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Introduction

Soil Monitoring Law (SML)

unified sample allocation

unified field sampling protocol

standardized set of indicators

maximal possible harmonization of laboratory methods

Part A of Annex Il - obligatory criteria

stratified random sampling
stratified upon soil units/districts according Article 4(2).
required maximum estimation error within soil units

best available information on the soil properties
distribution
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SML suggested methodology

Bethel’s algorithm (Bethel, 1989)
= statistical determination of the
minimum sample size and the
allocation of those samples
across different strata L
accounting the constrain of SRR L

maximal require 5% error S B

Bethel, J.W. (1989). Sample Allocation in Multivariate Surveys. Survey Methodology, Vol. 15, pp. 47-57

&VUMOP  Program Prostfedi pro zivot



y - 4 & LSS &

modern numerical solution for Bethel method using @S
genetic algorithms exploring the universe of the SCAN ME for R package
possible alternative stratifications (Ballin & Barcaroli,

2014) ORgaA0

implemented within R package ,, SamplingStrata“

SCAN ME
for manuscript

Ballin, M., & Barcaroli, G. (2014). Joint determination

of optimal stratification and sample allocation using genetic algorithm. Survey Methodology, 39 , 369-393.
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Initial conditions for test -

1 domain
stratification layers = 1 — 4 grids (Cd, Cu,
Pb, Zn from universal kriging)

optimal number of strata: k-means
clustering

sample allocation within strata: genetic
algorithm

required estimation error = as coefficient
of variation =< 5 % in domain
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Meuse dataset (NL)

155 samples - trace elements (Cd, Cu, Pb, Zn)

Source Hengl T. (2014): plotKML: Scientific
Visualization of Spatio-temporal Data.
Journal of Statistical Software
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Results

1 grid: Cu grid —10 samples

2 grids: Cu and Zn grids — 15 samples

3 grids: Cu, Zn, and Pb — 16 sample

4 grids: Cu, Zn, Pb, and Cd — 16 samples
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Results

Strata boundaries in domain 1

Domain Stratum Population Allocation SamplingRate
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Cd. pred

. 006803
-002622
.004264
-004645
- 006004
- 006602
- 008696
.017699

= N W A~ DD N

Cu.pred

Pb.pred

Zn.pred

DOML 0.0488414 0.0373385 0.0479819 0.0364119

Stratification using 4 grids and new samples
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Initial conditions— Czech field study

1 domain P e
. . _ . . - 220 samples: [@) ittt sahues?

stratification layers = 8 grids (kriging utrients (N, P. K. Mg, Ca), SOC, pH, CaC0, Codim-F% Hii’il:

interpolation) A A Iy s

optimal number of strata: k-means
clustering

sample allocation within strata: genetic
algorithm

Sampling designs

cLHS 10 =
* cLHS 30 |

coefficient of variation =<5 % in
domain e

= FSCS 30

= FSCS 60

o simple random
0
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P.pred K.pred Mg.pred Ca.pred pH.pred Ntot.pred Cox.pred
DOML 0.05 0.0432898 0.0405533 0.05 0.0126584 0.0291314 0.0333388
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European test

moving from local to
national/continental scale = need for
algorithm adaptation

pan European testing of several
scenarios of adaptation under
coordination of the Belgian
presidency (2024) and support of
Joint Research Centre (JRC)

&VUMOP  Program Prostfedi pro zivot

EU

Informal videoconference of the

WPE on Soil Monitoring Law -
sampling design (Bethel algorithm)

Experts meeting — 2"9 February 2024
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don't target the same descriptors than . .
Various lists of ICP Forest)
ational if grids for
. bnational o .
Test2: 0,05 | Best avj Source of data ttr)lras It:r;i stratification Random 500X500 |same as test
JRC vs best
available ational i \ ——————~ S
i bnati 11 /
Test3: 0,05 |Bestav natlonal data nationa ‘a.y‘ers same as test 1 same/\s test 1 Random + existing monitoring points 50% 1
tors than initial
set Domain changes
Replace EU by national/subnational if various hdcover,
Testa: 005 | Best available available, even if national/subnational layers same as test 1 ional Soil
’ ’ don't target the same descriptors than initial . definitions of hal
set P soil units prea
Replace EU by national/subnational if ada ptation of the hdcover,
0,05 |Best available available, even if national/subnational layers same as test 1 kfl I ting monitoring points 50% k jional soil
’ don't target the same descriptors than initial wor ow USIng g ep ’ —r——-<gional
set cLHS | |Bioc|imatic area
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Table 1. Total sample size for all EU-test scenarios from 2 rounds of
simulation with changing input conditions

* JRC-based scenario with default LUCAS grids (A) Combination of best national data and JRC data LUCAS-based data (B)
** initial simulation conditions in terms of allocation of input random samples and cLHS-based filtering of data

A* B* A* B* A* B* A* B* A* B*

ADIDDIVAET GRS 2471 2014 1311 2199 1357 2597 384 3185 2471 3888

COMODVEMDD UGN 3361 2815 3330 2977 3400 2604 842 4816 3361 5049

L Table 2. Total sample size for 2 scenarios (JRC data = A1 vs B5 = best
sk | - ] - | national data) for EU-member states
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Concluding notes

The main driving factors for final size and allocation of samples for Bethel implementation
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