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Outline

• Overview of SamplingStrata R package

• Recent developments: models and anticipated variance

• Extension to spatial sampling

• Methods in SamplingStrata for handling spatial sampling

• Case study: the Meuse dataset
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Overview of SamplingStrata: problem setting

Problem: given a sampling frame, we need to plan a sampling survey in the most
efficient way, i.e. the one that

1 miminizes the sample size required to satisfy given precision constraints
on the target estimates, or

2 maximizes the precision of target estimates given an overall sample size.

SamplingStrata can be applied directly in the first case, and, indirectly, also in
the second.
It operates by considering all the available potential stratification variables in the
sampling frame, and looking for the best stratification of the frame (the one
ensuring condition (1)).
This is done by exploring, with a genetic algorithm, the universe of possible
solutions, and choosing the one for which the required sample size is the
minimum.
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Overview of SamplingStrata: optimization methods

The R package SamplingStrata offers two different methods for the optimization
of the sampling frame, both based on the use of the genetic algorithm:

1 the first one is applicable when the stratification variables are all
categorical (or, if continuous, categorized);

2 the second one is applicable when all the stratification variables are of the
continuous type.

In the first case, the optimization proceeds by aggregating atomic strata, i.e. the
ones resulting from cross-classifying units in the frame by their stratification
variables values.

In the second case, strata are determined by randomly cutting the interval of
acceptable values for each stratification variable, and then cross-classifying units.
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Overview of SamplingStrata: anticipated variance

If the Y’s variables available in the frame are proxy of the real
target variables (named Z’s), a sampling design planned on Y’s
can’t guarantee that the final stratification and allocation are
compliant with the set of precision constraints for the real target
variables.

If we are able to define and fit models linking the proxys and the
targets, using such models we are able to correctly evaluate the
so called anticipated variance and in this way we guarantee that
the expected sample errors are compliant with the requested
constraints.
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Overview of SamplingStrata: anticipated variance

In the current implementation, only models linking continuous variables can
be considered.

The models, their definition and use are the same that have been
implemented for the univariate case in the package stratification. Among
them, the linear model with heteroscedasticity:

Z = βY + ε

with εi ∼ N(0, s2
i )

where s2
i = σ2

i y
2γ
i and sij = 0

(in case γ = 0, the model is homoscedastic)
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Overview of SamplingStrata: heteroscedasticity

In case of heteroscedasticity (γ > 0) a crucial point is in correctly
quantifying it.

A simple and quick solution has been implemented in a new function
computeGamma embedded in SamplingStrata.

This function receives in input the vectors respectively of residuals
and of the explanatory variable, and yields a heteroscedasticity index
value together with the value of model variance to be used as values
of corresponding parameters.
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Extension to spatial sampling

In case Z is the target variable, omitting as negligible the fpc factor,
the sampling variance of its estimated mean is:

V ( ˆ̄Z ) =
H∑

h=1

(Nh/N)2S2
h/nh (1)

We can write the variance in each stratum h as:

S2
h =

1

N2
h

Nh−1∑
i=1

Nh∑
j=i+1

(zi − zj)
2 (2)
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Extension to spatial sampling

Obviously, values z are not known, but only their predictions,
obtained by means of the known or estimated linking models.

So, in Equation 2 we can substitute the term (zi − zj)
2 with:

D2
ij =

(z̃i − z̃j)
2

R2
+ V (ei) + V (ej) − 2Cov(ei , ej) (3)

where R2 is the squared correlation coefficient indicating the fitting
of the regression model and V (ei), V (ej) are the model variances of
the residuals.

The auto-correlation component is contained in the term Cov(ei , ej).
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Extension to spatial sampling

In particular, assuming that the autocorrelation function is
exponential, the quantity Dij may be calculated in this way:

D2
ij =

(z̃i − z̃j)
2

R2
+ (s2

i + s2
j ) − 2sisje

−k(dij/range) (4)

where dij is the distance between units i and j, s2
i and s2

j are
estimates of the corresponding prediction variance and range is the
maximum distance below which spatial auto-correlation can be
observed among units.

The value of range can be determined by an analysis of the spatial
variogram.
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Method to handle spatial sampling

Given the previous formula for the calculation of variance in strata
including also the spatial component, an option has been made
available in SamplingStrata consisting in supplying for each variable
of interest its predicted value for each unit in the frame together with
its associate predicted error, both previously determined by a suitable
model handling spatial component (for instance, kriging).
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’Spatial’ optimization method

In the spatial method:

any kind of model can be used, parametric or non parametric;

there is no need to indicate the values of models parameters;

the only parameter explicitly required is the range of spatial correlation,
whose value can be determined by analysing the variogram.

For each unit in the frame the following information must be given:

1 geographic coordinates;

2 values of the predicted values of the Z’s;

3 values of prediction errors.
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’Spatial’ optimization method

After running the spatial optimization method, yielding the best
stratification of the sampling frame, then we can proceed with the
selection of the sample.

It is important to select the units also taking into account their
spatial positioning, in order to obtain a spatial balanced sample.

In order to do that, a new function, selectSampleSpatial, has been
developed, which is a wrapper of the function lpm2 kdtree in package
SamplingBigData (Lisic and Grafström, 2018).
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Case study: the Meuse dataset

This case study is reported in the SamplingStrata vignette ’Spatial
sampling with SamplingStrata’, at the link:

• https://barcaroli.github.io/SamplingStrata/articles/spatial.html
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To go into deeper detail...

• The paper from which this presentation has been derived: M.
Ballin M. and G. Barcaroli (2020). R package SamplingStrata:
new developments and extension to Spatial Sampling.
arXiv:2004.09366 [stat.ME]

• To get general information on SamplingStrata package:
https://barcaroli.github.io/SamplingStrata/articles/SamplingStrata.html

• In particular on spatial sampling with SamplingStrata:
https://barcaroli.github.io/SamplingStrata/articles/spatial.html
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