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I ntroduction

The program TTAinterface is written with the R praxgpming language in version 2.14+. It
allows performing temporal trend analysis throughendly user interface. The advantage of
such kind of interface is the balanced choicefirobetween the wide variety of analysis, the
freedom that offer R through the console or itéedént packages but which avoid to perform
routine analysis by a lambda user and the easofes<lear interface with driven choice of
well choose analysis and diagnostics tools thaiwalioutine analysis in the frame of a
common procedure. As an R coded interface this gueckis freely distributing (GPL
Licence).

This document is a guide that shows you how totlisenterface. The first part of this guide
shows how to install and load the interface throtlgh R console. The second part shows a
rapid overview of the interface and its possibili}s an example, the dataset ‘Deutsch
Coastal.csv’ will be used (data not available i plackage). This dataset regroup chlorophyll
concentration, salinity and temperature at 7 dfiérpermanent coastal sampling stations
from 1985 to 2009 with a fluctuated frequency sangp(~ between 7 days and 1 month). The
third part shows a more detailed documentatiorhefinterface functioning using the dataset
‘North Sea.csv’ as an example, this dataset comtaire parameters (depth and nutrient) than
the previous one but have also a lot more missahges (data not available in the package).

A. Installing R and the TTAinterface package

Starting from the portable version, all the filesuyneed are present in the “‘TTA Portable
Package’ zip archive. First, you need to insta# f software (v2.14.1), using R.2.14.1-
win.exe, that comes with basic packages and a comroansole. The version present in the
zip archive is the 2.14.1 for Microsoft Windows;yasther version of R >= 2.14 should also
work. You can download R for other platforms on tB®RAN website Iittp://cran.r-
project.org); TTAinterface 1.01 is compatible with all platios supported by R (Linux,
Solaris, MacOSX). More complete instruction congegrR installation can be found on the
CRAN website.

Installation of a portable version of the package

Once R install, run it and go in the ‘Packages’ mea the console, click on ‘Install

package(s) from local zip files...” (stepl in Fig. 1) and select the file

‘TTAinterfaceTrendAnalysis_1.01.zip’ that comes ithe provided zip archive. The

TTAinterface package will automatically downloaddanstall all other necessary packages if
they are not already present in your computer (Big(you obviously need an internet
connection).

Installation from CRAN mirror

Alternatively, the package should be available be CTRAN mirror (need an internet
connection). To install the interface though thiaywclick on “Install package(s)” in the
‘Packages’ menu of the console (stepn Fig. 1), select your mirror (your country), and
follow the instructions to find the TTAinterface i@Analysis package.
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Launch the interface

When everything has been install click on ‘Packdgesl package...’ in the ‘Packages’

menu of the console and select TTAinterfaceTrendysma in the list (ste@® in Fig. 1). A
small panel will appear inviting you to start tmeerface, click on the button. The stepr 2
need to be done only once to install the packagdp,isand go directly to step every time

you need to load the interface.

In some case, if you close both the TTAinterfacd the start panel, and try to reload them
with step3 without closing the R console it couldn’t work. &hyou have to re-start the R
console or if you want to stay in your R sessiarieethe line TTAinterface() in the console

(Fig. 1).

= R Console

Fichier Edition Misc BEEEGEEN Fenétres  Aide

e 3 Charger le package...

Copyright (C) |  Choisir le site miroir de CRAN...
ISBN 3_QDDQ51_' Chaisir les entrepdts...
Platform: 1386 2 Installer le{s) package(s)...

) Mettre & jour les packages...
R est un logic E.

Vous pouvez le 1Installer le(s) package(s) depuis des Fichiers zip... ions.
Tapez 'license(]" ou '"licence()' pour plus de détails.

al Computing

R est un projet collaboratif avec de nombreux contributeurs.
Tapez 'contributors()' pour plus d'information et

'citation()' pour la fagon de le citer dans les publications.
Tapez 'demo()' pour des démonstrations, 'help()' pour 1l'aide
en ligne ou 'help.start ()’

Tapez 'c()' pour guitter R.

pour obtenir l'aide au format HTHML.

8: le package ‘relimp’ a été compilé avec la version R 2.14.1
>
> TThinterface ()|

< |

Sélectionnez un item

el071
effects
FBasics
fForeign
araphics

grid
Hrmisc
iterators
itertools
Kendall

lattice
leaps
Imtest
taols

wq
200

datasets

grDevices

KernSmaoth

timeSeries

TTAinterfaceTrendAnaly
utils

~

oK

| .

Figure 1. The R console and the different stepstail and run the TTAinterface.

11% downloaded

URL: ... tkp:ffcran. cick. fr/binwindows/contrib/z, 1 4/Matrix_1.0-3.zip

Figure 2. Packages auto-downloading window.
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B. Create your dataset

The main ‘difficulty’ to use the interface is togmare a csv file that will be correctly read by
the program. Once in the interface, the guidelinperform analyses is very friendly.

The csv file has to be create with a spreadshdeva® like Microsoft Excel or OpenOffice
Calc. OpenOffice Calc is freehtfp://www.openoffice.ory and can manage files with 1
million lines whereas Microsoft Excel is limited 65000 lines but is more intuitive to use.
The csv file is a numeric table with column labethe first row. For interface needs, some of
these labels have to be fixed. The column contgitite sampling stations must be named
STATIONS (with capital letter), DATES for the datelumn in format dd/mm/yyyy, DEPTH
for the sampling depth column and S for the saéisitcolumn (Fig. 3). Columns with
parameters values (chlorophyll, nutrient, phytoktan...) can be freely labelled with the
name of the parameters as a preference. All valugéise same line must correspond to a
unique sampling. Contrary to S and DEPTH columAsAHBONS and DATES columns are
necessary to the interface work corredifyyou don’t have stations, create the appropriat
column and file it with a character).

Formatting a csv file using Microsoft Excel,
OpenOffice Calc or equivalent

A B \ e D ‘ E | F ‘ G
Column strict labelling: ' | 1| cHL [oeptH]
L2 |N 11/021985 13 3235 718
3 [N 19/03/1985 24 33.31 11.21
4 N 26/031385 45 .39 273
5 N 0200411985
5] 09041985 78 2819 21.76
Date format: N 18/04/1985
dd/mm/yyyy 8N 241411985 73 3235 15?\ |
g N 02/05/1985 74 3203 974 Dote as decimal separator
10 [N 09/05/1985 103 3299 1389
11 [N 14051985 10.2 3331 959 Missing value = empty case
12 |N 20/051985 1289 33863 3316
13 |N 23051985 144 3248 2684
14 N 29051985 145 3287 45
15 M 03061985 161 3331 344

Figure 3. Summarized processes to formatting dileskeadable by the TTAinterface.

In your csv file you can keep columns that willrb® used in the interface like coordinates or
water masses labels (they will not be read by tlogrnam) but it is recommended to remove
them to obtain the lighter csv file as possible.

Missing values must be empty case, 0 are readlassvand characters (NA, NaN) can induce
bugs (they are labelled by the program itself so gon’'t have to do it).

Decimal separator must be ‘.’ (dote). Be carefuhwhe value that appear like 6,00 (integer
value with comma as decimal separator), they atealays replaced by 6.00 in Microsoft
Excel.

Once your datasheet have been well prepared, saging ‘save as’ (1 in Fig. 4A and Fig.
4B) and select CSV (Comma delimited) (*.csv) in tBave as type’ option (2 in Fig. 4A and
Fig. 4B). In OpenOffice Calc you have to check tHilter settings’ to select ;" as column
separator in step 4 (Fig. 4B). In step 4, let #teo'Text delimiter’ case empty.
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Between step 2 and 4 OpenOffice Calc will ask yoyou want to keep the actual format,
check yes (3 in Fig. 4B).

Only one worksheet can be saved in a csv filedtitre one by default).

38 0S0 : ed L]
5 Eichier i Edition  Affichage Insertion Format OQutils Données Fenétre 2 Tapez une question v -® X
i bl Envegistrer  Cirl4S = - A~
Enreqgistrer sous. .. 4 | °8 : : — m
v T Envegistrer dans | | ) Base de données v @ @ Q X i E - outis~ E
| 1 |STATIONS DATES Df r )Fichiers originawx Dec
| 2 |CNDOD 21/10/1892 bb | Guide 0°54.0
| 3 |CNO20 21/10/1992 Mes documents | ()R 0°54.0
| 4 |CND20 21/10/1992 0.1 récents CRapport 0°54.0
| 5 |CNO20 21/10/1992 0.3 — (_JResultats de finterface 0'54.0
| 6 |CND15 211071992 @ -%]LDautsch Coastal.csv
| 7 |CND15 21/10/1892 0. Soreel &) IrishSea.csv
| 8 |CND4D 21/10/1992 3 4
| 9 |CND4D 21/10/1992 DE0
10 |CND4D 21/10/1992 0.4
T CNO40 21101992 0.9 | me . TrishSea2.csv peut contenir des informations non compatibles avec CSY (séparateur: point-virgule), Youlez-vous conserver le format du classeur ?
_1.2_ CNO40 21/10/1992 \1’) +Cliguez sur Oui pour conserver le format, Les fonctionnalités non compatibles seront perdues,
| 13 |CND25 211041992 «Cliquez sur Non pour conserver ces caractéristiques. Enregistrez ensuite une copie de votre document dans le Format de fichier Excel le plus récent
14 |CNO25 21/10/1992 Cliquez sur Aide pour vérifier les pertes possibles.
15 |CNO25 21/10/1892 Posl 7 =
16 |CNO25 21/10/1992 0.4 3L _ou J [ v J [ me ]
| 17 |CNO25 21/10/1992 0.1 q S . — :
18 | CND1D 21/10/1992 0.] Do ce Fefer : ) 0'54.0
| 19 |CND1D 21110/1992 el Typedefichier: | cqy {séparateur: point-virgule) (*.csv) 2 v 0'54.0
20 |CN120 21/10/1992 - - - 0°'564.0
CN120 21/10/1992 2301 [ 54°0'14.400'6° 19' 40.800°54.0
22 ICN120 21/10/1992 0.5 289 600 0.04 12154°0'14.400°6° 19' 40.500'54.0 ¥
4 4 » M \IrishSea / 3
iDessin> lg | Formesautomatiques> N\ W [N O 2] ol &2 (8] Wl | &~ - A-=
Prét

i IrishSea.csy - OpenOffice.org Calc

EOCH Edtion Affichage Insertion Format Outis Domnées Fenétre Aide x
0 touveau RV KR - BN by A2EEQ O, v|& ¢
@B . cuo [l Enregistrer sous ﬁ]&]
Derniers documents utlisés ~ » | s i
Envegistrer dans : | () Base de données vy O 2 E-
Assistants »
= ()Fichiers originaux B nw70.csv E [ F G H 1 @
(@ Eermer (9 () Guide NS Sample_Label DATES Time DEPTH ¢
Mes documents (w2 ghoaf 1/10/1992
récents CInwio OpenOffice.org 3.3 10/1992 15
= w70 /10/1992 0.2 c
@ S Publcation 1l est possible quune partie du formatage et du contenu de ce document  |1/10/1992 02
- q ne puisse pas étre enregistrée dans le Format de fichier Texte CSV. 101992 3¢
Bureau gk . Souhaitez-vous néanmoins enregistrer le document dans ce format ? A0/1992 02 e
_JRapport
(C)Resultats de linterface 3 Utilisez le dernier Format de fichier ODF pour vous assurer que tous les 110/1992 35 d
@!] Deutsch Coastal.csv formatages et le contenu sont correctement enregistrés. 101992 2¢
B Epocter.., S rishsea.csv 101992 05
e —— Mes documents | (U0 —Pf Concerver e fornat actuel | [ Envegstrer au format ooF | 0 0>
Envoyer » Eh]North Sea.csv 1011992 2
- Ewz.csv Demander lors d'un enregistrement autre que dans le format ODF 110/1992 2
@ Propriétés... B rwi.csv = <
S ERE TGRS Poste de travail Export de fichiers texte rz|
— - i o [
- Wordufickise: lichsea | LEmegister | jeyde caractéres [Europe occidentale (Windows-1252/WinLatin ¥
percu dans le navigateur Web
Favoris iéseau | Type: —> | Teute CV [.csv) v Annuler Séparateur ds chanp |, €— =
[X Aersu -
= I~ 2 Extension automatique du nom de fichier Séparateur de texte | v
B Peramétrages de fimprimarts... JEE SrDe I Enregistrer le contenu de la cellule comme affiché
—> [V] Editer les paramétres du flre
S| quitter crq |22 ETREL Il A
Marker 7 CN12T TARRER 7 TITO7 1o, >
| 26 | Dunc Inner Marker 7 CN120 MARKER 7 21/10/1992 0.2 :
Dundalk Bay Inner Marker 6 CN130 MARKER 6 214101992 2
[ 28 | Dundalk Bay Inner Marker 6 CN130 MARKER 6 21/10/1992 4:
Dundalk Bay Inner Marker 6 CN130 MARKER 6 2111011992 05 g
Dundalk Bay Inner Marker B CN130 MARKER 6 21/10/1992 35
Marker 6 CN130 MARKER 6 21101992 2:
Marker 6 CN130 MARKER 6 211101992 05 :
Marker 6 CN130 MARKER 6 211101992 35 e
= - paian—_  ——————— R e )
Feulle 1/ 1 Par défaut sTD Somme=0 O— ¢ —— @ |10%

Figure 4B. Creating a csv file with Open Office €al
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To summarize:

* Must be a .csv file

* Column labelling: STATIONS for sampling stationsATES for dates, S for salinity
and DEPTH for depths values.

» Dates format must be dd/mm/yyyy

* Dote as decimal separator

» Missing values must be empty cases

TTAinterface user guide 8



C. Quick steps
1. Managing your database

The first panel of the interface ‘1-Data_managmafiéw to interact with the dataset

Import your database

This is the first page you can see when you dtarirtterface (Fig. 5). You can only imports a
.csv file and read the advice to correctly importsy file, all other options are disable.

Temporal Trend Analysis [:| [E| E|

1-Raw_data ]2-Parameters_selection ]S-Regularisation 4-Datadnalysis/Trend ]5-Results,|’messages ]

Import C5Y File

Imporkant @ how to well import your datain 9 skeps

‘our data must be in a .csv file (save as '.csv' Format in Excel)
Decimal separtor must be '

Missing walue must be empty case

Dates must be in 'ddfmm/yywy’ Format

Dates column -= DATES

Sampling site column - STATIONS

Salinity calumn - 5

Depth column - DEPTH
If ywour parameters don't appear, seleck them as ‘numeric'
‘fou can use the 'Fix Data' button to change column labels and data category

Meed R w2 .4+ to work

User Guide

Figure 5. Panel 1 at the interface start.

Once your .csv file is imported more options appear

Temporal Trend Analysis: Deutsch Coastal.csv g@@

1-Raw_data | z-parameters_selection | 3-Regularisation | 4-DatafnalysisiTrend | S-Results/messages

Import CSV File

Current active file: Deutsch Coastal.csv
Select your save directory | ]

Current save directory: C:/Documents and Settings/ddevreke/Bureau/Tendances/Base de données

Show DataJ 2
Resume 3
Fix Data 4

Important : how to well import your data in 9 steps

Your data must be in a .csv file {save as '.csv' format in Excel)
Decimal separtor must be ',

Missing value must be empty case

Dates must be in ‘dd/mm/yyyy' Format

Dates column -> DATES

Sampling site column -> STATIONS

Salinity column -> S

Depth column -> DEPTH
If your parameters don't appear, select them as ‘numeric’

You can use the 'Fix Data' button to change column labels and data category

Need R w2 4+ to work

HL“’J User Guide

Figure 6. Panel 1 once csv file imported.
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Change the save directory

The button ‘Select your save directory’ (1 in F&). will let you choose a folder on your
computer to save the different figures and resaftsanalysis you will obtain with the
interface. By default this is the folder where tieck your imported .csv file. If you import a
new .csv file the save directory will be reset &dadllt.

Display your data

The button ‘Show Data’ (2 in Fig. 6) displays aléabf your imported data.

Summarize your raw dataset

The button ‘Summary’ (3 in Fig. 6) displays a taklgh the main descriptive statistics of
your raw data (Fig. 7) with Min. = minimum value thie distribution, T Qu. = first quantile
(25%), Median = the median of the distribution (50%ean = the mean of the distribution,
3 Qu. = third guantile (75%), Max. = maximum valudlee distribution and NA’s = number
of missing values in the distribution of the par&ene

Stat2 FB&

STATIONS CH
e : AB4 01/0%/2003: 7 Min. : —2.000 Min. : 0.12 Min. : —0.020
1 1.15: 222 05/08/1997: 3] 1=t Qu. : 7.397 1=t Qu.: 26.10 1=t Qu.: 3.844
ElLl6: 229 09/08/1995: A Median : 14.000 Median : 29.30 Median : 7.180
L2 @ led 10/06/2003: 2] Mean : 12,573 Mean : 28.34 Mean 10,748
LY . 2a7 18/08/2003: 4] 3rd Qu.: 17.500 3rd Qu.: 31.00 3rd Qu.: 13.04a
ar 1187 (Cther) 12922 Max. r 24,400 Max. : 54,50 Max. 1 2R5. 320
oo 201 NATS : 1 NATS :310.000 NAT= :180.00 NAT= :171.000
< | [®

Figure 7. Summary of the ‘Deutsch Coastal’ raw biase.

Edit your data

The button ‘Fix Data’ (4 in Fig. 6) let you edit yodataset directly from the interface (Fig.
8). However you can only perform simple task susmadify column label, data category or
edit case one by one:

TTAinterface user guide 10



Fix Data |
!

i Editeur de données EJ[E”?l
Fichier E ,Click on the column label case

N
.| Save the modifications

-
o

14/06/1985|NA NA NA
19/06/1985|14.25 |32.67 16.7
25/06/1985(16.1 32.35 10.9
02/07/1985(15.9 32.35 17

=
)

[
m

STATIONS | DATES T s 3¢ e varé var? .
1 |N 11/02/1985|-1.3 |32.35 Tds and back to the interface
2l 15/03/1985|2.4 EE = Editeur de variable El
3 |N 26/03/1985|4.5 3
- 02/04/1965|Nh [N oo vuratie Mddify variable name
s |u 09/04/1985[7.9  |zd
ok 19/08/ 198 5| 3L NAI type &) numeric O character
7 |N 24/04/1985|7.9 32|
8 | 02/05/1985(7.4 |32.0% 9.3
9 |N 09/05/1985|10.3 |32.99 13.89 \Modifv variable catergory
10 |N 14/05/1985|10.2 |33.31 9.59
11 |N 20/05/1885/12.9 [33.63 33.16
12 |N 23/05/1985|14.4 [32.48 28.4
13 |N 29/05/1985|14.5 [32.67 45
14 |N 03/06/1985|16.1 [33.31 34.4
15 |N 10/06/1985|13.7 |31.07 21.6
u
N
N
N

=
w0

Figure 8. Data editor spreadsheet when using tixeD&ta’ button in panel 1.

If you import a csv file containing a column lalegll'S’ for salinity but with values that have
not been identified as ‘numeric’ a warning messaggear (same thing for DEPTH column):

W arning!

": & salinity column is present but don't conkain any ‘numeric' values

Yo can Fix ik using the Fix: daka butkon (use Help For more info)

TTAinterface user guide 11



2. Select your parameters

The second panel of the interface ‘2-Parameterscis@h’ allows selecting the desire
parameters for analysis (number correspondinggtodi 9):

The different sampling stations

If data of each stations have to be melt durindysis
The parameter to analyse

Interval of salinity to analyse (sliders)

Interval of depth to analyse (if exist)

Interval of years to analyse

Months to analyse (must be spaced)

NooghkhwbdpE

Summary your selected parameters

The button ‘Summary’ (8 in Fig. 9) displays destvip statistics of the raw selected data. No
mathematical treatment has been done on this alaltasimple selection and sorting.

lemporal Trend Analysis: Deutsch Coastal.csv g_.@@

1-Raw_data 2-Parameters_selection | 3-Reqularisation | 4-Datasnalysis/Trend | S-Resultsimessages

Select all the stations
Select vour station(s) Selected station(s)
with one click \* Add selected station(s)

e J/ (allow multiple selection)
L16

L2
L9

N
w R Remove selected station(s)

(allow multiple selection)
Aggregate stations? v 2

Select a parameter Selected parameter
T [CHL
S
= 3 Add selected parameter
(selected another parameter
- will replace the precedent)
Salinity min : 0.0 psu Start year at |
1= = 1985 =
lncrement Of 0 5 \.S‘aiimtymax:m.s psu 4 End year at : 6
by clicking = | 2009 E Descipti... [ |
Mo depth values in 5 Select month(s)
the data frame 123456789101112 7
8 Resume >
Help

Figure 9. Options in panel 2.
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If you didn’t select any parameter or station beftwr perform mathematical treatment:

_wamingt  [X

Q Mo skation selecked |

Warning!

' ": Flease select a parameter and a station befare ko procesd

If the combination of salinity and depth selected iand 5 is irrelevant:

Warning

X
' E The selecked combinaison of salinity and depth doesn't exist in wour dataset

TTAinterface user guide



3. Build your time series

The third panel ‘3-TimeSeries_building’ allows toilo a regularized time series necessary to

perform temporal trend analysis (Fig. 10).

Temporal Trend Analysis: Deutsch Coastal.csv

Data interaction

Replace missing values ? [

Remove outliers ? r 1

Show boxplot

Yearly - Plot ] Table I

1-Raw_data | 2-Parameters_selection 3-Regularisation | 4-DatadnalysisiTrend | S-Results/messages

Select the time step for your final time series Show regularised time series:

Monthly
Fortnightly .
Semi-fortnightly - 2
Monomenstaly S

Guidance to choose the time step

Auto g

Select the method to aggregate your data

Mean £
Median {
Quartile 0,9 &
Maximum o 3
Guidanice ta choose the method
Auto «
Help

Figure 10. Options in panel 3.

Outliers and missing values

CBX

The ‘Data interaction’ frame (1 in Fig. 10) allows remove outliers from the raw data
distribution and to replace missing values from tihge series (require for some diagnostic
processes). If you choose to replace missing vdlueghey represent a high part in your data

distribution:
IWarning!

replacing them is not a good idea.

X

'j Missing walues represent more that 1720 of the regularised data,
L

The button ‘Show boxplot’ displays a boxplot of yalata distribution, by years, with outliers

(Fig. 11).

TTAinterface user guide
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I R Graphics: Device 2 (ACTIVE)

Fichisr Historique  Redimensionnemant

Boxplot of CHL concentration (o = outliers)
at station(s): B,L15,L16, ...

250
I

150
I

CHL concentration

9 o
I P
[ o - =] a =] o o o
- Sg° 53¢ OOES@ g3 o3
EBH alltietilaitiiotd
o= EEEEE@EE%EQ e R
T T T 1 T

T T T T T 1T 1 T T 1T T 1T T T 11
1985 1988 1992 1895 1888 2001 2004 2007

Time

Figure 11. Boxplot of the ‘Deutsch Coastal’ rawatetse with outliers

Aggregation methods

Frame 2 and 3 in Fig. 10 show the options to buddr regularized time series. You can
select the time step and the method of data aggpegar let the interface select it
automatically for you (default option). The autotiop computes balanced choices,
alternatively select guidance option to see thecadwefore choosing (Fig. 12).

Help.timestep |Z| |E| [5__<|

Mean time between two measurements (days):

4,55
Time range (days]: Method.of.aggregation g@@
1 ) ;
a4 Method of aggregation choice
->» Uze semi-fortnightly time step The medians give better fit

Figure 12. Guidance messages to choose balancedtip and method of aggregation to build time
series.

Frame 4 allows to display a plot, a table or a samynof the regularized time series build
with your selected options (Fig. 13). Plot and ¢adrle automatically saved when called.

TTAinterface user guide 15



resume E] @ g]

CHL
Min.
1=t Qu.
Median
Mean
3rd Qu.
Max.
~ R Graphics: Device 2 (ACTIVE) - R Graphics: Device 2 (ACTIVE) FEEX
Fichier Historique Redimensionnement Fichier Historique Redimensionnement
Regularised Time Series of CHL concentration Regularised Time Series of CHL concentration
at station(s): B, L15,L16, ... at station(s): B, L15,L16, ...
& &
o o
2 27
o _| P
@ <
5 g Missing values replaced
8 8
£ £
g 3 g 3+
2 2
8 8
- .l
I I
O (@]
o _| o 4
- -
o | ‘ ' < |
~ ~N
WAL
° 7 Missing values ° 7
T T T T T T T T T T T T
1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 2010
Years Years

Figure 13. Summaries (top) and plots (bottom) gfutarized time series with missing values kept
(left) or replaced (right).

4. Perform diagnostics and trend analyses

The forth panel ‘4-Diagnostics/TrendAnalyses’ alloav perform diagnostics and temporal
trend analyses on your regularized time series (FEy

Temporal Trend Analysis: Deutsch Coastal.csv g@lg'
1-Raw_data | 2-Parameters_selection | 3-Reqularisation  4-DataAnalysis/Trend | 5-Results/messages |

Diagnostics (optional)
1 Spectrum analysis™
2 Autocorrelation
3 Shapiro normality test
4 Anomaly (color. plok)
5 Seasonal decomposition™

DR

2 ® @

Trend Analysis

<l

6 Cumulative sum
7 seasonal Trend
8 Glabal Trend
9 Trend based on LOESS
10 Using Mixing Diagram
> select psu 30

Clle’
g

% B

* Cannot be perform with missing values

Help

Figure 14. Options in panel 4.
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Diagnostics tools (first framehumbers correspond to Fig. 14.

L. Fourier spectral density
2. Autocorrelation diagram Serics: x
3. Shapiro Normality test Smoothed Periodogram
4. Anomaly by step time S
5. Time series decomposition 1
2
Fichier Historique  Redimensionnement -
Series z 57
5
I:%L T T T T
5 10 15 20
frequency
bandwidth = 0.0577
T T T T T T T
0 2 4 6 8 10 12
Lag
Mormality. test

Normality of the distribution is rejected

I R Graphics; Device 2 (ACTIVE) EE®

Fichier Historique  Redimensionnement
Time series anomaly of CHL
at station(s) B! |_15, |_16, I R Graphics: Device 2 (ACTIVE)
Fichier Historique  Redimensionnement
. 5
s 0
2
50 °
2 - g
i 2 .
= 40 3
& -
20
=
2
9 o
. 5
2
I T © 2
= o
1985 1990 1895 2000 2005 = o=
5 R
YEARS e | o
1985 1990 1995 2000 2005 2010
time
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Performing 1 and 5 while keeping missing values evdplay warning messages:

Warning! _ Warning!

L] E Cannot perform spetrum alnaysis : missing values in time series L] : Cannot detrend with missing values
L L

Temporal trend tests (Trend Analyses frame)

* Global trend (8 in Fig. 14 and 15) and Seasonalt(@ in Fig. 14 and 15) (all based
on Seasonal Kendall test) results are display oeld@'Results/Messages’:

Results window
\-Global trend results-
|Parameter: CHL Site(s): B, L15, L16, ... . . )
\outliers.removed: N0  NA,replaced: NO Informations on time series
Time.step: Fortnight Method: Median
Trend (sen.slope): -0.1733 original units per year Results
|%Trend (sen.slope.pct): -1.8458 percent of mean quantity per year
|p.value: 0
8

Results window
-Seasonal trend results- e ]
Parameter: CHL Site(s): B, L15, Ll16, ... 7
Outliers.removed: NO NA.replaced: NO
Tinme.step: Fortnight Method: Median
trend (Theil-3en slope) = original units per year
strend = percent of mean quantity per year
nmissing = proportion of mising slopes

trend p missing season strend
1 -0.109200000 0.2154577858 1.00 1 -2.38422742
2 -0.059454545 0,5995101786 0.80 2 -1.04406964
3 -0.068850000 0.5812547604 0.84 3 —l.4357733d
4 -0.081l169643 0.1095017012 0.60 4 -2.12398602
5 0.094533333 0.13537687742 0.80 5 2.219430%8
6 -0.119916667 0.1130510196  0.40 6 -2.73257475 Trend for each
7 -0.078300000 0.5444860568 0.84 7 -1.84431780 .
8 0.139166667 0.2868626040  0.52 8 z.6l743178 time step
9 0.11280769Z 0.3630203349 1.00 9 1.72778737
10 -0.066050909 0.7350804927 0.40 10 -0.96566381
11 -0.032466346 0.8325919677 0.60 11 -0.37281725
12 -0.0248761%0 0.8740921802 0.20 12 -0.16261277

Figure 15. Results of temporal trend test (Globahd in 8 and Seasonal Trend in 7) display in panel
5.
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Visually identify and select different periods oénd with Cumulative sum (6 in Fig. 14)...

I R Graphics: Device 2 (ACTIVE) FEX
Arréter
699
o
s |
(=]
(==
g
Continuer
=
E 3 ‘ ,
=1 | I
2 ‘ i
g ‘ !
3 } ;
‘ i
g ! i i
. ! i |
o i |
1 I i ]
1 I i I
1 ! [ ]
| i H H
o H | it
g T A I
T T I I T
B e by ol
AR
B L FCREM L
PRI R
o - rﬁ \;H‘q i i e % i 1\5
T T T T T T
1985 1990 1995 2000 2005 2010
Time

Figure 16. Cusum plot (cumulative sum in red), vaigniods manually identified (numbers).

...and perform Kendall test on each of these periods

Results window 6+8

\-Local trend results {(global)-

|Parameter: CHL Site(s): B, L15, Ll6, ...
|outliers.removed: NO  MA.replaced: NO
Time.step: Fortnight Method: Median

lperioa 1 : 1985 - 1987 Each period is identitfy and analyse
ETrend (sen.slope): 1.18 original units per year

|$Trend (sen.slope.pct): 5.7532 percent of mean quantity per year
p.value: 0.6251

|{Period 2 : 1987 - 1999

Trend (sen.slope): 0 original units per year

|%Trend (sen.slope.pct): 0 percent of mean quantity per year
p.value: 1

|Period 3 : 1999 - 2009

ETIend (sen.slope): 0.04 original units per year

|%Trend (sen.slope.pct): 0.5608 percent of mean quantity per year
p.value: 0.3714

Results window 6+7

\-Local trend results (seasonal)- »
|{Parameter: CHL Site(s): B, L15, L16, ...

|Outliers.removed: NO NA.replaced: NO

|Time,step: Fortnight Method: Median

|trend (Theil-Sen slope) = original units per year
|$trend = percent of mean quantity per year
missing = proportion of mising slopes

éPeriod 1 : 1985,1 - 1987,30

trend P missing season strend
[L HA NaN 1 1 HA
[2 WA Nall 1 2 NA
|a A Hall 1 3 HA
4 1.130 1.0000000 1 4 21.751684
s A Hal 1 5 HA
|6 -0.810 1.0000000 0 6 -15.302267
7 A Nall 1 7 A
|6 3.050 1.0000000 1 8 65.662002
o A Hall 1 9 HA
|10 -0.450 1.0000000 1 10 -3.944751
|11 -4.670 1.0000000 1 11 -52.619718
|12 -10.850 0.2962699 0 12 -72.269094

Figure 17. Results of temporal trend tests perfonnthe different periods identified with cusum plot
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Selecting another test than Kendall after choogiegCumulative sum option will display the
warning message:

IWarning!

L] E Choose a Kendall Family test
L3

* Trend based on LOESS smoothing (9 in Fig. 14):

Ifz: R Graphics: Device 2 (ACTIVE)

Fichier Historigue Redimensionnement.
Trend of CHL based on LOESS
at station(s): B, L15, L16, ...
=
&
= — Time Series
— LOESS
(=]
S 4
=
[es]
=
=
I
=
o] =
=] IS
=
3
-
T
o
= ]
=I
< | d!
o
) fum“ %h H
o - ‘ ¥
T T T T T T
1985 1990 1995 2000 2005 2010
Years

Figure 18. Plot of the regularized time seriesdkjavith loess smoothing (red)

Results window

-Flobal trend results on LOESS-

Parameter: CHL Site(s): B, L15, LlA, ...
Outliers.remowved: N0 Hi.replaced: NO
Time.step: Fortnight Method: Median

Trend (sen.slope): -0.273Z original units per year

Trend (sen.slope.pct): -2.9333 percent of mean quantity per year
Mizsing walue: 0.501 (fraction of wmissing slopes)

p.walue: 0O

Figure 19. Results of temporal trend test (Globaht) apply on loess smoothing, display in panel 5.
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» Trend based on normalized concentration of nusianfixed salinity for each month
(10 in Fig. 14):

i RGraphics: Device 2 (ACTIVE) _____ [-[+x

Trend of NH3 at salinity 30 Giobal Trend (Hann k... [=][B))
and station(s): AV000, AV010, AV020, ... $sen.slope
[1] -0.003260631
Ssen.slope.pct
[1] -4.030182
o Sp.value
=T [1] 0.0351044
Smiss
1 2 3 4
5 0.000 0.500 0.625 0.750
B 2 |
£ o
g
=
3
p=]
@
2 2 |
3 5 /\/\/\/\/f
S
) /
w
oS 4
o
o
S 4
[en] I I [ I
1995 2000 2005 2010
Years (at selected period)

Figure 20. Plot of normalized NH3 concentratiomitfiron another database) at salinity 30 and results
(small text box) of Global Kendall perform on thise series.

If there is no salinity value in your data or ifuyghoose a salinity to normalize nutrient over
the maximum salinity of your dataset, a warning sage will be display:

Warning! [z|

Mo parameters available or all the salinities in wour database are under the 'selected psu'
[ Try again by decreasing the 'selected psu' value

TTAinterface user guide 21



D. Detailed documentation

1. Interface organisation

The interface display all the options needed tdgper temporal trend analysis through 5
successive panels (5 steps), from raw data managirggults display.

The panel 1 “1-Data_managment” focuses on theafilk data management,

The panel 2 “2-Parameters_selection” focuses osdleetion of the parameter and stations to
analyse.

The panel 3 “3-TimeSeries_building” displays théi@pto build a regularised time series,
The panel 4 “4-Diagnostics/TrendAnalyses” focusesliagnostic tools and statistics tests
The panel 5 “5-Results/Messages” displays resuiteamalysis and divers messages and
warnings.

Help buttons are available on each panel of therfaate (except panel 5) to provide guideline
on how to use options in their respective panel.

The top panel displays the name of the selecteifdat(once imported).

Temporal Trend Analysis: Month Sea.csy

1-Data_managment lZ-F‘arameters_seIectiu:un ]3-TimeSeries_|:uuilding ]4-Diagnu:ustics,l'Trend.ﬁ.naI';.-'ses IS-Results,l'Messages ]

Figure 21. Top panel and panels’ titles of therfaie.

The interest of panels against windowed menusasdh options are always visible and can
be rapidly selected without going into multiple men This is only possible because the
number of options has been optimized to the mininmgeded to perform such analysis. Such
interface can not be developed for more complexst@ohich is not the objective of the
interface).

2. Filesand data managing panel

The first step of data analysis is the importatafnyour database in the interface. The

interface will identify each column as a functiohits label and category. In general columns

with numeric values will be automatically identi&g parameters. Other columns have to be
manually labelled to facilitate the identificatiby the interface, such as sampling stations or
depth (for further information see §B).

2.1 Import CSV file
To import a csv file containing your data just klien the button ‘Import CSV File’ in panel

1, it will display a window (a window generate bgwy OS in fact) where you can select and
open csv files.
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Temporal Trend Avalysis |-]5]x]

1-Raw_data | 2-Parameters_selection | 3-Reqularisation | 4-Datafnalysis/Trend | S5-Results/messages |

Import CSY File

A

Important : how to well

Ouvrir

e s Regarder dans: | () Base de données vl O F EE
Decimal separtor m \_)Fichiers originaux

Missing value must ( < ) Guide

Dates must bein 'd Mes documents IR

Dates column -> D 15Gents (ZRapport

i @Deuts:h Coastal,csv
Salinity column -> J%Jlri S
Depth column -> G ) IrishSea_Wrong.csv

If your parameters| . =Y North Ses,csv

You can use the 'Fif J

St i cokn F}"a‘ [)Resultats de linterface

Bureau

Need R w2.4+to work Mes documents

User Guide i!

Poste de travail

@ Morm dlu fichier North See.csv v
Favoris iéseau  Fichiers de type : | CSV Files [*.csv) v [

Figure 22. Panel 1 with csv file importation opt@md importation advices.

Until the file is imported panels 2 to 4 stay ematy panel 1 uncompleted. The other options
will be available only when your data will be impext.

Temporal Trend Analysis: North See.csy

1-Raw_data ]Z-F‘arameters_selection ]S-Regularisation ]4-Data.|‘-\na|ysis,|'Trend lS-ResuIts,l'messages ]

Import C5Y File

Current ackive file: Morth See.csv

Select vour save direckory |

Current save directory: Ci/Documents and Settings/ddevreke/BureauiTendances/Base de données
Show DataJ

Resume

Fix Data

Impartant : how to well import wour data in 9 steps

Your data must be in a .csv file (save as '.csv' farmat in Excel)
Decimal separtor must be '

Missing value must be empty case

Dates must be in "ddfmmivywy’ Format

Dates column -= DATES

Sampling site column - > STATIORS

Salinity column -5

Depth colurn - = DEPTH

If wour parameters don't appear, select them as numeric’

‘¥ou can use the 'Fix Data’ butkon to change column labels and data category

Need R w2 4+ to wark

User Guide | Help

Figure23. Panel one with all options available once dsvhias been imported.
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2.2 Select your save directory

By default, results of analysis and figures will dsve in the same directory as your csv file,

however if you want to save your results in a défe folder just click on ‘Select your save
directory’ and choose a folder as follow:

emporal Trend Analysis: North :”,h H
1-Raw_data | 2-parameters_selection | 3-Regularisation | 4-Datadnalysis/Trend | S-Results/messages |
Import CSY File

Current active file: North See.csy

Select your save directory I

Current save diractory:(ﬁ)-:unwnts and Settings/ddevreke/Bureau/Tendances/Base de données

Show DataJ

Resume -
Rechercher un dossier @@
Fix Data

Choose a save directory, then click OK.

Impartant : how to well import v

= ) Tendances »

Your data must be in a .cs = ) Base de données
Decimal separtor must be ' ) Fichiers originaux
Missing value must be emp) E D) Guide
Dates must be in ‘dd/mm/y HQR
Dates column -> DATES ) Rappart
Sampling site column -> 51 ‘_)

e ) BiblioTendances @
Salinity column -> S

Depth column -> DEPTH ! =
IF Yk pakaretRes Barny Dossier : | Resultats de linterface |

You can use the 'Fix Data'

[Créer un nouveau dossier J [ OK ] i Annuler ]
Need R v2.4+ to work

User Guide | Help

Figure 24. Panel 1 with select saved directoryaopti

You can also directly create a folder through thiisdow.

From this basal directory, the program will autoicedty create an arborescence to save your
fles in function of the options you choose to peni analyses:
SaveDirectory/FileName/Years/Parameter/Datalntenai&ggregation.method/ (Fig. 25).
Months, salinity and depths are not added in otddimit the arborescence declination and

keeping a clear save path, therefore be carefnbtaverwrite your files if you change only
these options between two analyses.

) Admin
= ) Tendances
= ) Base de données
|5 Fichiers originaus
[ Guide
e
l{i‘l Rappork
[ Resultats de linterface
= ) Morth See
= I3 2000-2005
= 5 pod
= 153 naNo-out.MO
I3 Semi-Fortnight-Median
[ BiblioTendances

Figure 25. Example of a save path arborescencéedraa a function of selected options
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Importing a new .csv file will reset your basal salirectory to default.

Saved files are named with a specific nomenclature:
OriginalName_TestName_ Parameter.csv / .png.

2.3 Display your raw data

You can check your imported data by clicking ond@&ata’ button:

EnvirSData |Z| |E| E|

Sample_ TLabel Time DEPTH 3 T NH3 NH3_LOD TON TON_LOC
1 2t.JohnsBr 2171071982 <HNA> o.0 0.00 . oo <HNA> <A ™
2 ST.3ZEOQRGE QUAY 21/10/1992 <HA> 1.0 27.20 MA MA <NA MA <HAD
3 ST.3ZEOQRGE QUAY 21/10/1992 <HA> 0.2 23.40 MA MA <NA MA <HA>
4 8T.CEORGE QUAY 21/10/1992 <HAZ 0.2 15.40 NA 0.210 <NA> 0.22 <HA>
5 8T. HELEMNA 21/10/1992 <HAZ 2.0 23.70 6.00 MNA <NA> NA <HA>
& ST. HELENA 21/10/1992 <MA 0.2 23.10 &.00 0.230 <NA> 0.35 <HA>
7 SOLDIESR PT. 21/10/199Z2 <HA> 3.5 30.40 6/.00 MNA <NA> HA <HA>
] SOLDIESR PT. 21/10/199Z2 <HA> 2.0 29.50 6.00 MNA <NA> HA <HA>
9 SOLDIESE DT. 21/10/19%2 <MA 0.5 24.10 &.00 0.010 <MNA»> 0.08 <MAD
i SOLDIESR PT. 21/10/199Z2 <NA 0.z NA G.DD 0.010 <NA> 0.5&0 CHA>
2OT.TMITROR 214N 1ag7 A 2 n T IO S hIA ™ LAY [ A
Figure 26 A correctly imported data set view whb ShowData button in panel 1.

Envir$Data

FEX

Sample_ TLabel Time Depth_ Sample T NH3 NH3_LOD

St.JohnsBr 21/10/1992 <A o,0 0,00 &,00 0,010 <NA> 2,38 %
2 ST.CEORGE QUAY 21/10/15992 <A 1,0 27,20 <MNA> <NA> <HA>  <NA>
3 ST.GEQORGE QUAY 21/10/1952 <A 0,2 23,40 <MNA> <NA> <NAZ  <NAX>
4 ST.GEQRGE QUAY =21/10/1392 <NA> 0,2 15,60 <MNA> 0,210 <NA> 0,22
5 2T. HELENA 21/10/1992 <MNA> 2,0 23,70 @&,00 <NA> <NAX  <NAX
[} 4T. HELENA 21/10/1%%2 <HA> 0,2 23,10 @,00 0,290 <MNAX> 0,35
7 SOLDIESR PT. 21/10/1952 <MNA> 3,5 30,40 @A, 00 <NA> <MAX  <NAX
g SOLDIESR PT. 21/10/1952 <HA> 2,0 29,50 6,00 <NA> <NA>  <NAX>
9 SOLDIESR PT. 21/10/159Z2 <A 0,5 24,10 &,00 0,010 <NA> 0,08
-] MOT T TN T ™m o T B B o B B e N e R ART A e m bl AT A . = nn n mn=Aan mn =]

Figure 27. Dataset with labels and decimal sepaisgaes view with the ‘ShowData’ button.

2.4 Edit your data — solve some importation issues
In case you have importations issues, you caryedit data with the ‘Fix Data’ button.
There are two situations where data importationbzanorrupted:

* The csv file has been badly created; label andnticseparator don’t correspond
with the interface standard (Fig. 27). Therefor¢y@olumn labels can be modify
with ‘Fix Data’. Back to your csv builder and chegR.

* The csv file has been well created following 8Boramendations but parameters
still don’t appear in panel 2. Therefore the prablis the category of the variable.
This is an R importation issue that can be solvegu$-ix Data’, then change the
category to numeric (parameters) by clicking onuooi labels (if column with
values with ‘, as decimal separator are selecgeeduaneric you will obtain missing
values). Dates and sampling site are charactegaate
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Click on the column label case

Save the modifications
and back to the interface

- Modify variable name

~ Modify variable catergory

Figu}é 28. Data editor while ‘FixData’ button iseds

DATES STATICNS DEPTH | Temp 3 ‘i:
1 |03/01/2000| H.Reede M 6.2 32.174
S 03/01/2000] 4 I~ Editeur de variable
3 |03/01/2000](1
f 24/ 01/ 50001 3 nom de variable IS
5 |04/01/2000|H.Rg
6 |04/01/2000| 625

Akl type (%) numeric ) character

7 |04/01/2000(1
8 |05/01/2000|H.Recde N D k4
9 |06/01/2000|H.Reede NA 5.9 32.945
10 |06/01/2000(1 MNA 3.47 28.51446

When you exit the Fix Data interface, your new datas automatically read by the interface
and a new csv file is saved in your computer with homenclature FileName_fixed.csv.
Unfortunately data category cannot be saved irfiesv

Editing your data will not change your save diregto

3. Parameter s selection panel

If columns have been correctly labelled and caiegdr(see precedent chapters), lists, sliders
and frames should be automatically filled with ayprate values.

Temporal Trend Analysis: North See.csv

1-Raw_data 2-Parameters_selection ]37Regularisation ]47Datannalysws,l’Trend ISfResults,l’messages 1

Select ywour skationds) Selected stationis)

-l

'1041
1042
1043
1044
1045
1046
1052
1053
1054

Aggregate stations 7 v

Select a parameter Selected parameter

DEPTH
Temp
=]

DIrd
pO4

Salinity min : 18,0 psu Start wear at ;

| 2000 E
Salinity max : 54.5 psu End year at :
| 2005 B
Depth min ¢ -20 m
| Select month(s)
Depth max @ 66 m 1234567621011 12
Resume
Help
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Otherwise:

Temporal Trend Analysis: North See.csy

1-Raw_data 2-Parameters_selection | 3-Reqularisation

Selected station(s)

;l
;I

Aggregate stations 7 [V

Select your station(s)
-All-

Select a parameter Selected parameter

INo date in your datal
No salinity values in
the data frame Checkiif the column
is correctely labelled
as DATES
No depth values in

the data frame

Resume
b |

L EX

4-DatasnalysisTrend | S-Results/messages

Let see details of each of these parts in the cleegpters.

3.1 Sampling stations

Sampling station represent the area where your lita been measured, in your database
they can be redundant (like for fixed station) nrque (like for transect). You may also want
to perform analysis on all of your stations or oatya bunch of them. To select the stations
you want to analyse you can select them using tteva between the two selection boxes
(Fig. 29): just click on the station in the leftxand click on the top arrow, the selected
station will appear in the right box. This suppmutltiple selection using the ‘Ctrl’ key or by
dragging the cursor. If you want analyse all stagipust select -All- in the left box. To remove
stations just select them in the right box andkcla the bottom arrow, it also support
multiple selection.

Select your skakion(s)

Selected stationis)
1041

1042

-x 1043

1044
j

Figure 29. Selection boxes for sampling stationsanel 3, with selection arrows between.

TTAinterface user guide

27



By default the data of all stations will be melt Bmalyse (that certainly why you select them
together for analyse). However if you don’t wantielt data but keep stations independently
from each other you can uncheck the appropriate(Bayx 30). Therefore you will be unable
to perform analysis as distinct regularized timeesewill not be built from separate stations.
You will be only able to summarise the aggregatata table, and display a table and a plot of
the aggregated data.

figgregate skations 7 W

Figure 30. Aggregate stations check box in panel 3.

3.2 The parameters

The process to select the parameter you want anaythe same as for the stations, except
that only one parameter can be selected (don't@tppultiple selection) and there is only
one arrow for selection (no remove arrow) (Fig..3D replace an already selected parameter
by another one just select the new parameter inetthdoox and click on the arrow, it will
automatically replace the previous one in the rigix.

Select a parameter Selected parameter

DEFTH P4
Temp

S

DM

Figure 31. Selection boxes for parameter in paneiitd selection arrow between.
3.3 Depth and salinity

In some cases you will need to perform analysespacific depth or salinity (which
characterize water masses). In the panel 2, tisere sliders to select these salinities and
depths (Fig. 32). By default these sliders dispglag maximum and minimum values of
salinity and depth in your dataset (if they exityou don’t modify these values all data will
be take into account for analyse, including dataigsing salinity and depth. You can modify
these values by sliding left or right the cursardy clicking on the area next to the cursor to
have a more accurate increment (+/- 0.5 unit), ddtanissing salinity or depth will be
exclude. You can perform analyse at a unique depsalinity by giving the same min and
max values.

Salinity min : 15,0 psu Salinity min : 38.5 psu
L L
Salinity max ; 54,5 psu Salinity max : 38.5 psu
L1 L
Depth min ; -20 m Depth min : -10.0 m
L L
Depth max @ 66 m Depth max : 46,0 m
L1 L1

Figure 32. Sliders to select salinity and deptlaith you want to perform analysis. Left figure:
default options; right figure: selection of onlyeosalinity and a range of depth (4 to 25.5m)
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3.4 Years and months

As for salinity and depth you can modify the yeansl months at which you want analyse
your data. By default the two lists in panel 2 thydirst and last years of you dataset and the
12 numeric months (Fig. 33). You can modify yearst joy clicking on the arrows or by
typing it. You can delete or add months (no matier order) and there must be a space
between months.

Start wear ak Skark vear at .
2000 3 2001 =
End vear at ; End vwear at :
2005 3 2004 =
Select monthis) Select monkhis)
1234567591011 12 1568911

Figure 33. Boxes to select year range and montivhiah you want to perform analysis. Left figure:
default options; right figure: analysis between3.88ad 2006 at 7 different months.

4. Time series building pandl

The third panel focused on time series regulaopabefore proceeding to temporal trend
analysis (Fig. 34).

Temporal Trend Analysis: Morth See.csy g@g|

1-Raw_data ]2-Parameters_selection 3-Regularisation ]4-Data.°.nalysis,l’Trend ]5-Results,l’messages ]

Diata inberaction

Replace missing values 7 [

Remove outliers 7 a

Show boxplot

Select the time step For your final time series Show regularised time series:

-

featly Plok | Table | Resume

Monthly

Fortrightly
Semi-Fortnightly

IMonomensualy

N NI

Guidance to choose the time step

9

Auko

Select the method to aggregate vour data

Mean o

Median o

Quartkile 0.9 -

Mairnurn -

Guidance ko choose the method

Auta (+
b |

Figure 34. Panel 3 with default options.
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4.1 Missing values and outliers

The first frame of the third panel shows 3 diffdreptions to deal with missing values and
outliers of your data (Fig. 35).

Data interaction

Replace missing values ? [
Remove outliers 7 I=

Show boxplot

Figure 35. Data interaction frame options in pahel

Some statistics and diagnostic tools require the series are regular and thus have regularly
spaced measurement and contains no missing valhesoption, ‘Replace missing values’,
will replace this missing values from the time sesr{and not from the raw data) by values
calculated from the data distribution. The finahéi series will depend on the method of
aggregation (see 84.2 and 84.3); therefore missahges will be calculated from aggregated
data in two successive steps.

* Time series generally present strong autocorrelatgee 4.1), in this case value at
time t depend on values at tima1l. Therefore missing values can be estimates
(predicated) from linear regression (or more complegression) between values
around the missing value, however this is relevarly when few data are missed,
long period of missing values cannot be replaceagubis method (cannot efficiently
extrapolate seasonal fluctuations).

* When missing values are present over a long peaiod,that there is a really need to
replace them, they can be replace by the mediashata from the same cycle (e.g.
month, week, year, depending on the time step @)pas/ersely this method is less
relevant than regression for shorter period of mgsalues (it loose the dependency
due to autocorrelation).

The present interface used a combination of botthods; the linear regression method to
replace missing values over 3 successive unitroé tand the median method for longer
period of missing values. The median method ast to reduce the lag between missing
values and to allow the regression method moreuéetly. Missing values at the beginning
and at the end of the series are replaced usingd¢agan method if possible or are ignored.

Data distribution frequently contains outliers;dbeoutliers are due, for example, to error of
measurements than have not been corrected or extnataral event. In some cases these
outliers can greatly influenced statistical anaysomparatively to the rest of values and it
should be interesting to remove them. The secotidropresent in the frame (Fig. 35) allows

you to remove these outliers and to save them separate csv file (in case you need to
identify them). The method used to identify ouslies the boxplot method by years. For each
year, values over Q3+1.5(Q3-Q1) and under Q1-1.8)@Bare considered as outliers. The

‘Show boxplot’ button displays the box and whiskelat with outliers.

Both options, missing values and outliers, can lbeck together or independently, outliers
will be always removed first and missing values@acond places.
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4.2 Time step selection of your time series

Raw database generally display discontinuous tiemees with missing values and variable
measurement frequency between values. Temporal aealyses generally need regularised
time series to be perform. To build such regularigme series, the interface will aggregate
raw data from the same selected period (week, mgetr...) using a selected method (mean,
median, max value...). These different options arailable in frame 2 and 3 of the third
panel (Fig. 36 and 37).

Frame 2 ‘Select the time step for your final tinegiess’ let you select the time step at which
the interface will aggregate your data to build tegularized time series. Seven options are
available (Fig. 36); the 5 first options are clasBequencies, yearly (all data by years),
monthly (all data by month), fortnightly (all daltg 15 days), semi-fortnightly (all data by 7
days) and monomensualy (all data by month, allsygeniuding).

Select the time step For your final time series

Yearly 2
Monithly b
Fortnightly «

Help.timestep

Semi-fortnightly {

Mean time between two measurements (days):

~
Monomensualy e
Guidance to choose the time step Time range (days):

-~ 1
Auto (e 384

-> Usge sgemi-fortnightly time step
Figure 36. Time step selection frame and time atkfice (guidance option).

Just remember: you have to choose a time steplatio with the sampling frequency of
your data in order to keep the maximum of inforimatwithout creating to many missing
values. The option ‘Guidance to choose the time’siall suggest a balanced choice by
computing the mean time and the minimum and maximenod that separates two
successive measurements in your database. Arhitrdirymean time between two
measurements is under 10 days, the interface athecgemi-fortnight time step; if mean time
is between 10 and 23 days, fortnight time stepdidgce; between 23 and 60 days, monthly
time step is advice and over 60 days annual tirep st advice. Monomensual time step is
only available in manual choice. You are free titofe these suggestions or selecting another
time step. The auto option (default option) wilt@matically apply the advice without display
the suggestion. In some case, this method of agfioeg is enough to removed all missing
values in the regularised time series without usivey’Replace missing values’ option (84.1).

4.3 Method of aggregation of your time series

The second frame ‘Select the method to aggregate gata’ (Fig. 37) let you choose the
method with which data will be aggregated at theetistep previously set. Four methods are
available: by averaging the data, by selectingtieelian of the data, by selecting the quantile
90% of the data or the maximum of the data of #raestime step. The guidance option will
also suggest the method that fit the best the r@igilata distribution. The interface will
compare data distribution obtain with each methaidsélected time step) with the raw data
distribution using a Wilcoxon non parametric tebe comparison with the highest p-value
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(less significant difference) will determine thesbenethod. You are also free to follow these
suggestions or selecting another method. The autioro(default option) will automatically
apply the advice without display the suggestion.

Select the method to aggregate your data

Mean -

Median

Quantile 0.9 ®

Maxirmum @

Guidance to choose the method Method.of.aggregation E]@E]
Auto o Method of aggregation choice

The medians give better fit

Figure 37. Aggregation method selection frame apthod advice (guidance option).

4.4 Visualised your regularized time series

The fourth frame ‘Show regularised time seriesg(R8) let you display your newly build
regularised time series through a plot, a tabla summary. Plot and table will be saved in
your computer. The table display column labels Wwhiary as a function of the time step you
selected. For all time steps, the fist column labdhe parameter you selected for analysis,
other column contain temporal indications. The geaard months are indicated in the eponym
columns. The week number within months (2 weekstmawith fortnight time step and 4
weeks/month with semi-fortnight time step) are cadied in the ‘week.month’ column. The
week number within year (base on fortnight weekip@cated in the ‘week.year’ column (24
weeks/year for forthright time step and 48 for séoninight time step). The ‘time’ column
count the time between regularised measuremerasv@thlue of unit depend on the selected
time step).

Show regularised time series:

Table I Resume (EEnE E!EHE\

Plaot ]

I2 R Graphics: Device 2 (ACTIVE)

Fichier Hstorique  Redimensionnement
Regularised Time Series of PO4 concentration
at station(s): '1041,'1042, '1043, ... Regularised.Data =)
PO4 YEARS MONTHS week.morth time week.year
ERN 0. 87000000 2000 i 1 1 1
B 0. 93500000 2000 1 2 2 2
w: B 0. 95010376 2000 1. 3 3 3
ERNN 0. 73780000 2000 1 4 4 4
LS 0, 81000000 2000 2 1 5 5
[T 0. 70000000 2000 2 2 6 [
AN 0. 64255000 2000 g 3 7 7
5 I 0. 62660000 2000 2 q ] g
3 o
£ -
g
2
8
S
=T
(&1
o
w ]
o
< |
2 T T T T T T T
2000 2001 2002 2003 2004 2005 2006
Years

Figure 38. Regularised time series display optfcase.
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5. Diagnostics, statistics and results pane

5.1 Diagnostic tools

The options present in the first frame of the fgeimel ‘Diagnostics (optional)’ (Fig. 39) are
not require to perform temporal trend analysis vt additional information that can be
useful to explain variations in the time series.

Diagnostics (optional)

Spectrurm analysis* -
Autocorrelation fe
Shapiro normality kest - Run
Anarnaly (color,plat) "
Seasonal decomposition®*

Figure 39. Diagnostic frame in panel 4

* Spectrum analysis: it allows to estimates the spectral density (et Fourier
transform) of a time series and to display a p&wgsdm with confidence interval (Fig.
40). Spectrum analysis is concerned with the eqpilom of cyclical patterns of data.
The purpose of the analysis is to decompose a @mijoine series with cyclical
components into a few underlying sinusoidal (siné eosine) functions of particular
wavelengths. Then you can determine the frequehegach cycle (spectrum) present
in the time series from the most important to #&s! In our program the basic unit is
one year. Spectrum analysis cannot be perform misising values and result is not
influenced by the time step at which you build time series. This is the spectrum()
function of the ‘stats’ package
(http://127.0.0.1:20999/library/stats/html/00Inddrl). For more information about
Fourier transform and periodogram in R see alsov®hway and Stoffer (2006).

Regularised Time Series of PO4 Regularised Time Series of PO4
at station(s): 1041, 1042, 1043, ... at station(s): '"1041, '1042, 1043, ...

A 2 B

5e-02
|

fe-02

|
2e-02

§e-03 1e-02 Ze-02
1

spectrum
spectrurm
2e-03  5e-03

fe-04 1e-03 Z2e-03
| |
«—

2e-04  5e-04
|
«—

1] 1 2 3 4 5 B 0 ] 10 15 20

frequency frequency
handwidth = 0.241 bandwidth = 0.241

Figure 40. A. Spectrum density of monthly reguladzime series of PO4 concentration in the

North Sea between 2000 and 2005. B. Same at setmigfotly scale. Blue vertical bar is
confidential interval. Save as “North See_Specti@®4.png”.
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Inter pretation:

In this case the identify cycle (by arrow) is thenaal cycle that show the highest spectrum at
frequency = 1. It's likely the most common frequenou will certainly obtain as it is due to
seasonality from year to year frequent in biologigeocesses. Varying the time step of data
aggregation will not degrade the signal as fat atay under the mean sampling frequency of your
data

» Autocorrelation: computes (and plots with confidence interval &5) estimates of
the autocorrelation function (Fig. 41). As for spem analysis the most frequently
highest autocorrelation will be observed at lad Y€ar) whatever the time step, only
the number of subdivision between lags are detexthiy the time step selected to
build the time series. This is the acf() functiohtbe ‘stats’ package. For more
information about autocorrelation function in R saiso Shummway and Stoffer
(2006).

Regularised Time Series of PO4 Regularised Time Series of PO4
at station(s): 1041, 11042, 1043, ... at statien(s): '1041,'1042, 1043, ...
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Figure 41. A. Autocorrelation of monthly regulamzéme series of PO4 concentration in the
North Sea between 2000 and 2005. B. Same at setnigiotly scale. Save as “North
See_AutoCorr_PO4.png”.

Inter pretation:

In this case maximum positive autocorrelation isaobfor a lag of 1 (=1 year in our program)
whatever the time step choose to aggregate the Aattacorrelation is significant every 0.5 lag (6
months) up to 3 lags (3 years).

* Shapiro normality test: Shapiro—Wilk test tests the null hypothesis thasample
came from a normally distributed population (Nultpothesis: follow a normal
distribution, thus if the p-value is lower than tbhkeosen alpha level (0.05 in our
program), the sample don’t follow a normal disttibn).
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« Anomaly (color.plot): Computes time series anomaliesXyy- X;, with X; value of
the parameteX at the period of the yeaj andX; the median of the parametérfor
the period (all year mixed) (Fig. 42). The option will prodega contour plot with the
areas between the contours filled in solid coldukey showing how the colours map
is shown to the right of the plot. Red colours shmsgitive anomaly and blue colours
negative anomalies. White areas occur when thexremassing valuesworks only
with time series build at monthly, semi-fortnighidafortnight time step.

Time series anomaly of PO4
at station(s) "1041, "1042, 1043, ...

——

~

40

0.4

T———
E_ =
— .
— ——-;——— 0.6
—
30

0.2

WEEKS

20

0.0

-0.2

-0.4

‘;‘
[
MR T T

I T I T
2000 2001 2002 2003 2004 2005

YEARS

Figure 42. Color plot of PO4 concentration anonsaliethe Irish Sea between 2000 and 2005 at
monthly scale. Cold and hot areas represent rdagpbchegative and positive anomaly. Very
strong positive anomalies can be represented & diiours (like here), it is due to the labelling
range method actually use by the function. Savé&lagh See_ColorPlot_PO4.png”.

Inter pretation:

Anomalies (lower than ‘normal’) of PO4 concentratiman be observed in 2001, 2003 and 2005 at
the beginning and at the en of the year. Positi@ralies (higher than ‘normal’) are observed in
2002 and particularly in 2003.

» Seasonal decomposition: Decompose and plot a time series into seasaeald tand
irregular components using loess (Fig. 43). Thesea component is found by loess
smoothing (locally weighted scatterplot smoothirtge seasonal sub-series. The
remainder component is the residuals from the sedguus trend fit. The seasonal
values are removed, and the remainder smoothedddhe trend. This is the function
stl() of the ‘stats’ package.
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Figure 43. Plots obtain with the decomposition aptiwith from top plot to bottom plot:
regularized time series, seasonal component, gtodoad, and remainder.

Inter pretation:

In this case PO4 concentration variations showrg kigh seasonal signal (2d plot). The overall
trend shows a slight increase in 2004, the strangedse during the last year should be an artefact
due to the smoothing method (periodic). Remaind®p(ot) show few seasonality pattern, so the
major part of PO4 concentration variation is duthoseasonality.

5.2 Temporal trend tests

The second frame of the fourth panel display thalable tests to perform temporal trend
analysis (Fig. 44).

Trend Analysis

<l

Curmulative sum

Seasonal Trend »
Global Trend fe Run
Trend based on LOESS

~

Using Mixing Diagram
--= select psu |30

* Cannct be perform with missing walues

Figure 44. Trend analysis frame in panel 4.
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* Seasonal Trend: perform a Seasonal Kendall test on the time sesigh details of
trend between months (Fig. 45). The Seasonal Kendat takes the seasonal
variability into account during trend calculatiofhis seasonality is not limited to a
cycle of 12 months but is extended to the time $tep choose to build your time
series. The trend value is obtained by calculaBnylann-Kendall tests between
season (test the presence of a trend) and perfgrmisen’s Slope estimator to
estimate a value of this trend (median betweengjankhis method comes from the
‘wg’  package [ttp://cran.r-project.org/web/packages/wag/indexIptmFor more
information about Kendall test see Hirsch et @8d) and Hirsch and Slack (1984).

Results are display in panel 5 and saved in aiteswith: trend column = trend of the
parameter at the selected time step (season colanoniginal unit per year; p column
= significance of the slope; missing column = pmbijpon of missing slope at the time
step; %trend column = percent of mean quantityygar at the selected time step;
season column = counting of time step successido 2 for monthly, 1 to 24 for
fortnightly etc...).

Results window

-Seasonal trend results-

Parameter: P04 Site(s): '1l04l, 'l1042, '1043, ...
Outliers.removed: HNO Ni.replaced: HO

Time.step: Mensual Method: Median

trend [(Theil-5en slope)] = original units per year
trend = percent of mean gquantity per year
missing = proportion of wmissing slopes

trend p missing season strend A | B | © | D | E |
1L -0,007200000 0.4523704 0 L -1.006618 1 Jtrend !p missing SEason Yotrend
Zz  0.024600000 0.1328550 0 z  3.450135 7 00072 045237036 0 1 -1 O0RG1756
3 -0.0023958426 1.0000000 0 3 -0.354174 T3 00246 0,13285496 0 2345013493
4 0.027500000 0.1805996 1] 4 16.049576 T 000239243 1 i} 3 036417398
5 0.004265053 0.4523704 1] 5 3.3886Z2Z1 ? 00275 0,18059962 ] 4 160495764
6 -0.005806432 1.0000000 o § -4.833957 "6 | DO0426508 045237036 0 5 338662128
7 0.004754%02 1.0000000 o T Z2.468875 =
g 0.004%23007 0.7071142 1] & 2.252950 L -0 00880645 1 o b -4 83399734
9 -0.027500000 0.7071142 1] 9 -4,705460 i 00047549 1 g 7| 246887761
10 -0.021813725 0.4523704 0 10 -3.541464 _5 | 000452301 070711423 o 8| 225294599
11 -0.040752688 0.7071142 0 11 -4.282963 0] 00275 070711423 o 9| -4,70546027
12 0.040333333 0.7071142 ] 1z 5.007635 11| -0,02181373 | 045237035 0 10/ -3,54146436
12| 004075268 070711423 0 11 -4 28296257
13| 004033333 070711423 0 12 500763493
-Clear- | A4
715
H 4 »r M \Nurth See_Seasonal Trend_Pl:I4/

Figure 45. Results of the Seasonal Trend analysisihly scale) display in the panel 5 (left) and
saved in a csv file (right) as “OriginalName_Seasdmend_Parameter.csv”.

Inter pretation:

The trend of PO4 concentration vary as a functibthe considered month, season 1 (first row =
January in our example) show a low trend of -0.0@¢/L/year (trend column) that correspond tp -
1% ng/L/year (column %trend) with a p-value of O.@fuite good). No missing values are
observed in our time series (missing column). Thstnimportant trend is observed at seasgn 4
(April) that shows a increasing trend of 16% pearyleut have the lowest p-value (0.18).
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* Global Trend: same as above but give the general trend withetatl (Fig. 46). Also
take the seasonal variability into account. Semdp& estimator is for the totality of
the time series. This method comes from the ‘wqgckpge (http://cran.r-
project.org/web/packages/wg/index.html).

A [ B | C | D
sen.glope gen.slope.pct |povalue migs
000343635 0 B92663434 058704343
000343635 0 B92663434 058704343
000343635 0 B92663434 058704343
000343635 0 B92663434 058704343
000343635 0 B92663434 058704343
000343635 0 B92663434 058704343
000343635 0B92663434 058704343
000343635 0 B92663434 058704343
000343635 0B92663434 058704343
000343635 0B92663434 058704343
000343635 0B92663434 058704343
000343635 0B92663434 058704343

Results window

-6lobal trend results-

Parameter: PO4 Site(s): '1041, 'l042, '1043, ...
Outliers.removed: NO Ni.replaced: NO

Time.step: Mensual Method: Median

Trend (sen.slope): 0.0034 original units per year
3Trend (seh.slope.pct): 0.6927 percent of mean cuantity per year
p.value: 0,557

R PR
k3=
oOooooooooooco

—
o

—
E-

—
[l ]

-Clear- |

W 4 » v\ North See_Global Trend_P04 /
Figure 46. Results of the Global Trend analysisr(tinly scale) display in the panel 5 (left) and
saved in a csv file (right) as “OriginalName_Globaénd_Parameter.csv”.

Inter pretation:

The global trend of PO4 concentration is low witBdB4 ng/L/year, resulting from the strong
variation among months (Fig. 44). It's represef@®®ng/L/year with a p-value of 0.58. The time
series shows no missing value (miss column initfte figure).

e Cumulative sum: plot a cumulative sum curve of the time seriesl atlow to
manually identifying changes in the tendency inrybme series (create successive
periods) (Fig. 47). This method come from the cusiumction of the ‘pastecs’
package (http://cran.r-project.org/web/packages#oad. For more information about
cusum function see also Ibanez et al. (1993). Gmegeriods have been identify, the
program perform the Global or Seasonal Trend &sis€lected by the user) on each
period. Only Global or Seasonal Trend test candy&pn, if you select another test
the interface will return a warning message askimgto choose a Kendall family test.
The cumulative sum curve is automatically calcudtem your time series with
missing values removed (cannot work with outlieh®)wever the trend calculations
are perform on the time series build with your cyptions (so even with no
replacement of missing values).

Once the option selected and the button ‘Run’ elickthe plot window with cusum
curve in red will appear. Then you have to leftklion this curve to identify the
different points where the tendency changes. Ohgmits have been identify, right-
click on the plot and check ‘Arréter’/'Stop’, analg will start automatically and result
will be display on panel 5. You can close the plotdow. Be careful to not close the
plot window before checking right-click-‘Arréter3top’, it will cause the interface to
stop functioning.
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Results window

-Local tremd results {glohal)-

Parameter: NH3 Site(s): A¥OO0O, AVOlO, AWOZ0, ...
Odutliers.removed: NO NA. replaced: HNO
Time.step: Fortnight Method: Median

Period 1 : 1992 - 2000
Trend (sen.slope): -le-04 original units per year

tTrend (sen.slope.pct): -0.19386 percent of mean quantitcy per year

p.walue: 0.8333

Period 2 @ 2000 - Z004
Trend (sen.slope): 6e-04 original anits per year

%Trend (sen.slope.pct): 1.075 percent of mean gquantity per year
p.wvalue: 0.725

Period 3 @ 2004 - 2008

Trend (sen.slopej: 0.005 original units per year

3Trend (sen.slope.pct): 10.645 percent of mean gquantity per year
p.walue: 0.2207

Figure 47. Top figure: NH3 concentration variatiomghe Irish Sea (hatched black line) with
cumsum plot (red) and different periods identiffedlid black lines). Bottom figure: results of a
global trend apply on each of these periods displganel 5.

Inter pretation:

period 2 and 3 with an increase during period 3.

The global trend of NH3 concentration is very lowridg the two first periods, it show a slightly
higher increase during the last period, 2004-2008) 10% mg/L/year. This decrease is obseryed
only during this period and not between periodsfalct the trend could be a decrease between
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* Trend based on LOESS: A loess smoothed curve of the regularised tinreesas
considered to perform a Global Trend test instdath® time series itself (Fig. 48).
This is the loess() function of the ‘stats’ package

7 (Clobal Trend on LOESS results. ﬁE'EEEBI
f: ; . Szen.slope
i*2 R Graphics: Device 2 (ACTIVE) [1] 0.01078894

Fichier Historiqgue Redimensionnement
Ssen.slope.pct

Trend of PO4 based on LOESS [1] 1.336204

at station(s): "1041,'1042,'1043, ... S value

[1] 0.003714461

—— Time Series

S Smiss
LOESS 22 23 24 25 26

o0 o o 0 0
44 45 46 47 48
o0 0o 0o 0 O

15

1.0

PO4 concentration

05
|

0.0
1

2000 2001 2002 2003 2004 2005 2006

Years

Figure 48. Plot of regularised time series of POdcentration (black line) and loess smoothing
(red). Background table displays result of globahd test perform on loess smoothed data, results
are also shown in panel 5.

* Mixing Diagram: To consider temporal trend of nutrient concemdrain a salinity
gradient, a widely used method consist to used hipmiormalized concentration of
nutrient at fixed salinity (generally 30) insteafl mw data to perform temporal
analyses (OSPAR, 2002). To normalize, a monthlgdinregression is done between
raw salinity and nutrient concentration (one regi@s per month). From these linear
regression equations, normalized concentrationwufient are estimated at the
salinity you enter in the text box ‘select psu'dF44). Thus, a monthly time series is
build using the new normalized concentrations exttef the aggregated raw data (this
test is independent from the time step and aggmyaiethod selected on panel 3). A
Global Trend analysis is perform on this time serig&uch method is generally used to
analyse variation in winter concentration of nuttieThis can be easily obtain in the
interface by selecting winter months (1 2 3) in gda@ and perform the Mixing
Diagram analysis.
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Figure 49. Plot of normalized winter concentratadriPO4 (3 data per year) at salinity 30 between
2000 and 2005 from the North Sea. Table displayslit®of global trend test on these data, results
are also shown in panel 5.

All mixing diagram (linear regression between rertiand salinity, Fig. 50) are saved for
each months and year (if possible) but not dispdayy the final results (plot of the time
series and Global Trend results) is display by iterface (Fig. 49). A csv table
containing all normalized concentration of nutripet months/years is also generated and
saved.
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Mixing diagram of PO4 in 1/2000 Mixing diagram of PO4 in 2/2000 Mixing diagram of PO4 in 3/2000
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Figure 50. Plot of PO4 concentration against dglioy month/year with linear regressions.

6. Pand results and messages

The last panel just displays results of your angaly@gs mention in the other sections) in the
bottom text box and other messages in the top iext Results text box displays more
information than the saved csv file like the opty@u chose to build the time series.

There is an option to clear the text boxes, butéeful you cannot cancel this clean up
action. So if you want to save some specific resudb it before cleaning the box. So you can
save the text in the box by simply copy-paste {ctrictrl-v) in the bloc-note and then import

the data in Microsoft Excel.
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7. Extra advices

Importing a new .csv file, changing the save doecbr editing your data with ‘Fix data’ will
reset all your options to default. Changing stationany other parameters in panel 2 will not
change options in panel 3 and 4, which allow perfog rapid analysis among the different
parameters of your dataset. Also for rapid analysis can choose your parameter and
stations in panel 2 and passed directly at the [ggnkalanced options in panel 3 are pre-
selected by default.
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