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Figure 1. Simple random sampling method
(samples were plotted on a map of variables)
(Brus, 2019).
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Figure 3. Cluster sampling method shows the
details of the support area for sampling at each
station (Cambule et al., 2013)
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Figure 5. Nest sampling method (Brus, 2019).
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Figure 7. Classified random sampling method
(Brus, 2019).
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1 Systematic Random Sampling, SyRS
2 Root Mean Squared Error, RMSE
3 Spatial autocorrelation
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Figurel0. Fuzzy K-Means Sampling (Brus, 2019).
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Table 1. Comparison of different sampling designs in order to optimize geographic space for calibrating

digital soil map.

. . Sampling locations Application Spatial L -
Samplig design indepeF;\de?ltly selected ([:)c?ndition co[\)/erage Accuray  Simplicity  Efficieny
Regular grid No Homogeneous field +++ ++ +++ +++
Spatial Coverage No No +4++ ++ 4+ 4+
Stratified No E|_1V|ronm(_antal +++ +++ ++ +++
random information
Fuzzy !(-means No No N - o .
clustering
cLHS No No +++ +++ +++ +++
Simple random Yes Homogeneous field + + +++ +
Grid No Homogeneous field ++ ++ 4+ .
Cluster No Access issues + + + ++
Nested No Multiscale variation + ++ ++ ++
Fuzzy C-Means No No + ++ ++ +
Kennard-Stone No No ++ + ++ +
Variance
Quadtree No No +t ot +++ ot
algorithm
Transect No Generally along + + ", ot

toposeguence

wlas olass Gol38l L (6)ls paiges Sgliate gl by, 5l Colas +++ g ++ o

+, ++, and +++ indicate the support from different sampling designs with increase in the number of signS

S0 paiged T yb )0 0oliiwl 8,90 dk —Y Jgux
Table 2. Package used in sampling design

Sampling design Function Package
Regular grid sampling spsample sp
Spatial Coverage Sampling Spatial Coverage Plus Sample.R and Spatial In fill Sample.R spcosa

Stratified random
Fuzzy k-means

cLHS

Kennard-Stone

Random Simple

Grid

Cluster

Nested

Fuzzy C-Means

Variance Quadtree algorithm

Spsample and strata
FKM

fanny

runFuzme

fkme

optimCLHS

getCriterion.cLHS

getCriterion.cLHS and Functions4SSA.R

ken.sto

SlI_PointPairs.R

gs_mode, gs_rasterize, gs_zonal_raster, and gs_sample—though
Svytotal and svymean

Nested Sampling_v1.R and Nested Sampling_v2.R

Factoextra, cluster and fclust

knnLookup

Sp and sampling
Fclust
cluster
Fuzme
fuzme

Spsann

Clhs

CLHS.R

soil.spec

SDaA
GridSample
Mstage and survey
Nested Sampling
ppclust
SearchTrees

Y\Y
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Abstract

There are innumerable challenges for digital soil mapping in the world full of change. One of these
challenges is the sampling method which plays an important role in providing appropriate
information for digital soil mapping and increasing its efficiency. Sampling method efficiency,
with considering the number of samples, space changes, and cost, is a way to identify a set of
scattered sampling locations in geographical space that have good location coverage of features. A
good space coverage of features ensures accurate estimation of regression parameters and it makes
effective spatial interpolation. In soil evaluation, the number of samples collected is limited by time
and cost. Also, lack of roads, dense vegetation, and rugged terrain are caused more restrictions
when visiting the area. These deficiencies lead to the use of stronger sampling methods. Methods
that can provide a good description of space changes of soil and its features to reduce the number
of samples, time, and cost are needed. So that it supports the final quality of the maps. Here are
checked several methods of statistical sampling and geometric that optimize the geometric
sampling pattern in geographical space. The strengths and weaknesses these methods considering
spatial coverage, simplicity, accuracy, and efficiency briefly expressed. The results showed in
terms of accuracy and efficiency; classified random sampling has the highest accuracy and has
been widely used. In terms of spatial coverage; spatial coverage sampling is the best method. Due
to the simplicity in the design and implementation stages; Simple random sampling, network
sampling, and spatial sampling are the simplest sampling methods. Among the sampling methods
studied, the Latin conditional sampling method is the most common method. It is widely used and
recommended, and stratified random sampling and spatial sampling are the most efficient methods
that optimize the sampling pattern in geographical space.

Keywords: Classical Sampling, Geometric Sampling, Statistical Sampling

Lotfollahi L., Delavar M.A and Jamshidi M. 2020. Introduction of different sampling methods in digital soil
mapping studies. Applied Soil Research, 8(3): 202-219.

1. PhD Student, Department of Soil Science, Faculty of Agriculture, University of Zanjan

2. Associate Professor, Department of Soil Science, Faculty of Agriculture, University of Zanjan
3. Assistant Professor, Soil and Water Research Institute

* Corresponding Author Email: amir-delavar@znu.ac.ir.

AR R



