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Principal components
analysis

Abstract

This volume describes the computation and usual graphical display of a
normalised principal components analysis (PCA) processed on physical and
chemical data (Carrel et al., 1986, Approche graphique de l'analyse en
composantes principales normée : utilisation en hydrobiologie. Acta Ecologica,
(Ecologia Generalis : 7, 189-203) Alternative computation and graphical
representations (canonical graphs, cartography of scores, data reconstitution)
also are presented.
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1 - Data input
The analyses and graphics made from the data of Carrel 1 will be done in the same order

as in the paper. First of all we consider the data that describe the physical and chemical
characteristics of 14 karstic springs (Barthélémy, 1984)2,
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Create a data folder and go to the ADE-4+Data selection card. Select «Karst» in the
right-hand data menu. A card shows up as follows:

|Ca1te1465u114? |
|[hh® 138 |Physico-chimie des résurgences karstiques : |5 NMustration : B
250 11.27 82.25 312.75 111.25 10.97 7.95 2.35 44 .97 8.25 G
540 9.45 95,25 292 .25 92.25 12.7 4.4 1.8 35.77 2.12 |
250 9.62 93.25 221.75 106 7.12 4 17 2.1 46.1 2.85
250 .87 91.25 238.5 P4.25 4.2 2,52 2.07 37.2 3.4
470 2.55 95.5 288.5 95.75 5.7 2.82 1.65 28.52 2.27 Al lanal G
295 11,27 72075 322.5 113.25 14.52 2.22 2.07 27.35 4|Chal les |
20 2.47 91.5 207.5 62.5 4.2 1.52 1.77 230.7 1.52 Corveissiat
400 10.05 21 352.75 118.25 7.97 5.37 2.75 37.9 2 Enrage
400 9.85 82.5 295.5 101 8.2 4.92 2.4 29.92 2.5 Fetigny
550 2.7 96,25 250.5 25.5 V.85 3.82 2,15 38.62 10.37|Guyottes
o ime [RTEItude i
To save the texnt of this field click on the field |[iq |Tenpératurs
R R B lat Qxygéne
while pressing option key T [
-Eﬁut Catt
N -Dn Silice
OBO
Hitrates |
Chlorures —
Y [

Kok

Copy the dataasindicated. A new ASCII file (karst. txt) appearsin the data folder.

I HE R E it = HD230

Eisntay

Bureau

i

Create an ASCII file named

h Enregistrer

gl

|Karst.t:-|t ‘ Annuler

Similarly, copy the two other files describing sites and variables as follows:

Create an ASCII file named

I Enregistrer

Annuler ]

Label_Sta |

—
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Create an ASCII file named

Enregistrer I

[Label_var | [ Annuter )

Two new ASCII files are created in the data folder: Label_sta (14 rows, 1 character
string) and Label_var (10 rows, 1 character string).

You can control the content of a created file by clicking its name and selecting the
Open option asfollows:

The BBEdit lite software is automatically opened and you can read the file
Karst.txt.

After this verification, return back to the ADEe<Base selection menu. Use the
TextToBin module to transform the ASCII fileKkarst. txt into binary.

BinToText  [GraphiD |
TextToBin + Run
B

in->Bin size
FilesUtil
Categlar Info
Fuzzylar Text->Binary

Char-*Binary
$tatliew@->Binary

cop |MCH -
i Import file
Changing row & col numbers
MatAlg -
Distances CreateRandom
CreatelCateq
CreateZCateq

Text->Graph
Edge-*Graph
LinearGraph

A dialog window shows up. Click the Text input file hand icon and select the file
Karst.txt inyour datafolder. Give a nameto the Binary output file asfollows:

lext input file 13 [Karst.tut |

Binary output file [@Wﬂriﬁ |

Click OK and quit the application with or without saving the listing. The binary file
karst Wwill be further treated by PCA. You can verify its content directly by selecting
thefilein the Filelist of the ADE*Base selection card and opening it by double-click:
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[Data Folder [¥][HD

ADE.Motes

Kars%

Karstis
1-TextToBinA18/05/32

Label _Sta
Label _Var

A listing shows up as follows (see Quick Start volume for more information).

k.

| ADE THIMK C™ library * CHRS-Lyon *
| ADEBin: List BIN file

Input file: Karst
Fow: 14 Col: 10

1] 250.0000 | 11,2700 | 82.2500 |2
7.9500 | 3. 3500 | 44,6700 | & 2500 |

2 | S40.0000 | 9.4500 | 96.2500 |Z
4 dnnn 14 annn |oas 00 1 2 4enn |

To transform abinary fileinto an ASCII file you can use the BinToT ext module and
the Binary->Text option. As an aternative, you can also use the Edit with command
of the Data Folder menu. A karst-t fileis created (see QuickStart volume). Thisfile
can be open with a spreadsheet as Excel ™. You can thereby improve the presentation
of the data set as follows:

=1 Karst.Excel

A B C D E F G H 1 J K
1 [Srarions\Wariables Alvitude | Température | Ooopgéne HiZO3- Cat+ Fulfates filice DEO Hitrates | Chlorures
2 [Allomal 250 11.27 8225 312.75 11125 10.97 7.95 235 44 .97 825
3 [Challes S0 943 95,25 29325 9825 137 4.4 18 2577 a1z
4 [Corveissiat 250 962 93.25 321.75 106 712 4.17 2.1 46.1 289
5 [Ezrage 250 7.487 91.25 2385 74.25 4.8 2.52 .07 a2 34
6 [Fetigmy 470 8.53 953 2885 95,73 5.7 2.8 165 2852 2.27
T [Swrattes 275 11.27 7375 3225 118325 14.52 8.3z 2.07 3785 4.47
8 [Heris 20 8.47 915 207.5 683 4.2 1.52 1.77 0.7 1.52
9 [La_Balme 400 10.05 g1 353.75 11825 .97 5.37 279 74 3
10 |Loisia 400 983 283 296.5 101 22 492 24 29.92 23
11 | Dladllat S50 a.77 2625 250.5 855 .83 282 2.13 2862 10,37
12 |Hamtey 400 10 a0 350 116.75 8.457 5.27 249 22.29 2.65
13 |#amognar 420 .02 95,25 290 9273 6,253 2.67 182 211 2.07
14 |Tarcia 420 10.4 859 31325 108.5 7.35 4.6 18 232 2.37
15 |Werjon 230 11.07 2.3 320.75 108.5 12.93 f 1.77 3362 323
16
17
18

Reminder elementary operationsto begin with

- Create an ASCI| file from a data card field of ADE«Data. Click the field while
pressing the option key,

- Transform this ASCII file into binary using Text->Binary option of TextToBin
module,

- Open any file from the Data Folder menu of the ADE*Base selection card.

2 - Definition of the geographical space

Select Copy files from the Data Folder menu. The entire list of the files available in the
ADE/Files folder shows up. Copy the files Karst_carto and Karst_bigi. These two
files are duplicated into your data folder and show up in the file list of the ADE<Base
selection card.
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Jons_veq
Jons_Milla
Karst_Carto
Karst_digi
Mafragh_Carto
Mafragh_Lvigi
Mafragh_Surfaces
Meaudret_Carto

KarsT.IxT
Karst_Carto
Karst_digi

1-TextToBinA18/08/32
Label _Sta
Select Label_var

You can open these two files to control their contents. These two files have a PICT
format. Do not change their format. These graphics must remain in PICT format to be
used by ADE modules. The final graphics derived from ADE modules can be
transformed into another format (MacDraw™, MacDrawPro™, ClarisDraw™,
SuperPaint™, etc.) to improve the presentation (add labels, change fonts, etc.).

_________________ Select
| Data Folder [ENEEI

+ Copy files
Delete file

i
ADE.Motes
Karst

Figure 1 Content of file Karst_digi. Sarsdrawn on the geographical map indicate the location of the
sampling sites.

Use the Digit module to create the file that will contain the spatial coordinates of
each site as follows:

KTabUtil

Maps Size
Areas
GraphUtils Info
Digitalize
Grid preparation
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g I=——————————— Digitize

Background map 13 [Karst_digi |
Output HY file I3 [nny |
[ Quit ][Eupg graph][Saue graph][Print graph]

Choosethefile karst_bigi as background map and type in a name into the Output
XY filebox (axy in our example).

Click Draw to get the following screen:

[14] [2]]

H coord.
¥ coord.

Point #

el

Ricrrimin

H coord.
¥ coord. k 344

4
[}
=

“|Point #
N
® 1

w11

Fscﬁnﬂn

Click Begin. Using the new cursor click each star successively from site 1 towards
site 14. After the last site, click Stop and quit the application.

You can read the file axy from the Data Folder menu (ADE<Base selection card).

Input File: AXY
Row: 14 Col: 2

1 ] 37.0000 |344.0000 |

2 | 120.0000 | 34.0000 |

3 | 129.0000 |149.0000 |

4 | 330.0000 |275.0000 |
............................. etc
9 | 111.0000 ]401.0000

10 | 157.0000 | 25.0000

12 202.0000 ]149.0000
13 67.0000 ]289.0000
14 32.0000 |252.0000

The output file Axy has 14 rows (sites) and 2 columns (coordinates X and Y of each
site).
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3 - Computation

Because data are quantitative and variables are not expressed in the same units,
normalised principa components analysis will be used to analyze this data set. The
input table is karst (binary). Choose the PCA menu of the ADE<Base selection card
and run the module. Select karst tofill inthe Matrix input file box as follows:

[EJ==—————— Correlation matrix PCH D ARY i

00 Karst
Matrix input file @

By default, row weights are uniform (1/n with n = number of rows, here n = 14) and
the column weights are unitary (1). Note that you can import other values as row and
column weights.

One can save the correlation matrix, which is the diagonalized matrix in PCA, by
typing 1 in the Save correlation matrix box:

SO=—— Correlation matrit PCA 0—————1
Matrix input file I [Karst | 14 10
[Row weights (default=1/n) [@| |

Column weights (default=1) [@| |

Option: file for row weighting [@| |

Option: file for column weighting [@| |

1 = Save correlation matrix 1= |

G|

The eigenvalues, the inertiaratio of each axis, and the cumulated inertia shows up as
follows:

Eigenvalues

Mum. Eigenwal. Elrer. F.Sum |Hum. Eigermal . Zlrer. FR.Sum |
a1 +5 . 2423E4+00 +0.5242 +0.5242 |oz +1 . 6PESE+00 +0. 1677 +0.6919 |
oz +1. 14 16E+00 +0. 1142 +0. 2060 |04 +7 . 0192E-01 +0.0702 +0.2762 |
as +5.4206E-01 +0.0542 +0.9210 |06 +32 . 2443E-01 +0.0324 +0. 2635 |
av +1.8002E-01 +0.0120 +0.9215 |0z +1 . 6121E-01 +0.0161 +0.9976 |
uj] +2.2456E-0Z2 +0.0022 +0.9999 |10 +1 . 4370E-03 +0.0001 +1.0000 |

Click OK to get the eigenvalues graph as follows:
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Eigenvalues

| I I | 1 X
Number of axes ? 4 |

This graph helps to choose the number of axes to be stored into the output files.
Typein 2 and click OK. When you quit the PCA program, a dialog window shows up
asfollows:

Do you want to save listing to file
I-PCA/ 14796713 ?

[ Save ] [Eancel]

4]

Save the listing to get information about the results of this computation as follows:

*
| ADE THINK C™ library * CNRS-Lyon * JT/DC/MH |
| PCA: Correlation matrix PCA |
_________________________________________________________ *
Classical Principal Component Analysis (Hotteling 1933)
Input File: Karst

---- Row weights:

File Karst.cnpl contains the row weights

It has 14 rows and 1 column

Each row has 0.0714286 weight (Sum = 1)

--—- Column weights:

File Karst.cnpc contains the column weights

It has 14 rows and 1 column

Each column has unit weight (Sum = 10)

--—- Table:

File Karst.cnta contains the centred and normed table

Zero mean and unit variance for each column

It has 14 rows and 10 columns

File :Karst.cnta --- - ————-——- Minimum/Maximum —------————-

Col.: 1 Mini = -1.47575 Maxi = 2.39562
Col.: 2 Mini = -1.73674 Maxi = 1.5205
Col.: 3 Mini = -2.92485 Maxi = 0.980263
Col.: 4 Mini = -2.2554 Maxi = 1.42569
Col.: 5 Mini = -2.13167 Maxi = 1.2465
Col.: 6 Mini = -1.39477 Maxi = 1.88992
Col.: 7 Mini = -1.63273 Maxi = 1.97618
Col.: 8 Mini = -1.01228 Maxi = 2.08352
Col.: 9 Mini = -1.73907 Maxi = 1.76488

ADE-4/ Fiche thématique 2.2 / 97-07 /| — page 8



Col

File Karst.cnma contains the descriptive of the analysis

10 Mini

= -0.987092

Info: means and variances

It contains successively:

Number of r

ows: 14

Number of columns: 10
means and variances:
Col.: 1 Mean: 416.786
Col.: 2 Mean: 9.68286
Col.: 3 Mean: 85.2679
Col.: 4 Mean: 297 .107
Col.: 5 Mean: 99.8929
Col.: 6 Mean: 8.58214
Col.: 7 Mean: 4.59643
Col.: 8 Mean: 2.38571
Col.: 9 Mean: 34.0871
Col.: 10 Mean: 3.86357

Max i

2.74045

Variance: 16020
Variance: 1.08958
Variance: 125.513
Variance: 1578.48
Variance: 216.881
Variance: 9.87122
Variance: 3.55031
Variance: 0.528225
Variance: 46.3299
Variance: 5.63691

File Karst.cn+r contains the Correlation matrix
from statistical triplet Karst.cnta

It has 10

[ 1] 1000

[ 2] -682 1000
[ 3] 607 -693
[ 4] -638 722
[ 5] -651 825
[ 6] -501 760
[ 7] -745 926
[ 8] -344 158
[ 9] -309 128
[ 10] -183 182

1000
-417 1000
-470 979
-566 498
-616 680
-69 284
1 -19
-126 -79

rows and 10 columns
Correlation

583 1

000
806
-32
234
251

matrix -—-————————— . ——
1000

319 1000

291 -2 1000

384 206 564 1000

DiagoRC: General
Input Ffile: Kars
--- Number of rows: 14, c

Total

Num
01
03
05
07
09

inertia:

Eigenval.

+5.2423E+00
+1.1416E+00
+5.4806E-01
+1.8003E-01
+2.2456E-02

program for two diagonal

t.cnta

R.Iner.
+0.5242
+0.1142
+0.0548
+0.0180
+0.0022

File Karst.cnvp contains

axi

Fil
Col
Col

S
|

e

t has 10 rows and 2
File Karst.cnco contains
It has 10 rows and 2

:Karst.cnco
1 Mini =
2 Mini =

File Karst.cnli
t has 14 rows and 2 columns

Fil
Col
Col

1
e

:Karst.cnli
1 Mini =
2 Mini =

-0.823093
-0.383589

contains the row

-4.57004
-2.04113

olumns:

R.Sum
+0.5242
+0.8060
+0.9310
+0.9815
+0.9999

the eigenvalues and relative

columns

10

|Num.
|02
|o4
|06
|os
|10

inner product analysis

Eigenval.

+1.6765E+00
+7.0199E-01
+3.2443E-01
+1.6121E-01
+1.4370E-03

the column scores

columns

——— Minimum/Maximum
0.957283
0.838496

Maxi
Max i

——— Minimum/Maximum
3.41192
2.70311

Maxi =
Maxi =

scores

R.1
+0.
+0.
+0.
+0.
+0.

ner.
1677
0702
0324
0161
0001

R.
+0.
+0.
+0.
+0.
+1.
inertia for eac

Sum

6919
8762
9635
9976
0000

|
|
|
|
|
|
h
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Thefile karst.cncl  contains the row contributions to the trace; it is a 14 rows and
1 column file. You can then control the contents of the three files karst.cnpl,
Karst.cnpc and Karst.cnta with ADEBin module as follows:

Input file: Karst.cnpl
Row: 14 Col: 1

1] 0.0714 |

.................................................. etc
14 | 0.0714 |
Input file: Karst.cnpc
Row: 10 Col: 1
1] 1.0000 |
.................................................. etc
10 | 1.0000 |
Input file: Karst.cnta
Row: 14 Col: 10
1] -1.3177 | 1.5205 | -0.2694 | 0.3937 | 0.7712 ] 0.7600 |
1.7798 | 1.3268 | 1.5989 | 1.8475 |
2 ] 0.9735 ] -0.2231 | 0.9803 | -0.0971 ] -0.1116 | 1.6289 |
-0.1042 | -0.8059 | 0.2472 | -0.3132 |
3] -0.5277 ] -0.0602 | 0.7125 | 0.6203 | 0.4147 | -0.4654 |
-0.2263 | -0.3931 | 1.7649 | -0.0057 |
.................................................. etc
13 | 0.0254 | 0.6870 | 0.0207 | 0.4063 | 0.5845 | -0.3922 |
0.0019 | -0.8059 | -1.5995 | -0.6291 |
14 | -1.4757 ]| 1.3289 | -2.9248 | 0.5951 | 0.5845 | 1.3902 |

0.7449 | -0.8472 | -0.0686 | -0.2584 |

The file karst.cnta has the same the number of rows and columns than the input
filekarst. Each value in the normalised table are equal to
_Zij" %
Xij =
5
where z; is the original value, z; is the mean for the jth variable and g its standard

deviation. Consequently, the columns of this file have a mean equal to O and a variance
equal to 1.

The correlation matrix allows to verify the consistency of the data. For instance,
water temperature (variable n°2) is inversely related to the atitude (variable n°1)
(correlation coefficient = -0.682) and concentration of dissolved oxygen (variable n°3)
increases as temperature decreases (correlation coefficient = -0.693).

Select karst.cnvp inthefilelist of the ADE<Base selection menu and open it to get
the following listing:

Input file: Karst.cnvp
Row: 10 Col: 2

1] 5.2423 | 0.5242 |
1.6765 | 0.1677 |
3] 1.1416 | 0.1142 |

ADE-4/ Fiche thématique 2.2 / 97-07 / — page 10



The first column of this file contains the eigenvalues of the analysis that represent
the variance of scores associated to each axis (rows). The second column contains the
inertiaratio for each axis. One can verify that —1/total inertia=5.2423/10 = 0.542. Note
that because of the unitary variance of variables, the total inertiais equal to 10.

Inertiaanalysis allows to add statistical aids in the interpretation of data. Use DD Uil
and choose the Rows:. | nertia analysis option to compute the row contributions and the
Columns: Inertia analysis option to compute the column contributions as follows:
Options

ﬁhguna"zaﬁnn

+ Run Add normed scores
Size
~Rows: Inertia analysis

Distances Info Columns: inertia analysis

Diagonalization
- Data modelling

Add normed scores Residuals
Rows/Inertia analysis Supplementary columns
Columns/Inertia analysis Ssupplementary rows

Column projections
Row projections

Select thefilekarst.cnvp by clicking the hand icon as follows:

Rows: Inertia analysis EI

[@karst.cnup | 10 2

The listing of row inertia analysis give the following information:

Input file: Karst.cnta

Number of rows: 14, columns: 10

Inertia: Two diagonal norm inertia analysis
Total inertia: 10 - Number of axes: 2

File Karst.cncl contains the contribution of rows to the trace
It has 14 rows and 1 column

Row inertia

All contributions are in 1710000

INum |Fac 1]|Fac 2]
| 1] 1371] 2034]
| 2l 24 8l
| 31 5] 296]
| 4] 925 401}
| 5] 580] 380]
| 6] 1586] 52]
| 7] 2845] 8l
|
|
|
|
|
I

8] 299 147]
9] 4] 81

10] 293] 3113]
11] 275] 1775}
12] 516] 226]
13] 3] 1356]
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| 14] 1267] 117]

Num |Fac 1]Fac 2]|Remains] Weight | Cont.

I I
I 1] 6155] 2921||] 922 | 714 | 1167 |
I 2] 331] 38]|] 9630 | 714 | 389 |
I 3] 79| 1425|| 8495 | 714 | 348 |
I 4] 5397| 748|| 3853 | 714 | 898 |
I 5] 6887| 1444|| 1667 | 714 | 442 |
I 61 8426] 89|| 1484 | 714 | 986 |
I 7]_8857] 8ll 1134 | 714 | 1684 |
I 8] 4600] 726]| 4672 | 714 | 341 |
I 9] 134] 757]|] 9108 | 714 | 180 |
| 10| 1722 5848|| 2429 | 714 | 892 |
|  11] 1811] 3730|| 4457 | 714 | 797 |
| 12| 7622] 1066]| 1311 | 714 | 355 |
| 13| 54| 6721]| 3223 | 714 | 338 |
| 14| 5646] 166]| 4186 | 714 | 1176 |

The listing of row inertia analysis give the following information:

Input file: Karst.cnta

Number of rows: 14, columns: 10

Inertia: Two diagonal norm inertia analysis
Total inertia: 10 - Number of axes: 2

File Karst.cncc contains the contribution of columns to the trace
It has 10 rows and 1 column

Column inertia
All contributions are in 1710000

[Num |JFac 1|Fac 2]
| 1] 1292] 26|
| 2] 1673] 34]
| 3] 947] 371
| 4] 1269] 877]
| 5] 1484] 556]
| 6] 1172] 81]
| 71 1748] 124]
| 8] 176] 9]
| 9] 101] 4059]
| 10] 135] 4193]

Num |JFac 1]|Fac 2] |Remains| Weight Cont
1] 6774] 43]] 3181 ]10000 999
2] 8773] 5711 1168 |]10000 1000
3] 4968] 63]] 4968 10000 1000
4] 6653] 1471]] 1875 ]10000 1000

I I I
I | |
I | |
I | |
I I I
I 5] 7781] 932]| 1286 ]10000 | 1000 |
I I I
I | |
I | |
I | |
I I I

6] 6145] 137]] 3717 ]10000 1000
7] 9163] 208]] 627 ]10000 1000
8] 923] 15]] 9061 ]10000 1000
9] 529] 6805]] 2665 ]10000 1000
10] 709] 7030]] 2259 ]10000 1000

In these tables, the column "Num" identifies the rows (= 14 sites) or the columns (=
10 variables). The absolute contributions are the contributions of sites or variables to
the definition of axes; for example, site 7 (Heria, underlined in the above listing)
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contributes for 28.45% to the definition of the first axis and only for 0.08% to the
definition of the second axis. The relative contributions indicate the contribution of each
axis that explains the position of a row (site) or a column (variable). For instance, the
first axis contributes for 88.57% to the position of site 7 (column "Fac 1"). Note that the
eigenvalues (=1, —2) equa the sum of each column ("Fac 1" and "Fac 2"). The column
"Remains' indicates the percentage of variability not taken into account by the two first
axes (11.34% for site 7). The values presented in the columns "Weight" and "Cont." are
those presented in the fileskarst.cnpl and karst.cncl respectively.

4 - Interpretation

4.1 - Eigenvalues

Select Curves module to draw the eigenvalues diagram (first column of the file
Karst.cnvp). Select the Bars option. Select karst.cnvp as 'Y file and indicate the Bar
width (optional) asfollows:

T Bnn= |
H file (default = 1, 2, 3, ..., n) 1= |

H file column number (default = 1) [JZ| |

¥ file (no default) I [Karst.cnup | 10 2
Cumulated data (1=yes, 2=no) 1| |

Dariable label file (or #) 1= |

Bar width (pixels) =ZIE |

[ quit |[Copy graph|[save graph][Print graph] [ Drawh]

File karst.cnvp hastwo columns and ten rows. To get the graphic concerning only the
first column, select Min & Max in the Windows menu and change the dimensions of
the window. Choose one graph per window:

Fff=— Min/Man=0-—+——|
Min. abscissa: |0 [] Horiz. graphsi1 n
w Dptions Mau. abscissa: (10 [] Uert. graphs: I| O
Close Al i . .
Min. ordinate: (0 N Nb. grad. #: ;
Graphics #0 [ |Man. ordinate: |3.3 O . [
File Selection 3F NDb. grad. ¥:
IR CTTNEEud (Wwindow height:| 150 _
Row & Col. seleion %R G factor:
Window width: | 200
[J Square drawing
(<] Draw frame
Draw k.
j (<] Scale box
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E_jg=— Curves ST

To save this graphic click Save graph and give a name (e.g., Eigenvalues.G) as

follows:
L|BaE|r width [pizels) 3

‘[ Quit |[Copy graph][Saue.g:;raph][Print graph|
Output file: Cancel
|Eigenua|ues.l3 |

The illustration is stored as a PICT file, which can be opened with a drawing
software (MacDraw™, ClarisDraw™, etc.).

4.2 - Draftsman's display (See ADEScatters : Draftman's display)

Such representation is used to show the correlation among variables. Go to the
ADE-Old selection card and select PCA/COA Graphical Display as follows:

T 05w
= [ TS Dev [»][Cards [+
DEL | Other Stacks |+

Y ou may also use the QuickBasic button of the ADE<Base selection card for a quick
selection of a Basic program. Select the CorreMat QuickBasic application and click
button B, select thefilekarst.cnta and click OK or return asfollows:

CorreMat !
03| CorreMat *«

Do el
EE==———————— Parameters —~——————1
[Scatter diagram matrix |
( ---.cnta typefile (Bin) | [Karst.cnta [14 [10 |

For each dialog window you can change the input values:

[EE==——=— Parameters
[Mini #-auis: |[-3 |
[Maxi H-axis: |[2.8 |
[Mini ¥-auis: |[-3 |
[Maxi ¥-axnis: ||2.8 |
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{E Parameters

[Window width : || 400 |
[Window height : || 250 |
[Horizontal window number : || 10 |
[Vertical window number : [[ 10 |

|

[Between horizontal window space (pixels) 3| [ 0

This results in Fig. 2 which both indicates the values of correlation coefficients and
give the linear regressions of variables.

=] -.682| .607 | -.638| -.651| -.501 | -.745 | -.344| - 309 | -.183
~a o7 -.693 | 722 | .825| .76 926 | .158 | .128 | .182
a :1
/;?g%/\@% l o -.417 | -.47 | -.566 | -.616| -.069 | .001 | -.126
[}
ﬁ%ﬁﬂ P illo | .979 | .498 68 284 | -.019 | -.079
g el o el ﬁ@%ﬁ 583 | .787 | .275| .008 | .032
o] P 6] i
—g |0 4 gp-o]o 98 4 4@ 806 | -.032 | .234  .251
e e ﬁj@\ﬂﬁf‘mw B
8l e D\Dj%R Ajﬁ%ﬂ/ o Aﬁ%ﬂ/ﬁ L7 319 201 | 384
A i
o o gol o @2 ] 5 bf | ofo o 7o -.002 | .206
@DFS\D/E%]DE b O F@\ [Eia] & o [-o0%o O
oo BJ O [m] a8 Ch Ol o o o o f
”—HBD:F%E:D ”D%ﬂg Dﬂéf; Dmmqﬁ‘;r; /EHE{EJ = /D%%/v @Dmum /g@& - 564
[} 5 - a - [m] - [} a - [} ) a - a é:
ﬁfﬁﬂﬁ/ﬁw\%\uuﬁ@rw#ﬁ /mf%ﬂfﬂjﬂ\% freTs i

Figure 2 Draftsman's diagram of 10 variables measured in 14 karstic springs. Lines shown in the left
graphsisfromthe linear regression of the vertical variable on the horizontal variable.

The correlation matrix (karst.cndi file) is stored as indicated on the listing of the
CorreMat application:

File Karst.cndi contains correlation matrix
It is a 10 row and 10 column file

4.3 - Factorial map

Use the Scatters module with the Labels option to draw the factoria map of sites
(Fig. 3). Choose thefile karst.cnli (Site scores) and the file Label-Sta as Labels and
Click Draw.

Use the Min. & Max. option of the Windows menu to modify the limits of the
graphics. This makes all labels be included into the drawing frame:
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E[[E&=———"——" = Min/Max

Min. abscissa: |-4.6 [J Horiz. graphs:1 O
MaH. abscissa: (4.5 [ Uert. graphs: |1 O
Min. ordinate: |-2.9 O Nb. grad. H: 1
Max. ordinate: |3 O wb grad. ¥: |1
Window height:| 400 G factor: 0
Window width: | 400 s q ]
quare drawing
t<] Draw frame
t<] Scale box

Thisresultsin apict file that may be stored into your datafolder (Fig. 3).

(e=—————— Statters ——"———115|

Haillat 3
A -5HH4.5
-2.5

Enrage
Lorveissiat
Luyotted
Lhafl 1e=
Heria
loisia .
lLa_EBalme erjon
Samograt
Fetigny
Jarcia

Hantey

Figure 3 F1-F2 factorial plane of sites.

4.4 - Correlation circle

Use Scatters (Labels option) to draw the correlation circle (Fig. 4). Choose the file
Karst.cnco as the XY coordinates file and Label_var as Label file (Txt). Here we
draw the correlation circle according to the first and second axes. Typein 1 (yes) into
the Draw unit circle option.

Change the minimal and maximal values to give the minimal and maximal limits of
the correlation coefficients for each axis (between 1 and -1).
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EO0==—————— labels

HY coordinates file [@warst.cnm

H-a#is column number (default = 1) [@“

¥-adis column number (default = 2) [@h

Label file (or # for item numbers) [@“ahel_llar

Draw unit circle (yes = 1) [@H
Draw points (no = 2) [@|

Constrain H/U ratio (yes = 1) |

|
|
|
|
Draw vectors from origin (yes = 1) [@h |
|
|
|

[ Quit ][Eupg graph][Saue graph][Print graph]

e N
Min. abscissa: |-1 [J Horiz. graphs:)1 O
Mau. abscissa: |1 O Uert. graphs: |1 O
Min. ordinate: |-1 TS grad. §: [1
Mas. ordinate: | 1| k—D ND. grad. ¥: |1
Window height: 400 G factor: 0

Window width: | 400

[ Square drawing

] Draw frame
(< Scale box

F2 Ig es

Lice

ygene
Qeene F1 |
Atitude ——— \MT npér at ur e

Figure 4 Correlation circle variables-axes (F1-F2 factorial plane).
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Barrage de Vougl Barrage de Vougl
® .
[ ] @ Bi e
Barrage de Coise Barrage - 4 6
Q Oyonnax S Q D -2.3
u N ‘el /o
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=
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Lac de Nant Lac de Nant . 2.1
@ nantua @ nanf
T B
0 10 Km Fact or m 4.6

Figure 5 Ste scores (first and second axis) plotted on the geographical map. Circles represent positive
values and squares represent negative values.

>

F2 Zone ® Zone Zone
| 1]

“Maillat

Barrage de Vougl

Barrage de Coi se

D ! Oyonnax A

{ %Lac de Nant
@

Nant ua

DT arcia
antey

0 10 Km

Figure 6 Interpretation of the F1-F2 factorial map. Three zones are identified according to the first
factor. These zones are easily distinguishable on the geographical map where F1 scores are plotted
(graphic on the right).
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Two gradients can be identified from Fig. 3 and Fig. 4:

- the first axis describes the global mineralization, which takes into account the
simultaneous variations of bicarbonates, calcium, sulphates and silica. Mineralization is
related to the atitude as it is higher in the lowland sites than in the upland sites having
steep slope and fast flow. Temperature and dissolved oxygen are aso related to the
altitude and consequently strongly associated to the first axis;

- the second axis underscores the effect of human activities. On that axis, the
ordination of springsis strongly associated to nitrates and chlorides concentrations.

4.5 - Cartography of scores (See Maps : Values)

Scores result from the linear combination of the normalised values of variables under
the constraint that the sum of the squared coefficientsis equal to 1. They also represent
numerical codes (to more or less one constant) maximising the sum of their squared
correlation with variables. Because of their maximum variance, the factorial score can
be used as any quantitative variable.

Use the Maps program with the Values option to plot the scores on the geographic
map already prepared:

Maps . FEM

Areas Size
GraphUtils
Info
Labels I]ptiuns_.
Values Labels® L

Meighboorhood Graph +Ualues %A

Use the file karst-carto as Background map (Pict file) and aAxy as XY file. You
can create a label file (Label_Fact, ASCII file) that contains the labels of each graph
(the axis number, i.e., "factor 1", "factor 2").

Use the file that contains the site scores (karst.cnli) as Input datafile. Do not use
the Rescale between 0 and 1 option if you want to plot the true scores:

= llalues

Backgroung map (Pict file) [@“l{arst_tartu |

HY file 1= [any | 14 2
Label file (or #) I [Label-Fact |

Input data file I [Karst.cnii | 14 2
Rescale between 0 and 1 (yes=1) [@| |

Same scale for all col. (no=1) [@| |

[ Quit ][Eupg graph][Saue graph][Print graph] l ;I]raul !

Thisresultsin Fig. 5. Save this graph as a PICT file. Using Fig. 3 and Fig. 5 results
in a synthetic illustration depicting the East-West gradient of mineralization among

springs (Fig. 6).

ADE-4/ Fiche thématique 2.2 / 97-07 / — page 19



4.6 - Canonical graph

For each variable one can draw the linear regression of the normalised values on the site
scores along the first axis. This ordination common to all graphs maximises the squared
correlation and allows the simultaneous display of the relationships between variables
and a synthetic variable (the first axis). Such agraph is called a canonica graph.

Select the CurveM odel module and the Polynomials option to plot this graph. Type
in the dialog window Karst.cnli as X fileand Karst.cnta asY file

E[1E=————————— Polynomials

H file (default =1, 2, 3, ..., n) [@karst.cnli 14 2
H# file column number (default = 1) [@|

¥ file (no default) [@karst.cnta 14 10

Order of polynomial (default = 1) ? [@|

Dariable label file (optional) 13|
Draw model (1=yes, 2=no) [@|

Draw observed points (1=yes, 2=no) -=|
Draw residual sticks (1=yes, 2=no) [@|

[ ouit_)[copy graph)(save graph][Print graph) N

Thisresultsin the following graphics:

|
|
|
|
Weight file (optional) [@| |
|
|
|
|

EDE CurveModels Se0———————1=
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Use the GraphlD module with the Labels option to plot the ordination of sites
along the first axis. Modify the dialog boxes as follows:

s labels

Data file (no default) I3 [Karst.cnii | 14 2
Rows label file (default = #) [I=}[Label_sta |
variable label file (or #) =] |

Pertical (1) or horizontal (2) graphs [@P |

[ Quit ][Eupg graph][Saue graph][Print graph]

E1=— Row ¥ col. selection

Col. selection: || |

Row selection method: (File
i Keyboard

Graph number: 1 [ Dalidate & next graph |

Row selection: | |

T EeEf—"—-"-1"T——— Min‘fMat EBVFi—————
Min. abscissa: |-4.6 [] Horiz. graphs:4 O
MaH. abscissa: (3.5 [] UVert. graphs: |1 O
Min. ordinate: (0 O Nb. grad. H: |1
Max. ordinate: | 100 O nb. grad. v: |1
k

i ight:| 180
Window height: G factor:
Window width: 500

[J Square drawing

[<] Draw frame
[<] Scale box
This resultsin the following graph:
S I==————————————— GraphlD &
100
3 G -4.6HHz2.5
Eem y u}
Hhto =]
erig t
ragh t
igha =
gyt =

The final graphic (Fig. 7) results from the rearrangement using a drawing software.
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Figure 7 Canonical graphs.

These graphs allow the study of the relationships of each variable according to the
mineralization described by the first axis. For example, water temperature and silica are
closely related to the mineralization (squared correlation equal +0.94 and +0.96
respectively) and consequently appears as major variables along axis F1.

5 - Data reconstitution
5.1 - Objective

Data reconstitution is very useful when data are recorded chronologically (e.g. growth
curves). The aim of this procedure is to superpose the data (here the normalised values)
and a model using eigenvalues and row and column scores. It allows to visualise
simultaneously the variations of axes and variables. In the following we describe an
example where data were recorded at 39 dates in one site located on the Rhéne River
(France) over the period 1983-1984 (Carrel, 1986)3. Fifteen physical and chemical
variables were taken into account.

5.2 - Data set

Go to the ADE«Data selection menu. Select «Rhone» in the example list:
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p Prorence_Corse
Fromrenica_Corsa+l

Fainfall

Ehine
F oo
= CE mlem.=_-+1.'“n"J
NEI |l 1 Fubus

Copy the datafields to your datafolder:

=0 HD230:ADE/C:ADE+Data SE

| Carte 149 sur 149 |

|Dntn®
?,5.0,350,8 2,93,67, 186,62 .9,7. 1,35, .55, 176.9,17.3,2.6,1.4
2.%.4,345,7.0,02,20%, 176,57.7,7.5,42.1, .78, 158.6,2.7, .9, 1.6
10,7.5,260,8,94, 176, 176,60, 1,6.2,32.9, .54, 160.6,4.4,1.2,5.7
16,9.1,208,7.9, 101,85, 165,57.7,5.1,32.8, .63, 161,22,3.7,6.2
15,9.6,2687,5.2,96,40, 167,55.9,4.9, 24 .4, .45, 176.9,44.9,5.6,2.9
10, 10.1,277,8.2,98, 25, 165,57.3,5.3,25.6, .48, 170.5,92.4,58.5,9.2
15, 11.4,293,8.2,98,22, 176,62.1,5.1,22.5, .55, 191.5,95,9.5, 4.4
12,9.5,295,8.1,98,55, 170,52.9,5.6,20.8, .5, 162.4,40,4.4, 10.6
16, 11,2099,5.3,95,22,170,60.1,4.9,30.7, .65, 170.5,29.3,4.4,1.5

023 |(Rhone (39-15) . Carrel

1-Ta 0z /02
1-Ta Température de |'air (°C 2 L -Te 22702
2-Te Température de |'equ (°Co . 3-Co 14403
Z-Co Conductivité CmS/focm? AR 4-pH 19,04
4-pH potentiel Hyrogéne[33 jndividus— daotes S-0x 03/05
3-0= Saturation en oxud|de prélévements B-Tr 09/05
5-Tr Transpaorence Ccm? |¢{023—1984 2 7-0Ot 18,05
7-0t Dureté totale (mg|{S wariables -0 24/03
2-0c Dureté calcique <m physico—chimiques 9-mg 31,05
g9-mg Magnésium (mg/l Mg e . A-5u 0706
A-Su Sul fates <mgsl =102 E-Ho 16,06
E-Ho Azote nitrigue dmbsl > C-Ta 22706
C-Ta TAC tmg/| HCO3-2 D-HM= 28/06
Ol Mot = N HE ol A Y E-HMo DS.'"D? C,

Create an ASCII file named

Code_Date
pr— Code_Yarx
[Enregigtrer] Dite tct
T | Connuter )

Five files can be incorporated to your data folder:

(1) rh.txt contains the data (39 rows = sampling dates and 15 columns =
physico-chemical variables). You must transform rh. txt intornh (binary).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 2 5.9 359 8.2 93 67 186 62.9 7.1 35 .55 176.9 17.3 2.6 1.4
2 2 3.4 348 7.9 92 203 176 57.7 7.8 42.1 .78 158.6 3.7 .9 1.6
3 10 7.5 260 8 94 176 176 60.1 6.3 32.9 .54 169.6 4.4 1.2 5.7
4 16 9.1 298 7.9101 85 165 57.7 5.1 32.8 .63 161 22 3.7 6.2
5 15 9.6 287 8.2 96 40 167 58.9 4.9 24.4 .48 176.9 44.9 5.6 2.9
6 10 10.1 277 8.2 98 28 165 57.3 5.3 28.6 .48 170.8 92.4 8.8 9.2
....................................................................... etc.
35 11 9.1 292 7.9109 19 191 66.1 6.3 26.6 .54 151.3 258.3 16.5 5.6
36 -5 4.2 342 8.1 89 115 227 75.8 9.2 30 .78 174.5 10.3 1.7 -7
37 6 5.9 343 7.9 78 150 209 70.1 8.3 34.5 .84 152.5 9 1.1 -3
38 7 6.7 330 7.7 86 43 211 73.4 6.8 25.3 .6 173.2 29.5 2.2 -8
39 2 5.8 349 7.8 77 165 176 59.7 6.6 34.5 .45 170.8 5.9 .6 -7

(2) Nom_var identifies the variables:

1-Ta Température de 1"air (°C )
2-Te Température de I"eau (°C)
3-Co Conductivité (uS/cm)

air temperature (°C )
water temperature (°C)
conductivity (uS/cm)
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4-pH potentiel Hydrogéne (pH) pH

5-0x Saturation en oxygene (%) percentage of oxygen saturation
6-Tr Transparence (cm) water transparency (cm)

7-Dt Dureté totale (mg/l1 CaC03) total hardness (mg/1 CaCO03)
8-Dc Dureté calcique (mg/l1 Ca++) calcium hardness (mg/l Ca++)
9-mg Magnésium (mg/l1 Mg++) magnesium (mg/l1 Mg++)

A-Su Sulfates (mg/1 x10) sulphates (mg/1 x10)

B-No Azote nitrique (mg/l) nitric nitrogen (mg/l)

C-Ta TAC (mg/1 HCO03-) total alkalinity (mg/1 HCO3-)
D-Ms Mat. en suspension (mg/l) suspended matter (mg/l)

E-Mo Mat. organique (mg/l) organic matter (mg/l)

F-Ch Chlorophylle a (mg/l) chlorophyll a

(3) code_varx (Txt, label file) contains the code of variables:

1-Ta
2-Te
3-Co
4-pH
5-0x
6-Tr
7-Dt
8-Dc
9-mg
A-Su
B-No
C-Ta
D-Ms
E-Mo
F-Ch

(4) pate.txt (Txt) contains the sampling dates as the number of days since the
1st of January:

01-33 02-53 03-73 04-109 05-123
06-129 07-138 08-144 09-151 10-158
11-167 12-173 13-179 14-186 15-192
16-200 17-207 18-213 19-221 20-228
21-235 22-242 23-249 24-255 25-262
26-269 27-276 28-283 29-291 30-297
31-304 32-311 33-318 34-325 35-332
36-339 37-353 38-360 39-367

(5) code-Date contains the sampling dates as day of sampling.

5.3 - Data analysis and interpretation
Compute a PCA (option Correlation Matrix PCA) on the table rh:

Classical Principal Component Analysis (Hotteling 1933)
Input file: Rh

--—-- Row weights:

File Rh.cnpl contains the row weights

It has 39 rows and 1 column

Each row has 0.025641 weight (Sum = 1)

---- Column weights:

File Rh.cnpc contains the column weights

It has 39 rows and 1 column

Each column has unit weight (Sum = 15)

---- Table:

File Rh.cnta contains the centred and normed table
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Zero mean and unit variance for each column
It has 39 rows and 15 columns

File Rh.cn+r contains the Correlation matrix
from statistical triplet Rh.cnta

It has 15 rows and 15 columns

Correlation matrix

[ 17 1000

[ 2] 884 1000

[ 3] -856 -892 1000

[ 4] 204 187 -201 1000

[ 5] 346 192 -311 254 1000

[ 61 -309 -108 169 -206 -505 1000

[ 71 -831 -905 870 -159 -177 26 1000

[ 8] -781 -895 844 -146 -87 -97 986 1000

[ 91 -679 -524 587 -145 -531 609 590 447 1000

[ 10] 222 443 -255 -108 -219 707 -483 -571 170 1000

[ 11] -509 -585 553 -40 -178 229 554 511 497 6 1000

[ 12] -653 -860 758 -1 35 -250 814 867 165 -694 352 1000

[ 13] 0 -149 10 69 496 -591 207 274 -223 -588 -78 295
1000

[ 14] 79 -109 -42 196 386 -678 119 202 -346 -634 -110 326

883 1000

[ 15] 229 96 -283 173 448 -292 -127 -74 -328 -243 -252 92

316 286 1000

DiagoRC: General program for two diagonal inner product analysis

Input file: Rh.cnta

--- Number of rows: 39, columns: 15

Total inertia: 15

Num. Eigenval. R.Iner. R.Sum [Num. Eigenval. R.Iner. R.Sum |
01 +6.2743E+00 +0.4183 +0.4183 o2 +4.1409E+00 +0.2761 +0.6943 |
03 +1.0082E+00 +0.0672 +0.7616 |04 +8.5920E-01 +0.0573 +0.8188 |
05 +7.6219E-01 +0.0508 +0.8697 |06 +6.6565E-01 +0.0444 +0.9140 |
................................................................... etc
13 +2.9567E-02 +0.0020 +0.9984 |14 +2.3569E-02 +0.0016 +1.0000 |
15 +0.0000E+00 +0.0000 +1.0000

File Rh.cnvp contains the eigenvalues and relative inertia for each
axis

--- It has 15 rows and 2 columns

File Rh.cnco contains the column scores
-—— 1t has 15 rows and 6 columns
File Rh.cnli

It has 39

contains the row scores
rows and 6 columns

The two first axes take into account 69% of the total inertia. An important question
is: "How many axes should be stored?'. From a statistical point of view and according
to the aim of PCA (description of the correlation among variables) the answer is 2.
From a biological point of view, a variable not correlated with the others may be of
interest and should be taken into account. This is why we select 6 axes in this anaysis

(Fig. 8):
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Figure 8 Eigenvalues diagram. This graph shows that a large part of the variability is taken into account
by the two first axes.

Use the Scatter s module to draw the F1 x F2 correlation circle (Fig. 9):

sN=——————— labels

HY coordinates file I3 [Rn.cnco | 15 6
H-axis column number (default = 1) [ [1 |

¥-axis column number (default = 2) [@h |

Label file (or # for item numbers) (I} [Code_vary |

Draw vectors from origin (yes = 1) [@h |

Draw unit circle (yes = 1) =K |

Draw points (no = 2) =31 |

Constrain H/U ratio (yes = 1) | |

[ ouit_|[Copy graph](Save graph|[Print graph]

Figure 9 Correlation circle along the F1 x F2 plane.

Five variables are totally encountered for by the first axis (1, 2, 3, 7 and 8).

ADE-4/ Fiche thématique 2.2 / 97-07 / — page 26



Two redundant groups of variables can be identified: (i) the first group is composed
of air and water temperatures which best describe the seasonal cycle; and (ii) the
second group deals with the mineralization (mainly related to the calco-carbonic
equilibrium). Seasonal variations of the temperature involve seasona variations of the
Cat*t/HCO3/CO3™ equilibrium by modifying the CO, solubility and the dissociation
constant of the carbonic acid. The second axis deals with the variations of the variables
6, D and E, which follow discharge variations. Other variables are more or less
associated with these two axes (C, A...) but the relationships of 1 or more axes
contributing to the explanation of the variations of a variable cannot be clearly seen on
such a graph. Other parameters not taken into account by the two first axes, because
they are not related either to the season or the discharge in our example, are almost
entirely missed by this type of graph. Use the Scatters module with the Trajectories
option to draw the factorial map of sampling dates (Fig. 10):

Sf=———Trajectories =0
HY coordinates file 13 [Rn_cnii | 39 4
H-axis column number (default = 1) [@h |

v-anis column number (default = 2) [I&][2 |

Label file (or # for item numbers) (I [# |

Draw points (no = 2) 13| |

Constrain H/U ratio (yes = 1) 13| |

[ Quit ][Eupg graph][Saue graph][Print graph]

Figure 10 Sampling dates along the F1 x F2 plane. Dates are numbered and linked by a line by
chronological order.
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Create a label file (Labels_season, ASCII format, 39 rows, 1 character string)
where each date is replaced by alabel indicating the season as follows:

02702 Wi 14/03 Sp 07/06 Su 06709 Au 05712 Wi
22/02 Wi 19/04 Sp 16706 Su 12709 Au 19712 Wi
03705 Sp 22/06 Su 19709 Au 26/12 Wi 09705 Sp
28/06 Su 26/09 Au 02701 Wi 18705 Sp 05707 Su
03710 Au 24/05 Sp 11707 Su 10710 Au 31/05 Sp
19/07 Su 18/10 Au 26/07 Su 24/10 Au 01708 Su
31710 Au 09708 Su 07/11 Au 16708 Su 14/11 Au
23/08 Su 21711 Au 30708 Su 28711 Au

Use Scattersto get an illustration of the seasonal process (Fig. 11):

E = l abels

HY coordinates file 15 [Rn.cnii

H-axis column number (default = 1) [@h

¥-asis column number (default = 2) [@H

Label file (or # for item numbers) [@“ahels_seasun

A P2 A
Wi o ; AU Au Su
d/v dA\U Au DSU

Su
Aupu  oSUSY s
AR A || 5P 1 ; §J$u D:S%"

Figure 11 F1-F2 factorial map of the sampling dates. This graph shows the seasonal cycle and highlights
the dispersion of data recorded in Autumn.

The temperature regime is thus highlighted in Fig. 11 (scores on the first axis) and
the relationships of sampling dates and discharge is depicted by the second axis. The
discharge of the Rhéne river is characterised by a relatively regular summer (snow
melting) and winter (low water level) discharge. During the 1983's spring, exceptional
floods occurred. During autumn, periods of high and low discharge alternated.
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This tempora dynamic can be easily demonstrated on a "functional graph” where the
factorial scores of the sampling dates are plotted against time. Use the Curves module
and the Bars option to draw such "functional graph". Select pate as X file (after
transformation of Date .txt into bate (binary)):

= §.0F
# file (default = 1, 2, 3, ... ) 15[ nate | 39 1

H file column number (default = 1) [@“ |

¥ file (no default) 13 [Rn.cnii | 39 4
Cumulated data (1=yes, 2=no) [@| |

variable label file (or #) 1= |

Bar width (pixels) =IE |

[ ouit_|[Copy graph][save graph][Print graph|

spring

winter

Figure 12 Temporal evolution of the sampling date scores. The seasonal cycle is shown along the first
axis and the discharge variations are demonstrated along the second axis.

Factorial maps provide a basis for the interpretation of multivariate data sets along
the first axes. Nevertheless, they are not very efficient for the analysis of further axes
that describes particular variable or sample. Actually, on a factorial map the
experimental point M; (true value) at the end of vector OM; = (yi1,..., Yip) is replaced by
its orthogonal projection m;j onto the F1-F2 factorial plane, for instance. This graph
does not provide any measure of the distance between the points M; and its projection
mj. As aresult, the computation of inertia statistics permits to measure such a distance.
Moreover, this distance can be viewed by plotting together the reconstituted data (by
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linear auto-modelling) and the original data. This is the aim of data reconstitution (see
Statistical basis volume).
5.4 - Data reconstitution (See DDULtil : Data modelling)

Use the DDULil program and the Data modelling option to reconstitute (or recreate) the
data as follows:

Optionsh;
Diagonalization

Add normed scores
+ Run

Size Rows: Inertia analysis

g Columns: inertia analysis
Distances Info
Diagonalization +~ Data modelling
- Residuals

Add normed scores
- Supplementary columns
Rows/Inertia analysis Supplementary rows
Columns/Inertia analysis
- Column projections
Data modelling Row projections

Select Rh.cnvp aslnput file:

s1=——————— Data modelling
Input file 1= [Rh.cnup |15 2

Modelling: Data reconstitution after PCA/CA
Title of the analysis: Rh.cnta
Number of rows: 39, columns: 15

File Rh.cnrA contains the model computed with 1 axe
It has 39 rows and 15 columns

File Rh.cnrB contains the model computed with 2 axes
It has 39 rows and 15 columns

File Rh.cnrC contains the model computed with 3 axes
It has 39 rows and 15 columns

File Rh.cnrD contains the model computed with 4 axes
It has 39 rows and 15 columns

File Rh.cnrE contains the model computed with 5 axes
It has 39 rows and 15 columns

File Rh.cnrF contains the model computed with 6 axes
It has 39 rows and 15 columns

Six files were created Rh.cnrA, Rh.cnrB, Rh.cnrC, Rh.cnrD, Rh.cnrE, and
Rh.cnrF. Each file corresponds to the reconstructed data with the first axisfor Rh.cnra,
the first and the second axes for rRh.cnrB,..., and the six first axes together for
Rh.cnrF.

From a geometrical point of view the reconstitution corresponds:
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- to an approximation of the original array by a rank 1 matrix. The form of this
operation is equal to

Rhy = 3, YRCY  (decomposition into singular values)

- to the modelling of the table where y;i i (measurement of the jth variable at theith
sampling date) is replaced by a model y; i 1 asfollows:
1
yij = kaibj
which minimises the reconstitution error Eq equal to

o 2
BE=a (1/n)(Yij - kaibij)
ij
. o 2 o 2 )
under the constraint that g aj” =1andg bj =1 bj.

When data are multivariate chronicles, the smultaneous plot for each variable (1£]

£p) at the date tj of the value yj; and its model | 112 R 1Cj1 corresponds to the
simultaneous reading of the point and its projection. The temporal succession of each
variable compared to a reference curve (at more or less one optimal dilation for each
variable) is thereby shown.

Use the Curvemodels module with the Numerical option to superpose the
normalised values (table rh.cnta) and the reconstructed values (file Rh.cnra for the
model computed with the first eigenvalue and the first scores).

Scatters

ScatterClass Info

ADEScatters Lowess Lowess L

T Polynomials Polynomials Y
Mumerical + Mumerical 3N

Fill in the boxes of the dialog window as follows:

Si=———— Numerical

K file (default = 1, 2, 3, ..., n) 1=} [vate | 39 1
H file column number (default = 1) [IZ[1) |

Model values file (no default) 1= [Rn.cnra | 39 15
Data values file (no default) I3 [Rn.cnta | 39 15
Variable label file (optional) 15 [code_varx |

Draw model (1=yes, 2=no) 1= |

Draw observed points (1=yes, 2=no) [@| |

Draw residual sticks (1=yes, 2=no) | |

[ Quit ][Eupg graph][Saue graph][Print graph]

This results in Fig. 13. All curves (reconstructed data) are identical (R11, Ro1, ...,

Rp1) a more or less one scale coefficient (11712 Cqq, 11712 Coy, ..., 117Y2 Cpy),

which almost equals 0 when the temporal variations of the variable is not related to the
model (e.g., the variable E-Mo).
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Figure 13 Superposition of the normalised values
and the data reconstructed by the first axis of the PCA.

The two previously highlighted groups associated with the first axis (temperature and
mineralization) are recognised.

Other variables are partialy described by the model: total akalinity (C-Ta),
magnesium (9-mg), nitric nitrogen (B-No), sulphates (A-Su). The illustration clearly
shows the unsuitability of the model for the variables described by other axes
(suspended materials (D-Ms), organic matter (E-Mo), water transparency (6-Tr), pH (4-
pH), or chlorophyll a (F-Ch)).

Consequently, the data reconstitution must be carried on for these poorly described
variables. This gradual reconstitution of the normalised datais carried out by successive

models as follows;

S

s_9o .-1/2

Vi =aA M RikCik
k=1
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Using the same logic the original data can be reconstituted by:

S 0
S Q .- =
Xij :mj+sjga ;"k Riijk+
ek =1 2
[m]
Factor 1 . Factor 1
[}
O
O O
: n
] o -
Y
O
O [}
o )
[}
[m]
Factors 1 + 2 . Factors 1 + 2
O
O
O O
O
] o -
e
[} [}
O [}
]
O
[m]
Factors1+2+ 3 Factors1+2+ 3
O
O
[}
O O
O
0 ) g -
&
[} O
o O
)
O
variable 2 variable 7

(water temperature) (total hardness)

Figure 14 Data recongtitution (variables no. 2 and no. 7) with first axis, first and second axes, and first,
second and third axes resulting from the normalised PCA.

As aresult, the data reconstitution is achieved by the rank 1 model for the variables
no. 2 (water temperature) and no. 7 (total hardness) (Fig. 14).

Generally, severa axes are necessary for the reconstruction of a variable. In such a
case, you can use the different files created by the data modelling module to complete
the data reconstitution.

Because of the independence among axes, you must select a curve into the set of
curves that are not correlated. As a result, successive curves (models) may have the
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same general shape or by contrast, they can describe a new process. This occurs in
Fig. 15 for variables no. 6 (water transparency) and no. 14 (organic matter).

a

Factor 1 Factor 1
o ]
O
[m) [m)
o o E‘:‘DD:F‘ O .
[m] O
0 o
= AT o0 o~
T N~ O ~
] o DE‘:DD@ o0 D% EDEI:DE‘I@DDDE
O
%‘ju o 0O [u}
Yo
Factors 1 +2 Factors 1 +2

[m]
o a

AN /\/\I\ A
NV VARG

a

I
=

Factors 1+2+ 3 Factors 1+2+3

()

N\ %vuv VO EGA

Factors 1+2+3+4 Factors 1+2+3+4

[m}

/Di WD/D%DPVEK\/D. /QM AA A
: \Bﬁé‘%%w !Z Y V%H%D\ﬂ

variable 6 3.5 variable 14
(water transparency) 0 370 (organic matter)
-2

Figure 15 Gradual data reconstitution for variables no. 6 and no. 14 using the four first axes of the
normalised PCA.

The variables no. 10 (sulphates) and no. 13 (suspended matter) behave similarly as
particular sampling dates are taken into account by the fifth factor (Fig. 16).

One variable can be statistically independent of the others and one further axis can be
associated with such a variable. As a result, the experimenter has to choose such axis if
it is relevant despite that a statistical choice leads to eliminate such axis (Legendre &
Legendre, 1984)4. In all the cases, the experimenter has to decide if the processes
described by the different axes are (or not) relevant.

For example, the third axis describes the variable no. 4 (pH) and the fourth axis
describes the variable no. 15 (chlorophyll a) (Fig. 17).
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Figure 16 Gradual data reconstitution for variables no. 10 and no. 13 using the five first axes of the
normalised PCA.

Finaly, one can verify the coherence of the inertia statistics and the gradual
reconstruction of the data.
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Figure 17 Gradual data reconstitution for variables no. 4 and no. 15 using the three and the four first
axes of the normalised PCA.
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