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in the presence of ancillary information ™

| Budiman Minasnv®, Alex B. McBratney |
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Abstrast

Ths paper pesems the condmonsd Latn hypexube as 2 sampling strategy of an ars with pror mfommaison
e resenied as exhawstive anallary data. Latin hypercabe sampling (LHS) i a stratfisd random procedone that provids
an efficen i way of samp ling, varahiss from their ol tvanate dstribaiions. It prowdes o full coverage of the range of sach
varizhie by maxmally smatifying the margmal dismibation. For condrsioned Latin hypercobe sampling icLHS) the
prohlam i given N sies with anallary vanahlss (1), sslect x 2 soh-sample of s w (W} norder that v fne 2 Latin
hypercohe, ar the mmltvanate dstriboion of X s moemally stratfied. This paper presents the cLHS method with aseanch
algarithm hased on heunstic roes oombined with an annealing schedule The method & illostrated with a smple 3.0
example and an apphcation in digial soil mappng of pant of the Huoneer Valley of New Sowth Wales, Anstralia,
Camparsan i made with other methods: random samplimg, and agnal spatial sirats The resolis show that the oL HS & the
ma st effective way to replicate the distribation of the vaniahles.
i3 00 Eleevier Lid All mghis ressrved
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enzhle the estimation of some statistica] porameter,
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earth’s surfaor can be plmned optimally by making
the hest use of the prior mformation =t vamous
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locations. Samplng & cmstamed by the finangal
and avadlahle resounces, this an efficent ssmpling
strategy is sought. This has practical applics tions in
=0l survey for mapping, amd for establishing sites
for monioring networks. Severa]l smmpling strate.
g have heen developed m the earth sdences,
namehy:

# Estimating a variogram (Pettitt and McBrainey,
1993)

# Estimating varizhles within an area using spatial
interpodation. This includes methods that mini-
mise the krgmng variznce (McBrtmey et al.,
1981; van Groemigen et al., 1999).
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Fig. 3.1 A decision iree for soil sampling simiegies

space and geogrphic space. However this method can be limited in practice as
it assumed linearity of the prediction function and knowledge of the residual

VAMOEIam.

— Dietailed soil maps,

Soil samples are needed to cover both representation of the soil mapping
uniis and scorpaa variables. The conditioned Latin hypercube sampling (cLHS)
method (Minasny and McBratney, 2060&) can be wsed in this instance. cLHS
attermpis o cover the range of values of each of the scorpan factors.

— N soul daia
The Latin hypercube sampling me¥nod (Minasny and McBratmey, 2006) or fuzry
k-means clustering can be applied 0§ cover both the spatial coverage and scorpan
variables. The furzy k-means metho (De Gruijter et al., 2008) classifies the soor-
pan variables into k classes, with k eyuals to the number of sampling units. The
pixel with the largest membership for §ach class is selected as the sampling umit.

Detailed soil maps?
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Soil samples are needed to cover both representation of the soil mapping
units and scorpan variables. The conditioned Latin hypercube sampling (cLHS)
method (Minasny and McBratney, 2006) can be used in this instance. CLHS
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attempts to cover the range of values of each of the scorpan factors.
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Specifications A global consortium has been formed that aims to make a new digital soil map of

the world using state-of-the-art and emerging technologies for soil mapping and Email: *
predicting soil properties at fine resolution. This new global soil map will be
supplemented by interpretation and functionality options that aim to assist better
) decisions in a range of global issues like food production and hunger eradication, _
ki .".": climate change, and environmental degradation. This is an initiative of the Digital Soil Mapping Working Group of the * Subscribe
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Chapter 34
Methodologies for Global Soil Mapping

B. Minasny and A.B. McBratney

I hurve here onfy mmde @ bougast of other people s floeers,
having broapht rothing of sy owe bal e siring tha! Bnds
them logether

Miched de Mondzigne

Abstract The Global Digital Soil Properties Map consortinm {www. Global 501 I8ap.

net) has been formed with an objective to create a digital map of the world's soil
properties. The methods for mapping soil properties globally are not straightfor-
ward as different paris of the world have varying data sowrces of varying gualities.
This paper presents a set of methodologies for global digital soil mapping. The first
stage involves a set of methodologies based on legacy soil data. The second stage
comgprises A set of methodologies to obtain new soil samples based on the available
information or soil data. We present two decision trees for the methodologies and
discuss each of the methods.

Keywords Fepression kriging - Soil sampling - Legacy soil data - Map
extrapolation - Data mining - Cuality assessment

3.1 Introdoction

The Global Dagital Soal Properties Map consortiom (www_globalsoilmap_net) has
been formed and comprises representatives from universities, research centres.
development organizations and private enterprises around the world (See Chap-
ter 33). This is a response to the wgent need for accurate, wp-io-date and spa-
tially referenced soil information as expressed by the modelling community. farmers
and land users. and policy and decision makers (e.g. European Commission, 20067
UNEP, 2007). The ohjective of this consortiom is o create a digital map of the
world’s soil properties at a resolation of Wm = %im to a depth of 1 m based

B Minssny ()

Faculty of Agriculture, Food & Mstursl Resources, The University of Sydney, Sydney,
NEW 2006, Australia

e-mail: budiman minasny @ sydney.pdw an

1 i iads.), Dipital Soil Mapping, Progress in Soil Science 1, 119
1)&1%& 1-8663.5_34, & Springer Scisnce+usiness Media ]!i.
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Mame Date modified Type Size

B clhs.exe 3/17/2009 3:04 PM Application 352 KB
| clhs_input.bdt 9/14/2010 9:04 AM  Text Document 1 KB
. gnd_input. TXT 10/19/2007 3:07 PM Text Document 282 KB
|| instructions. bt 9/14/2010 9:02 AM  Text Document 2 KB
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cLHs &l >

Mj instructions} Notepad

File Edit Format View Help
Conditioned Latin hypercube sampling

Selecting n no. samples from data N, so the n samples form a Latin hypercube. lnstructions &u

Datafile in text format, no heading JUUE YRRT N
Heading, if not numerals will be skipped (ignored)

If heading is numerals, it could be treated as data, so be careful!

- If data has a coordinate (x,y) set icord = 1, the file format is in x,y, variablel, 2, ....

- If only contains the variables (set icord=8), the file format is in variablel, 2, ....

Modify the "clhs input.txt" file for the parameter to run the program.

$1hi
infile="data.txt’
outfile="out data.txt’

input data file (see above)
output file

!
!
nvar=20 ! number of variables
nsam=200 !' number of samples
icord=6 I icord =1 datafile contains coordinates, otherwise icord=0
wl=1.0 ! optimisation weight to data
w2=@.5 ! optimisation weight to correlations among data variables
niter=2000@ | number of iterations (usually greater than 20 @08 to get a good hypercube)
tfactr=0.99 I anneal cooling schedule (no need to modify)

$end] 1/21/2025 34
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1/23/20017 1206 PM  Text Document 3,371 KB

1/21/2025

File Edit 5earch Go Block Extra Convert Optio
O[]~ O-O-|D B I

¥¥,b1,b2,b3 bd b5 b7 NDVI,SAVI, Claylndex, Carbonate
F533283.893 3881163.87,8889,9123, 9730 10606,11467,1
F33316.893,3881163.87,8782,8901,9520 10334 11078,¢
733340.893,3881163.87,8616,8737,9320,1012010782,¢
F33382.893 3881163.87,8218,8189 8578,9105,9637,854
733415893 3881163.87,7789,7321,7398, 7524 7739,711
F53448.893 3881163.87,7634, 7196,7269,7401,7672,69;
F533481.893 3881163.87,7871,7329,7495,7911,7996,73,
733514.893,3881163.87,7842,7705,7975,8587,9112,80¢
F533547.893 3881163.87,7522,69760,60947 7155,6988,64)
F33580.893 3881163.87,7631,7150, 7147 7340, 7273,671

Xt a0 g &) (SSoS 0818

S 0310 Jb

CLHS aoli y J51o oo

35
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| clhs_input.bd 1/25/2017 1208 PM Text Document 1KE

sclhs_input.txt S JuosS

(SeoS 0910 S :nvar
3l 3 590 43 god Sl :nsam

File Edit Search Go Block Extra

O [&| & ~

Options  View Help

A4 0 B ABRSET- T«

| | clhs_input.te

Flhi

infile="grid_inpu linput file data file xy, variables
outfile="o ! output file

nvar=10 ! no, variables

! no. samples to select
! datafile contains coordinates in the first 2 cols?, 1=yes, O=no

wl=1.0 ! weight to data

w2=1.0 ! weight to correlations

niter=10000 ! no. iterations

tfactr=0.4%1/2025 I anneal cooling schedule (no need to modify) 36

fend
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: clhs.exe LG 4l >

5 clhs.exe 3/ 1772009 3:04 P

ChUsers\Nikam\Desktop\pp\clhs.exe

Conditioned Latin hypercube sampling

Data file: grid_input.txt

Ho. variables: 18
Ho. samples:

Ho. obhservations: L2779

Iterations: Le4 Residuwals = B.5642

1/21/2025




®5] clhs.exe

| clhs_input.bxt
.| grid_input.bxt

| iterbd

__| out_grid.bdt e
| | output.bd

1/21/2025

cLHs &l >

Deds oo dbul o LBY

3/ 17/2009 3:04 PM
1/25/2017 1.2:09 PM
1/25/2017 12:06 PM
2/15/2017 &:28 PM
2/15/2017 &:28 PM
2/15/2017 &:28 PM

Application

Text Document
Text Document
Text Document
Text Document
Text Document

332 KB
1 KB
5,371 KB
284 KB
21 KB
22 KB
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T . v ThisPC » Desktop » pp v | O Search pp o)
Organize = Mew folder =~ [ @& “’L,lé _f
4 Downloads *  Name : Date mt ~
2l Recent places . ) . Quantiles )‘b ‘) O Ut p Ut_'tXt
|| clhs_input.tet 1/25/20 0 0.0000 7080.0 .
8 This PC - ?”d""m'm ;:E 62580  58BT.0 / A rCM d p )‘)3 | °y
|| iter.bd 15/
jm Desktop - _ o 55420 5384 0
5 Documents | out_grid.bd S15/20 53110 0.31034E-01 w....S > )’Lg JMP
4 Downloads | output.od S 1.4690 0.93453
W Music 0.93233
£ Pictures 1 0.10000E-01 7623.0
8 Videos 71130 7098.0
i, Local Disk (C2) 73456 743538
New Vol Il[D'] 68216  0.13765E-01
e e HmE 15138 1.0418
—a Mew Volume (G:) 0.995385
e = 2 0.20000E-01 77520 v
Open as: () Data, using Text
‘—i:'ls Import preferences
\9 (@) Data, using best quess
= L Ddtd with Freview
() Plain text into Script
window
File name: | putput bt w| | AlLMP Files (*jmp;*.sas/bdat” v
Select this filter the next
1/21/2025 time this window is Open Cancel 39
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oS o D> 1, Y g X 3% 1 oy gk 4o

BB
File Edit Tables Rows Ceols DOE Analyze Graph Tools View Window Help
BREd k8 _ i (e RR el R
[El out_grid A K ()
= Source [ Column 1 | Column 2  Column 3  Column 4  Column 5 | Column 6 Column 7 | Column 8  Column 9 | Col
1 43402 731930 3839100 9100 937 106854 13577 12932
2 11807 734240 3884000 8131 8001 8500 9587 11461
3 3596 T327e0 0 3882700 8623 8835 aaa4 11726 12207
. 4 31820 730840 3336900 8323 4428 11050 12498 12928
[IE] Columns (14/0) 5 449451 752430 3890400 9575 10343 12064 14585 14778
i Column 1 f 26155 752100 3336700 9323 G354 10537 12764 14098
I T - ———— e ———— - — ——— ————
r‘.\.\.\S' P AEN T \

File Edit Tables Rows Cels DOE  Analyze Graph | Tools View Window Help
BREE B @ ik % T D
[E]Dut_grid N E (=] ¢
=) Source (] X Y
1 731930 3889100
2 754240 3824000
3 732760 3832700
. 4| | 750040 3886900 Y o X jou b g den B3>
=) Columni (2/0Y202p 5/ | 752430 3390400 40
J‘K ] 732100 3880100
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.J.uaS‘ L) JMP L) ArcGIS )é) At (= )
JMP: Graph-> Bubble Plot->

Graph ‘ Tools  View Window Bubbles plotted to indicate size

EE Graph Builder - 5elect Columns - Cast Selected Columns into Roles —— -
C - >l 2 Columns 4y
B Chart A
— L
3= Owverlay Plot optional
i Scatterplot 3D
optional
“n  Contour Plot : _ _
Siz optional numerc
4% Bubble Plot Colonng ||cptional
i Parallel Plot e

= Cell Plot
1/21/2025
Treemano
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CLHS 5, « )l wisei 553

4~/Bubble Plot of Y by X

¢

F ¥
oo ]

0/

[

n-"*““-f-'-“-’k#s) 4 &)l diged 555
© 00000000
o 0 0 0 0 0 0 00O
o 06 0 0 0 0 0 00O
o 06 0 0 0 0 0 00O
T43000 ?49:)% TSJ}ID'DG ?51:}1}1] ?SE!I}DG ?5—'31}1—}!] Tﬁ-d-li}l}i] ?55:}1}1} ?SE'IDDG T57000 . . . . . . . . .
X o 06 0 0 0 0 0 00O
Bubble Size | O 0 0 0 0 0 0 00O
1/21/2025 28 Ov o 0 0 0 0 0 0 .90
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ST Geoderma

“EYTEF journal homepage: wew.slsovier.comfocate/geoderma

Evaluation of conditioned Latin hypercube sampling for soil mapping based @ M |

on a machine learning method

0
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1 ' 2 o Applving Conditional Latin Hypercube (cLHS) for selecting soil sampling location for
T — Digital Soil Mapping at Parque Estadual da Mata Seca, MG, Brazil

— — - s rosm ML. Mendonga-Sanfos®, RO, Dart” and RL L. Berbara®

A . & = ! Researcher at EMBRAPA Solos Brazitian Agricultural Research Corporation / The
Figure 2. Result of the application of cLHS with 60 | s e ofsai Researh. Rua Jatim Btinio 1024, CEP 22.460.000, Ri e
* Janeiro, RY, Brazil e-mail: lJoumendonca@cnps.embrapa. br
* Feliow at Embrapa Sol0s. e-mail: rarts1 @yvahoo.com br
* Professor at UFRRT - Universidade Federal Bural do Rio de Janeiro, BR. 465 K7,
CEP23890-000, Seropedica, BT, Brazil. e-mail: berbara@ufrr. br
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Package *clhs’

October 14, 2021
Type Package
Titke Conditioned Latin Hypercube Sampling
Yersion 090
Daie 2021-10-14
Maintainer Pieme Rowdier <rowdierp@landcareresearch. co.nz»

URL https://github. con'plerrercudiersclhs!

BugReporis htitps://github. com'plerreroudier/clhs/{s:

Description Conditioned Latin hypercube sampling, as publishs
ney (2006 <00 100100 67.cageo 300G, 1 2 004 This mei
pling in presence of ancillary data Anextension of this me
ciate a cost to each individuzs] and take it into acoount duri
cess, is also proposed (Rowdierat al | 20012, < DOE 10 1201

Depends B (== 2.14.00

Imports utils, methods, grid, gzpled, sp. sf, raster, reshape2, pl
cluster, Ropp

LinkingTo RcppArmadillo, Ropp

License GPL &=12)

Encoding UTE-8

LazyLoad yes

Sugpests knitr, rarkdown, iestthat

YVignetieBuilder knitr

Roxypen™otle 7.1.2

Collate "HeppExpons B "clhs-internal B ‘clhs-data frame B
“clhs-package. R “clhs-raster.R" utils. B "clhs. K clhs-sf. R
“clhs-sp. R plot B “simdlanity. B

MeedsCompilation yes

Awnthor Perre Roudser [aut, cre).

Colby Bragnard |ctb],
Dhylan Beaudetie [cth],

1/21/2025

clhs gusy
R Mbﬁ 4o

cran.r-project.org/web/packages/clhs/vignettes/intro-clhs.html

Introduction to conditioned Latin
hypercube sampling with the clhs
package

2021-10-14

A simple example

data(diamonds, package = 'ggplot2’)

diamonds <- data.frame{diamonds)

head(diamonds}
## carat cut color clarity depth table price ® s z
## 1 8.23 Ideal E 512 61.5 55 326 3.95 3.98 2.43

## 2 8.21 Premium E 5I1 59.8 61 326 3.89 3.84 2.31

3 9.23 Good E V51 56.9 65 327 4.85 4.87 2.31

## 4 9.29 Premium I V52 62.4 58 334 4.28 4.23 2.63

## 5 2.31 Good ) 512 63.3 58 335 4.34 4.35 2.75
1

## 6 ©.24 Very Good Wvs2 62.8 57 336 3.94 3.96 2.48

nrow(diamonds )}

## [1] 53948

In this example we sample the sismonds data set and pick a subset of 100 individuals using the cLHS method. To
reduce the length of the optimisation step to 1000 iterations to save computing time. This is controlled through
the iter option. The progress bar is disabled because it doesn't renders well in the vignette. By default, the index
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