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Gabriel Lippmann Objectives

1. Use the ‘classical’ fingerprinting approach (e.g. geochemical, organic,
radionuclide tracers) to identify suspended sediment sources in the
Attert basin.

2. Development of sediment colour-based fingerprinting approach to
study the spatial and temporal variability of suspended particle
characteristics during rainfall events in the Attert basin.

3. Prospects for future developments: spectral reflectance-based
fingerprinting approach.
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Font: Biophysical soil cover of Luxembourg. Ministére de Font: Geological Service of Luxembourg. Ministere de
'Environnement de Grand Duché de Luxembourg Travaux Publics.
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Introducing soil erosion risk in the Grand-Duchy of
Luxembourg

A simple screening with the Universal Soil Loss Equ ation
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() f;a'i,,.?empp}'n';ﬁ'n Soil erosion risk in the Grand-Duchy of Luxembourg

Soil erosion in Luxembourg

Oesling Gutland

- Erosion processes related to the - Marls substratum and fine-textured
conversion of pastures to fields with substrata: excess runoff and
maize crops. sediment transfer.

- Natural bogs in valley bottoms were |- Fields bare for a prolonged period.

planted with coniferous trees, _ _
reducing natural water retention. - Reduction of natural buffering areas

- Increasing built-up areas.
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" : Land use map
Rainfall data D'g'tallwilggf tion (Ministére de

(CRP + ASTA) (50m x 50m) I'Environnement
Luxembourg)

Pedological map
(ASTA — Service
Pédologique)

The Universal Soil Loss Equation (USLE): A=R-(LS)-C-K
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Erosion Risk
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Using the fingerprinting approach to estimate

suspended sediment sources in the Attert catchment
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Effective rain event

Erosion of catchment
sediment sources

Mixing process
during sediment
delivery

The fingerprinting approach

Geological sub-areas

Spatial
sources Tributary sub-basins

. Surface & sub-surface

types Land use types & channel banks

Sediment flux at
catchment outlet

Multivariate mixture model Sediment
source

” b ascription
2 l,az',j 'xj — Y
J=1

X, =1 with X, > ()
j=1

Conceptual model : modified from Collins and Walling, 2002.
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However... Uncertain Model

erosion erosion  erosion

Source 2 q Tracers spatial/temporal variability
Potential sediment sources

Tracer transformation (not always conservati

Supposedly linear additive tracers

deposition| mobilization

= UspEndeo Supposedly representative
Sediment Load PP y rep




GortrsdoBachorso Publ Uncertainty assessment;
abriet Lippmann Based on the GLUE approach (Beven & Binley, 1992)

Identification of potential sediment sources
Source and suspended sediment sampling
Tracer measurements (e.g. geochemical composiadmgnuclides)

Selection of tracers (Kruskal Wallis test, discangiched tracers)

Random selection of tracers|| Source ascription considering
and tracer values tracer spatial variability
(Normal distribution function) (Multivariate mixing model)

10,000 times

Global efficiency of each source contribution osga(GOF)

Uncertainty estimation
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The Attert basin (254 km?)

& Limnimeter

1 I Raingauge

49 43i3’| N
T T T
49°43'31"N

I ' ' I
5°4254'E 5°5154'E

Forest (%) Urban (%) Grassland (%) Cropland (%)
31.73 4.48 35.12 28.57




Material and methods

Limnimeter Automatic water
sampler

Suspended sediment trap




Classical fingerprinting approach

with uncertainty assessment




Classical fingerprinting approach

ldentifying suspended sediment sources
using the ‘Fingerprinting’ approach’
(Wollefsbach basin)




Classical fingerprinting approach

Cropland topsoil ~ Grassland topsaoill Forest topsoil Channel banks
Tracer: (n = 16) (n=18) n 2 (=8

- X  CV[%] X  CV[%] X CV[%]

Al [ug/g] 27726 30.0 37841 27.8 2766: 128 36699 9.6
Cr [ud/g] 4255 32.6 67.2¢ 361  484¢ 146 4831 12.8
Ni [ug/g] Lo 36.6( 361 268 219 30.59 15.9
U [Hg/g] 1.49 145 1.7¢ 262 15¢ 8.3 207 122

We assume that including all pre-selected tracers Increases
the likelihood that inappropriate tracers (e.g. those subject to
geochemical transformation during fluvial erosion a nd

transportation) will be represented in the model

Eu [ng/g 0.93 1.1t 10.0
Gd [ug/g. 6.22 . 7.8¢ 8.8
Dy [no/g] 2.95 : : 34 6.9
Th [ug/g] 9:85 1261 3.0
C[%] 1.54 9 0.97 495

N [%0] 0.18 0.15 34.0
P[mg/g] 0 0.3¢ 264
13'Cs[Bg/kg]  9.28 241 717
2I'Pp [Bg/kg] 48.85 53.69 25.1




Classical fingerprinting approach

ldentifying suspended sediment sources (with uncertainty assessment) in the
Wollefsbach basin (Dec’05 — Jan’07)

Classical fingerprinting approach
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3 tracer mixing models, GOF>0.95



Colour-based fingerprinting approach




Colour-based fingerprinting approach

Colour variability (Schwebich, December 2005)

Suspended sediment
A Conductivity
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Colour-based fingerprinting approach

VIS / NIR
Diffuse reflectance
spectrometry

! 1

CIE 1931 colour space
chromaticity diagram
(International
Commission on
lllumination, 1931)

! |

Chromatic coordinate x
Chromatic coordinate y
Brightness




Colour-based fingerprinting approach

Colour coefficients: linear additive properties
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Colour-based fingerprinting approach

Wavelength selection for the separation of suspended material, bed
sediment, channel bank and soil surface material




Colour-based fingerprinting approach

Wavelength selection for the separation of suspended material, bed
sediment, channel bank and soil surface material, ve ctor normalized




Colour-based fingerprinting approach

Spectral fingerprinting for one flood event measured in the Wollefsbach basin

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16




Colour-based fingerprinting approach

Four components mixing model based on the chromatic

coordinate X, y, and brightness

GT: Grassland toposil CT: Cropland topsoil
CB: Channel bank FT: Forest topsoil
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Colour-based fingerprinting approach

The abillity of each ‘colour’ property to distinguish
iIndividual source types

Results of the Kruskal-Wallis Test (H-Test, Critical H value at 0.05 = 7.82)
and Discriminan Function Analysis (DFA)

Colour coefficient H-value DFA

Chromatic coordinate x 23.590 50 -
Chromatic coordinate y 20.685 50.0
Brightness 18.922 47.4

All parameters yield H-values in excess of the
corresponding critical value and so pass the test.

All parameters together are capable of discriminate
a 81.6% of the samples.

Adding geochemical information, a 100% of the
samples can be correctly classified.




Colour-based fingerprinting approach

|dentification of suspended sediment sources (with uncertainty
assessment) in the Wollefsbach basin (Dec’05 — Jan’07)

Colour-based fingerprinting approach
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3 tracer mixing models, GOF>0.95




Colour-based fingerprinting approach

Comparison classical / colour-based fingerprinting app roach
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3 tracer mixing models, GOF>0.95



Prospects for future developments:

Spectral reflectance-based fingerprinting approach




Spectral reflectance-based fingerprinting approach

Source sediment

samples
|

v

Classical tracer Spectral reflectance
measurements measurements

Partial least square -

regression
models

Spectral reflectance
measurements

T
Sediment source
variability during

runoff events

Quantitative
analysis of
‘classical tracer
measurements’




Spectral reflectance-based fingerprinting approach




Spectral reflectance-based fingerprinting approach




Spectral reflectance-based fingerprinting approach

Quantitative analysis of soil chemical properties with diffuse reflectance
spectrometry (partial least square regression)

Plots measured versus predicted chemical soil properties




Spectral reflectance-based fingerprinting approach

Quantitative analysis of soil chemical properties with diffuse reflectance
spectrometry (partial least square regression)




Spectral reflectance-based fingerprinting approach

Quantitative analysis of soil chemical properties with diffuse reflectance
spectrometry (partial least square regression)




Imaging spectroscopy

Spatial estimation of suspended
particle  concentration and
properties in Maar lakes (Eifel,
Germany) using a hyperspectral
imaging system (right)

Field spectrocopy to estimate
organic and inorganic carbon
concentrations (bottom)
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/
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GENERAL CONCLUSIONS

Despite the uncertainties involved, the proposed methodology provides a
formalized procedure by which sediment source contributions can be readily
established using tracer mixing models.

Prospects for future development should take into account the need of finding

new tracers to exploit the potential of this technique when rapid and inexpensive
analysis is required.

Colour coefficients measured with diffuse reflectance spectrometry were
successfully used to quantify suspended sediment sources using the fingerprinting
approach.

Spectral reflectance based fingerprinting approach offer valuable potential to
identify suspended sediment sources. Further research is being carried out to study
the possibilities of this technique.




Many thanks for
your attention!




Area of investigation

The Attert basin (254 km?)

Forest (%) Urban (%) Grassland (%) Cropland (%)
31.73 4.48 35.12 28.57




Chromatic coordinate y [CIE]

Results

Suspended sediment colour measured in the three little basins
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The fingerprinting approach

Comparison of source
material & suspended

Source 1

sediment samples using

\ “composite fingerprints”
- Environmental radio nuclides
Source 2 Source 3 - Geochemical composition

- Organic substances

- Particle size
- Colour

Sediment flux at the Sediment source
catchment outlet ascription




Results

Suspended sediment colour measured in the studied basins

0.376

0.374

0.372

Brightness [CIE]

Chromatic coordinate x [CIE]
Chromatic coordinate y [CIE]

0.380
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Wollefsbach basin (marls)

Huewelerbach basin (sandstone)

Weierbach (schist)



Number of randomly selected tracers included
In the mixing model

Culture topsoil
Grassland topsbi
Forest topsoil
Channel bank
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Number of tracers included in the mixing model

Culture topsoll
Grassland topsbi
Forest topsoil
Channel bank
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Spatial variability of source tracer values

Culture topsoil
Grassland topsbi
Forest topsoill
Channel bank
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