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� Expansion in sediment fingerprinting procedure in the last 30 years led to the use of variable sediment fingerprinting applications tailored to the wide range of potential controls on sediment properties and the 
contributions from catchment sediment sources. As the number of potential sources and fingerprint properties increased, it also strengthen the need to use statistical tests to identify an optimum composite 
fingerprint to discriminate between sediment sources. The selection of the most effective statistical test for each specific application can be time-consuming and complex. 

Here, an auto-evaluation of composite fingerprints obtained by different statistical tests using 1000 virtual sample mixtures is proposed to support a verifiable decision to apply the fingerprinting procedure

Study area: •1509 km2

Climate: mountain type, wet and cold.
Precipitation and temperature gradients
• from 500 mm and 12ºC at the reservoir
• to > 2000 mm and < 4ºC above 2000 m a.s.l. 

• < 1 % of the catchment
• Eocene marls

Previous studies � Main sediment sources:

• 1º badlands and bare soils

•moderate - low structural stability
•limited average water contain
•textures: loam - sandy loam

Soil characteristics:
•stony and alkaline 
•shallow (< 0.6 m) 
•well drained soils

analyzed in the < 63 µm fraction

Fingerprint properties n

environmental radionuclides 5

elemental composition 25

magnetic susceptibility 2

Total 27

Optimum composite fingerprints with  different numbers 
and types of fingerprints

•Kruskal Wallis H-test (KW)

•Discriminant Function Analysis (DFA)

•Combination of KW and DFA

B.- Statistical analysis of differences to identify a subset of 
tracer properties that discriminate the sediment sources 
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96 composite samples used to: 
�characterize the potential 
sediment source materials 
�generate the virtual sample 
mixtures

Collected from 0-5 cm depth

�Source samples could be used to generate virtual sample mixtures to assess the capacity of various fingerprinting procedures 
to reproduce the known source apportionments. 

�The proposed approach provides an enhanced basis to assess the accuracy of the fingerprinting procedure and for selecting 
the optimum composite fingerprint with the best discriminatory capacity for the studied catchment. 

�The auto-evaluation of the procedures could guide the fingerprinting procedure design and assess the robustness of the 
results.

�Differences in the estimation of source contributions for the same sediment sample, highlight the need to test and compare  
fingerprinting procedures with known datasets.

Barasona reservoir in the Central Spanish Pyrenees. 
Siltation problems

(Valero-Garcés et al. 1999)

350 t/km2 year of specific sediment yield from bathymetric 
surveys (period 1932-1996; Avendaño-Salas et al. 1997) . 

Hydrologic regime:
transitional pluvial–nival

Importance of land uses and land covers in the production of sediment:

Which  one discriminate better between sources??

Need of further methodological guidance to:
•aid the assessment of accuracy 
•support pre-selection of the most effective 
composite fingerprint for each application

C.- Estimation of source contributions from each target assuming a conservative 
mass balance
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fingerprint i in source type j (j=1 to m) 

contribution of source j

fingerprint i (i=1 to n) in the sediment 
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Here, a Monte Carlo global sampling routine as optimization method

Written in C programming language 

Designed to:
multiple unmixing samples evaluation
reproducibility analysis� user-defined “seed”
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generate and test uniformly distributed solutions

Deliver an optimal solution and its dispersion

Aimed to be representative of all possible source apportionment mixtures. 

Zero from the remaining sources 

Combinations of sources � 333 samples from each of:
-two of four sources
-three of four sources
-four of four sources

Each virtual sample was derived as a simple proportional mixture

using the random apportionments and the tracer property data for 
the source categories. 

Each composite fingerprint :

�Used to estimate the source contributions for all generated virtual sample 
mixtures

�Assess the averaged root mean squared error (RMSE) between the 
predicted and known apportionments used to generate the virtual sample 
mixtures � accuracy of the composite fingerprint  (Palazón et al. 2015b)

100 best 
options:
Optimal 

solution

106 generated solutions
were assessed and 

ranked by:

•KW � 19 properties

•DFA � 7 properties

virtual sample 
mixtures

•KW+DFA � 5 properties

RMSE (%)

KW 7.0
DFA 8.8
KW+DFA 9.1

Similar accuracies

Barasona infilling  
sediment samples:

erosion processes 

greatly affected by the vegetation cover

• agricultural uses • forests • badlands and bare soils• scrubland

Four source 
categories
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DFA

GOF Forest Agricultural Scrubland Subsoil

98.6 3.6 (3.2) 29.4 (15.6) 7.4 (6.6) 59.5 (13.1)

99.1 2.8 (2.5) 31.2 (16.3) 6.1 (6.2) 59.9 (14.5)

99.1 3.1 (2.6) 21.8 (12.9) 5.9 (5.1) 69.2 (12.0)

99.4 2.4 (2.2) 41.1 (14.6) 7.1 (5.6) 49.4 (12.7)

99.6 2.2 (1.9) 27.1 (13.2) 4.4 (4.1) 66.3 (12.9)

99.5 2.4 (2.0) 46.4 (17.1) 5.8 (6.0) 45.5 (14.3)

98.9 2.6 (2.1) 73.1 (19.4) 9.2 (7.9) 15.1 (17.1)

KW

GOF Forest Agricultural Scrubland Subsoil

98.5 8.6 (5.8) 7.1 (6.5) 8.4   (7.3) 75.9  (7.6)

99.1 4.5 (3.6) 11.3 (7.7) 9.1   (8.1) 75.1  (8.1)

98.9 5.8 (4.3) 7.7 (6.4) 8.5   (7.0) 78.0  (8.0)

98.0 5.0 (4.5) 5.1 (4.2) 12.7   (0.7) 77.1  (9.7)

99.0 4.7 (3.4) 6.4 (5.2) 8.1   (6.8) 80.8  (7.4)

98.3 5.5 (4.8) 6.7 (5.4) 16.4 (15.3) 71.3  (5.0)

97.7 4.2 (3.5) 7.8 (7.8) 70.2 (11.9) 17.7 (10.9)

KW+DFA

GOF Forest Agricultural Scrubland Subsoil

98.9 5.2 (3.8) 15.7 (12.1) 6.4 (5.4) 72.7 (11.2)

99.7 2.3 (1.9) 14.7   (9.7) 5.2 (4.0) 77.9   (9.0)

99.5 3.0 (2.3) 16.1 (11.7) 5.2 (4.9) 75.7 (11.0)

99.6 2.0 (1.9) 30.3 (15.8) 6.9 (6.0) 60.8 (13.0)

99.7 2.4 (2.2) 14.1   (9.4) 5.3 (4.2) 78.3   (7.9)

99.7 1.6 (1.5) 40.1 (19.7) 4.4 (4.0) 53.8 (18.2)

99.2 1.9 (1.8) 84.0 (12.9) 5.9 (4.9) 8.2 (11.0)

Assessed 
source 

contributions

RMSE  

Known
source 

apportionments

Estimation of source contributions 

Optimal solutions
(100 best options)

•GOF = the lowest one of the 
100 best options
•Mean  source contributions 
and their dispersions 
(standard deviation, in 
parenthesis)
•Units: %

�Different optimal solutions between assessed 
options, in special source contributions, but 
high GOF values for all options.

�Great differences in agricultural contributions 
between the KW and the other.

�Whereas KW has the greatest accuracy and 
low dispersions in their optimal solutions, 
source contributions disagree with previous 
studies (Palazón and Navas 2014). 

�Widely accepted KW+DFA agrees better with 
previous studies in the catchment (Palazón et 
al. 2015a). 

Auto-evaluation:

characterised by corrected mean 
(t-Student distributions)

A.- Exclusion of non-conservative fingerprint properties 
for the analysis:

•P, TOC and grain size fractions
•concentrations in tracer properties falling outside the range in 
source values.

• 2º agricultural uses
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