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3. APPLICATION 2: DZMDS

Learning goals:

-How to implement metric and non-metric MDS in 2 and 3 dimensions using DZmds
-How to identify high- and low-quality MDS transformations

-How to interpret MDS plots

3.1. 2D metric MDS with squared stress of Cross-correlation

1. Open DZmds by double clicking on the DZmds icon in the folder where you saved

the application.

2. Click on “Select File” and navigate to where you saved the example data,
“Application 2 U Pb ages and uncertainties.xlsx”.
Select “2sigma” and the input uncertainty level.
Select “PDP” as the density distribution
Select “Cross-correlation” as the basis for comparison
Select “Metric squared stress” as the criterion
Click “Get Dimensions”
Note the stress versus dimensions relationship in the scree plot. More than 3
dimensions are not particularly useful, because we want to display this data in 2 or 3
dimensions. Given the high stress, we can expect a fairly poor fit in the Shepard plot.
9. Input “2” in the number of dimensions to use in MDS box.
10. Select “Plot MDS and Shepard plots”
11. Your figure should now look as below.
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3.2. 2D metric MDS with squared stress of Kuiper V value
1. That is clearly not the MDS that we want to use for this data set. Let’s try again.
2. Select “Kuiper test V value” for the basis for comparison
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3. Leave the criterion as “Metric squared stress”

4. Select “Get MDS dimensions”

5. Note how much lower the stress is for 2 or 3 dimensions compared to the previous
example.

6. Input “2” in the number of dimensions to use in MDS box.

7. Select “Plot MDS and Shepard plots”

8. Your figure should now look as below.

DZmds

SEHe VDRSO EEP T

D:U0eNGSA proposalsi2020 GSA sed provenance short
2

1, Select File Number of samples: 11

MatarislelFvamnia data 1 11

2. Select input sigma level
O 1sigma Select ion at “elbow"” in Scree plot

(@ 2sigma

04 04
3. Select density distribution (for
Cross-correlation and Likeness)
(® Probabity densty piots (POP)
() Kernel density estimates (KDE)

Bandwidth (Myr) -

4. Select basis for comparison ~—

O Cross-correlation 0.1
O Likeness TTT—— 02|
@® Kuiper test V value 0 §
(O KS test D value 1 2 3 4 5
Dimensions

5. Select criterion (i analysis fais, 01}
EERE) Shepard Plot, stress =0.23356

(O Metric stress.

(@) Metric souared stress. O Distances
Disparities. 3 ol

Hon-metric stress. 1
O
(ordinal only)

6. Get MDS dimensions

o
®

01f
7. Enter number of

dimensions to use in WDS 2
(from Scree piot)

8. Plot MDS and Shepard plots.

Clear Plots

e
)

021

Distances/Disparities
2
a

Source10

031

0.2
Export Figures

04 L . . L L . . . L \
Export MDS scaling as xls
(only avaiabie after step 8) 0 05 04 03 02 01 0 0.1 0.2 0.3 0.4 0.5

0 02 04 08 08 1
Dissimilarities
Saylor, JE, Jordan, 1.C., Sundel, K E., Wang, X., Wang, 5., and Deng, T., 2017, Topagraphic growth ofthe Jishi Shan and s impact on basin and hydrology evolution, NE Tibetan Plateau, BASN RESEARCH

Example Data Set

3.3. 3D metric MDS with squared stress of Kuiper V value
1. What if we plot it in 3 dimensions?
2. Input “3” in the number of dimensions to use in MDS box.
3. Select “Plot MDS and Shepard plots”
4. Your figure should now look as below.
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5. Select the “Rotate 3D” tool (the icon showing a cube with a circular arrow around fit,
in the upper left corner. See the red box above).

6. Now you should be able to rotate the MDS plot to examine the relationships between
samples.

3.4. Saving figures and MDS

1. Since this is an acceptable stress, let’s save this run.

2. Select “Export Figures”

3. Two figures will pop up showing the Shepard and MDS plots. These figures can be
saved in a variety of formats. We will focus on vector formats.

4. 2D plots can be saved in an editable vector format (compatible with Adobe Illustrator
for example) by opening the “File” menu on the figure, selecting “Save as”, and
saving it as a “.eps” figure. This figure can be opened in Illustrator or other vector art
programs.

5. For 3D plots, open the “File” menu as above. Select “Export Setup”. Under
“Properties”, highlight “Rendering”. Ensure that the “Custom renderer” box is
checked and set the Custom Renderer to “painters (vector format)”. Select “Apply to
Figure” and then “Export”. Save as a “.eps” file as before. This file can be opened by
[lustrator or other vector art software.

6. “Export MDS scaling” allows you to export the XY coordinates (or XYZ for 3D
MDS) to an Excel spreadsheet. This can then be plotted in the program of your
choice.
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4. APPLICATION 3: DZSTATS

Learning goals:

-Understand how to compare a sample set using DZstats

-Understand the difference between PDPs and KDEs and how to analyze each using DZstats
-How and why to implement bootstrapping (repeated subsampling and comparison) using
DZstats

-The dangers of relying on p values for data interpretation

4.1. Comparison using Intersample Compare of PDPs

DZstats has built-in options for sample comparison using PDPs (1, below), adaptive bandwidth
KDE:s (2, below), or locally adaptive bandwidth (3, below). We will start by comparing 11
samples based on their PDPs and CDFs.

D stats

DZstats

1 (@) Probabilty Density P...

2 (::l Kernel Density Estimate

Created by
3 () Locally Adaptive Kernel Density Estimate Joel E. Saylor and Kurt E. Sundell
{warning computstionalhy intensive)
Two Sample Compare
Intersample Compare Reference:

Saylor, JE., Sundell, K.E., 2016, Quantifying comparison of large detrital
geochronology data sets: Geosphere, v. 12, p. 203-220,

Subsample Compare »
Additional References

M7 etats @ 2020 lnel Saviar and Kot Snndell

1. Open DZstats by double clicking the icon in in the folder where you saved the
application.

2. Inthe DZstats opening window, select “Probability Density Plot” as the distribution type,
and then click on “Intersample Compare”.

3. In the Intersample Compare window, select “Browser” and navigate to
“Application 3 U Pb ages and uncertainties.csv”.

4. Set the x_min to 0 Ma, the x_max to 3000 Ma, and the x to 1 Myr.

5. Select “Plot”. Your window should look as below.
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Intersample_Compare_PDP
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6. You can now examine the dissimilarity matrix for each of the metrics in buttons below
the plots. If you select “Cross-correlation” a new window will open which looks like the
figure below.

Figure 1: R-squared crossplot value

File
Zde|0E
1 2 3 4 5 6 7 [ 9 10 11
1 1 03775 0.0193 0.0638 0.1167 01792 0.4888 01242 0.2154 0.0051 0.0258
T 0.3775 1 0.1141 0.0308 0.1271 0.0593 9.3199e-04 2.0141e-06 0.0018 0.0994 0.0111
| 3 | 0.0193 0.1141 1 18130804 0.0159 00588 37830e05 63542805 0.0060 0.0208 0.0120
| 4| 0.0888 0.0308  1.8130e-04 1 9.8300e-04 0.0251 0.0723 0.0016 0.0334 0.0790 0.0090
5 0.1167 01271 0.0152  9.3300-04 1 0.0088 0.0011 0.0011 45298606 0.0277 0.0148
T 01792 0.0593 0.0588 0.0261 0.0086 1 02758 0.4434 0.1504 0.2099 0.0116
Z 0.4558 9.319%e-04 3.7830e-05 0.0723 0.0011 0.2758 1 0.1039 0.0827 0.0078 0.0085
| 8 | 01842 20141206 £.3542e 05 0.0016 0.0011 0.4434 0.1038 1 0.1269 0.1379 0.0069
| 9 | 0.2154 0.0016 0.0060 00334 45298506 0.1504 0.0827 0.1289 1 0.0328 0.1026
10 0.0051 0.0994 0.0205 0.0790 0.0277 0.2099 0.0076 01379 0.0328 1 0.0208
I 0.0258 00111 0.0120 0.0090 0.0148 0.0118 0.0036 0.0069 0.1028 0.0208 1

7. You can also run all of the calculations and export the results to a spreadsheet, by
selecting the button on the bottom right.

8. This will open a dialog box. Note where you save the file, then navigate to that file and
open it. All of the comparisons are saved on sheet 1. The samples are in the same order
in the similarity matrix as the input file.

4.2. Comparison using Intersample Compare of KDEs with fixed bandwidths
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There are times when you might want to compare samples based on their KDEs but with a
constant bandwidth, which is applied to all samples.

Insert Page Layout Formulas Data Data R
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2 | 298.3131 5.966261 298.3131 5.966261 741.1359 14.82272 2 | 298.3131 10} 298.3131 10] 741.1359 10
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6 | 427.659 10 427.659 10 705236 10
6 | 427.6596 8.552191 427.6596 8.553191 705.236 14.10472
7 | 492.6042 10 4926042 10 635.6605 10
7 | a92.6042 9.852083 492.6042 9.852083 635.6505 12.71321
s | 639.537 10 639.527 10 665.9343 10
8 | 639.537 12.79074 639,537 12.79074 665.9243 13.31869

Format of Example data 1 U Pb ages
and_uncertainties.csv for KDE comparison.
1o bandwidths (10 Myr) are shown in
columns B, D, and F.

Format of Example data 1 U Pb ages
and_uncertainties.csv for PDP comparison.
lo grain age uncertainties are shown in
columns B, D, and F.

1. To do this with DZstats, open the file that we used previously
(Application 2 U Pb ages and uncertainties.csv) in Excel or another spreadsheet
editing software package. In the file, columns B, D, F, H, J, L, N, P, R, T, and V have the
bandwidth for the ages in the preceding column (A, C, etc). Currently the bandwidth is
the analytical uncertainty (1) for each age. In order to analyze fixed bandwidth KDE:s,
replace the uncertainties with a constant value, as shown above.

2. Save as a new .csv file.

3. Inthe DZstats opening window, select “Probability Density Plot™ as the distribution type,
and then click on “Intersample Compare”.

4. In the Intersample Compare window, select “Browser” and navigate to your new file and
upload it.

5. Set the x_min to 0 Ma, the x_max to 3000 Ma, and the x to 1 Myr.

6. Select “Plot”. Your window should look as below.
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Intersample_Compare_PDP
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7. The rest of the analysis can proceed following the steps for “Comparison using

4.3.

Intersample Compare of PDPs” above

Comparison using Subsample Compare of PDPs
Analysis of sample sets with widely differing sample sizes can lead to erroneous results

because the comparison does not account for the differing accuracy of the age distribution based
on fewer or more grain ages. Repeated analysis using subsamples with a fixed grain count drawn
from the samples with replacement is one way to mitigate these errors. This method also
provides an estimate of the precision of the metrics. In DZstats, this can be implemented using
the Subsample Compare routine.

1.

Open DZstats by double clicking the icon in in the folder where you saved the
application.

In the DZstats opening window, select “Probability Density Plot™ as the distribution type,
and then click on “Subsample Compare”.

In the Intersample Compare window, select “Browser” and navigate to
“Application 3 U Pb ages and uncertainties.csv”.

Leave x_min, X_max, and x at their default values.

“n” determines how many grains will be selected from each sample. Since the smallest
sample size in this example is 100 grains, set n for 90. This will ensure that there is
variation even in the smallest sample.

“t” determines how many times we will drawn and compare grain ages. Set this for 1,000.
Select “Plot trial 1 of n random subsamples”. Your window should look as below.
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Subsample_Compare_PDP
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8. You can now view the similarity matrix for each of the metrics by selecting the
appropriate button on the bottom.

9. Selecting “Cross-correlation” will result in a pop-up window that shows the selected n (=
90) and t (= 1000) as well as the mean Cross-correlation from the 1,000 trials, and the
associated standard deviation based.

BN Figure 1: Mean and standard deviation of C orrelation Coefficient

1 2 3 4 5 6 7 3 9 10 11

1 |n
(2 | %0

3 |trials
4| 1000

5

6 |Mean Cross .
7 | 1 0.2695 0.0627 00048 01191 0.1793 03233 02082 02109 0.0172 00587
8 | 02695 1 01530 00049 01857 00181 0.0014 00152 00183 00335 4.91206-04

9 0.0827 0.1530 1 00208 7.7764e-04 0.0079 0.0078 0.0334 0.0070  7.9421e-04 0.0011
10 | 0.0048 0.0049 0.0208 1 0.0045 0.0012 0.0241 0.0400  8:3308¢-04 0.1413 0.0015
N 0.1191 01557  7.T764e-04 0.0045 1 0.0290 0.0015 0.0235 0.0104 0.0593 0.0385

12 0.1793 0.0181 0.0078 0.0012 0.0290 1 0.3094 0.4842 02107 0.2695 0.0414
|13 | 03233 00014 00076 00241 0.0015 0.3094 1 0.1482 01002  6.4787s-04 0.0275
B 0.2082 00152 00334 0.0400 00238 0.4842 0.1482 1 02143 02226 0.0485
[ 15 | 02108 00183 00070 83308e-04 0.0104 02107 0.1002 02143 1 0.0879 01591
[ 16 | 0.0172 00335 7.9421e-04 0.1413 0.0593 02695  6.4787e-04 0.2228 0.0879 1 0.0818
L7 | 0.0597  4.9120e-04 0.0011 0.0015 0.0385 0.0414 0.0275 0.0495 0.1591 0.0818 1

18
| 19 |Standard de.
| 20 | 0 00888 00416 0.0057 0.0659 0.0772 0.1085 0.0664 0.0682 0.0185 0.0320
|21 | 00988 0 00248 00033 0.0252 0.0024 0.0011 0.0071 0.0075 00032 7.76386-04
| 22 | 00418 00248 0 00079 00013 0.0038 0.0035 0.0109 0.0047 0.0011 00012
[ 23 | 0.0057 00033 0.0078 0 0.0027 00015 0.0030 0.0133 0.0012 0.0227 00014
[ 24 | 0.0858 00252 0.0013 0.0027 0 0.0082 0.0012 0.0088 0.0048 0.0131 0.0104
[ 25 | 0.0772 0.0024 0.0038 0.0015 0.0082 0 0.0335 0.0393 0.0309 0.0334 0.0101
| 26 | 0.1085 0.0011 0.0035 0.0030 0.0012 0.0335 0 0.0253 0.0207  7.1147-04 0.0077

27 0.0664 0.0071 0.0108 0.0133 0.0088 0.0393 0.0253 0 0.0328 0.0320 0.0122
| 28 | 0.0682 00075 00047 00012 0.0046 0.0309 0.0207 0.0328 0 0.0181 00248
|20 | 0.0185 00032 0001 00227 0.0131 00334 71147604 0.0320 0.0191 0 00136
[ 30 | 00320 77639804 00012 00014 0.0104 0.0101 0.0077 0.0122 0.0248 00138 0
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10. As an example of the dangers of using p values, select “K-S Test” or “Kuiper Test”. In
order to interpret the result, you need to know that sample 1 is a mixture of samples 2, 4—
9, and 11. So, those p values in row 1 should be >0.05. However, that is not the case with
either the Kuiper or K-S tests (see below). For the Kuiper test, one sample (9) yielded a p
value > 0.05. For the K-S test, two samples (3 and 9) have p values >0.05. One of those
samples (3) was not mixed into sample 1.

Figure 2: Mean and standard deviation of Kuiper Test p values

1 2 3 4 5 6 7 3 9 10 1
1.20382-05 2 4408e-05| 0.0098] 7.320B-08] 12146e-04)  0.0152] 0.1954| 5.3773¢-05  5.866Be-05
1 32736808  1.2731e-18  1.0029e-08 44434229 1168418  B.3980e-15  7.6460e-17 44434229  2.8098e-20

1 2 3 4 5 6 7 8 9 10 1
1 |n
2 80
3 |trials
4 1000
5
6
7 0.0523) _23342¢-06] 00200 74827008 00372 03534 43415006 00033
8 4.8754e-06 1 1.1373e-09  2.8999e-20 3.9144e-07  9.5887e-31 26604e-20 2.0815e-16  3.1370e-11 9.5987e-31 5.5963e-13

11. As above, you can export all of the comparison metrics as a spreadsheet by selecting the
“Run all tests and export spreadsheet” button on the bottom right. This will open a dialog
box. Note where you save the file, then navigate to that file and open it. In addition to
the mean and standard deviation, the software will export the minimum and maximum for
each metric.
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