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EMMAgeo - on CRAN




Functions

convert.units()

interpolate.classes()

check.data()
test.lw()

test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()
residual.EM()
Mgs.uncertainty()
create.EM()

mix.EM()
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Example data set
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A universal modelling protocol
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EMMAgeo - package overview
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Documentation (& Tutorial)
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Rescale data matrix X to constant sum c.

X <- X / apply(X, 1, sum) * ¢

Weight tranformation after Miesch (1970).

gts <- function(X, 1lw) quantile(X, c(lw, 1-lw), type = 5)
1s <- t(apply(X, 2, gts, 1lw = lw))
W <- t((t(X) - 1s[,1]) / (1s[,2] - 1s[,1]))

Similarity matrix calculation (major product).

A <- t(W) %*% W

Eigen space extraction.

EIG <- eigen(A)

V <- EIG$vectors[,order(seq(ncol(A), 1, -1))]

Vf <- V[,order(seq(ncol(A), 1, -1))]

L <- EIG$values[order(seq(ncol(A), 1, -1))]

Lv <- cumsum(sort(L / sum(L), decreasing = TRUE))

Varimax rotation of the eigen vector matrix Vf.

Vr <- do.call(rotation, list(Vf[,1:q]))

Extract and sort (decreasing) factor loadings and write them to matrix Vq.
Rescale (Vgr) and normalise (Vgn) the factor loadings column-wise.

Vq <- Vr$loadings[,order(seq(q, 1, -1))]

var <- t(t(vqg) / apply(Vvqg, 2, sum)) * c

vgr <- t(vgr)

vgn <- t((vgr - apply(vqgr, 1, min)) / (
apply(vgr, 1, max) - apply(Vqr, 1, min)))

Calculate factor scores matrix (Mq) by non-negative least square fitting of Vgn and
transposed row-wise weight-transformed data W.

Mg <- matrix(nrow = nrow(X), ncol = q)
for (i in 1:nrow(X)) {Mq[i,] = nnls(Vgn, as.vector(t(W[i,])))$X}

Model the dataset (Wm) as the minor product

Wm <- Mg %*% t(vgn)

Rescale the factor loadings matrix Vgn to Vgsn.

s <- (c - sum(1s[,1])) / apply(vgn * unname(ls[,2] - 1s[,1]), 2, sum)
Vgs <- vgn

for(i in 1:q) {vgs[,i] <- t(s[i] * t(van[,i]) * (1s[,2] - 1s[,1]) + 1s[,1])}

Vgsn <- t(t(vgs)/ apply(Vvgs, 2, sum)) * c

Rescale factor scores (Mq) to matrix Mqs and calculate variance explanied by scores.

Mgs <- t(t(Mq) / s) / apply(t(t(Mq) / s), 1, sum)
Mgs.var <- diag(var(Mgs)) / sum(diag(var(Mgs))) * 100

Evaluate measures of model goodness.

Em <- as.vector(apply(X - Xm, 1, mean))
En <- as.vector(apply(X - Xm, 2, mean))
Rm <- diag(cor(t(X), t(Xm))~"2)

Rn <- diag(cor(X, Xm)~2)
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Rescale data matrix X to constant sum c.

X <- X / apply(X, 1, sum) * ¢

Weight tranformation after Miesch (1970).

gts <- function(X, 1lw) quantile(X, c(lw, 1-lw), type
1s <- t(apply(X, 2, gts, 1lw = lw))

W <- t((t(X) - 1s[,1]) / (As[,2] - 1s[,1]))

5)

Similarity matrix calculation (major product).

A <- t(W) %*% W

Eigen space extraction.

EIG <- eigen(A)

V <- EIG$vectors[,order(seq(ncol(A), 1,
Vf <- V[,order(seq(ncol(A), 1, -1))]
L <- EIG$values[order(seq(ncol(A),

Lv <- cumsum(sort(L / sum(L), decr‘gglﬁi&bak)component ana|YSIS

-1))1]

Varimax rotation of the eigen vector matrix Vf.

Vr <- do.call(rotation, list(Vf[,1:q9]))

Extract and sort (decreasing) factor loadings and write them to matrix Vq.
Rescale (Vgr) and normalise (Vgn) the factor loadings column-wise.

Vq <- Vr$loadings[,order(seq(q, 1, -1))]

var <- t(t(vqg) / apply(Vvqg, 2, sum)) * c

vgr <- t(vgr)

vgn <- t((vgr - apply(vqgr, 1, min)) / (
apply(vgr, 1, max) - apply(Vqr, 1, min)))

Calculate factor scores matrix (Mq) by non-negative least square fitting of Vgn and
transposed row-wise weight-transformed data W.

Mg <- matrix(nrow nrow(X), ncol
for (i in 1:nrow(X)) {Mq[i,]

q)
nnls(Vgn, as.vector(t(W[i,])))$X}

Model the dataset (Wm) as the minor product

Wm <- Mg %*% t(vgn)

Rescale the factor loadings matrix Vgn to Vgsn.

s <- (c - sum(1s[,1])) / apply(vgn * unname(ls[,2] - 1s[,1]), 2, sum)

Vgs <- vgn

for(i in 1:q) {vgs[,i] <- t(s[i] * t(van[,i]) * (1s[,2] - 1s[,1]) + 1s[,1])}
Vgsn <- t(t(vgs)/ apply(Vvgs, 2, sum)) * c

Rescale factor scores (Mq) to matrix Mgs and calculate variance explanied by scores.

Mgs <- t(t(Mq) / s) / apply(t(t(Mq) / s), 1, sum)
Mgs.var <- diag(var(Mgs)) / sum(diag(var(Mgs))) * 100

Evaluate measures of model goodness.

Em <- as.vector(apply(X - Xm, 1, mean))
En <- as.vector(apply(X - Xm, 2, mean))
Rm <- diag(cor(t(X), t(Xm))~2)

Rn <- diag(cor(X, Xm)~2)
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Rescale data matrix X to constant sum c.

X <- X / apply(X, 1, sum) * ¢

Weight tranformation after Miesch (1970).

gts <- function(X, 1lw) quantile(X, c(lw, 1-lw), type
1s <- t(apply(X, 2, gts, 1lw = lw))

W <- t((t(X) - 1s[,1]) / (As[,2] - 1s[,1]))

5)

Similarity matrix calculation (major product).

A <- t(W) %*% W

Eigen space extraction.

EIG <- eigen(A)

V <- EIG$vectors[,order(seq(ncol(A), 1,
Vf <- V[,order(seq(ncol(A), 1, -1))]
L <- EIG$values[order(seq(ncol(A),

Lv <- cumsum(sort(L / sum(L), decr‘gtlfiabak)component anaIYSIS

-1))1]

Varimax rotation of the eigen vector matrix Vf.

Vr <- do.call(rotation, list(Vf[,1:q9]))

Extract and sort (decreasing) factor loadings and write them to matrix Vq.
Rescale (Vqr) and normalise (Vgn) the factor loadings column-wise.

Vq <- Vr$loadings[,order(seq(q, 1, -1))]

Vgr <- t(t(vq) / apply(Vg, 2, sum)) * c

vgr <- t(VvVgr)

vagn <- t((vgr - apply(vgr, 1, min)) / (
apply(vagr, 1, max) - apply(Vgr, 1, min)))

Calculate factor scores matrix (Mq) by non-negative least square fitting of Vgn and
transposed row-wise weight-transformed data W.

Mg <- matrix(nrow nrow(X), ncol
for (i in 1:nrow(X)) {Mg[i, ]

q)
nnls(Vgn, as.vector(t(W[i,])))$X}

Model the dataset (Wm) as the minor product

Wm <- Mg %*% t(Vgn)

Factor analysis

Rescale the factor loadings matrix Vgn to Vgsn.

s <- (c - sum(1s[,1])) / apply(vgn * unname(ls[,2] - 1s[,1]), 2, sum)

Vgs <- vgn

for(i in 1:q) {vgs[,i] <- t(s[i] * t(van[,i]) * (1s[,2] - 1s[,1]) + 1s[,1])}
Vgsn <- t(t(vgs)/ apply(Vvgs, 2, sum)) * c

Rescale factor scores (Mq) to matrix Mgs and calculate variance explanied by scores.

Mgs <- t(t(Mq) / s) / apply(t(t(Mq) / s), 1, sum)
Mgs.var <- diag(var(Mgs)) / sum(diag(var(Mgs))) * 100

Evaluate measures of model goodness.

Em <- as.vector(apply(X - Xm, 1, mean))
En <- as.vector(apply(X - Xm, 2, mean))
Rm <- diag(cor(t(X), t(Xm))~2)

Rn <- diag(cor(X, Xm)~2)
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Rescale data matrix X to constant sum c.

X <- X / apply(X, 1, sum) * ¢

gts <- function(X, lw) quantile(X, c(lw, 1-1w), type
1s <- t(apply(X, 2, qts, lw = 1lw))
W <- t((t(X) - 1s[,1]) / (As[,2] - 1s[,1]))

5)

Similarity matrix calculation (major product).

A <- t(W) %*% W

Eigen space extraction.

EIG <- eigen(A)

V <- EIG$vectors[,order(seq(ncol(A), 1,
Vf <- V[,order(seq(ncol(A), 1, -1))]
L <- EIG$values[order(seq(ncol(A),

L oo/ s -l Principal component analysis

-1))1]

Varimax rotation of the eigen vector matrix Vf.

Vr <- do.call(rotation, list(Vf[,1:q9]))

Extract and sort (decreasing) factor loadings and write them to matrix Vq.
Rescale (Vgr) and normalise (Vgn) the factor loadings column-wise.

Vq <- Vr$loadings[,order(seq(q, 1, -1))]

Vgr <- t(t(vq) / apply(Vg, 2, sum)) * c

vgr <- t(VvVgr)

vagn <- t((vgr - apply(vgr, 1, min)) / (
apply(vgr, 1, max) - apply(vgr, 1, min)))

Calculate factor scores matrix (Mq) by non-negative least square fitting of Vgn and
transposed row-wise weight-transformed data W.

Mg <- matrix(nrow nrow(X), ncol
for (i in 1:nrow(X)) {Mg[i, ]

q)
nnls(Vgn, as.vector(t(W[i,])))$X}

Model the dataset (Wm) as the minor product

Wm <- Mg %*% t(Vgn)

Factor analysis

s <- (c - sum(1ls[,1])) / apply(vgn * unname(1ls[,2] - 1s[,1]), 2, sum)

Vgs <- Vgn

for(i in 1:q) {vgs[,i] <- t(s[i] * t(van[,i]) * (1s[,2] - 1s[,1]) + 1s[,1])}
Vgsn <- t(t(vgs)/ apply(Vgs, 2, sum)) * c

1

Mgs <- t(t(Mq) / s) / apply(t(tevs) / z). ava) )
Mgs.var <- diag(var(Mgs)) / sumgaiag(var(mgs))) * 199

Evaluate measures of model goodness.

Em <- as.vector(apply(X - Xm, 1, mean))
En <- as.vector(apply(X - Xm, 2, mean))
Rm <- diag(cor(t(X), t(Xm))~2)

Rn <- diag(cor(X, Xm)~2)




Functions

convert.units()

interpolate.classes()

check.data()
test.lw()

test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()
residual.EM()
Mgs.uncertainty()
create.EM()

mix.EM()
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EMMAgeo - package overview

convert.units()

phi <- -2:5

mu <- convert.units(phi

mu

[1] 4000.00 2000.00 1000.00 500.00 250.00 125.00

convert.units(mu

[1] -2 -1 @ 1 2 3 4 5

mu)

phi)

Validation
000000

Future perspectives
Q00000

62.50

31.25




GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> EMMAgeo

| A universal modelling protocol | Validation | Future perspectives
@@OOOC000000000 Q0000000 Q00000 Q00000

EMMAgeo - package overview

Functions interpolate.classes()

convert.units() — Original
‘inter‘polate.classes() S_D - *“M — Interpolated

check.data()

test.lw() o -

test.L()

test.parameters() o

EMMA( ) g © 7

test.robustness() 68

robust.EM() N

residual.EM()

Mgs.uncertainty() N -

create.EM()

mix.EM() o -

I I I I I
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Functions

convert.units()

interpolate.classes()

check.data()

test.lw()
test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()
residual.EM()
Mgs.uncertainty()
create.EM()

mix.EM()

EMMAgeo - package overview

check.data()

check.data(X = X.artificial, q = 6, Input data must:
lw = seq(@, 0.2, 0.01), c = 1)

[1] "Data matrix passed test... OK" be free Of NA_VaIueS

be of numeric data type

[2] "End-member vector passed test... OK"

[3] "Weight transformation limit vector contain no ZerO-Only columns
passed test... OK"

sum to constant value
[4] "Scaling parameter passed test... OK"

within stable limits (l,)
[5] "NA-test passed... OK"
[6] "Test for zero-only values passed... OK"

[7] "Maximum weight transformation limit
value passed test... OK"

[8] "All samples sum up to constant sum... OK"
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EMMAgeo - package overview

Functions

convert.units()

interpolate.classes()

check.data()

test.1lw()

test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()
residual.EM()
Mgs.uncertainty()
create.EM()

mix.EM()

test.lw()
lw <- seq(from = @, to = 0.5, by = 0.02)
test.lw(X = X.artificial, 1w = lw)

$step
[1] 12

$1w.max
[1] ©.22

0000600

Future perspectives
Q00000

Weight transformation limits
must be below a critical
value from which on no
similarity matrix can be
computed any more. The
function returns the last
possible value for |,.
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EMMAgeo - package overview

Functions test.L()

1.00
|

convert.units()

interpolate.classes()

check.data()
test.lw()

test.L()

g

test.parameters()

EMMA()

Explained variance R?)

test.robustness()

robust.EM()

OHBN COODN

H{ooooooooooo
N OO0

0.70 0.75 080 0.85 0.90 0.95

residual.EM()

-
N
w
n
o
o
~

Mgs.uncertainty()
Number of factors (q)
create.EM() .
L$qg.min
mix.EM()

[11 44445555555
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EMMAgeo - package overview

Functions test.parameters()

Explained variance (th) Explained variance (th)

convert.units()

0.25

interpolate.classes()

check.data()
test.lw()

0.20
2

Explained variance R%)

0.6

test.L()

test.parameters()

0.7

Weight limit ()
0.10 0.15

EMMA()

s

test.robustness()

(6)]

| oooo00

robust.EM()

0.00 0.05

NN—=—-O
o O

residual.EM()

10 12 14

Mgs.uncertainty() 6 8 10 12 14

N
N

create.EM() Number of end-members (q) Number of end-members (q)

mix.EM() TP$g.max

[1] 5 5 5 5 5 NA
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EMMAgeo - package overview

Functions EMMA()

convert.units() End-member loadings End-member scores

1.0

interpolate.classes()

15

- EM 3 (2.25) i
EM 2 (4.53)
EM 4 (7.84)

(

- © _
EM 1 (10) i

check.data()
test.1lw()

test.L()

10

test.parameters()

0.6
|

EMMA ()

test.robustness()

Amount, relative
04

Amount, relative

robust.EM()
residual.EM()

0.2

Mgs.uncertainty()

create.EM()

0.0

mix.EM() 2 4 6 8 10 1 8 16 25 34 43 52 61 70 79

Class [¢] Sample ID
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EMMAgeo - package overview

Functions test.robustness()

convert.units() Loadings (Vqsn) Mode positions

interpolate.classes()

20

check.data()
test.lw()

15

test.L()
test.parameters()

EMMA()

10

test.robustness()

Amount, relative
Amount, relative

robust.EM()
residual.EM()

Mgs.uncertainty()

create.EM() T T T | T | T T

0 20 40 60 80 0 20 40 60
Grain size (¢) Grain size (¢)

mix.EM()

80
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EMMAgeo - package overview

Functions test.robustness()

T ) End-member loadings (V)

interpolate.classes()

20

c(13, 33, 62, 890))

mrmrmm
<
Awh=
DL
O=NN

check.data()
test.lw()

% limits = cbind(c(11, 31, 60, 78),

15

test.L()

test.parameters()

10

EMMA()

test.robustness()

Amount, relative

robust.EM()

residual.EM()

Mgs.uncertainty()

create.EM()

mix.EM()

Classes
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EMMAgeo - package overview

Functions residual.EM()

STERE ) End-member loadings (unscaled)

interpolate.classes()

EM res
check.data()

test.lw()
test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()

residual.EM()

o
L
| >
7
\‘\

Mgs.uncertainty()

0.0

create.EM()

mix.EM()

Grain size (¢)




GFZ German Research Centre for Geosciences, Section 5.1 Geomorphology >> EMMAgeo

| A universal modelling protocol | Validation

000000000000000 - OOOOOO0O 0000600

EMMAgeo - package overview

Functions

convert.units()
interpolate.classes()
check.data()
test.lw()

test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()
residual.EM()

Mgs.uncertainty()

create.EM()

mix.EM()

Mgs.uncertainty()

Future perspectives
Q00000

End-member scores, |, =0

Sample ID

reEM 1 reM 1 reM 1

EM

res
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Functions

convert.units()

interpolate.classes()

check.data()
test.lw()

test.L()
test.parameters()
EMMA ()

test.robustness()

robust.EM()
residual.EM()

Mgs.uncertainty()

create.EM()

mix.EM()

EMMAgeo - package overview

create.EM(), mix.EM()

Functions to create and mix user-defined end-members, e.g.

for hypothesis testing.

Validation
000000

Future perspectives
Q00000
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Robust end-member modelling - a protocol suggestion

Protocol steps

1. check the data

2. bracket weight
transformation
limits

3. bracket numbers
of end-members

4. calculate and ex-
tract robust end-
members

5. run EMMA with op-
timal parameters

6. evaluate model
quality

7. estimate model
uncertainty

| Validation | Future perspectives
Q00000 Q00000

Input data Model Model Model Model
parameters output checks
,
0  max Ioselg: quality
X
4 EMMA scores

min max

uncer-
checks tainty
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Robust end-member modelling - a protocol suggestion

Protocol steps

1. check the data Input data Model Model Model Model

2. bracket weight parameters output checks
transformaton ™~ s
limits - IW, ....... 1 |Oadg_

3. bracket numbers y 10 & _imax; quality
of end-members q B —

4. calculate and ex- imin: imax EMMA =EDEE
tractrobustend- W& . ' uncer- :
members )

tainty
5. run EMMA wiithop- [ L eeel L~ 1 L] e

timal parameters
6. evaluate model
quality
7. estimate model
uncertainty

Protocol is explicitly formulated as R-script and can be run
straight forward and adapted if necessary.
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Robust end-member modelling - a protocol suggestion | , | &=

The R-package
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Protocol steps

1.

check the data

2.

bracket weight
transformation
limits

bracket number
of end-members

calculate and ex-
tract robust end-
members

run EMMA with op-
timal parameters

evaluate model
quality

estimate model
uncertainty

00000000

Functions: test.lw()

Goal is to find the highest possible weight transformation value |,.

Validation |

0000600

Future perspectives
Q00000

-.q_-m-a)-: EMMA

[fes] |

Lower limit is zero, i.e. no weight transformation.

for(i in 1:10) {
if(i ==1) {lw.new <- seq(®,
9.5,
length = 10)}
1w <- test.lw(X = X, 1w = 1lw.new)
lw.new <- seq(lw.new[lw$step],
lw.new[lw$step + 1],

length = 10)
}
lw.max <- 1w$lw.max
Iw.max

Rangein |,
0.2

0.4

0.0

Approximation progress

---4

| I N K I D N D N N D
5 7 9 11 14

Number of iterations
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Robust end-member modelling - a protocol suggestion [, | k= [ aan |
A | e | BE T
Protocol steps Functions: test.L(), test.parameters() josef [ - | [ ] {o

Goal is to find the minimum and maximum number of eigenvectors to
adequately model the data set.
Mathematical definition of “adequate” may differ from geoscientific one.

1. check the data

2. bracket weight
transformation
limits

3. bracket number

Variance explained by factors : . B2
of end-members P y Explained variance (R%)

4. calculate and ex- 9 S o v
tract robust end- 8 3 b"
members g E o W
5. run EMMA with op- 3 5 3
timal parameters ?‘3 = - %Q
6. evaluate model - Il = | | |
quality 4 6 8 10 12 14 10 15 20
7. estimate model Number of factors (q) Number of end-members (q)
Lnceftainty g.min <- test.L(X =X, 1w = 1w)$g.min q.max <- test.parameters(X = X, q = q, lw = 1lw)$q.max

g.min g.max
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Robust end-member modelling - a protocol suggestion | , | i L% | { g |
....... ey | EMMA
Protocol steps Functions: test.robustness(), robust.EM() 1&ssi[ - | [ i}
1. check the data Several model scenarios are equally likely. Robust end-members persist
2. bracket weight throughout many scenarios.
transformation Goal is to identify and isolate robust end-members.
limits
3. bracket number Mode positions of robust end-membe End-member loadings (V)
of end-members
4. calculate and ex- S . - R EE
tract robust end- = | o o
members = ; 2 7]
5. run EMMA with op- s 87 “ S o
timal parameters e8] | I 3
o | £
6. evaluate model ~ < 0 A
quality SR | ’
7. estimate model oS T Tws . | ' ' '
uncertainty 0 20 40 60 80 0 20 40 60 80
Classes Classes
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Robust end-member modelling - a protocol suggestion [, |l [ aan |
A | e | B T
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1. check the data

2. bracket weight
transformation
limits

3. bracket number
of end-members

4. calculate and ex-
tract robust end-
members

5. run EMMA with op-
timal parameters

6. evaluate model
quality

7. estimate model
uncertainty
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When all parameters are known and optimised, EMMA() can be run.
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The quality of the model can be analysed row-wise (sample space)
and column-wise (class-wise).

1. check the data

2. bracket weight
transformation
limits

3. bracket number

of end-members Row-wise model performance Column-wise model performance
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Robust end-member modelling - a protocol suggestion

Protocol steps Functions: test.robustness(),

of end-members End-member loadings (V)

Future perspectives
Q00000

— Jresaens

Jor e | o2l | 1 quality
% = F

ey | EMMA | |scoresl

....... 1 uncer

checks | | | | { tainty

Mgs.uncertainty()
1. check the data _ _
2. bracket weight The uncertainty of the model can be analysed both, for loadings and
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3. bracket number

End-member scores with uncertainty

calculate and ex-
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run EMMA with op-
timal parameters
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Robust end-member modelling - a protocol suggestion

Protocol steps Functions: test.robustness(),

Mgs.uncertainty()

1. check the data

2. bracket weight
transformation
limits

scores.

3. bracket number

of end-members End-member loadings (V)

Future perspectives
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loadg.
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The uncertainty of the model can be analysed both, for loadings and

End-member scores with uncertainty

4. calculate and ex-
tract robust end-
members

5. run EMMA with op-
timal parameters

6. evaluate model
quality
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Validation and testing of the algorithm
Pick four process end-members
Measure their individual grain-size distributions
Mix them with given fractions
Measure the mixed samples (n = 100)
Perform EMMA on mixed samples
Evaluate model outputs
loadings (i.e. end-member shape)
scores (i.e. end-member contribution to each sample)

performance with only three end-members
protocol efficiency
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Grain-size distribution of four natural process end-members

Alluvial sediment (595 um/0.75 ¢)

Dune sediment (410 um/1.29 ¢)

Loess (36 um/4.79 ¢)

Overbank deposit (17 pm/5.86 ¢)
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Grain-size distribution and mixing proportions of mixed samples

Mixed samples

Volume percentage
4
[
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Grainsize class [0]
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Visual validation of the model - loadings
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Visual validation of the model - scores

Deviation [Vol.-%]
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Visual validation of the model - number of samples

Future perspectives
000000
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Visual validation of the model - number of classes
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