiial variaton oeline spatial variation is the direction and degree of anisotropy. This is often

as one half the variance of the difference between two variablegych better revealed by variograms and correlograms of transformed data
and expressed as a function of the lag; it is also sometimeslues, such as logarithms or normal scores. Even if the study ultimately
referred to as the semi-variogram. makes use of the original data values in estimation or simulation, the
3.1.12.1 experimental variogram,-a-an experimental mea- analysis of spatial variation on tr_ansformed data vglues c_thf_sn leads to the
sure of spatial variation usually calculated as one half thé€velopment of a more appropriate model of spatial variation.
average squared difference between all pairs of data values6.3 The choice of lag spacing and tolerance should take into
within the same lag. account the data configuration, particularly the minimum
3.2 For definitions of other terms used in this guide, refer taspacing between the available data and the average spacing
Terminology D 653 and Guides D 5549, D 5923, and D 5924between the available data. Whenever possible, the choices of
A complete glossary of geostatistical terminology is given inlag spacing and tolerance should ensure that at least 20 paired
Ref (5). data values will be available for each lag.

Note 1—Features that appear on both the variogram and correlogram

4. Summary of Guide Note 3—With data configurations that are pseudo-regular, it is com-

. . . mon to use the spacing between the columns and rows of the sampling
4.1 This guide presents advice on three separate but relat d as the lag spacing and to use half of this distance as the lag tolerance.

components of the StUd)_/ of spatia}l variation: the analyticalf the data configuration is irregular, then the lag spacing and tolerance
tools that are used; the interpretation of the results; and theay also need to be irregular (see R and(6)).

development of an appropriate mathematical model. 6.4 Spatial variation should be analyzed in different direc-

4.2 For the analysis of spatial variation, this guide emphajons: the choice of directions and directional tolerances should
sizes the use of variograms and correlograms on both rangafiect the configuration of the available data and should also
formed and untransformed variables since these are the moglye into account qualitative information about the physical
common and successful analytical tools in most practicaly chemical characteristics of the regionalized variable being
situations. Other methods exist and may enhance the develogggied.
ment of an appropriate model of spatial variation.

4.3 For the interpretation of spatial variation, this guide Note 4—Omni-directional variograms or correlograms often are ap-
emphasizes the importance of site-specific quantitative angfoPriate for refining decisions on lag spacing and lag tolerance; they also

TR . T L provide preliminary insight into the range of correlation and the short-

qualitative Inform_atlon._ Quantltatlve_lnformatlon Inc_:ludes_the scale variability of the data. However, omni-directional calculations of
number and configuration of the available data, their precisionyatia| variation do not constitute a thorough analysis of spatial variation
and their univariate statistics; qualitative information includessince they offer no insight into directional anisotropies that commonly
items such as local geology and geomorphology, site usagegcur in geologic data. For two-dimensional (2D) problems, contour maps
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