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Geostatistical mapping can be defined as analytical production of maps by using field 

observations, auxiliary information and a computer program that calculates values at 

locations of interest. The purpose of this guide is to assist you in producing quality maps by 

using fully-operational open source software packages. It will first introduce you to the 

basic principles of geostatistical mapping and regression-kriging, as the key prediction 

technique, then it will guide you through software tools – R+gstat/geoR, SAGA GIS and 

Google Earth – which will be used to prepare the data, run analysis and make final layouts. 

Geostatistical mapping is further illustrated using seven diverse case studies: interpolation 

of soil parameters, heavy metal concentrations, global soil organic carbon, species density 

distribution, distribution of landforms, density of DEM-derived streams, and spatio-

temporal interpolation of land surface temperatures. Unlike other books from the “use R” 

series, or purely GIS user manuals, this book specifically aims at bridging the gaps between 

statistical and geographical computing.
 
Materials presented in this book have been used for the five-day advanced training course 

“GEOSTAT: spatio-temporal data analysis with R+SAGA+Google Earth”, that is periodically 

organized by the author and collaborators. 

Visit the book's homepage to obtain a copy of the data sets and scripts used in the exercises:

Fig. 5.19. Mapping uncertainty for zinc visualized using whitening: ordinary kriging (left) and universal kriging 
(right). Predicted values in log-scale.

Get involved: join the R-sig-geo mailing list!
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“I wandered through http://www.r-project.org. To state the good I found
there, I’ll also say what else I saw.

Having abandoned the true way, I fell into a deep sleep and awoke in a deep dark
wood. I set out to escape the wood, but my path was blocked by a lion. As I fled to
lower ground, a figure appeared before me. ‘Have mercy on me, whatever you are,’ I
cried, ‘whether shade or living human’.”

Patrick Burns in “The R inferno”

2

http://www.r-project.org
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16 Geostatistical mapping

Fig. 1.9: Steps of variogram modeling: (a) sampling locations (155) and measured values of the target variable, (b)
variogram cloud showing semivariances for all pairs (log-transformed variable), (c) semivariances aggregated to lags of
about 100 m, and (d) the final variogram model fitted using the default settings in gstat. See further p.130.

treating it as a stochastic component. Recall from section 1.1.2, diffusion is a random motion so that there is1

a meta-statistical argument to treat it as a stochastic component.2

Once we calculate an experimental variogram, we can fit it using some of the authorized variogram mod-3

els, such as linear, spherical, exponential, circular, Gaussian, Bessel, power and similar (Isaaks and Srivastava,4

1989; Goovaerts, 1997). The variograms are commonly fitted by iterative reweighted least squares estima-5

tion, where the weights are determined based on the number of point pairs or based on the distance. Most6

commonly, the weights are determined using N j/h
2
j , where N j is the number of pairs at a certain lag, and h j7

is the distance (Fig. 1.9d). This means that the algorithm will give much more importance to semivariances8

with a large number of point pairs and to shorter distances. Fig. 1.9d shows the result of automated variogram9

fitting given an experimental variogram (Fig. 1.9c) and using the N j/h
2
j –weights: in this case, we obtained an10

exponential model with the nugget parameter = 0, sill parameter = 0.714, and the range parameter = 449 m.11

Note that this is only a sample variogram — if we would go and collect several point samples, each would12

lead to a somewhat different variogram plot. It is also important to note that there is a difference between the13

range factor and the range of spatial dependence, also known as the practical range. A practical range is the14

lag h for which e.g. γ(h)∼=0.95 γ(∞), i.e. that is distance at which the semivariance is close to 95% of the sill15

(Fig. 1.10b).16

The target variable is said to be stationary if several sample variograms are ‘similar’ (if they do not differ17

statistically), which is referred to as the covariance stationarity or second order stationarity. In summary,18

three important requirements for ordinary kriging are: (1) the trend function is constant (µ =constant);19

(2) the variogram is constant in the whole area of interest; (3) the target variable follows (approximately) a20

normal distribution. In practice, these requirements are often not met, which is a serious limitation of ordinary21

kriging.22

Once we have estimated19 the variogram model, we can use it to derive semivariances at all locations and23

19We need to determine the parameters of the variogram model: e.g. the nugget (C0), sill (C1) and the range (R) parameter. By knowing
these parameters, we can estimate semivariances at any location in the area of interest.


