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Why is there a need for EU-wide soil monitoring?

1. Unbiased estimation of the soil parameters on which the indicators are

established;
2. Optimal coverage of different types of land use that drive soil degradation

processes;
3. Optimal coverage of topographic, climatic, geological and biological
variability of factors influencing soil characteristics;
4. Economic sampling.



Planning interventions to mitigate soil
sealing impacts and adaptation to
climate change in urban areas
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Brussels, 5.7.2023
COM(2023) 416 final

2023/0232 (COD)

Proposal for a
DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
on Soil Monitoring and Resilience (Soil Monitoring Law)

{SEC(2023) 416 final} - {SWD(2023) 416 final} - {SWD(2023) 417 final} -
{SWD(2023) 418 final} - {SWD(2023) 423 final}

Article 4
Soil districts
Member States shall establish soil districts throughout their territory.

The number of so1l districts for each Member State shall as a minimum correspond to

the number of NUTS 1 territorial units established under Regulation (EC) No
1059/2003.

When establishing the geographic extent of soil districts, Member States may take

into account existing administrative units and shall seek homogeneity within each
soil district regarding the following parameters:

(a) soil type as defined in the World Reference Base for Soil Resources’:
(b) climatic conditions;

(c) environmental zone as described in Alterra Report 2281 7:

(d) land use or land cover as used mn the Land Use/Cover Area frame statistical
Survey (LUCAS) programme.
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WAGENINGE N [N

Twenty of the most relevant available environmental variables
were selected, based on those identified by statistical screening
(Bunce et al., 1996c¢). These were

(1) climate variables from the Climatic Research Unit (CRU) TS1.2
dataset (Mitchell et al., 2004),

(2) elevation data from the United States Geological Survey
HYDRO1k digital terrain model, and

Descriptions of the European (3) indicators for oceanicity and northing.
Environmental Zones and Strata

Principal Component Analysis (PCA) was used to compress 88% of
e the variation into three dimensions, which were subsequently
clustered using an ISODATA clustering routine. The classification

procedure is described in detail by Metzger et al. (2005a).

https://edepot.wur.nl/197197
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The LUCAS experience

Stratified random sampling

Samples from 22,000 sites across the EU
(2009/2012, 2015, 2018)

Samples from 40,000 locations across the EU
(2020)

“Snapshot” survey: conducted in one year

Only harmonized soil data collection program
for the EU (so far...)
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The database structure is that stipulated by the World Reference Base for Soil Resources(WoSIS) of 2018.
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In the new Soil Map for mainland
Portugal (1:100,000), there will be a
distinction between watercourses and
artificialized areas, as in the previous
maps they were both grouped under
Social Area.

Correction
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SOIL CHEMICAL PROPERTIES

Variable Name Rescaling function Rationale Dataset Source References
o it Near function with Higher values = values of
oi
> midpoint value pH of 6.4 and those closer
Higher values = higher
Soil Organic Carbon Linear percentage organic carbon Gardi et al., 2016
in soil
_ SOILGRIDS
, , , Higher values = values of
Carbon-Nitrogen Near function with \
_ _ _ Carbon-Nitrogen of 24:1 Brust, 2019;
Ratio midpoint value
and those closer
Higher values = higher
Cation Exchange _ 2 2 Chowdhury et al.,
_ Linear values of CEC = good
Capacity . 2021
capacity

SOIL PHYSICAL PROPRITIES

Variable Name Rescaling function Rational Dataset Source References

Proportion of clay, sand

_ and silt Higher Values = Loamy Seation et al (2020);

Soil Texture _ _
USDA soil texture Soils Yang et al (2023)
classes
Higher values = values of SOILGRIDS
) , _ bulk density lower than Lehmann et al
) Small with midpoint

Bulk density 133 cg/cm3 (the used (2020); Montgomery

value , : -
optimal value is for a & Biklé (2021);

medium textured soil)




4'""MOPT CONFERENCE

SOIL HEAVY METALS

Variable Name Normalization function Rationale Dataset Source References

Vacha (2021); Rashid

I(-:Il; Small with midpoint Higher values = values et al (2021); Quinton

ob value (established lower than the established = and Catt (2007); Hu
thresholds) thresholds et al (2018);

Mn Kelepertzis (2014)

Sb

Co

Ni
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* Coarse fragments

* particle-size distribution (clay, silt,
sand)

° pH
* Organic carbon

e Carbonate content

* Total nitrogen content

* Extractable potassium content
* Phosphorous content

* Cation exchange capacity

* Soil Biodiversity
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Copper distribution in European topsoils: An
assessment based on LUCAS soll survey

* Cuiscorrelatedto soil properties (pH, texture, OC), climate, geology and management.
* Vineyards (49.3 mg kg™1), olive groves (33.5 mg kg™1) and orchards (27.3 mg kg!) show high [Cu]
that may be affected by the application of Cu-based fungicides for controlling plant diseases

/Iltu\ copper (Cu) A

Cu
-0
- %0

g 7. Mup ol topaas! Copper acents st (g by o LA " o

Ballabio et al. (2018) https://doi.org/10.1016/j.scitotenv.2018.04.268. Panagos et al.(2018) https://doi.org/10.3390/su10072380

g » ‘ _‘: .i\_'..f:;e ‘ ‘ ¥ Ag}_.'_;.. ¥
g : LSRR (N N : \ ; e ",;- d ‘
LUCAS Topsaoil \ Bulk density Erosion sediments CCM Catchment
Orglazzi et al, 2018 Physical Ballabio et al,, 2016 Borelli et ol,, 2018 Vogt et al, 2007
properties thatyrt
Chemical
properties v

Mercury in European topsoills:

Anthropogenic sources, stocks and fluxes

In the European Union and UK, about 43 Mg Hg yr~! are displaced

by water erosion and 6 Mg Hg yr~' are transferred to river basins
and tO Coastal Oceans_ Panagos et al.(2021)., Environmental Research, 201, (111556) 0013-9351

-

Topsoil Hg concentrations Mercury stocks Hg losses in river basins
Bollabio et al., 2021 and sea Outlets
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Spatial assessment of topsoil zinc . S o
concentrations in Europe "

-1.43-
Based on LUCAS topsoil database, the mean Zn concentration in Europe is 47 mg
kg-1 and median Zn concentration is 40 mg kg-1. Ninety nine percent of all samples
have concentrations below 167 mg kg-1. Soil texture and pH are most important
drivers for the variation in topsoil Zn B High Zn concentrations are found near Zn
deposits, and in grasslands
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Study of the distribution of soil biodiversity

Using EO data (Sentinel 1 and 2, Landsat, etc.),
climate (Worldclim) and other data, map the diversity
of bacteria and fungi across the EU

High spatial resolution (100m) — reasonable accuracy
0.4 R2)???

Denmark
Strait
Reykjavik Norwegian
® " ICELAND sea
bacteria_diversity.tif
Value
13974.7

2046.95

Casablanca
o

we

Gulf of
Bothnia

North Sea

Celtic Sea

Bay of
Biscay

Yaléncia ~

L 4

o Mediterranean
Sea

Sea

Palermg

Algiers
ey

i Oran
Melilla e

s
JFez Atlas Mountain

ountains ~ TUNISIA

Tripoli
STripoli

aldhiki «
o

Aegean
Sea

A

Tonian
Sea

LGLN, Esri, HERE, Garmin, FAO, NOAA, USGS, Esri, USGS

OBenghan
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Cluster ISODATA 10 clusters

File Description
PT_BDO010.tif Bulk density in the 0-10 cm layer
PT_BD1020.tif Bulk density in the 10-20 cm layer
PT_BD2030.tif Bulk density in the 20-30 cm layer
PT_CEC.tif Cation exchange capacity
PT_CF.tif Coarse fragments
PT_CLC.tif Corine Land Cover class
PT_N.tif Nitrogen content
PT_NUTSO.tif NUTSO region
PT_NUTS1.tif NUTS1 region
PT_NUTS2.tif NUTS2 region
PT_OC.tif Organic carbon content
PT_pH.tif Soil pH
PT_P.tif Phosphorus content
PT_TXT.tif Soil texture
PT_RUSLE.tif RUSLE soil erosion map
PT_Cu.tif Soil copper concentration
PT_Cd.tif Soil cadmium concentration
PT_Hg.tif Soil mercury concentration
PT_Zn.tif Soil zinc concentration
PT_CaCO3.tif Soil calcium carbonate
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Principal Component A

nalysis

Component

Eighenvalue (%)

Eighenvalue

1

83.7351

83.7351

2

10.5124

94.2475

5.7525

100.0000
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Contents lists available at ScienceDirect

International Journal of Applied Earth
Observation and Geoinformation

o T

ELSEVIER

journal homepage: www.elsevier.com/locatefjag

Dealing with the uncertainty of technical changes in the CORINE Land

Cover dataset: The Portuguese approach CORINE Status Layer (CSL) - 1990

David Garcia-Alvarez ™ , Claudia M. Viana ™, Eduardo Gomes ", Filipe Marcelino*, Provided by
Mério Caetano °, Jorge Rocha ™" Copernicus Land Monitoring Service

CORINE Layer of changes (CHA)
1990/2000

CORINE Status Layer (CSL) - 1990

Provided by
Direcao-Geral do Territorio (DGT)
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Ecological Indicators
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To delineate Soil Districts:
*Clustering Algorithms (Tested):
* Random Forest with MDS and Fuzzy k-means
* Agglomerative Hierarchical Clustering
* Fuzzy c-means
 DBSCAN (Density-Based Spatial Clustering of Applications with Noise)

To generate random sampling points:
developed with JRC to choose sampling locations
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Variables: Measured statistics
y wich were used as
* Bulk Density at three dephts: 0-10 cm, 10-20 cm and 20-30 cm; input to the cluster
* Soil Copper Concentration; algorithms:
* Nitrogen Content;
e Organic Carbon Content; - Minimum
* Phosphorus Content; -
e Soil pH:; - Maximum
* Soil Texture at three dephts: 0-10 cm, 10-20 cm and 20-30 cm;
* Positive Precipitation; - Mean
* Maximum Temperature;
« Minimum Temperature. ) - Standard Deviation
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Nuts Il .
} Agglomerative
i Random Forest Hierarchical Clustering
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Lanscape Units Fuzzy c-means DBSCAN
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Fuzzy c-means Hierarchical Clustering
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Nuts Il
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Random Forest Hierarchical Clustering

;”x
42°M 42°N
i
~
— 41°N B e S
Nuts Il intersected with 41°N A =
' B
Landscape Units ol
; Cluster
A e |
40°N -
o ) % 40°N ( 2 —_
b - &

Landscape Units A P 39°N

00 ~N O O, B W N -

%
N " mad
A - 3 g N ‘
4
3g°N
f¢
R e T
\‘,/ 0 0 100 3 8 o ‘
p—

3N

,,,,,,

95°W 9.0°W 8.5W B.0°W 7.5W T.0W 65°W

| E BB %
o Cluster
7 # : . o NG . 2 D 4 . 6 D g 9 5:..'..,. 9 0: v',.‘ .5:.".'., 8.0:.'-“-‘ 7 5: ..A.‘ 70: l.,\.‘. El SZA'.A.'




4'""MOPT CONFERENCE

Random Forest Hierarchical Clustering
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. Select (few) soil properties
. Obtain LUCAS soil property derived maps

using ML and EO as proxy for the true soil
property distribution

. Prototype strata inputs based on land

cover types, NUTS regions and climate.

. ldentify a reasonable number of

candidate points by random sampling

. Selecting a manageable subsample
. The number of samples with a target of

0.05 VC on the selected soil properties

The Bethel algorithm (Bethel, 1989) constitutes an approach for the ideal
determination of the total sample size and allocation of sampling units in a

stratified manner.

It allows to determine both the total sample size and the allocation of units in
strata, in order to minimize costs due to restrictions arising from the levels of

precision of the estimates.
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Input variables

A

/

File

Description

PT_BDO010.tif

Bulk density in the 0-10 cm layer

PT_BD1020.tif

Bulk density in the 10-20 cm layer

PT_BD2030.tif

Bulk density in the 20-30 cm layer

PT_CEC.tif Cation exchange capacity
PT_CF.tif Coarse fragments
PT_CLC.tif Corine Land Cover class
PT_N.tif Nitrogen content
PT_NUTSO.tif NUTSO region
PT_NUTSL.tif NUTS1 region
PT_NUTS2.tif NUTS2 region

PT_OC.tif Organic carbon content
PT_pH.tif Soil pH

PT_P.tif Phosphorus content
PT_TXT.tif Soil texture

PT_RUSLE.tif RUSLE soil erosion map
PT_Cu.tif Soil copper concentration
PT_Cd.tif Soil cadmium concentration
PT_Hg.tif Soil mercury concentration
PT_Zn.tif Soil zinc concentration
PT_CaCO3.tif Soil calcium carbonate

Administrative/Ge ngraphic divisions

Soil properties and Climatic variables

N° of sampling points generated

N2 of Soil Districts

Carta de Solos (APA) BO10, Cu, N, OC, P, pH 395 33
CLC, BO10O, Cu, N, OC, P, pH 431 29

Unidades de Paisagem (DGT) AU ol 2L B £
CLC, BO10O, Cu, N, OC, P, pH 938 57

NUTS Il e Zonas Ambientais B010, Cu, N, OC, P, pH 458 39
BO10, Cu, N, OC, P, pH 286 16

CLC, BO10, Cu, N, OC, P, pH 236 14

BDO10, Cu, N, OC, P, pH, PP, TMAX, TXT010 557 13

NUTS I C0OS2018, BDO10, Cu, N, OC, P, pH, PP, TMAX, TXT010 519 14

BD1020, Cu, N, OC, P, pH, PP, TMAX, TXT1020 382 12

C0OS2018, BD1020, Cu, N, OC, P, pH, PP, TMAX, TXT1020 375 11

BD2030, Cu, N, OC, P, pH, PP, TMAX, TXT2030 377 12

C0OS2018, BD2030, Cu, N, OC, P, pH, PP, TMAX, TXT2030 418 11

Best Result
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Portugal are those where the number of sampling points is lower and the
number of resulting soil units allows one to verify that there is neither excessive
stratification of the territory nor excessive generalization, due to the
heterogeneity of soils in mainland Portugal.

The best combination obtained in this study was Test 7, which used as a domain
the Nuts Il regions combined with the simplified Corine Land Cover map, as
well as using few variables regarding soil properties and climatic variables,
which nevertheless proved to be quite important in the algorithm. This was also
the most favorable result in financial terms, since soil samples are expensive
and the European Union only covers 20% of that cost.

It is concluded from this study that when using this type of algorithm, the use
of too many variables does not show such favorable results, and overly detailed
variables also end up impairing the algorithm's results. Variables with too many
classes can likewise negatively affect the algorithm, since the classes may be
disproportionate in size and intra-class values. The use of such variables leads
to certain results showing a high number of sampling points that are
disproportionate to the reality of the country's soils.

&  Scoplng Pants
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THANK YOU

JORGE.ROCHA@EDU.ULISBOA.PT
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