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Introduction

The Multi-Response Permutation Procedure (MRPP) is used to identify 3 groups of particle
size distributions that can be generically called silt, sand and gravel ( Section 1). In Section
2, a Fortran executable code that applies this method has been written to determine which
group a new generic sample belongs to. A range index has also been defined to determine
how close the generic sample is to the range of the measured data. The explanation of how
the code works is presented in Section 3, while application examples can be found in Section
4.

1 Three sediment groups

The particle size distributions of 41 samples were provided. We selected 29 distributions and
sorted them in 3 distinct groups characterized by different ranges of the typical grain sizes:
d10, d16, d50, d84 and d90 (Figure 1):

• Group A (silt): 7 particle size distributions

• Group B (sand): 8 particle size distributions

• Group C (gravel): 14 particle size distributions

The values of d50 and d84 for these 29 particle size distributions separated into the 3 groups,
are reported in Table 1. Since we did not have the d50 for 5 particle size distributions be-
longing to Group A, we extrapolated them linearly from the log-scale graph, as shown in
Figure 1.
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Figure 1: Particle size distributions: Group A, Group B and Group C.

Group A (mm) TP-2C1-2 TP-5A-2 TP-5A-8 TP-5B-1 TP-5D-1 TP-5D-10 TP-6A-1
d50 0.075 (*) 0.064 (*) 0.08 0.09 0.042 (*) 0.047 (*) 0.011 (*)

d84 0.13 0.12 0.14 0.14 0.11 0.18 0.15

Group B (mm) TP-2C1-10 TP-4-1 TP-4-7 TP-5B-4 TP-5B-9 TP-6D-9 TP-7E-2 TP-9B
d50 0.27 0.45 0.36 0.19 0.26 0.42 0.83 0.37

d84 0.83 1.14 0.81 0.44 0.81 1.15 1.77 0.87

Group C (mm) TP-1-1.5 TP-5C-2 TP-5C-10 TP-6B-3.5 TP-6C-2 TP-7C-3 TP-7E-6 TP-8-1
d50 10.58 11.11 12.70 17.46 7.94 11.11 17.46 15.87

d84 43.54 41.56 39.69 54.43 62.09 63.50 96.98 47.87

(mm) TP-8-8 TP-9A TP-10A-1 TP-10A-8 TP-10B 1-1 TP-11
d50 15.87 6.35 27.21 13.76 13.33 11.91

d84 91.44 32.66 103.63 54.43 64.91 55.88
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Table 1: d50 and d84 of the 3 grain size distribution groups .(*) indicates an extrapolated value.
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2 Methods and Procedures

2.1 Group Identification with MRPP procedure

We used the MRPP to calculate the P-value that is the probability of the data to be as
extreme or more extreme than the observed data (see the details of the method from Mielke
& Berry 2007 in the Appendix). We computed the P-value using the logarithmic values of d50

and d84 first separately and then together. We obtained that the couple d50-d84 leads to the
smallest P-value (P-value< 10−6), therefore we decided that these two parameters should be
used together to identify which group the testing sample belongs to. It should be noticed that
the value of the probability is really small indicating that the three groups are well-sorted
and that the MRPP is well-suited to this analysis.

The MRPP procedure is then applied to determine which group a new sample character-
ized by a d50 and a d84 belongs to. These data are added to each sediment size group in turn
and the P-value is computed each time. The sample then belongs to the group that gets the
smallest P-value.

2.2 Range Index

For each group, Hdx and Ldx are respectively the highest and the lowest sediment size values
for that dx (Table 2) and R̄dx is the logarithmic average value of the range computed as:

R̄d50 =
log Hd50 + log Ld50

2
(1)

R̄d84 =
log Hd84 + log Ld84

2
(2)

Group Ld50 Hd50 Ld50 Hd50

A 0.011 0.09 0.11 0.18

B 0.19 0.84 0.44 1.77

C 6.35 27.21 32.66 103.6

d50 d84

Table 2: Hdx and Ldx values for each group for both d50 and d84 .

For a new sample characterized by its d50 and d84, a range index has been defined to
measure how far the sample is from the measured range of the group determined by the
MRPP procedure. In particular we defined 3 different range indexes for d50, d84 and d50-d84:

• the d50 range index:

Id50 =
log Hd50 − R̄d50∣∣log d50 − R̄d50

∣∣ ∗ 100 (3)
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• the d84 range index:

Id84 =
log Hd84 − R̄d84∣∣log d84 − R̄d84

∣∣ ∗ 100 (4)

• the composite range index:

I =
Id50 + Id84

2
(5)

Finally the composite index, I, is the average percentage value between the two range indexes,
Id50 and Id84 , and ranges between 0 and 100 %. We also established that if dx falls within
the group range values, between Hdx and Ldx , then I assumes the maximum value, i.e. 100 %.

For example, the characteristic grain sizes for the sample TP-2C-7.5 are:

d50 = 0.93 mm and d84 = 79.02 mm

Since the MRPP suggests that this sample belongs to Group C, we focus on this group.
According to Table 2:

Ld50 = 6.35 mm and Hd50 = 27.21 mm

Ld84 = 32.66 mm and Hd84 = 103.63 mm

so we can compute:

R̄d50 = log 27.21+log 6.35
2 = 1.119

R̄d84 = log 103.63+log 32.66
2 = 1.765

Then the range indexes are:

Id50 = log 27.21−1.119
|log 0.93−1.119| ∗ 100 = 27.47%

Id84 = 100%

I = 27.47+100
2 = 63.73%

Since d50 = 0.93 mm is quite far from the range [6.35-27.21] mm, the d50 range index results to
be small: Id50 = 27.47%. On the other hand, d84 = 79.02 mm is included inside the relative
range [32.66-103.63] mm so the d84 range index assumes the highest value: Id84 = 100%.
Finally, the procedure associates this sample with Group C, but the level of confidence is low:
I = 63.73%.

3 The Fortran Code

The executable Fortran program, Code.exe, has been created. The code can be presented
schematically in 3 parts:

1. user input:

• d50 and d84 of the new sample in mm: these values must be entered by the user
on the display interface
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2. code:

• asks for the input data d50 and d84

• uses the file OBS.D based on the observed data for the 3 groups (Table 1)

• adds the new sample data to each group A, B and C of observed data and computes
the related 3 P-values using MRPP

• identifies the group with the smallest P-value

• computes the range indexes, Id50 and Id84 and the composite index, I

• loops back for new input

3. outputs:

• OBSA.D, OBSB.D and OBSC.D : these files are produced and then used by the
code as input data for the MRPP calculations

• the following results are reported on the program interface:

– the d50 and d84 of the new sample
– the P-values for each group: A, B and C
– the computed range indexes values (%): Id50 and Id84

– the group which the sample belongs to
– the composite index value(%): I

• code generates the output file OUTPUT.D

4 Application

4.1 Application example

Figure 2 presents a code interface example. The first 4 lines request input from the user.
The code asks for the d50 and d84 of the new sample in mm. Then the codes writes down
these grain sizes on the right side and computes the P-values for Group A, B and C applying
the MRPP procedure. The smallest P-value is related to Group C meaning that the sample
belongs to this group. The values of the range indexes are reported. Finally on the right
side the group to which the sample belongs is indicated and associated to its composite range
index.
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Figure 2: Code interface example: results related to sample TP-2C-7.5.

4.2 Application to the additional dataset

We used the most recent 18 sieve data (e-mails from STANTEC: 05-07-2009 and 05-11-2009)
to determine the group to which they belong (A, B or C) and to compute the percentage
that describes how far they are from the closest groups (I [%]). Table 3 reports the samples
identification code joined by the colour of the group we expect it to belong to and the values
of d50 and d84 for each sample. The MRPP results in terms of group A, B, C and their related
colours. The values of the composite index, I, and the values of the range indexes, Id50 and
Id84 are then listed. The samples TP-7G-1 and TP-7G-10 did not have all the information
required so they could not be classified.
The MRPP predicts the correct group for all 16 samples. For instance the samples TP-2A-10,
TP-2B-8.5, TP-2C-1, TP-2D-3, TP-2E-1, TP-7A-1, TP-7B-1, TP-7F-1 and TP-7F-10 clearly
belong to their respective groups as the composite range index values are equal to 100 %.
The samples that did not clearly belong to any of the groups, have lower composite index
values.
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