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Introduction

The TTAinterfaceTrendAnalysis package is written with the R programming language in
version 2.14+, It allows performing temporal trend analysis through a graphical user interface
(GUI). The advantage of such kind of GUI is the balanced choice it offer between the wide
variety of analysis, the freedom that offer R through the console or its different packages but
which avoid to perform routine analysis by a lambda user and the easiness of a clear interface
with driven choice of well choose analysis and diagnostics tools that allow routine analysis in
the frame of a common procedure. As an R coded interface this package is freely distributing
(GPL Licence).

This document is a guide that shows you how to use the interface. The first part of this guide
shows how to install and load the interface through the R console. The second part shows a
rapid overview of the interface and its possibility. As an example, the dataset
‘SRNDunkerque.csv’ will be used (data available in the package). This dataset regroup
salinity, temperature and chlorophyll-a concentration sampled at 3 different stations (onshore
to offshore) near the Gravelines Power Plant from 1995 to 2010 with a fluctuated frequency
sampling (~ between 7 days and 1 month). The third part shows a more detailed
documentation of the interface functioning using the same dataset.

A. Installing R and the TTAinterfaceTrendAnalysis package

The TTAinterfaceTrendAnalysis package needs the basic R console to be installed and
launched. It is written with R version 2.14 and is compatible with the most recent version. R
software (at least v2.14) comes with basic packages and a command console which can be
downloaded from the CRAN website http://cran.r-project.org/. The
TTAinterfaceTrendAnalysis package was created with the Tcl/Tk toolkit included in the
tcltk package which is a part of the standard R installation for Windows, Linux and Unix
platforms. For Mac OS X compatibility it is necessary to install an X Windows version of
Tcl/Tk (http://cran.r-project.org/bin/macosx/tools/). More complete instruction concerning R
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’ menu of the console, click on ‘Install
package(s) from local zip files...” (step 1 in Fig. 1) and select the file
“TTAinterfaceTrendAnalysis_1.03.zip’ that comes in the provided zip archive. The
TTAinterfaceTrendAnalysis package will automatically download and install all other
necessary packages if they are not already present in your computer (Fig. 2) (you obviously
need an internet connection).

Installation from CRAN mirror

Alternatively, the package is available on the CRAN mirror (an internet connection is
obviously needed). Open the R console and click on ‘Install package(s)’ in the ‘Packages’
menu of the console (step 2 in Fig. 1), select your mirror (your country), and follow the
instructions to find the TTAinterfaceTrendAnalysis package.
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Launch the interface

When everything is installed click on *Packages/Load package...” in the ‘Packages’ menu of
the console and select TTAinterfaceTrendAnalysis from the list (step 3 in Fig. 1). A small
panel appears inviting you to start the interface (Fig. 2B), click on the button. The step 1 or 2
need to be done only once to install the package, skip it and go directly to step 3 every time
you need to load the interface. If closed, the GUI can be directly re-launch using the start

panel.

In some case, if you close both the GUI and the start panel, and try to reload them with step 3
without closing the R console, the GUI would not start. Then you have to re-start the R
console or if you want to stay in your R session, enter the line TTAinterface() in the console

(Fig. 1).

i~ R Console
Fichier Edition Misc JREEEGEN Fenétres  Aide
3 Charger le package...

R version 2.14
Copyright (C) I  Choisir le site miroir de CRAN. ..
ISEN 3-900051-1  chojsi les entrepéts. ..
Placform: 1386 2 Installer le(s) package(s). ..

] Mettre a jour les packages... L
R est un logic .

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

al Cowputing

E ezt 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 dea démonsatrations, 'help()' pour 1l'aide

Tapez 'g()' pour guitter R.

en ligne ou 'help.start()' pour obtenir l'aide au format HTML.

&: le package ‘relimp’ = ete compile avec la version R 2.14.1

> TTAhintecfacel) |

v

Sélectionnez un ilem

datasets
el071
effects
fBasics
foreign
graphics
grDevices
arid

Hrrise
terators
itertools
Kendall
Kernsmooth
lattice
leaps
Imkest
timaSerias
tools

TTAinterfacaTrandanalysis
utils

)

Figure 1. The R console and the different step to install and run the TTAinterfaceTrendAnalysis

package.

11% downloaded

URL: .., tkp:fferan. cick. Frfbinfwindawsfcontribfz, 14 /Matrix_1.0-3.zip

Figure 2A. Packages auto-downloading window.
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Start Panel EIEI

Ready to Stark 1 0o |

TTAnterface w1.03 launch panel

Figure. 2B. Start panel of the TTAinterfaceTrendAnalysis package.

B. Create your dataset

The datasheet format that is read by the TTAinterfaceTrendAnalysis package is csv file.
The main “difficulty’ to use the GUI is to prepare a csv file that is correctly read by the
programme. Once in the interface, the guideline to perform analyses is very friendly.

The csv file has to be created with a spreadsheet software like Microsoft Excel or OpenOffice
Calc. OpenOffice Calc is freely available (http://www.openoffice.org) and can manage files
with 1 million lines whereas old versions of Microsoft Excel (before Excel 2007) is limited to
65500 lines but is more intuitive to use. The csv file is a numeric table with column label in
the first row. For interface needs, some of these labels have to be defined and fixed. The
column containing the sampling stations must be named STATIONS (with capital letter),
DATES for the date column in format dd/mm/yyyy, DEPTH for the sampling depth column
and S for the salinities column (Fig. 3). Columns with parameters values (chlorophyll,
nutrient, phytoplankton...) can be freely labelled with the name of the parameters as a
preference. All values in the same line must correspond to a unique sampling. Contrary to S
and DEPTH columns, STATIONS and DATES columns are necessary for the interface to
work correctly (if you do not have stations, create the appropriate column and file it with a
character of your choice, ex: N in figure 3).

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

| C D E | F | G
Column strict labelling: |STAIIONS| |DATES | [ Tl B E T CHL
2N 11/02/1985 13 3235 718
3 N 19031385 24 33N 12
4 IN 26/03/1985 45 31.39 27
9 M 021041985
6 09041985 79 2819 21.76
Date format: T N 19/04/1385
dd/mmm/yyyy 8 [N 2410411985 749 3235 15.72
9 N 02051985 74 3203 .74 Dote as decimal separator
10 N 09/05/1 985 10.3 3299 1389
A1 N 1410511985 102 3331 959 Missing value = empty case
12 [N 200051985 1249 3363 3316
13 |N 23051985 14 .4 3248 284
14 |N 29/051985 145 3287 45
15 IN 03/06/1885 161 3331
Figure 3. Summarized processes to formatting a csv file readable in the TTAinterfaceTrendAnalayis
package.

In your csv file you can keep columns that will be not used in the interface like coordinates or
water masses labels (they will not be read by the program) but it is recommended to remove
them to obtain the lighter csv file.
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Missing values must be empty case, O are read as values and characters (NA, NaN) can induce
bugs (they are labelled by the program itself so you don’t have to do it).

Decimal separator must be “.” (dot). Be careful with the value that appear like 6,00 (integer
value with comma as decimal separator), they are not always replaced by 6.00 in Microsoft
Excel.

Once your datasheet have been well prepared, save it using ‘save as’ (1 in Fig. 4A and Fig.
4B) and select CSV (Comma delimited) (*.csv) in the “‘Save as type’ option (2 in Fig. 4A and
Fig. 4B). In OpenOffice Calc you have to check ‘Edit filter settings’ to select ;> as column
separator in step 4 (Fig. 4B). In step 4, let also the “Text delimiter’ case empty.

Between step 2 and 4 OpenOffice Calc will ask you if you want to keep the actual format,
check yes (3 in Fig. 4B).

Only one worksheet can be saved in a csv file (the active one by default).

B Microsoft Excel - IrishSea.csv

9 Fichier | Edtion Affichage [nsertion Formab  OQutis Domnées  Fendtre 7

=B el Ervegistrer  Cuhts -

. = = Enregistrer sous

| Eneegistrer sous... 4

e 3 I L_‘ Enregistrer dans ¢ | |- Base de données “ @ [BQ X Ca - ok

1 |STATIONS DATES DH N 3 Fichiers originatsx

2 |CNOOO 211041992 :’ 3 Guide

3 |Cno20 211041992 Mes documents | 3R
| 4 |CNO20 217101992 0.4 | récents iRapport

5 |ChO20 2110199208 IResultats de finterface

_G__'CMZIIE 211041992 L ) Deutsch Coastal,cov

7 |cnois 211019920 | preas | EJmishsea.cev

B |OND4D 2141041992 34 -
R 21/10/1882 Microsoft Excel rzi
10| CNo40 21/10/1992 0.4

11 |CNO40 21101992 0.] | IrishSea2.csv peut contenir des informations non compatibles avec CSV (séparateur: point-virgule). Youlez-vous conserver le format du dasseur 7
,lgl Cho40 214101992 1 +Cliquez sur Oul pour conserver le format. Les fonctionnalt®s non compatibles seront perdues,

E!CMJQ-S 2110415992 +Cliquaz sur Non poLUr consarver cas caractéristiques. Enregistres ansuite une copks de votre document dans le format da Fichier Excal le plus récent
14 |CNO25 2141041992 «Cliquez sur Aide pour vérifier les pertes possibles.
|15 CNo25 21101992 | | posf

16| CNO25 21/10/1992 0.4 S oo J [t ] [ me ]

17 |CNO25 214101992 0.3 . =

18 CNO1D 21101992 0] ‘3} Horm cE e} v 1540

19 |CNO10 211041992 Favoris réseau | Type de fichier : | coy (céparateur: point- *.csv) 2 i0'54.0

20 ch120 21/10/1992 St prtiviiCal g '54.0

21 [CN120 21101952 2301 B 54°0'14.400'6° 19' 40.600'54.0

| 2?10”992 D& 289 6.0.01 0.04 12/54°0' 14.400'6° 19' 40.800'54.0 %

W 4 ¢ W\ IrishSea |¢ |

Dessn: s | Formes avtomatioves~ \ N IO A @d O-Z-A-S5zadl

Prét

Figure 4A. Creating a csv file with Microsoft Excel.
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3193 sh Sea  Dundalk Bay Inner Matker 7 MARKER 7 21100992 02
3194 Insh Sea  Dundalk Bay lnngr Matker 6 MARKER 6 21101992
3185 nsh Sea  Dundalk Bay Inner Markgr 6 MARKER & 21101932
3156 nsh Sea  Dundalk Bay Inngr Matker MARKER & 21101932 0s
3197 lnsh Sea  Dundalk Bay Innar Marker 6 MARKER & 21101992 35 :
1% Insh Sea  Pundalk Bay Innss Makgr 6 MARKER & 21101992 2
3199 Insh Sea  Dundalk Bay [nner Matker 6 MARKER & 21101992 i
3200 Insh Sea  Dundalk Bay lnngs Marker 6 MARKER & 21101982 35
[ -F!i- “!.I" """" _|J( -+ * s o ram s
Feulle 1 /1 Pr défaut Sommes0 e L —

Figure 4B. Creating a csv file with Open Office Calc.

To summarize:

e Must be a .csv file

e Column labelling : STATIONS for sampling stations, DATES for dates, S for salinity

and DEPTH for depths values.
e Dates format must be dd/mm/yyyy
e Dot as decimal separator

e Missing values must be empty cases
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C. Quick steps
1. Managing your database

The first panel of the interface ‘1-Data_managment’ allows interactions with the dataset

Import your database

This is the first page you can see when you start the interface (Fig. 5). You can only import a
csv file (or the data example file, 2 in Fig. 5) using the <Import CSV File> button (1 in Fig. 5)
and read the advice to correctly import a csv file. All other options are disable.

Temporal Trend Analysis interface

1-Data_managment |2-Parameters_selection | 3-TimeSeries_building | 4-Diagnostics/Trendanalyses | Messages window

@ Import CSY File 1 ¥ - open data example (SRNDunkerque)2

Important ; how to well import your data in 9 steps

‘our data must be in & .csy file (save as '.csv' format in Excel) a
-Clear-
Decimal separtor must be '

Missing value must be empty case
Dates must be in 'ddfmmfyyyy’ Format Results window
Dates column - DATES [
Sampling site column -= STATIONS

Salinity column == 5

Depth column - = DEPTH

If vour parameters don't appear, select them as ‘numeric'

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

Meed R w2.14+10 work

User Guide g

-Clear-

Figure 5. Panel 1 when the interface is launch.

Once your csv file is imported more options appear:

TTAinterfaceTrendAnalysis package user guide



Temporal Trend Analysis interface: SRMDunkerque.csy

1-Dats_managment |2—Parameters_selecti0n | 3-TimeSeries_building | 4-Diagnostics/Trendtnalyses | Messages

@ Impark C5Y File 1 ¥ - open data example (SRMDURkerque) 2

Current active file: SRNDunkerque.csy

Select vour save directory | 3

Current save directory: C:fProgram Files/RJR-2,15.2/library TTAinterfaceTrendanalysisidata

Show Data g 4 |
SURRTTEry 5
FixData | | B

Results wi

Iportant ; how to well import your data in 9 steps

Yaour data must be in a .csv file (save as '.csv' Format in Excel)

Decimal separtar must be '

Missing value must be empty case

Dates must be in 'ddimm/yyey’ Format

Dates column -= DATES

Sampling site column -= STATIONS

Salinity column -= 5

Depth column - = DEPTH

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

‘Yol can use the 'Fi Data' button to change column labels and data category

Heed R w2 144 to wark

User Guide g

Help & ‘

Figure 6. Left part of the Panel 1 once a csv file is imported (here the data example).

Change the save directory

The button <Select your save directory> (3 in Fig. 6) let you choose a folder on your
computer to save the different figures and results of analysis you will obtain with the
interface. By default this is the folder where your imported csv file is stock. If you import a
new csv file the save directory is reset to default.

Display your data

The button <Show Data> (4 in Fig. 6) displays a table of your imported data.

Summarize your raw dataset

The button <Summary> (5 in Fig. 6) displays a table with the main descriptive statistics of
your raw data (Fig. 7) with Min. = minimum value of the distribution, 1% Qu. = first quantile
(25%), Median = the median of the distribution (50%), Mean = the mean of the distribution,
3" Qu. = third quantile (75%), Max. = maximum value of the distribution and NA’s = number
of missing values in the distribution of the parameter.

TTAinterfaceTrendAnalysis package user guide
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Stat2 =)

STATIONS DATES =

iIlE @ BG4 01/09/2003: 7 Min. : =2.000 Min. ¥ 0.1z Min. : —=0.0%0
ZIL15: 222 0&6/08/1997: [ lst Qu.: 7.397 l=st Qu.: 26.10 1=t Qu.: 3.0844
EiT,16: 229 0%/08/1995: o] Median : 14.000 Median : 29.30 Median : 7.180
L 0 154 10/06/2003: =} Mean ¥ R BRE Mean : 28.34 Mean : 10.748
ﬂLB ;267 18/08/2003: a 3rd Qu.: 17.500 3rd Qu.: 31.00 3rd Qu.: 13.046
&I sl i = (Other) 12922 Masx. 24,400 Max. : 5h4.50 Mazx. 1265.320
g 201 NAT= : 1 NATS :310.000 HNAT= :180.00 MNAT= 171,000

< |

Figure 7. Resume of the ‘SRNDunkerque’ raw database.

Edit your data

The button <Fix Data> (6 in Fig. 6) let you edit your dataset directly from the interface (Fig.
8). However you can only perform simple tasks such as modifying column label, modifying
data category or editing cases one by one. For more complex modification, use a spreadsheet
software.

i Editeur de données.

Click on the column label case . \Save T~
STATIONS DATES CHLOROA |SALIy|TEMP |vars i
1 [Point 1 SRN Dunkerque|12/07/1995|9.2 33.63] [na | and back to the interface
2 |Point 1 SEN Dunkergue|10/08/1993 : :
3 |Point 1 SRN Dunkerque 261’10;‘199
4 |Point 1 SEN Dunkerque|08/11/1991 N i
S |Point 1 SRN Dunkerque|15/12/15g§ oM deveriadle [f____<«—+—— Moadify variable name
6 |[Point 1 SEN Dunkergue|19/12/1995
7 |Point 1 SRN Dunkerque|11/01/1994 tpe  @numeric O character
8 |Point 1 SEN Dunkergque|15/02/ 199 = B =
9 |Point 1 SRN Dunkerque|14/03/1996(4.5 34.37 |4.5 ~ Modify variable category
10 |Point 1 SEN Dunkerque|09/04/199645.5 33.89 |6
11 |Point 1 SEN Dunkerque|25/04/1996(12 34.46 |10
12 |Point 1 SRN Dunkergque|13/05/1996(5.8 32.51 |10.5
13 |Point 1 SEN Dunkergue|28/05/1996|17.7 34.35 |N&

Figure 8. Data editor spreadsheet when using the <Fix Data> button in panel 1.

If you import a csv file containing a column labelled ‘S’ for salinity but with values that are
not identified as ‘numeric’ a warning message appear (same thing for DEPTH column):

N arning!

"'-., & salinity column is present buk don't contain any ‘numeric’ values

Youl can fix it using the fix data button (use Help For more info)
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2. Select your parameters

The second panel of the interface ‘2-Parameters_selection’ allows selecting the desire
parameters for analysis (number corresponding to figure 9):

The parameter to

Interval of depth

NogokrwnpE

The different sampling stations
If data of each stations have to be put together during analysis

analyse

Interval of salinity to analyse (sliders)

to analyse (if exist)

Interval of years to analyse
Months to analyse (must be spaced)

Summarize your selected parameters

The button <Resume> (8 in Fig. 9) displays descriptive statistics of the raw selected data. No
mathematical treatment has been done on this data, only simple selection and sorting.

. Temporal Trend Analysis interface: SRNDunkerque.csv
1-Data_managment 2-Parameters_selection | 3-TimeSeries_buiding | 4-Diagnostics/Trendanalyses |

Select all the stations

with one click B N

Increment of 0.5~
by clicking

Select your station(s) Selected station(s)

Point 1 SRN Dunkerque

—

Point 3 SRN Dunkerque
Point 4 SN Dunkerque

i

Aagregate stations 7
Select a parameter Selected parameter
CHLOROA

TEMP ¢ 3

Al
Pr—

e I
¥ 2

Salinity min : 31,0 psu Start year at ;
e 1995 g
Salinity max ; 35.5 psu 4 End year at ; 6
e a—_ | 2010 g
Mo depth values in Select month(s)
the data frame 123456789101112 7
8 Surrrnaryl =
[ B

e O

Add selected station(s)
(allow multiple selection)

Remove selected station(s)
(allow multiple selection)

Add selected parameter
(selected another parameter
will replace the precedent)

Descipti... E|@|E|

1st Qu.
Median
Mean
3rd Qu.
Max.
NA's

Figure 9. Options in the panel 2.
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The following warnings appear if you didn’t select any parameter or station before performing
a mathematical treatment:

~ ifar ning!

Q Mo station selected | e Mo wariable selected |

. Warning!

. ' ':, Please select a parameter and a station before to proceed

Also if the combination of salinity and depth selected in 4 and 5 (Fig. 9) is irrelevant:
Warning [E|

; r : The selected combinaison of salinity and depth doesn't exist in wour dakaset

TTAinterfaceTrendAnalysis package user guide
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3. Build your time series

The third panel ‘3-TimeSeries_building’ allows building a regularized time series which is
necessary to perform temporal trend analysis (Fig. 10).

Temporal Trend Analysis interface: SRMDunkerque.csv

1-Data_managment | 2-Parameters_selection  3-TimeSeties_building |4-Diagnostics,l'TrendAnalyses | Messages window

Diata inkeraction -

Replace missing values 2 [

Remave autliers ? [ 1

Shows boxplat

[~Select the data frequency in your final time series Show regularised time series

Craily -3 4 Plak ‘ Table‘ SUmMmary

Results window
Semi-fortnightly i

Fartnightly
Monthly
Yeatly

Monomensualy (see help)

I A IR
8]

Guidance to choose the frequency

2

Auta

[~ Select the method ko aggregate your data

Mean
Median
Quantile 0.9

Mazxirmurm

@ W g

Guidance to choose the method

b

Auka

Help &

Figure 10. Options in the panel 3.

QOutliers and missing values

The ‘Data interaction’ frame (1 in Fig. 10) allows to remove outliers from the raw data
distribution and to replace missing values from the time series (require for some diagnostic
processes). A warning message appears if you choose to replace missing values and if they
represent more than 5% of your data:

IWarning!

' Missing walues represent more thak 5% of the regularised data,
[ replacing them is not a good idea,

TTAinterfaceTrendAnalysis package user guide 14



The button <Show boxplot> displays a boxplot of your data distribution, by years, with
outliers (Fig. 11).

I R Graphics: Device 2 (ACTIVE)

Fichier Historiqgue  Redimensionnement

Boxplot of CHLOROA concentration (o = outliers)
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Figure 11. Boxplot of the *SRNDunkerque’ raw database with outliers

Aggregation methods

Frame 2 and 3 in Fig. 10 show the options to build your regularized time series. You can
select the time step and the method of data aggregation or let the interface select it
automatically for you (default option). The auto option computes balanced choices,
alternatively select guidance option to see the advices before choosing (Fig. 12).

Frequency Choice Guidance @

- Mean time between bwo measurements;
\1') 30,38 daws
Time range min - max;
1 - 359 davs

Method of Asgrepation Guid... E|

"
\1") The means give betker Fit

Advice -= Use monthly Frequency

Figure 12. Messages to choose balanced frequency and method of aggregation to build time series.

Frame 4 allows displaying a plot, a table or a resume of the regularized time series build with
your selected options (Fig. 13). Plot and table are automatically saved when called.
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summary |Z] |E| |z|

R Graphics: Dovics 2 (ACTIVE)

Fiches Historigue  Redmensonnement.
Regularised Time Series of CHLOROA concentration Regularised Time Series of CHLOROA concentration
a {§): Pelnt 1 SRN Palnt 3 SRN Polnt 4 SRN at stationis): Pelnt 1 SRN Polm 3 SRN que, Polnt 4 SRH
Tima step: Monsual  Method of aggregation: Mean Time stop: Monsual  Mothod of aggreqation: Mean
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IR I \m
\ ’ '
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1985 2000 2005 2010 1965 2000 2005 2010
Years Years

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

4. Perform diagnostics and trend analyses

The forth panel ‘4-Diagnostics/TrendAnalyses’ allow to perform diagnostics and temporal
trend analysis on your regularized time series (Fig. 14).

Temporal Trend Analysis interface: SRMDunkerque.csy
1-Data_managment | 2-Parameters_sslection | 3-TimeSeries_buiding  4-Dlagnostics|Trendanalyses | Messay

~Diagnostics {optional)-

4 soectrum analysist #

2 Autacorrelation o

3 Shiapiru mrmgbly Lest T R La*

4 Anomaly {calor.plot) i

B seasonal decomposttion®
= <
= Gt ey s witlh niising v ahues =

Resuly

~Trend Analyses — — I

6 Cumulative sum™ »

7 Saasonal Trand r

8 clobal Trend @ -~

_ Fum “&
Q Trendbased on LOESS ¢

1 0 Lty Belieit g Do e #
--= gelect psu ‘iD |

™ St privds st be g Gan 1 yea

Help Gl

Figure 14. Options in the panel 4.
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Diagnostics tools (first frame), numbers correspond to those of Fig. 14.

1. Fourier spectral density R
2. Autocorrelation diagram i dia
3. Shapiro Normality test Smoothed Periodogram
4. Anomaly by step time -
5. Time series decomposition =
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Performing diagnostics 1 and 5 while keeping missing values displays warning messages:

Warning! Warning!

L] E Cannot perform spetrum alnaysis ¢ missing values in time series ' ‘: Zannot detrend with missing values
L L

Temporal trend tests (second frame)

e Global trend (8 in Fig. 14 and 15) and Seasonal trend (7 in Fig. 14 and 15) (both based
on Seasonal Kendall test) results are display on the right par of the interface

(Results/Messages):

|-Method of agygregation choice-

\Parameter: CHLOROA Site(s): Point 1 35BN Dunkercue, Point 3 53BN Dunkercque, Point 4 SEN Dunkerque

Method of aggregation automatically use : mean

-Clear-

~

Results window

[-Global trend resuits- § A

gParamet,er: CHLOROL Site(s): Point 1 3FN Dunkercue, Point 3 3EN Dunkerqu'e, Point 4 SRN_Du.nkerque =

[Dutliers.removed: N0  NA.replaced: NO Informations on time series

Time.step: Mensual Method: Mean

‘Trend (sen.slope): -0.0511 original units per year

|%Trend (sen.slope.pct): -0.919 percent of mean cquantity per year Resu'tS

p.value: 0.0368

|-Seasonal trend result,s—7

EParamet,er: CHLOROAL Site(s): Point 1 53BN Dunkercue, Point 3 53BN Dunkercque, Point 4 SEN Dunkerque

iDut,liers.removed: Ho Hi.replaced: NO

|Time.step: Mensual Method: Me

jtrend (Theil-3en slope) = original units per year

|ztrend = percent of mean gquantity per year

missing = proportion of missing slopes

trend p wissing season ttrend

L 0.07576984 0.6021675 0. 500 1 3.0248695

& -0.10933333 0.5829506 0.250 = -1.891z026

13 0.227777758 0.2735614 0.00o 3 Z.4541667

|4 -0.28180556 0.4434214  0.000 4 -z2.0l82522

iS -0.09972222 0.7425568 0.0o0o 5 -1.4454491

56 -0.163690458 0.2254395 0,000 6 -Z.8809775

7 -0.17802083 0.2757578 0. 500 7 -4,29135821

|8 -0.02658333 0.7603323 0.00o § -0.6365400

i9 -0.17337121 0.1926163 0.435 9 -3.7169227

|10 -0.01886111 0.9169652 0. 500 10 -0.7613246

;ll -0.10966667 0.1074046 0. 500 11 -7.4643797

|12 -0.01876190 0.2001281 0.250 12 -1.18448z29

-Clear- ‘

¥

Figure 15. Results of temporal trend test (Global Trend in 8 and Seasonal Trend in 7) display in
the right part of the interface.
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e Visually identify and select different periods of trend with Cumulative sum (6 in Fig.
14, Fig. 16)...

B0

Zusum
0

e

—ac

19845 2000 2005 2mo

Time

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

...and perform Kendall test on each of these periods (Fig. 17):

ow 6+8

Local tremd results (global)

Pacameter: CHLOROA Sltm(=): Puint 1 SRN Dunkecgue, Point 3 3PN Dunkecrgque, Polnt 4 5RN Dunkergue
arliers. venoved: HO NALreplaced: HiO

Time.step: Hensual Method: Mean

period 1 : 1995.% - zo00,5 EACh period is identify and analyse

5117 AEIgIAAL URIEA per year
~8.7589 percent of wean guantily per yesco

|Raesulis wi

Trevd (asn.alope): -0
%Trend {sen.slope.pot)
powalus: 0.0193

Ref. walue of the complece series: 5.5922 Mean trend compare ©o ref. walue: 5.5471

Period 2 : 2000,5 - 2007.2

Trend (sen.=lope): -U.J0LY original units par year

3Trend (2en.slope.pcc): -6.055 percenc of mean QUantity per year
p.value: ©U.0144

Ref. walue of the complece asrien: 5.6922  Mean trend compnee To ref. walue: 5.9412
Peeiod 3 :  2007,3 - 2010,12

Trend (sen.slope): 0.2167 original units per yeac

|4Ternd (aecn.alope.perc): 3.677 peecent of mean qUARCITY Pre year

[p.value: 0.5723
|Reg. walue of the complete scriles: 5.6922  Meon crend compare to ref. waluc: 5.6263

IRosulls window 6 + 7

-Lacal trend results (seasonal) - -~
Farameccer: CHLOROA Sice(a): Foint 1 SAN Dunkergue, FPoinc 3 SRN Dunkerque, Foint 4 SRN Dunkerque
Outliecs. removed: NO MA.ceplaced:

Time.step: Mensual Method: Mean

trend {(Theil-3en =lope) = ovriginal units per year

itrend = percent of mean QUAENTiTY per yesar

B1ASANG = PrOPOTEIon of missing slopes

Period 1 1995 , 2 Z000 , S

erend P wizsing =easzon Serend

1 -0.3%444494 0.30817955 Q.75 1 -21.417798

@ 0L LEO0000 L. 00000000 o.on 2 A.zslaas

3 0.2813889 0.80649594 a.50 3 3.318744

1 0.2027778 1.00000000 Q.50 4 1.303199

S —E.ETHI66Y 0. 10ZH54906 o.on So-E9.4unaTE

6 -0.4885889 0.80649594 Q.50 & =-7.747843

7 £.2300000 1.00000000 1.00 7 ~51.421983

b -1.5416667 0.00641073 0.50 a -27.727010

9 -1.2166667 1.00000000 1.00 9 -24.344153

10 -0, 303IFIFI 0, 29626987 0.h ] 1L HAINLE

11 -0.4433333 0.22087136 0.50 11 -21.939954

12 0.0625000 0.73409518 l.00 1z S.802281

Ref. valu= of the complete s=ries: 5.6922

Mearn trend compaes o eef. walue: 5.5871

Period 2 Z000 , 5§ - 2007 , 2

rrend P missing acanom wEEend

|4 =0.4080000 1.00000000 0.75 1 =17.000000

2 0.5858333 0.02748634 0.350 2 15.023936

la  -n. Ase7TAAN 0. afza’zTa n.Ts 3 -a InTIRA

Clears |
-

Figure 17. Results of Kendall tests perform on the different periods identified with cusum plot .
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The following warning message is display if you select another test than Kendall after
choosing the Cumulative sum option:

WWarning!

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

= R Graphics: Device 2 (ACTIVE)
Fichicr  Historique  Redimonsionnement

Trend of CHLOROA based on LOESS

at station(s): Point 1 SRN Dunkerque, Point 3 SRN Dunkerque, Point 4 SRN Dunkerque
lime step: Mensual Method of aggregation: Mean
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e
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O
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¢ | ESER
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[1) -U.uveuyyz2
e Ssen.slope. pot
: : ' T [1] 1.464454
1995 2000 2005 2010
Sp.value
Years [1] 2.400186e-05
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Figure 18. Plot of the regularized time series (black line) with loess smoothing (red line)

Results window

-Flobal trend results on LOESS-

Parameter: CHLOROA Site(s): Point 1 SBN Dunkercue, Point 3 SEN Dunkercque, Point 4 53BN Dunkeroue
Outliers. removed: NO Hi.replaced: YE3

Time.=ztep: Mensual Method: HMean

Trend (sen.slope): -0.0831% original units per vear

5Trend (s2en.slope.pct): -1.5362 percent of mean quantity per year

p.rvalue: 0

Figure 19. Results of temporal trend test (Global Trend) apply on loess smoothing, display in right
part of the interface.
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e Trend based on normalized concentration of nutrients at fixed salinity for each month
(10in Fig. 14):

~ R Graphics: Device Z (ACTIVE)
Fichier Historique Redmensionnement

Trend of CHLOROA at salinity 34
at station(s): Paint 1 SRN Dunkerque, Point 3 SRN Dunkerque, Point 4 SRN Dunkerque

40
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entration

Mermalized cen
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[1] -0.1214804

-10

Scen.slope. pet
T T T T 1] -1.5d2€65
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Smiss
1 2 3 4 5 6 T 8 9 10 11 12
0.750 0.500 0.250 0.500 0.436 0.250 0.750 0.250 0.435 0.812 0.812 0.4386

Figure 20. Plot of normalized chlorophyll-a concentration at salinity 34 and results (text box in the
background) of Global Kendall perform on this time series.

The following warning message is display if there is no salinity value in your data or if you
choose a salinity to normalize nutrient over the maximum salinity of your dataset:

Nifarning!

Mo parameters available or all the salinities in vour database are under the 'selected psu'
. Try again by decreasing the 'selected psu’ valus

TTAinterfaceTrendAnalysis package user guide 21



D. Detailed documentation

1. Interface organisation

The interface display all the options needed to perform temporal trend analysis through 4
successive panels (4 steps), from raw data managing to results display.

The panel 1 “1-Data_managment” focuses on the file and data management, it is the pre-
processing part.

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

The panel 3 “3-TimeSeries_building” displays the option to build a regularised time series.
The panel 4 “4-Diagnostics/TrendAnalyses” focuses on diagnostic tools and statistics tests.

Results are displayed in the right part of the interface and are always visible.

Help buttons are available on each panel of the interface to provide guideline on how to use
options in their respective panel.

The top panel displays the name of the selected data file (once imported).

Temporal Trend Analysis interface

1-Daka_managrment | Z-Parameters selection | 3-TimeSeries_building | 4-DiagnosticsiTrendanalyses |
Figure 21. Top panel and panels’ titles of the interface.

The advantage of having panels against windowed menus is that all options are always visible
and can be rapidly selected without going into multiple menus. This is only possible because
the number of options is optimised to the minimum needed to perform such analysis. Such
interface cannot be developed for more complex tools (which is not the objective of the
interface).

2. Files and data managing panel

The first step of the data analysis is the importation of your database in the GUI. The interface
identifies each column as a function of its label and category. In general columns with
numeric values are automatically identify as parameters. Other columns have to be manually
labelled to facilitate the identification by the GUI, 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 click on the button <Import CSV File> in panel

1, a window generates by your OS is display where you can select and open csv files (Fig.
22).
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" emporal Trend Analysis Interface

1-Data_mansgment | 2-parameters_selection | 3-TimeSeries_buiding | 4-Diagnostics/TrendAnalyses | M window

(@ Import CSYFile | W - open data example (SRNDunkerque) ‘
\ Ouyrir @E|

Important : howtod  Regaider dans: | ) data ¥ OO
W i i E) %}Sﬂmur&sque.:sv
Missing vakue m| Mes documents | | iR e
Dates must be técents

Dates column - -
Samplng site cf E_a
Salrity column Bureau
Depth column
1F your paramed

You can use the ___,j

Mead R w14+ o work s doc :

Poste de traval

Nom du fichies SANDunketque_fixed civ v

Favoris téseau  Fichiers de type CSY Files [*.cav) v Annider

i
Figure 22. Panel 1 with the <Import CSV File> option and importation advices.

Until the file is imported panels 2 to 4 stay empty and panel 1 uncompleted. The other options
are available only when your data are imported (Fig. 23).

Temporal Trend Analysis interface: SRMDunkerque_fixed.csv

1-Data_managment | 2-Parameters_selection | 3-TimeSeries_building | 4-Diagnostics/Trendtnalyses | Messages window
@ Import CSY File ¥ - open data example {SRMDunkerque)
Current active file: SRRDunkerque_fixed.csv
Select your save directory
Current save directory: C:fProgram Files{R(R-2.15.2/library/ TTAinterface Trendfnalysis data
Show Data
Summary ~Clear-
Fix Data |__
Results window
rImportant ; 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 'ddimmyyyyy’ Format
Dates column - DATES
Sampling site colurnn -= STATIONS
Salinity column -= 5
Depth colurmnn -3 DEPTH
IF your parameters don't appear, select them as 'numeric'
‘fou can use the 'Fix Data' button to change column labels and data category
“Need Rovl. 1+ to work
User Guide g} Help 01
-Clear-

Figure 23. Panel 1 with all options available once csv file has been imported.
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2.2 Select your save directory

By default, results of analysis and figures are saved in the same directory as your csv file,
however if you want to save your results in a different folder just click on <Select your save
directory> and choose a folder as follows:

unkerque_fixed.csv

rend Analysis interface: SRNDj

1-Data_managment | 2-Parameters_selection | 3-TimeSeries_building | 4-Diagrostics/Trendnalyses |

@) mpotcsvrie | [ - open data exampl (SRNDunkerque)

Currenkt active file; SRNDunkerque_fixed.csv
Select your save directory |
Current save directory: | C:/Program Fies/R/R-2.15.2/libraryfTTainterface TrendAnalysis/data

Show Data l
Ml Rechercher un dossier @
Fix Data | |

Choose a save directory, then click OK,

Important : how to well import: # (L) Publication =
Your data must bein a .c @ QR
Decimal separtor must bel e -3 Rapport '
et i ) & _J R'esl.itats de linterface
Dates must be In 'ddjmm) 1- () BiblioTendances
Dakes colu DATES . cones

LIRS # |2) Compte Rendu v

Sampling site column -> P 5

Salinity column -> S
Depth column -> DEPTH Dossier : | Resultats de linterface |
IF your parameters don't L -

‘ou can use the Fix Datg

|Cnéer unnouvewdnssierl [ OK ] |.nnnuler ]

Need R w2 149+ to wark

User Guide ‘[ Help v)‘

Figure 24. Panel 1 with the <Select your saved directory> option.
You can also directly create a folder through this window.

From this basal directory, the programme automatically creates an arborescence to save your
files based on the options you choose to perform analyses (Fig. 25). Other options, such as
Months, salinity and depths are not added in order to limit the arborescence declination and
keeping a clear save path, therefore the user has to be careful to not overwrite its files (by
changing the save directory destination) if these options are changed between two analyses.

=l | ) TTainterfaceTrendAnalysis Selected save directory
L) aide (see §D.2.2)

= ) data )

= |2) SRNDunkerque | File Name

t |2 1995-2005

Selected Save Directory | 1) 1995-2010
) 2000-2005

= FE Name (=) 2005-2010 v
) CHLOROA
Y]ear(s) ) - DS l Parameter (see §D.3.2)
L— Parameter with Windows XP = ) TEMP

i ) # 1) na.NO-out.NO

—— Data Interaction # ) na.YES-out.NO l Data interaction (see §D.4.1)
= ) na.YES-out.YES

|2 Fortnight-Mean l

"

Years (see §D.3.4)

e ®

| !

— Aggregation Methods
1) Mensual-Max
) Mensual-Mean
) Semi-fortnight-Median

Aggregation methods
(see §D.4.2 and §D.4.3)

Figure 25. Example of a save path arborescence created as a function of selected options
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Note that importing a new csv file will reset your basal save directory 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 on <Show Data> button:

EovirSData AEE
STATTONS DATESZ CHLOROA 5. TEMP

I Point 1 SEN Dunkerque 12/07/13595 0.:20 F3.83 NA &

2 FPoint 1 2REN Dunkerque 10/08/1995 18.40 31.1e Z20.00 =

3 FPoint 1 SEN Dunkerque =26/10/1995 2.60 33Z.85 15.00

‘S Point 1 SEN Dunkerque 08/11/1995 3.90 34.22 MA

5 Point 1 SREN Dunkerque 15/12/1995 1.40 32.13 5.50

=S Point 1 SREN Dunkerque 19712713295 1.40 32.13 5.50

Figure 26. A correctly imported data set view with the <Show Data> button in panel 1.

EnvirSData M=

STATION DATE CHLOROA SALI TEME
Dunkergque 12/07/19295
SRM Dunkerque 10/08/19%5 18
SEN Dunkerque 2&/10/1995 2
Dunkergque 08/11/19095 3

1
1

SEN Dunkerque 19/12/1995
SRM Dunkerque 19/12/1995

[
o)
'_l.
o
it
N N
o2
o
=

T

(B Y S P o

32,13 5,5

- - AL B . I I

Figure 27. Dataset with labels and decimal separator issues view with the <Show Data> button.

2.4 Edit your data — solve some importation issues
In case you have importations issues, you can edit your data with the <Fix Data> button.
There are two situations where data importation can be corrupted:

e The csv file is badly created; label and decimal separator do not correspond with the
interface standard (Fig. 27). Therefore only column labels can be modified with <Fix
Data> then you have to go back to the csv builder and check 8B.

e Although the csv file is created following recommendations in 8B parameters do not
appear in panel 2. Therefore the problem is the category of the variable (numeric or
character). This is an R importation issue that can be solve using <Fix Data>, then
change the category to numeric (parameters) by clicking on column labels (if column
with values with ‘,” as decimal separator are selected as numeric you will obtain
missing values). Dates and sampling site are character category.
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\
Save the modifications
and back to the interface

- Modify variable name

Click on the column label casey
STATIONS DATES CHLOROA SKLI-}"RI‘- TEMP vars
1 |Point 1 SRN Dunkerque|12/07/1995(9.2 3‘3.531_ NA
2 |Point 1 SRN Dunkerque|10/08/1993 : :
3 |Point 1 SRN Dunkerque|26/10/1995 NEdielgieanatle
4 |Point 1 SEN Dunkergue|08/11/1991
S |Point 1 SRN Dunkerque|19/12/159§ oM de varisble
6 |[Point 1 SEN Dunkercue|19/12/1995
7 |Point 1 SRN Dunkerque|11/01/1994 tvpe © numeric O character
B8 |Point 1 SEN Dunkergue|15/02/ 199 e —_—
9 |Point 1 SRN Dunkercue|14/03/1996|4.5 34.37 |4.
10 |Point 1 SPN Dunkercue|09/04/1996|45.5 33.89 |6
11 |Point 1 SEN Dunkergue|29/04/1996|12 34.46 |10

- Modify variable category

Figure 28. Data editor while <Fix Data> button is used.

By quitting the Fix Data panel, the new dataset is automatically read by the interface and a
new csv file is saved with the nomenclature FileName_fixed.csv. Unfortunately data category
cannot be saved in a csv file.

Editing your data do not change your save directory.

3. Parameters selection panel

If columns have been correctly labelled and categorised (see previous section), lists, sliders

and frames should be automatically filled with appropriate values:

Temporal Trend Analysis interface: SRNDunkerque.csv

1-Data_managment  2-Parameters_selsction |3—TimeSeries_buiIding | 4-Diagnostics{Trendanalyses | Messages

Select wour station(s)
Lall-
Paint 1 SRM Dunkerque
Paint 3 SRM Dunkergque
Paint 4 SRM Dunkerque

Aggregate stations ¥

a paramneter

Salinity min ; 31,0 psu

Salinity max | 35.5 psu

Mo depth values in

the data frame

Summary 1
Help WA ]

Selected station(s)

Selected parameter
CHLOROA

Start year ab s

ftos
End year at :
2010 5
Select month(s)

fi23456?89101112

Results wi
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Otherwise:

Temporal Trend Analysis interface: SRNDunkerque_wrong.csv

1-Diaba_managment  2-Parameters_selection |3—TimeSeries_buiIding | 4-Diagnostics/Trendanalyses |

Select vour station(s) Selected stakion(s)
Lall- [
Aggreqate stations 7 W
Select a parameter Selected parameter

INo date in vour data!
Mo salinity values in
the data frame Check if the column
iz correctely labelled
as DATES
Mo depth values in

the data frame

Summary
Help wé

Let see details of each of these parts in the next section (8D.3.1 to 8D.3.4).

3.1 Sampling stations

Sampling stations represent the area where data are measured, they can be redundant (like for
fixed station) or unique (like for transect) in a database. The stations to be analysed can be
selected using the arrows between the two selection boxes (Fig. 29): just select the station in
the left box and click on the top arrow and the selected station will appear in the right box.
This supports multiple selection using the ‘Ctrl” key or by dragging the cursor. All stations
can be analysed at once by selecting -All- in the left box. To remove stations just select them
in the right box and click on the bottom arrow, it also supports multiple selection.

Select your skation(s) Selected stationis)
Paint 1 SRMN Dunkergue

Point 3 RN Dunkerque
Point 4 SRMN Dunkergque

Figure 29. Selection boxes for sampling stations in panel 3, with selection arrows between.
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By default the data of all stations are put together for analysis. However stations can be kept
independently from each other by unchecking the appropriate box (Fig. 30). Therefore trend
analyses are not possible as distinct regularised time series cannot be built from separate
stations through the interface. The only function available is that of summarising the
aggregated data table, and displaying a table and a plot of the aggregated data.

#gagregate stations 7 [w

Figure 30. Aggregate stations check box in panel 3.

3.2 The parameters

The process of selecting the parameter to be analysed is the same as for the stations, except
that only one parameter can be selected (it does not support multiple selection) and there is
only one arrow for selection (no remove arrow) (Fig. 31). To replace a parameter already
selected by another one, just select the new parameter in the left box and click on the arrow, it
will automatically replace the previous one in the right box.

Select a parameter Selected parameter
CHLOROA

Figure 31. Selection boxes for parameter in panel 3, with selection arrow between.
3.3 Depth and salinity

In some cases analyses have to be performed at specific depth or salinity (which characterise
the studied water masses). In the panel 2, there are 4 sliders to select these salinities and
depths (Fig. 32). By default these sliders display the maximum and minimum values of
salinity and depth in your dataset (if they exist). By keeping these values unchanged all data
are taken into account for analysis, including data at missing salinity and depth. These values
can be modified by sliding the cursors on the left or right or by clicking on the area next to the
cursor to have a more accurate increment (+/- 0.5 unit), therefore data at missing salinity or
depth are excluded from the analysis. Analysis can be performed at a unique depth or salinity
by giving the same min and max values.

Salinity rmin ¢ 18,0 psu Salinity min ; 26.5 psu

Salinity mazx ¢ 54.5 psu Salinity max : 26.5 psu
Drepth min ¢ -20 m Depth min : 14.0 m
Depth max : 66 m Depth max 1 53.5 m

Figure 32. sliders to select specific salinity and depth before processing data. Left figure: default
options; right figure: example of a selection of a given salinity (26.5) and a range of depth (14 to
53.5m)
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3.4 Years and months

As for salinity and depth, years and months to be analysed can be modified. By default the
two lists in panel 2 display the first and last years and the months present in your dataset (Fig.
33). Years can be modified just by clicking on the arrows or by typing it. Months can be
deleted or added (the order is irrelevant) and there must be a space between the months. This
can be useful to process data for a given period of a year, for example, to compare the
productive period (in terms of phytoplankton development) versus the non-productive period
of an area such as within the WFD.

Start wear at Skark vear at
1995 = 2001 =
End vear at ; End vear at ;
2010 = 2004 =
Seleck month{s) Select manthis)
1234567891011 12 15658911

Figure 33. Boxes to select year range and months at which you want to perform analysis. Left figure:
default options; right figure: analysis between 2001 and 2004 at 6 different months.

4. Time series building panel

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

Tempaoral Trend Analysis interface: SRNDunkerque fixed.csy

1-Data_managment | 2-Parameters_selection  3-TimeSeries bulding | 4-Diagnostics{Trendanalyses | Messa
Tiaka inbeararkinm |

Replace missing values ? [

Remave outliers ? ]

Show boxplat

Select the data frequency in vour final time series — show requlasised time seties —_—

Daity C Hlat | able: | SUMAETY
Semi-Fortnighthy
Fartnightly
Mankhly

Result:

Yearly

Monomensualy (see help)

O W W RR W

Guidance to choose the frequency
Aiihn

Seleck the method to aggregate your data

Mean
Median £
Quantile 0.9

Mairmum
Guithaine Lo U wuse L metlod

Auto

Help &

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 different options 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 panel 3.

Some diagnostic tools (spectrum analysis and seasonal decomposition, see §8D.5.1) available
in the GUI require regular time series and thus have regularly spaced measurement and
contains no missing values. The option ‘Replace missing values’ replace the missing values
from the time series (and not from the raw data) by values calculated from the data
distribution. The final time series depend on the method of aggregation (see next paragraph);
therefore missing values are calculated from aggregated data in two successive steps.

e Time series generally present strong autocorrelation, in this case value at time t
depend on values at time t+1. Therefore missing values can be estimates (predicated)
from linear regression (or more complex regression) of values around the missing
value, however this is relevant only when few data are missed, long period of missing
values cannot be replaced using this method (cannot efficiently extrapolate seasonal
fluctuations)

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

The present interface uses a combination of both methods; the linear regression method to
replace missing values in 3 successive units of time and the median method for longer period
of missing values. The median method acts first to reduce the lag between missing values and
to allow the regression method more frequently. Missing values at the beginning and at the
end of the series are replaced using the median method if possible or are ignored.

Data distribution frequently contains outliers; these outliers are due, for example, to error of
measurements or extreme natural event. In some cases these outliers can greatly influence
statistical analysis comparatively to the rest of values and it should be interesting to remove
them. The second option present in the frame (Fig. 35) allows you to remove these outliers
and to save them in a separate csv file (in case you need to identify them). The method used to
identify outliers is the boxplot method by years. For each year, values over Q3+1.5(Q3-Q1)
and under Q1-1.5(Q3-Q1) are considered as outliers, with Q1 being the first quartile (25% of
data distribution) and Q3 the third quartile (75% of data distribution). The <Show boxplot>
button displays the box and whiskers plot with outliers (Fig. 11), this is the boxplot() function
of the graphics package.
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Both options, missing values and outliers, can be check together or independently, outliers
will be always removed first and missing values in second places.

4.2 Data frequency selection of your time series

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

The second frame in panel 3 ‘Select the data frequency in your final time series’ allows the
selection of the time step at which the interface aggregates the data to build the regularised
time series. Eight options are available (Fig. 36); the 5 first options are classic frequencies,
daily (all data by day), semi-fortnightly (all data by 7 days), fortnightly (all data by 15 days),
monthly (all data by month), yearly (all data by years). Monomensualy aggregate all data by
month, all years including.

Select the data frequency in your final time series

Daily "
Semi-Fortnightly - Frequency Choice Guidance @
Fartnightly .
. Mean time bebween bwo measurements:
Mankhly - "}I‘) 30,38 days
e ~ Time range {min - max);
¥ 1 - 359 days
Maonamensualy [see help) .
Advice - Use monthly Frequency
izuidance to choose the frequency ¢
g

Figure 36. Data frequency selection frame and advice (guidance option).

It is better to choose a time step in relation with the theoretical sampling frequency of your
data in order to keep the maximum of information without creating too many missing values.
The option <Guidance to choose the time step> suggest a balanced choice by computing the
mean time and the minimum and maximum period that separates two successive
measurements in your database. This method is inspired from the pastec package (Grosjean
and Ibanez, 2002). Arbitrary, if mean time between two measurements is under 10 days, the
interface advice the semi-fortnight time step; if mean time is between 10 and 23 days,
fortnight time step is advice; between 23 and 60 days, monthly time step is advice and over 60
days annual time step is advice. Monomensual time step is only available in manual choice.
You are free to follow these suggestions or to select another time step knowing all the
consequences that this could have for the interpretation of the results. The auto option (default
option) will automatically apply the advice without displaying the suggestion. In some case,
this method of aggregation is sufficient to remove all missing values in the regularised time
series without using the <Replace missing values> option in §D.4.1.
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4.3 Method of aggregation of your time series

The third frame “Select the method to aggregate your data’ (Fig. 37) allow the method with
which data will be aggregated at the time step previously set to be chosen. Four methods are
available: by averaging the data (Mean), by selecting the median of the data, by selecting the
quantile 90% of the data or the maximum of the data of the same time step. The guidance
option will also suggest the method that best fits the original data distribution. The interface
compares data distribution obtained with each method (at the selected time step) with the raw
data distribution using a Wilcoxon non-parametric test. The comparison with the highest p-
value (less significant difference) determines the best method. You are also free to follow
these suggestions or to select another method. The auto option (default option) automatically
apply the advice without displaying the suggestion.

Select the method ko aggregate your data

Mean -

: i~ ' : : -
JiizgliEm Method of Aggregation Guid. .. E|
Quankile 0.9 -

Maxirnunm " 12 The means give betker it
"1\
Guidance ko choose the methad -

%

Auta

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

4.4 Visualised your regularized time series

The fourth frame *Show regularised time series’ (Fig. 38) display the newly build regularised
time series through a plot, a table or a summary. Plot and table will be saved in your
computer. The table display column labels which vary as a function of the time step you
selected. For all time steps, the first column label is the parameter selected for analysis, other
column contain temporal indications. The years and months are indicated in the eponym
columns. The week number within months (2 weeks/month with fortnight time step and 4
weeks/month with semi-fortnight time step) are indicated in the ‘week.month’ column. The
week number within year (base on fortnight week) is indicated in the ‘week.year’ column (24
weeks/year for forthright time step and 48 for semi-fortnight time step). Week.year and
week.month column are present only if fortnight or semi-fortnight frequency is selected. The
DayYears column (present only if you choose daily frequency) show the number of the day
within a year; in the interface a year has 366 days, non bissextile years have an extra day at
the end of December with <NA> as parameter value. The ‘time’ column count the time
between regularised measurements (the value of unit depend on the selected time step).
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Figure 38. Regularised time series display options frame.

5. Diagnostics and statistics panel
5.1 Diagnostic tools

The options present in the first frame of the forth panel ‘Diagnostics (optional)’ (Fig. 36) are
not required to perform temporal trend analysis but give additional information that can be
useful to explain some patterns in the time series.

~Diagrostics (optional) -

Spectrum analysis® (-
Autocorrelation 0
Shapiro normality test i Run *’JTQ:
anomaly (color, plak) L =

-

Seasonal decomposition®

® Cannot be perform with missing values

Figure 39. Diagnostic frame in panel 4

e Spectrum analysis allows to estimates the spectral density (discrete Fourier
transform) of time series and to display a periodogram with confidence interval (Fig.
40). Spectrum analysis is concerned with the exploration of cyclical patterns of data.
The purpose of the analysis is to decompose a complex time series with cyclical
components into a few underlying sinusoidal (sine and cosine) functions of particular
wavelengths. Then you can determine the frequency of each cycle (spectrum) present
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in the time series from the most important to the less. In our program the basic unit is
one year. Spectrum analysis cannot be performed with missing values. This is the
spectrum() function of the stats package. For more information about Fourier
transform and periodogram in R see also Shummway and Stoffer (2006).

Regularised Time Series of CHLOROA Regularised Time Series of CHLOROA

ot statior(=): Poirt 1 RN Dunkergue, Point 3 SRH Dunkerque, Point 4 SRH Dunkerque =t stafion(s): Poirt 1 2RN Dunkarque, Point 2 RN Dunkerqua, Poirt A4 SRM Dunkargus
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Figure 40. A. Spectrum density of monthly regularized time series of chlorophyll-a concentration
(CHLOROA) at Dunkerque between 1995 and 2010. B. Same at semi-fortnightly scale. Blue
vertical bar is confidential interval. Save as “SRNDunkerque_Spectrum_CHLOROA.png”.

Interpretation:

In this case the identify cycle (by arrow) is the annual cycle that show the highest spectrum at
frequency = 1. It’s likely the most common frequency you will certainly obtain as it is due to
seasonality from year to year frequent in biological processes. Varying the time step of data
aggregation will not degrade the signal as far as it stay under the mean sampling frequency of your
data.

e Autocorrelation computes (and plots with confidence interval at 0.95) estimates of
the autocorrelation function (Fig. 41). As for spectrum analysis the most frequently
highest autocorrelation are observed at lag 1 (1 year) whatever the time step, only the
number of subdivision between lags are determined by the time step selected to build
the time series. This is the acf() function of the stats package. For more information
about autocorrelation function in R see also Shummway and Stoffer (2006).
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Regularised Time Series of CHLORDA
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Figure 41. A. Autocorrelation of monthly regularized time series of chlorophyll-a concentration
(CHLOROA) at Dunkerque between 1995 and 2010. B. Same at semi-fortnightly scale. Save as
“SRNDunkerque_AutoCorr_CHLOROA.png”.
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Interpretation:

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

e Shapiro normality test (Shapiro-Wilk test) tests the null hypothesis that a sample
came from a normally distributed population (Null hytpothesis: follow a normal
distribution, thus if the p-value is lower than the chosen alpha level (0.05 in our
program), the sample don’t follow a normal distribution). This is the shapiro.test()

function of the stats package.

e Anomaly computes time series anomalies by Xij - Xi, with Xij value of the parameter X
at the period i of the year j and Xi the median of the parameter X for the period i (all
year mixed) (Fig. 42). It produces a contour plot with the areas between the contours
filled in solid colour. Red colours show positive anomaly and blue colours negative
anomalies. White areas occur when there are missing values. This option works only
with time series build at monthly, semi-fortnight and fortnight time step. This is the
filled.contour() function of the graphics package.
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Time series anomaly of CHLOROA

=t station[=]: Point 1 SRN Dunkerque, Point 3 SRMN Dunkerque, Poirt 4 SEN Dunkerque

20
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Figure 42. Color plot of chlorophyll-a concentration (CHLOROA) anomalies at Dunkerque
between 1995 and 2011 at monthly scale (missing values are replaced here). Cold and hot areas
represent respectively negative and positive anomaly. In some case, very strong positive anomalies
can be represented by blue colours, it is due to the labelling range method actually use by the
filled.contour() function. Save as “SRNDunkerque_ColorPlot CHLOROA.png”.

Interpretation:

Positive anomalies (higher than ‘normal’) of chlorophyll-a concentration can be observed in 2000
and 2009 in summer and February respectively. Negative anomalies (lower than ‘normal’) are
observed in early spring 2000 and 2002.

e Seasonal decomposition decompose and plot a time series into seasonal, trend and
irregular components using loess (Fig. 43). The seasonal component is found by loess
smoothing (locally weighted scatterplot smoothing) the seasonal sub-series. The
remainder component is the residuals from the seasonal plus trend fit. The seasonal
values are removed, and the remainder smoothed to find the trend. This is the function
stl() of the stats package.
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Figure 43. Plots obtain with the decomposition option with from top plot to bottom plot:
regularized time series, seasonal component, global trend, and remainder.

Interpretation:

In this case chlorophyll-a concentration variations show a very high seasonal signal (2d plot). The
overall trend shows an increase in 2001. Remainder (4w plot) show few seasonality pattern, so the
major part of chlorophyll-a concentration variation is due to the seasonality.

5.2 Temporal trend tests

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

Trend Analyses

Curnulative sum® v
Seasonal Trend B
labal Trend (¥

Trend based on LOESS  f

Lising Mixing Dizgram "
--= seleck psu (30

® Selacted periods should be longer than 1 wear

Figure 44. Trend analysis frame in panel 4.
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e Seasonal Trend performs a Seasonal Kendall test on the time series with details of
trend between months (Fig. 45). The Seasonal Kendall test takes the seasonal
variability into account during trend assessment. This seasonality is not limited to a
cycle of 12 months but is extended to the time step you choose to build your time
series. The trend value is obtained by calculating a Mann-Kendall tests between
season and performing a Sen’s Slope estimator to estimate a value of this trend
(median between ranks). This is the seasonTrend() function of the wq package. For
more information about Kendall test see Hirsch et al. (1982) and Hirsch and Slack
(1984).

Results are displayed in the right part of the interface and saved in a csv file with:
trend column = trend of the parameter at the selected time step (season column) in
original unit per year; p column = significance of the slope; missing column =
proportion of missing slope at the time step; season column = counting of time step
succession (1 to 12 for monthly, 1 to 24 for fortnightly etc...); %trend column =
percent of mean quantity per year at the selected time step.

Results window

\-Seasonal trend results-

Parameter: CHLOROA Site(s): Point 1 35BN Dunkerque, Poin
Outliers.rewoved: NO Mi.replaced: MO

Tine.step: Mensual Method: Mean

(trend [(Theil-%en slope) = original units per year
\%trend = percent of mean quantity per year
missing = proportion of missing slopes

trend P missing season ttrend
1 0.07876954 0.6021675 0.500 1 3.0248695
2 -0.10933333 0.5829506  0.250 2 -1.8912026 A | B | & | D [ E
13 0.Z2777778 0.2735614 0.000 3 2.4796594 1_trend p missing Season %trend
4 -0.27916667 0.4434214  0.000 4 -1.9957201 7 | 007876954 0 F0216753 05 1| 302456946
5 -0.09972222 0.7425568 0.000 5 -1.4277598 i 010933333 0,58296056 025 2 1 /9120263
|6 -0.15880952 0.2284335  0.000 6 -2.7722460 1| 022777778 027356141 0 3 247965945
7 -0.22571429 0.2757578 0.500 7 -5.34898322 S
|8 -0.03051852 0.7603323  0.000 & -0.7282052 _5 |-D2791RR67 04434214 o 4 -1,99572005
9 -0.17337121 0.1926163  0.438 9 -3.7169227 _B [ -009972202 074255682 o 5 142775979
|10 -0.01886111 0.9169652  0.500 10 -0.7613246 _7 |-D,15880952 0,22843981 0 6 -2, 77224595
|11 -0.10966667 0.1074046  0.500 11 -7.4643797 5 | -0,22571429 027575785 05 7 -5,34983224
|12 -0.01876190 0.2001281  0.250 12 -1.1750671 "9 | 003051852 0,76033231 ] 8 072820517
ﬂi -0,17337121 019261627 0,435 9 -3 71692268
11 [-001886111 0,21656524 05 10 -0,76132456
12 | -0,10966667  0,10740464 05 11 -7 46437971
Cleat- | _13_| -00187619 0,20012812 025 12 -1,1750671
14
£ >

4 4 » ¥ SRNDunkerque_Seasonal Trend_CHL /

Figure 45. Results of the Seasonal Trend analysis (monthly scale) display in the right part of the
interface (left) and saved in a csv file (right) as “OriginalName_Seasonal Trend_Parameter.csv”.

Interpretation:

The trend of chlorophyll-a concentration vary as a function of the considered month, for example
season 1 (first row = January in our example) show a trend of 0.078 pg/L/year (trend column) that
correspond to - 3% pg/L/year (column %trend). However p.values shows that no trend is
significant (all p-value > 0.05). Missing values are observed in our time series (missing column).
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e Global Trend does the same test as above but gives the general trend without detail
(Fig. 46). Also take the seasonal variability into account. Sen’s Slope estimator is for
the totality of the time series. This is the seaKen() function of the wq package.

Results window I A ] C | _ D
1 |sen.slope  sen.slope.pctp.value miss
zBlobal trend results: 2 | 004741911 034882314 003553949 0s
Parameter: CHLOROL Site(s): Point 1 33BN Dunkercue, Point 3 3EN Dunkeroue, T 004741911 084882314 D 03EAI040 0%
futliers.removed: N0  HNA.replaced: HO Pl -Dlﬂd?ﬂgﬂ -UIBA{BBBM D‘DEBSQE ¥ 0
[FamssatRey; Mensuay,  Method: Nead 5 | -0,04741511 -0 54862314 003683949 i
Trend (sen.slope): -0.0474 original units per year i 004741911 -084882314 003583249 0
£Trend (sen.slope.pct): -0.8488 percent of mean quantity per year L 0,04741911 054862314 003653949 0
p.value: 0.0368 8§ | 004741911 -0,84882314 0,03853949 05
9| 004741911 -0,04002314 0,00602949 i
10| 004741011 -084882314 003583040 0,438
(11| 004741911 024882314 0036583949 0s
12| 004741811 -084882314 003883249 0s
13| 004741911 -0,24352314 003653049 0,25
14
< > 4 4 » H]\SRNDunkerque_Global Trend_CHLOR /

Figure 46. Results of the Global Trend analysis (monthly scale) display in the right part of the
interface (left) and saved in a csv file (right) as “OriginalName_Global Trend_Parameter.csv”.

Interpretation:

The global trend of chlorophyll-a concentration is significantly (p.value < 0.05) low with -0.0474
pg/L/year, resulting from the strong variation among months (Fig. 44). It represents -0.8%
pg/L/year. The time series shows missing value (miss column in the right figure).

e Cumulative sum plots a cumulative sum curve of the time series and allow to
manually identifying changes of the pattern (shift, trend) in your time series (Fig. 47).
This method comes from the cusum function of the pastecs package. For more
information about cusum function see also Ibanez et al. (1993). Once the periods are
identified, the program performs the Global or Seasonal Trend test (as selected by the
user) on each period. Only Global or Seasonal Trend test can be perform, if you select
another test the interface returns a warning message asking you to choose a Kendall
family test. The cumulative sum curve is automatically calculated from your time
series with missing values removed (cannot work with missing values), however the
trend calculations are perform on the time series build with your own options (So even
with no replacement of missing values).

Once the option selected and the button <Run> clicked, a window with cusum curve
in red will appear. The different points where there are changes in tendency have to be
manually selected by left-clicking on the curve (Fig. 47). Once all points have been
identify, right-click on the plot and check ‘Arréter’/’Stop’, analysis will start
automatically and result will be display on panel 5. You can close the plot window. Be
careful to not close the plot window before checking right-click-*Arréter’/’Stop’, it
will cause the interface to stop functioning.
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Figure 47. Top figure: chlorophyll-a concentration (pg/l) variations near Gravelines (hatched
black line) with cusum plot (red line) and different periods identified (solid black lines). Bottom
figure: results of a global trend apply on each of these periods display in the right part of the
interface.

Interpretation:

The global trend of chlorophyll-a concentration is significantly negative during the two first periods
(1995-2000 and 200-2007), with -8.7% and -6.5% of ug/L/year. The trend during the last period is not
significant (p.value > 0.05). These decreases are observed only during these periods and not between
periods.
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e Trend based on LOESS: A loess smoothed curve of the regularised time series is
considered to perform a Global Trend test instead of the time series itself (Fig. 48).
This is the loess() function of the stats package.
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Figure 48. Plot of the regularised time series of chlorophyll-a concentration (ug/l) (black line) and
loess smoothing (red line). Background table displays result of global trend test perform on loess
smoothed data, results are also shown in the right part of the interface.

e Mixing Diagram: To consider temporal trend of nutrient concentration in a salinity
gradient, a widely used method consist to used monthly normalized concentration of
nutrient at fixed salinity (generally 30) instead of raw data to perform temporal
analyses (OSPAR, 2002). To normalize, a monthly linear regression is done between
raw salinity and nutrient concentration (one regression per month). From these linear
regression equations, normalized concentrations of nutrient are estimated at the
salinity you enter in the text box ‘select psu’ (Fig. 44). Thus, a monthly time series is
build using the new normalized concentrations instead of the aggregated raw data (this
test is independent from the time step and aggregation method selected on panel 3). A
Global Trend analysis is performed on this time series. Such method is generally used
to analyse variation in winter concentration of nutrient. This can be easily obtain in the
interface by selecting winter months (1 2 3) in panel 2 and perform the Mixing
Diagram analysis.
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Figure 49. Plot of normalized concentration of chlorophyll-a at salinity 34 between 1995 and 2011
near Gravelines (not enough data in winter for winter normalization). Table displays results of
global trend test on these data, results are also shown in the right size of the interface.

All mixing diagram (example from another database in Fig. 50) are saved for each months
and year (if possible) but not display, only the final results (plot of the time series and
Global Trend results) is display by the interface (Fig. 49). A csv table containing all
normalized concentration of nutrient per 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 salinity by month/year with linear regressions. Data from

another database (just for the example).

6. Results and messages

The right part of the interface displays results of your analysis (as mention in the other
sections) in the bottom text box and other messages in the top text box. Results text box
displays more information than the saved csv file like the option you chose to build the time

series.

There is an option to clear the text boxes, but be careful you cannot cancel this clean up
action. So if you want to save some specific results, do it before cleaning the box. So you can
save the text in the box by simply copy-paste (ctrl-c / ctrl-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 directory or editing your data with <Fix data>
will reset all your options to default. Changing stations or any other parameters in panel 2 will
not change options in panel 3 and 4, which allow performing rapid analysis among the
different parameters of your dataset. Also for rapid analysis you can choose your parameter
and stations in panel 2 and passed directly at the panel 5, balanced options in panel 3 are
reselected by default.
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