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• The soil quality monitoring network for French soils (RMQS)

• Can we use the French spectral library for soil properties estimation
• At National Scale (in France)?
• At Regional Scale (in France)?
• At Regional Scale (Outside of France)?
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The soil quality monitoring network for French soils (RMQS)
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A program funded and coordinated by the group of scientific 
interest SOL (Gis Sol)

for heritage and sustainable soil management

The soil quality monitoring network for French soils (RMQS)
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Arrouays D., Jolivet C., Boulonne L., Bodineau G., Saby N. et Grolleau E., 2002 - Une initiative nouvelle 
en France : la mise en place d’un réseau multi-institutionnel de la mesure de la qualité des sols (RMQS). 
Comptes rendus de l’Académie d’Agriculture de Paris, 88, n° 5, pp. 93-103

Toward a long-term monitoring of soil quality

 National statement (global statistic report on 
soil parameters evolution)

 Mapping (to get an instant picture of soil quality 
and detect gradients)

 Warning (early detection of unsuspected 
evolution)

Archiving (to constitute a bank of soil samples)
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The soil quality monitoring network for French soils (RMQS)



7

 2200 sites

 located along a 16 x 16 km grid

 on continental France and 
overseas territories

 representative of French soils 
and land-uses

 resampled with 15 years 
interval

A systematic network representative of French soils 
and land-uses

Voisin E., Boulonne L., Jolivet C., Ratié C., Arrouays D. – 2012. Analysis 
of the representativeness of land use in France by the French soil 
monitoring network, Poster, Eurosoil congress, Bari, Italy

The soil quality monitoring network for French soils (RMQS)

Fallow

Natural habitats

Urban parks / gardens

Agricultural lands

Woods and forests

Grasslands

Vineyards / orchards

Impossible sampling

Land-use
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RMQS1 : 2000-2015
• Continental France : 2000-2009 
• Overseas territories : 2006-2015

 2006 Guadeloupe
 2007 Martinique
 2012 Réunion & Mayotte

 2014-2015 French Guyana (coast)

RMQS2 : 2016-2030
…

A new sampling campaign each 15 years

Site n° 1402 Chamonix-Mont-Blanc (73)

Site n° 3030 St Philippe, Réunion

The soil quality monitoring network for French soils (RMQS)
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The soil quality monitoring network for French soils (RMQS)

A sampling design dedicated to soil 
monitoring
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2nd campaign
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12

1st campaign

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

N

2 m

2 m

20 m

The soil quality monitoring network for French soils (RMQS)

0-30 cm

30-50 cm

2

2

2

2 2

2

2

A sampling design dedicated to soil 
monitoring



4th campaign

3rd campaign2nd campaign

13

1st campaign

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

N

2 m

2 m

20 m

The soil quality monitoring network for French soils (RMQS)

0-30 cm

30-50 cm

2

2

2

2 2

2

2

A sampling design dedicated to soil 
monitoring



4th campaign

3rd campaign2nd campaign

14

1st campaign

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

N

2 m

2 m

20 m

The soil quality monitoring network for French soils (RMQS)

0-30 cm

30-50 cm

2

2

2

2 2

2

2

A sampling design dedicated to soil 
monitoring

50-75 cm

75-100 cm

https://www.gissol.fr/le-gis/programmes/rmqs-34

English 
translation 
coming soon !

https://www.gissol.fr/le-gis/programmes/rmqs-34


Environment & 

contamination sources

History & management 

practices = enquiries

Data collection on the environment and practices

→ essential data rarely collected on soil monitoring networks

The soil quality monitoring network for French soils (RMQS)



• Carbon & climate change
 Deep organic carbon stocks ≤1m
 Particulate organic matter
 Organic matter quality: Black carbon, Glomaline

• Soil attributes
 Particle size distribution, pH, C, N, P, CEC, exchangeable cations, major elements, etc.

• Hydric properties
 Soil water retention 

• Soil biodiversity
 Microbial richness & diversity by DNA extraction (Génosol) 

 Enzymatic activity (BioChemEnv)

• Contaminants & human health
 Traces elements: As, Cd, Co, Cr, Cu, Hg, Mo, Ni, Pb, Tl, Zn 
 organic pollutants: HAP, PCB, dioxines, furanes, OCP, herbicides
 Pathogenic microorganisms

A complete analytical menu for soil characterisation
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The soil quality monitoring network for French soils (RMQS)

• Vis-NIRS, NIRS, MIRS
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The soil quality monitoring network for French soils (RMQS)

SOC
(Collected at 0-30 cm depth)

SOC g/kg
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The soil quality monitoring network for French soils (RMQS)

SOC g/kg
SIC g/kg

SOC
(Collected at 0-30 cm depth)

SIC
(Collected at 0-30 cm depth)
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The soil quality monitoring network for French soils (RMQS)

SOC
(Collected at 0-30 cm depth)

SIC
(Collected at 0-30 cm depth)
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Visible Near-infrared reflectance spectroscopy
(LabSpec 2500, ASD)

 350-2500 nm range

 80 mm² area measured

 32 co-added scans recorded as Absorbance

Soil Sample preparation: 
 0.2 mm ground
 oven-dried at 40°C 

The soil quality monitoring network for French soils (RMQS)

The Vis-NIR spectral measurements
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Near-infrared reflectance spectroscopy
(FOSS NIRSystems 5000)

 1100-2500 nm range

 42 mm² area measured

 5 g subsample

 32 co-added scans recorded as Absorbance

The soil quality monitoring network for French soils (RMQS)

The NIR spectral measurements

Soil Sample preparation: 
 0.2 mm ground
 oven-dried at 40°C 
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Mid-infrared reflectance spectroscopy
Thermo Nicolet 6700 FTIR

 2500-25000 nm range

 13 mm² area measured

 0.5 g subsample

 32 co-added scans recorded as Absorbance

The MIR spectral measurements

The soil quality monitoring network for French soils (RMQS)

Soil Sample preparation: 
 0.2 mm ground
 oven-dried at 40°C 
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Can we use the French spectral library for soil properties 
estimation at National Scale (in French Territory)?
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Can we use the French spectral library for soil properties estimation 
at National Scale (in French territory)?

=> Scenario 1

1st scenario

Area coverage Calib DB = Test DB

Database sizes Calib DB > Test DB
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Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Questions
 Which wavelength range performs the best? NIR, MIR?

 What is the optimum number of Calibration samples? 

 How to select Calibration data? 

Clairotte et al., 2016. Geoderma
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Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Data

 ~3800 Soil samples of RMQS
Collected at 0-30 cm and 30-50 cm depth

 NIR and MIRS spectra

 Soil Organic Carbon (SOC)

Questions
 Which wavelength range performs the best? NIR, MIR?

 What is the optimum number of Calibration samples? 

 How to select Calibration data? 

Clairotte et al., 2016. Geoderma



Data

 ~3800 Soil samples of RMQS
Collected at 0-30 cm and 30-50 cm depth

 NIR and MIRS spectra

 Soil Organic Carbon (SOC)
27

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Questions
 Which wavelength range performs the best? NIR, MIR?

 What is the optimum number of Calibration samples? 

 How to select Calibration data? 

Clairotte et al., 2016. Geoderma

Methods

 PLSR to build regression models

 10 % of samples (= 380) used for Independent 
Validation

 10 % of samples (= 380) used for model tuning

 Calibration Data selected among remaining samples 
(~3040 samples): 
 randomly (with 10 replicates)
 by Kennard-Stone algorithm  (with 10 

replicates)
 By spectral neighbours

 Ncal = 20 - 100% of the remaining samples (~3040 
samples)
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Random selection

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Local calibration samples
Based on Spectral neighbours

(Shenk et al., 1997)

RMQS dataset
16 km

3 ways for the Calibration Data selection

Kennard-Stone
Based on spectral representativeness

(Kennard and Stone, 1969)
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Random selection

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

RMQS dataset
16 km

3 ways for the Calibration Data selection

Global PLSR

Local PLSR

Local calibration samples
Based on Spectral neighbours

(Shenk et al., 1997)

Kennard-Stone
Based on spectral representativeness

(Kennard and Stone, 1969)
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% of the calibration set % of the calibration set

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Three strategies for Calibration set Selection

___ Random selection

Soil Organic Carbon (g kg-1)

R
P

D

SE
P

VAL.set (380)
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% of the calibration set % of the calibration set

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Three strategies for Calibration set Selection

___ Random selection

---- Kennard-Stone selection

Soil Organic Carbon (g kg-1)

R
P

D

SE
P

VAL.set (380)
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% of the calibration set % of the calibration set

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Three strategies for Calibration set Selection

___ Random selection

---- Kennard-Stone selection

Local Calibration

Soil Organic Carbon (g kg-1)

R
P

D

SE
P

VAL.set (380)
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Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

MIRS

Local PLSR

Calibration set = 100 % 
= 3076 samples

Validation set = 380 samples

Soil Organic Carbon (g kg-1)

SEP = 4.7 g/kg 
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Questions
 Which wavelength range performs the best? NIR, MIR?

 What is the optimum number of Calibration samples? 

 How to select Calibration data? 

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 1

Clairotte et al., 2016. Geoderma

Highlights

 MIR >> NIR for SOC prediction at our National scale.

 The greater the number of samples, the better the performance.

 Even 20% of the National Dataset provided correct accuracy of SOC estimation.

 Spectral neighbours >> Kennard-Stone >> Random

 Maps of predicted properties appropriate for large-scale soil inventories and 

mapping studies, but not for accurate carbon monitoring
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Can we use the French spectral library for soil properties estimation 
at National Scale (in French territory)?

=> Scenario 2

1st scenario 2nd scenario

Area coverage Calib DB = Test DB Calib DB = Test DB

Database sizes Calib DB > Test DB Nb Calib DB = 100% - Nb Valid DB



Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2

Grinand et al., 2012. EJSS

Question
 Which performances can we expect depending on the number of Calibration samples (from higher 

to lower than the number of Validation samples)?



Data

 2086 soil samples of RMQS
Collected at 0-30 cm depth

 MIR spectra

 Soil Organic Carbon (SOC) and 
Soil Inorganic Carbon (SIC) 37

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2

Question
 Which performances can we expect depending on the number of Calibration samples (from higher 

to lower than the number of Validation samples)?
Grinand et al., 2012. EJSS



Data

 2086 soil samples of RMQS
Collected at 0-30 cm depth

 MIR spectra

 Soil Organic Carbon (SOC) and 
Soil Inorganic Carbon (SIC) 38

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2

Methods

 PLSR to build regression models

 Calibration using Ncal = 10-80% of the set

 Five random selection of samples

 Validation using remaining samples 
(100%- Ncal)

Question
 Which performances can we expect depending on the number of Calibration samples (from higher 

to lower than the number of Validation samples)?
Grinand et al., 2012. EJSS
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Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2

DB Calib < DB Test

% of the calibration set

VAL.set (100 -X %)

CAL.set (X %)

DB Calib > DB Test

% of the calibration set

Random selection of 
Calibration set
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Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2



Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2

41

Random selection of 
Calibration set

SEP = 7.2 g/kg 

SEP = 2.9 g/kg 

VAL.set (80 %)

CAL.set (20 %)



42

Highlights

 Optimal calibrations were achieved by using 20% of the RMQS dataset for
both SOC and SIC predictions….

…. With a similarity between regression coefficients of calibration equations
that used 20 and 100% of the total set

 Maps of predicted properties still appropriate for large-scale soil inventories 
and mapping studies, but not for accurate carbon monitoring

Can we use the French spectral library for soil properties estimation at National Scale (in French Territory)? Scenario 2

Question
 Which performances can we expect depending on the number of Calibration samples (from higher 

to lower than the number of Validation samples)?
Grinand et al., 2012. EJSS
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Can we use the French spectral library for soil properties 
estimation at Regional Scale (in France)?
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Can we use the French spectral library for soil properties estimation 
at Regional Scale (in French territory)?

=> Scenario 3

1st scenario 2nd scenario 3rd scenario

Area coverage Calib DB = Test DB Calib DB = Test DB Test DB ϵ Calib DB

Database sizes Calib DB > Test DB Nb Calib DB = 100% - Nb Calib DB Calib DB >> Test DB

DB Test 
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Questions
 Which performances can we expect when the validation samples come from a region 

compared to Calibration samples coming from National area?

 Which approach is appropriate in this specific situation?

Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Barthes et al., 2020. Geoderma

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Data

 2178 soil samples of RMQS 
Collected at 0-30 cm depth

 164 regional soil samples from 
Vineyard plots (South of  France)

• A sample per vineyard plot
• Collected at 0-15 cm depth

 MIRS spectra

 Soil Inorganic Carbon (SIC)

Questions
 Which performances can we expect when the validation samples come from a region 

compared to Calibration samples coming from National area?

 Which approach is appropriate in this specific situation?
Barthes et al., 2020. Geoderma

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Data

 2178 soil samples of RMQS 
Collected at 0-30 cm depth

 164 regional soil samples from 
Vineyard plots (South of  France)

• A sample per vineyard plot
• Collected at 0-15 cm depth

 MIRS spectra

 Soil Inorganic Carbon (SIC)

Questions
 Which performances can we expect when the validation samples come from a region 

compared to Calibration samples coming from National area?

 Which approach is appropriate in this specific situation?

Methods

 PLSR to build regression models

 Four tested approaches. Calibration from
1. 2178 soil samples of RMQS 
2. 2178 soil samples of RMQS + spiked Regional samples

3. spectral neighbours of RMQS 
4. spectral neighbours of RMQS + spiked Regional 

samples

 Validation using 134 among the 164 regional samples
 30 remaining samples possibly used for spiking

DB Test 
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Questions
 Which performances can we expect when the validation samples come from a region 

compared to Calibration samples coming from National area?

 Which approach is appropriate in this specific situation?

Methods

 PLSR to build regression models

 Four tested approaches. Calibration from
1. 2178 soil samples of RMQS 
2. 2178 soil samples of RMQS + spiked Regional samples

3. spectral neighbours of RMQS 
4. spectral neighbours of RMQS + spiked Regional 

samples

 Validation using 134 among the 164 regional samples
 30 remaining samples possibly used for spiking

Data

 2178 soil samples of RMQS 
Collected at 0-30 cm depth

 164 regional soil samples from 
Vineyard plots (South of  France)

• A sample per vineyard plot
• Collected at 0-15 cm depth

 MIRS spectra

 Soil Inorganic Carbon (SIC)

Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

DB Test 
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Questions
 Which performances can we expect when the validation samples come from a region 

compared to Calibration samples coming from National area?

 Which approach is appropriate in this specific situation?

Methods

 PLSR to build regression models

 Four tested approaches. Calibration from
1. 2178 soil samples of RMQS 
2. 2178 soil samples of RMQS + spiked Regional samples

3. spectral neighbours of RMQS 
4. spectral neighbours of RMQS + spiked Regional 

samples

 Validation using 134 among the 164 regional samples
 30 remaining samples possibly used for spiking

Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Data

 2178 soil samples of RMQS 
Collected at 0-30 cm depth

 164 regional soil samples from 
Vineyard plots (South of  France)

• A sample per vineyard plot
• Collected at 0-15 cm depth

 MIRS spectra

 Soil Inorganic Carbon (SIC)

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Regional set

National set

Regional set
National set

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

SEP & RPD 

Ncal from
RMQS

Nspike Nval SEPval R²val RPDval

Global 
Models
for SIC 

predictions

2178 0 134 5.2 0.96 3.7

2178 10 134 4.9 0.96 3.9

Local 
Models for 

SIC 
predictions

From 4 to 
2178

0 133 4.8 0.95 4.1

From 4 to 
2178

10 134 2.7 0.98 7.3

From 50 
to 2178

10 115 2.3 0.99 8.9

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

SEP & RPD 

SEP & RPD 

Ncal from
RMQS

Nspike Nval SEPval R²val RPDval
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From 4 to 
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10 115 2.3 0.99 8.9

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Ncal from
RMQS

Nspike Nval SEPval R²val RPDval

Global 
Models
for SIC 

predictions

2178 0 134 5.2 0.96 3.7

2178 10 134 4.9 0.96 3.9

Local 
Models for 

SIC 
predictions

From 4 to 
2178

0 133 4.8 0.95 4.1

From 4 to 
2178

10 134 2.7 0.98 7.3

From 50 
to 2178

10 115 2.3 0.99 8.9

SEP & RPD 

DB Test 
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Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Ncal from
RMQS

Nspike Nval SEPval R²val RPDval

Global 
Models
for SIC 

predictions

2178 0 134 5.2 0.96 3.7

2178 10 134 4.9 0.96 3.9

Local 
Models for 

SIC 
predictions

From 4 to 
2178

0 133 4.8 0.95 4.1

From 4 to 
2178

10 134 2.7 0.98 7.3

From 50 
to 2178

10 115 2.3 0.99 8.9

DB Test 
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Questions
 Which performances can we expect when the validation samples come from a region

compared to Calibration samples coming from National area ?

 Which approach is appropriate in this specific situation?

Can we use the French spectral library for soil properties estimation at Regional Scale (in French Territory)? Scenario 3

Highlights

 The French dataset may provide accurate SIC prediction at regional scale from Global Model 

(« classical approach »)

 SIC predictions may be improved by using spiked samples and Local calibration (=Local-PLSR).

 Using the Local-PLSR approach with sufficient number of neighbours may allow to avoid bad 

predictions on some specific samples poorly represented in the National dataset.

Barthes et al., 2020. Geoderma

DB Test 
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Can we use the French spectral library for soil properties 
estimation at Regional Scale (Outside of France)?



57

1st scenario 2nd scenario 3rd scenario 4th scenario

Area coverage Calib DB = Test DB Calib DB = Test DB Test DB ϵ Calib DB Calib DB ≠ Test DB

Database sizes Calib DB > Test DB Nb Calib DB = 100% - Nb Calib DB Calib DB >> Test DB DB Calib >> DB Test

Can we use the French spectral library for soil properties estimation 
at Regional Scale (Outside of France)?

=> Scenario 4

DB Test 
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Questions
 Which performances can we expect when the validation samples come from a region OUTSIDE 

of the territory covered by the Calibration samples?

 Which approach is appropriate in this specific situation?

Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

Gomez et al., 2020. Geoderma



Data

 2178 soil samples of RMQS
Collected at 0-30 cm depth

 96 soil samples from Tunisia
Collected at 0-10 cm depth

 MIRS spectra

 Soil Organic Carbon (SOC) and 
Soil Inorganic Carbon (SIC) 59

Questions
 Which performances can we expect when the validation samples come from a region OUTSIDE 

of the territory covered by the Calibration samples?

 Which approach is appropriate in this specific situation?

Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

Gomez et al., 2020. Geoderma

Tunisian Dataset
National Dataset



Data

 2178 soil samples of RMQS
Collected at 0-30 cm depth

 96 soil samples from Tunisia
Collected at 0-10 cm depth

 MIRS spectra

 Soil Organic Carbon (SOC) and 
Soil Inorganic Carbon (SIC) 60

Questions
 Which performances can we expect when the validation samples come from a region OUTSIDE 

of the territory covered by the Calibration samples?

 Which approach is appropriate in this specific situation?

Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

Gomez et al., 2020. Geoderma

Tunisian Dataset
National Dataset

Methods

 PLSR to build regression models

 RMQS dataset divided in 75% for Calibration and 25 % 
for Validation

(same SOC and SIC distributions in both)

 2 Tested Approaches. Calibration from
 PLSR using all calibration soil samples of RMQS 
 PLSR using spectral neighbours of calibration 

dataset 

 Test using the 96 Tunisian soil samples
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Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

Similar SIC ranges
but different SIC distributions

Similar SOC ranges and 
distributions

=> non-normal distributions of SOC and SIC 
contents for RMQS samples
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Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

Similar SIC ranges
but different SIC distributions

Similar SOC ranges and 
distributions

 Transformation to normal distribution 
of SOC content of RMQS samples 

(Jaconi et al., 2019)
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Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4



Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

64

𝑹𝒗𝒂𝒍
𝟐 𝑹𝑴𝑺𝑬𝒗𝒂𝒍

g kg-1 𝑹𝑷𝑫𝒗𝒂𝒍 𝑹𝒕𝒆𝒔𝒕
𝟐 𝑹𝑴𝑺𝑬𝒕𝒆𝒔𝒕

g kg-1 𝑹𝑷𝑫𝒕𝒆𝒔𝒕

Global-Model for SIC 
predictions

0.98 2.1 7.6 0.96 5.2 4.9

Local-Model for SIC 
predictions

0.99 1.8 8.8 0.96 5.6 4.6

Global-Model for SOC 
predictions

0.88 7.2 2.7 0.64 16.0 1.3

Local-Model for SOC 
predictions

0.93 5.4 3.6 0.89 6.9 3.0

Global-Model for 
ln(SOC) predictions*

0.90 6.6 2.9 0.97 4.2 4.9

Local-Model for ln(SOC)
predictions*

0.92 5.7 3.4 0.93 5.8 3.6



Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

65

𝑹𝒗𝒂𝒍
𝟐 𝑹𝑴𝑺𝑬𝒗𝒂𝒍

g kg-1 𝑹𝑷𝑫𝒗𝒂𝒍 𝑹𝒕𝒆𝒔𝒕
𝟐 𝑹𝑴𝑺𝑬𝒕𝒆𝒔𝒕

g kg-1 𝑹𝑷𝑫𝒕𝒆𝒔𝒕

Global-Model for SIC 
predictions

0.98 2.1 7.6 0.96 5.2 4.9

Local-Model for SIC 
predictions

0.99 1.8 8.8 0.96 5.6 4.6

Global-Model for SOC 
predictions

0.88 7.2 2.7 0.64 16.0 1.3

Local-Model for SOC 
predictions

0.93 5.4 3.6 0.89 6.9 3.0

Global-Model for 
ln(SOC) predictions*

0.90 6.6 2.9 0.97 4.2 4.9

Local-Model for ln(SOC)
predictions*

0.92 5.7 3.4 0.93 5.8 3.6
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𝑹𝒗𝒂𝒍
𝟐 𝑹𝑴𝑺𝑬𝒗𝒂𝒍

g kg-1 𝑹𝑷𝑫𝒗𝒂𝒍 𝑹𝒕𝒆𝒔𝒕
𝟐 𝑹𝑴𝑺𝑬𝒕𝒆𝒔𝒕

g kg-1 𝑹𝑷𝑫𝒕𝒆𝒔𝒕

Global-Model for SIC 
predictions

0.98 2.1 7.6 0.96 5.2 4.9

Local-Model for SIC 
predictions

0.99 1.8 8.8 0.96 5.6 4.6

Global-Model for SOC 
predictions

0.88 7.2 2.7 0.64 16.0 1.3

Local-Model for SOC 
predictions

0.93 5.4 3.6 0.89 6.9 3.0

Global-Model for 
ln(SOC) predictions*

0.90 6.6 2.9 0.97 4.2 4.9

Local-Model for ln(SOC)
predictions*

0.92 5.7 3.4 0.93 5.8 3.6
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Can we use the French spectral library for soil properties estimation at Regional Scale (Outside of France)? Scenario 4

Questions
 Which performances can we expect when the validation samples come from a region OUTSIDE 

of the territory covered by the Calibration samples?

 Which approach is appropriate in this specific situation?

Highlights

 MIRS is a promising tool for SIC determination, even when the calibration and test
samples originate from different contexts….

… while the SOC prediction performance decreases.

 Local calibration significantly improved SOC prediction of Tunisian samples.

 Log-transformation of SOC were more efficient than the local-model approach.

Gomez et al., 2020. Geoderma
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Main Highlights
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 Current French National Dataset : ~3800 soil samples (collected every 16 km at two depth layers
when feasible : 0-30 and 30-50 cm) associated to Vis-NIR, NIR, MIR spectra, soil attributes, soil
biodiversity indicators…

 Future French National Dataset (collected every 16 km at four depth layers when feasible) :

> 7000 soil samples in 2030, > 11 000 in 2045, and > 15 000 in 2060

 still associated to soil attributes

NIR and/or MIR spectra would be also acquired

 French National Dataset may provide soil properties predictions at both national and local scale
for large-scale soil inventories and mapping studies

 Models using spectral neighbors (Local-PLSR) seem to be more appropriate than Global Models
when using the French National Dataset

Main Highlights



 Have a look on test data (Spectra). Overlap Calibration data?

 Knowledge on pedological context of the test area. Same context than Calibration dataset?

 Define the aim of the soil properties predictions. Pre-classification of soils? Spatial pattern
analysis? Monitoring?

 so define the acceptable SEP for your study

 As explained by Budiman in a previous webinar, be careful to the R2 !
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Main Highlights / Recommendations
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Main Highlights / Recommendations

High potential for soil properties mapping 
(% Clay, SOC, SIC, Iron, …)

 Remote sensing sensors acquire data in Vis-NIR range…

… and provide a synoptic view of the topsoil and a
possible repetitive coverage

 Needs to go further in Vis-NIR developments to get benefit
from the high quality of scattered Lab Vis-NIR spectra and
the high quantity of remote sensing spectra
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Next challenges?
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1st campaign 5 m

2nd campaign

5 m

4th campaign

5 m

3rd campaign
5 m

2nd campaign

5 m

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

1 4 1 4 1 4 1 4 1 4

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

2 3 2 3 2 3 2 3 2 3

N

2 m

2 m

20 m

5 m

Soil pit

Could we use these NIR or MIR data 
to estimate soil properties on soil 

samples collected during next 
campaigns?

Next challenge?
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Regarding the prediction errors, 
which temporal change of soil 
properties could we detect?

Soil Organic Carbon (g kg-1)

SEP = 4.7 g/kg 

Next challenge?
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Do we need to estimate an 
uncertainty and error to each 

new prediction? 

Next challenge?
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Could we stop testing regression methods, pre-treatments, 
calibration data selection and fix a protocol to use this kind 

of dataset?

Next challenge?
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