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Introduction

The TTAinterfaceTrendAnalysis package in version 1.5.x is written with the R
programming language in version 3.00+. 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.txt” 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 2.15 and is compatible with the most recent version. R
software (at least v2.15) 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.

1.1  Installation of a portable version of the package

If you have a portable version of the package, run R 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_1.5.zip” that comes in a 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).

1.2 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 TT AinterfaceTrendAnalysis package.
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1.3 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

(4 in Fig. 1).

R Consale

Fichier Edition Misc EESTERTEE Fendtres  Ade

3 Charger e package...

Copyright (C)} I  Choisi be ste miror de CRAN...
ISEN 3-900051-1  houi les snbrapits. .
Placform: 138&21‘.5,;*.;&3}“%5}__

Mettre & jour bes packages...
R est un logic E.

Vous pouvezr le 1 Installer bais) package(s) depuis des ficheers 2p... lons.
Tapez 'license(]" ou 'licence()]' pour plus de details.

R version 2.14
3l Computing

R est un projet collaboratif avec de nombreux contributeurs.
Tapez 'contributors()' pour plus 4'inforwation et
'eitacion()' pour la :m;:nn de le cicer dans les publications.

poutr des démonstrations, "help() " pour l'aide
pour obtenir l'aide au format HTHL.

Tapez 'demo()'
en ligne ou "help.starc()'

Taper 'g()' pour guicter R.
G le package “"relimp” & &te compillié avec la ver=ion K 2.149.1
3 :"l'.i:;r,'re:tni:e:;l 4

-

Selectionnez un fem

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

package.

11% downloaded

LIRL: .. tbpeficran.cick. Ffr/binfwindows fcontribfz . 14/Makrix_1.0-3.2ip

Figure 2A. Packages auto-downloading window.
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Start Panel [;]EEI

Ready toStart | L0 |

TTAinterface w1.03 launch panel

Figure. 2B. Start panel of the TTAinterfaceTrendAnalysis package (here v1.03).

B. Create your dataset

The datasheet format that is read by the TTAinterfaceTrendAnalysis package is txt file (tab
column separated). The main ‘difficulty’ to use the GUI is to prepare a txt file that is correctly
read by the programme. Once in the interface, the guideline to perform analyses is very
friendly.

The txt 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 32bits (before Excel 2007) are
limited to 65500 lines but is more intuitive to use. The txt 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 categorical factors (sampling stations, taxa, chemical species...)
must be named Category (with first letter in capital, remember that R is case sensitive), Dates
for the date column in format yyyy-mm-dd (ISO 8601), Depth for the sampling depth column
and Salinity for the salinities column (Fig. 3). Columns with parameters values (chlorophyll
concentration, phytoplankton abundance, biomass...) can be freely labelled with the name of
the parameters and its measurement unit as a preference. All values in the same line must
correspond to a unique sampling (same dates and categorical factors). Contrary to Salinity
and Depth columns, Category and Dates columns are necessary for the interface to work
correctly (if you do not have categorical factors, create the appropriate column and file it with
a character of your choice).

Preparing a txt file using a spreadsheet software

A B G D E F

Chorophyll & fpafl] Tempiralune |:"'.'?
1 a2 ] [

Coiurmn sirict labelling : |

1
2 PSRN Dunkergies - 19850712 5
3 [ SANY Dunkengue - 199508-10 184 18 20 05
L4 SRN Dunkesgire . 1955-10-26 25 3385 15 0.5
| 6 [SANT Dunkenque . 1995-11.08 38 3432 05
| B [SRNT Dunkengue 19951219 14 3213 85 [ \
7 | SRN1 Dunkerguee:  1995-12-10 1.4 3013 55 0%
B 1996-01-11 37 Tl | 65 5 Dode as decimal separaior

SN Dunkerque

19960215 i 3415 45
1996-03-14 45 337 a5

05
1996.04.09 455 1nm g 0

15

Missing values = emply cases

Date format i =i =
12 [{SRNT Dunkesque ,  1956-04-29 12 34 & 10 oS
WYYmm-dd 195 eRN Dunkerque. 1996.05-13 58 3251 105 s
[ 14 SRNT Dunkerque 13960528 77 .35 05
15| SRNT Dunkerque 19960604 58 347 o5
Figure 3. Summarized processes to formatting a txt file readable in the TTAinterfaceTrendAnalayis
package.
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In your txt 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 txt file.

Missing values must be empty case, 0 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 TXT (Tab delimited) (*.txt) in the ‘Save as type’ option (2 in Fig. 4A).

In LibreOffice Calc you have to select ‘Text CSV (.csv)’ (2 in Fig. 4B), writing the .txt
extension yourself, uncheck ‘Automatic file extension’ and check ‘Edit filter settings’ to
select {tab} as column separator in step 3 (Fig. 4B).

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

Ireertion  Formal (ks [oerdtes  Feofiee | - 4
."@E'ﬂ“é““‘ CRLEE W i & & BTV RO 4 8 SRR
: s -
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20 SAN Dukeree 001200 SR : e

FUCEANI Dunkerque | 18070114 Dvperde ks & | 1gute (ptparater: Labubaton) (2t} {* Rath 2 ~ L
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AF OO P ndomrre | R 4 T 24 B AL =
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ipegns o Fomssossnmamt= N NCIO I AG G O g A-mm =@ @R e mig s

Prit M

Figure 4A. Creating a txt file with Microsoft Excel.

TTAinterfaceTrendAnalysis package user guide



B SRND wrike rgue.ixd - Libreldiice Calc

U Eton  Sichegs [resne Fomet (Quils Donedeg  Fandire  Adg

E Errogutrer 1 =]
T3 Ervedter gorme meckile, . MagaFil |
Tink ernegice |

Rcharger

#  Esporier,

Exporter ufoernst FLE,

Ervvorger o7
| Proprghir

S TS,

Aperp dare by runigatie Wed
Lo
B impee.,
i Paamdtraget de Tergrmants.

a0
e |

L]
B st Loeetiie cuiey |1
I TEH T UMK TR T
23 _":-:RN:! Dynkargue 19970513 S8
22 'SAN! Dunkorgue 1997:05.26 21
14 n ) Pl

i m@®wTE &

Feidia L] 1

T Hewes o i
T L Cirbady
a A A
Dermnss docymencs ubbsds (3
Ersants w
| L
W Ferser lorophyH & [pgl]

s

Fir i mit

ow

Fupari de Nichders texia

Ol & chang
Jeu de corpchbines
Sdoawates oo chamg  [Tab} =
Sdpu e e headte
[ Eneespgivet lo conbore da la cobde omies allaid
[ Erreitres les formaon de colun s e des. vileurs cakiubios
[ paectre enitra ulfemists onites It colliod o baate
] Largaur s colorre From

Europs oockderials (Windews1 250 Winkalin =

w

W by hckies - — 4o SETRTTTTTR,
Tope: 2 = | Tende C5V | covl
i [ Esberamon seoratu du nom de fickes
r
= W Edber ns paraniien o e

fa

k
|
|
iy

o3

@ sl

Ll ' Sl

ok

To summarize:

Figure 4B. Creating a txt file with LibreOffice Calc.

e Must be a .txt file

e Column labelling: Category for categorical factors (sampling station, taxa,

chemicals...), Dates for dates, Salinity for salinities and Depth for depths values.

e Dates format must be yyyy-mm-dd (ISO 8601)

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

1.1 Import your database

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

Temporal Trend Analysis interface [v1.5)

§-Diata_managmant | ZParamatars_sslection | 3-TreeSares boddg | 4-Disgrestics{Trendinalyses | Messages window

@@ oot 1 et |19 -5 opendeta sxammple (SRNOukarun) 2

Important | Fow bo 'well import your dats in & sbeps
Yiour csts sk b i bt fib (s s, bt Foemal in yiour Spemadsheet)
Decitnal separtor must be '
Fissing vakue mist be emply Cise
Dt prizet b i Syyryy-tmm-did (150 601 tess format)
CH Thewh D Results window
Categarical Factors cobumn (Taxs, Stations., ) -> Cabegary
Salnity column - > Salnity
Depth column - Depth
IF your parametens dont Appoar, sebect them s rasic’
Vi Caf e tha Fix Data” Bttan Lo change column habels and dabe cabepory

Chesr-

Hewd B w5 1o work propady

wser Guide T

Figure 5. Panel 1 when the interface is launch.

Once your txt file is imported more options appear:
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1-Data_managment | Z-Pacameters_selsction | F-TinaSerss_budng | 4-Disgnostics/Trendinsiyess | Messages s

Qurrent active file: SRINDunkengue. bt

Select your save drectory | 3

Currank save diractory: CProgram FlesfRIR-3.0, | Moy TTAnberf scaTrendanshsfectdaks
ﬂ\uw[}ata"i’_l 4

Sumnary |5
Fi Dk [ I 5

Its
Tregicrtant  how b wek import vour dats in 9 steps Results wh

Yoar data reust be in & bt File (save 85 "t Format In your Spresdshest)
Decimal separtor must ba "

Migang value must be emply cace

Dates must bein “yyyy-mmedd (150 8601 time format)

Dates coboenn - Dates

Categorical Factors column (Taxs, Stations...) - Categary

Salrity column <> 5

Duepth colurin - > Depth

IF your parameters dont sppear, select them as ‘numaric’

Yo £ e the Fix Data’ button to 'change colurmn isbels and data category

Ned R Wl 154 10 work progarty’

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

1.2 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 txt file is stock. If you import a
new txt file the save directory is reset to default.

1.3 Display your data

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

1.4 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,

31 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



Stat2

01/09/2003:
06/08/1997:
09/08/1995:

l8/08/2003:

STATIONS
B 6g4
2 L15: ZZZ
$Lla: 2289
L2 164
=LY 2a7
=M 1187
Tl 201

-
4]

A
10/06/2003: 4]
4]

(Cther) 2
1

NATS

1292

Min.

1=t Qu.:

Median
Mean

3rd Qu.:

Max.
NATS

—-Z.000
7.397
14.000
12.573
17.500
Z4.400
:310. 000

Min.

1=t Qu.:

Median
Mean

3rd Qu.:

Max.
NATS

0.

Z6

29.
28.

31

HE-T
:180.

.10 1=t Qu.: 3.844
30 Median : 7.180
34 Mean 10,748
.00 3rd Qu.: 13.046
50 Max. 265,320
oo MNATS ;171,000

1= Min. : —-0.0%0

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

1.5

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 type or editing cases one by one. For more complex modification, use your spreadsheet
software.

-

Click on the column label cas

Category Dates CHLOROA |SALIZE[TEMF [vars .
1 |Point 1 ZFN Dunkecrgue] 12/07/199519.2 33.83 ;HA
2 |Point 1 SFN Dunkergue| 10708/ 198
3 |Point 1 5FN Dunkergque|2&/10/199
4 |Poin: 1 SEN Dunkergue|08711/1909
5 |Poinc 1 SRN Dunkerque|15/1z/1994 "omdevaratl
6 [Point 1 SEN Dunkergue|19/12/1993
7 |Point 1 SRN Dunkerque|11/01/1994 bre:  Emmetc  Clchanutor
8 |Point 1 SEN Dunkergue! 15/02/ 1990 L A
9 |Point 1 ZEN Dunkergue|14/03/1996(4.5 937 14.5
10 |Point 1 Z2RN Dunkergue|D09/04/1996|45.5 3,89 |6

M
Save the modifications

and back to the interface

= Modify variable name

Modify variable type

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

If you import a txt file containing a column labelled Salinity for salinities but with values that
are not identified as ‘numeric’ a warning message appear (same thing for Depth column):

anning!

4

A salinity column is present but don't contain any 'numeric’ values

‘fou can i 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 different categorical factors (here sampling stations)
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)

AN ol ol

2.1  Summarize your selected parameters

The button <Summary> 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 [(v1.5) : SRNDunkerque. ixt

|-Dsta managmert  O-Paramebers selection | 3-TimeSedes_bulding | 4-Disgrostics Trendinaiyees
Select all the categorical

5 ; Sebech your categoncal factor(s) Sedectad catmgancal Factor(s)
factors with one click AR | - Add selected categorical factor(s)
b "“"M‘"“ ﬁ__/ (aliow multiple selection)
SRk Dunkerque
Remove selected categorical factor(s]
——m (allow muitiple selection)
Sadact & paramater Sedached patarnater
Chicroptyl a i)
ity
emosraurs (<) ‘.} 2 Add selected parameter
(selected another parameler
will replace the previous one)
Salndty min & 1.0 psu Stawt year ot :
S 1995 =
Increment of 0.5 Saleity mac 355 psu 3 End vear st 1 5
b}l' CliCklr‘:-g — "‘--...h_ﬂ ‘_.....I_I 2010 :-:l
Doty e & 0.5
Depthymas : 0.5m 4 1234567891011 12 6 r—r—ﬁ
. : summary [= ||2[X]
] Min. .
" lat Qu.
Help & Hedian

Hean
3rd Qu.
Hax.

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

Warning! |E| Warning!

e Mo station selected | e Mo variable selected |

Warning!

' E Flease 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:

X

Wanning

' E 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 jv1.5) : SRNDunkergue. L
1-Dists_manaoment | 2-Parameters_selection  3-TemeSaries buldng | 4-Disgnostics/Trendinalyees | Mossages window

sty Inbir ScTaon

LoghOfu+1) bramsform [
Replace missng vahues 7 |
Fismarn ceithers 7 B 1
Shoi b |
|->By yoars "
|-y months r

Selack the data frequency in your final time sariss Shiow regularised time series
Dy 3 4 mo | vatle| sy |

Results window

g

=

:
N

ey
Monthly — Climato (see help)

5
Guidance to choose the frequancy. |
T L

Salect b mathod to aporegate your data

Mean £

Medan 8

Copartds 0.9 r 3
=

Gusdanee 1o choose the method i

wl

Help

Figure 10. Options in the panel 3.

3.1 Data interaction

The ‘Data interaction’ frame (1 in Fig. 10) allows manipulating the raw data base. You can
transform the selected parameter into logl0(x+1) to build the regularized time series. You can
also 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 that 5% of the regularised data,
teplacing them is not a good idea.
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The button <Show boxplot> displays a boxplot of your data distribution, by years or by

months, with outliers (Fig. 11).

Beaplot of Chlerophiyll & [poiL] (o = autlisrs) Boxpbot of Chiorophyll a [giL] (o = outliers)
Camgonical ciara) R Dunkirguss, SRR Dunkeegas, 1958 Cunsargus Cateporical MetoHE) BANT e, BHMI fid O gen  Tears 1R 20

3 A g B
- =
2 s 2
T 3
A s § 7
2 ; i
= = 1 & = & I f—

. =t @ i & 1

= | —_— -
u r | 17T e e = = — e e =
1985 1587 1958 o Jrat ] 2005 2007 00% Jme Fab Mar o Apr  May  Jum dd Asg Sep Dol Mew  Dee
YEARS MOHNTHS

Figure 11. Boxplot by years (A) and by months (B) of the ‘SRNDunkerque’ raw database with

outliers.

3.2 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 [gj

30.33 davs

\iﬂ) Mean time between bwo measurements:
Time range {min - max):

Method of Aggregation Guid... E|

1 - 359 days -

\!}) The means give better Fit
Advice - = Lse 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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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 Anatysis interface [v1.5) @ SRNDunkergue.
1-Dusts_managment | 2-Pacametecs selection | 3-TimeSaries buldrg  A-Dlsgnostes(Trandinalyses | Ma

Diagrastios (optional)

] seectrum ety

2 Aukocomelation

3 ‘Shagwo roomality test
4 Arsomaly (color, plot )
5 Anomaly (barpkct)

§ Seesend decompostion®

w e
n
H
5

* Carnt b pebTonm mith misping kg

Trend Analyses i
T Cumudstive cm® :
B sesonal Trend

Q okl Trend

4 () Trend baced cei LoESS

4 1s0g Mesing iagram
= et o (30

i

Gl

o

)

" B pieield. Pl ek Sorajes thae | oy

Hﬂlﬂf|

Figure 14. Options in the panel 4.
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4.1  Diagnostics tools (Diagnostics frame)

1. Fourier spectral density

2. Autocorrelation diagram

3. Shapiro Normality test

4. Anomaly color.plot by step time

5. Anomaly barplot by time step

6. Time series decomposition
Numbers correspond to those of Fig. 14.

E
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Performing diagnostics 1 and 5 while keeping missing values displays warning messages:

I'Warning! _ Warning!

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

4.2  Temporal trend tests (Trend Analyses frame)

e Global trend (9 in Fig. 14 and 15) and Seasonal trend (8 in Fig. 14 and 15) (both based
on Seasonal Kendall test) results are display on the right par of the interface
(Results/Messages):

1
[Results window

-Global trend results- 9 A
Parameter: Chlorophwll a [ugsL]
Categorical factor(s): 3FN1 Dunkercue, 3FHN3 Dunkercue, 3FN4 Dunkerque

utliers.remowed: NO Hi. replaced: NO H H H
e T R Informations on time series

Trend (sen.zlope): -0.0474 original units per year Resu"s
tTrend (sen.slope.pct): -0.5488 percent of mean quantity per vear
p.value: 0.0368

-Seasonal tremd results- i;

Parameter: Chlorophwll a [1g/sL]

Categorical factor(s): SENL Dunkercue, SEN3 Dunkercue, SEN4 Dunkeroque
utliers.remowed: NO Hi.replaced: NO

Time.ztep: Monthly Method: Mean

trend (Theil-%en =lope)] = original units per year
ttrend = percent of mean quantity per year
wissing = proportion of missing slopes

trend P missing season ttrend
1 0.07876984 0.602Z1675 0. 500 1 3.0248695
2 -0.10933333 0.5829506 0.z50 2 -1.8912026
3 0,22777778 0.27356l14 0,000 3 Z2.4796594
4 -0.27916667 0.4434214 0.000 4. -1,9957201
5 -0.0997Z2Z2ZZ 0.74Z5568 0.000 5 -1.4277598
6 -0.15880952 0.22843938 0.000 6 -2.7722460
7 -0,22571429 0,2757573 0,500 7 -5.34983z22
& -0.03051852 0.7603323 0.000 8 -0.7282052
9 -0,17337121 0.1926163 0,438 9 -3.7169227
10 -0.01886111 0.9169652 0,500 10 -0,761l3246
11 -0. 10966667 0.1074046 0. 500 11 -7.4643797
12 -0.01876190 0.2001281 0.z50 12 -1.1750671

-Clear- ‘

Figure 15. Results of temporal trend test (Global Trend in 9 and Seasonal Trend in 8) display in
the right part of the interface.
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e Visually identify and select different periods of trend with Cumulative sum (7 in Fig.
14, Fig. 16)...

£ A Graphics: Device 2 (ACTIVE)
ARt

100
L

ED

&l
i
PP

Dmmm e
I T e i

AR ——

ol ST

40

i i i e

Ry
e

T LT Lk e

e
i

20

e =

Tirr

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

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

Results window 7 + 9

-Local trend results (glchkal)-

Parameter: Chlorophyll a [pg/L]

Categorical factor(s): SEN1 Dunkerque, SEN3 Dunkerque, SREN4 Dunkergue
Outliers.removed: NO NA.replaced: NO

Time.=step: Monthly Mzthod: Mesan

Period 1 : 1995,2 - 2000,5 Each period is identify and analyze
Trend (sen.slope): -0.5117 original units per year

%Trend (zen.slope.pct): —-0.1215% percent of mean quantity per year

p.value: 0.0194

p.value.corrected: NA&

Ref. value of the complete series: 5.6322 Mean trend compare to ref. walue: 5.5471
Peried 2 : Z2000,5 - 2007,2

Trend (sen.slope): -0.3017 original units per year

%Trend (sen.slope.pct): —-0.0783 percent of mean guantity per year

p.value: 0.0144

p.value.corrected: NA&
Ref. value of the complete series: 5.£522 Mzan trend compare to ref. wvalue: 5.9412

Period 3 : 2007,2 - 2010,12

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

%#Trend (sen.zlope.pct): 0.0825% percent of mean guantity per year
p.-value: 0.5729

p.value.corrected: NA
Ref. value of the complete series: 5.£522 Mean trend compare to ref. wvalue: 5.62E62

Figure 17. Results of Global Kendall test 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:

IWarning!

L | E Choose a Kendall Family test

e Trend based on LOESS smoothing (10 in Fig. 14):

" R Graphics: Desice 2 (ACTIVE)
Flekder Hissorigue  Redinendionnesment

Trend of Chlorophyll a [pg/L] based on LOESS
Categarical factor{s): $RN1 Dunkerque, SRNI Dunkerque, SRN4 Dunkerque
Time step: Monthly Method of aggregation: Mean

— Thpe Series

4] LJESS
H
2 ¢ |
E ]|
0
£ = i
3 N | ‘ ) l
|- Hw (II {lH‘JJ I"WF‘ “ | i -IEI
[ vl : ; {l T : ,ﬁ'%r.}: f HH A
| | llr U Lﬂ‘! !'Ll L.' |\ ||| _I;'t U\. il.“U h‘*J \
=] ’ g
19:35 ZOﬂﬂ 20;]5 213'10
Years

Figure 1?3._Plot of t?le regfllarized time series (black line) with loess smoothing (red line)

Results window

-Global trend results on LOESS- o
Parameter: Chlorophyll a [pg/L]

Categorical factor(s): SRN1 Dunkerque, SEN3 Dunkerque, SREN4 Dunkergue
Outliers.removed: NO NA.replaced: YES

Time.step: Monthly Method: Mean

Trend (sen.slope): -0.081% original units per year

%Trend (sen.slope.pct): -0.0156 percent of mean gquantity per year
p.value: 0

p.value.corrected: 0.1661

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
(11 in Fig. 14):

= R Graphécs: Device 2 (ACTIVE)
Fleer  Hatorgee  Fedmsmnnenet

Trend of CHLOROA at salinity 34
atstationfs): Paint 1 SRN I:Iunlmlqu-. Paint 3 SRH I}unlmnym. Point 4 SHH Dunkergus

40

0

Mormakbized Concentrsbon

e - I"“Wh“ | 11“\\-3\;1

|

Soen. flopa
[1] =0.1214804

fzen,. slope. pot
[1} =1.SB22R”S

T T d T T y T
1995 2000 2005 2010 2
Sp.value

aars (2l selected pariod) (1) 0.04870073

Smisw
p 2 3 L] -3 & 7 g g 1n 11 1=
0,750 0,500 0,250 0.500 0,438 0,250 0.750 0,250 0.438 0,812 0,812 0,438

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 wour database are under the 'selected psy’
L3 Trw aqgain by decreasing the 'selected psu' value
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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 from the
categorical factors 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-Data_managrment IE-Parameters_selectin:nn | 3-TimeSeries_building | 4-Diagnostics/ Trendanalyses |

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 categorical factors or depth (for
further information see §B).

2.1  Import TXT file

To import a txt file containing your data just click on the button <Import TXT File> in panel
1, a window generates by your OS is display where you can select and open txt files (Fig. 22).
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Figure 22. Panel 1 with the <Import TXT 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: SRNDunkerque fixed.csy

1-Data_managment ] 2-Parameters_selection i 3-TimeSeties_building | 4-Di

@ Import CSY File | ¥ - open data example {SRMDunkerque)

Current active file: SRMDunkerque_fixed.cew

Select your save directary |

Show Data g

Surmary

FixData | |

Important : how to well import your data in 2 steps

window

Current save directory: CifProgram FilesfR{R-2.15.2flibrary/ TTAnterfaceTrendAnalysis{data

-Clear-

|Results window

‘our data must be in & .csv file (save as'.cov’ format in Excel)
Decimal separtor must be ',

Missing walue must be empty case

Dates must be in 'ddfmmfyyyy’ Format

Dates column - DATES

Sampling site column - = STATIONS

Salinity column -= 5

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

‘fou can use the 'Fix Data' button o change column labels and data category

MNeed B w2144 to work

User Guide gl Help @l

-Clear-

Figure 23. Panel 1 with all options available once txt 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 txt 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:

_ruapaul. Trond Analysis interface: SEMDunkergue_lbed.civ
1-Data_monasguent - | 2.Paraistars_selection | 3-TimaSacies_bubding | 4-Disgnostics/ Trendinalyses

ﬁiﬂﬂtmf-’k ! W > open daks example (SRMDunkerque)
Cmrent actse File:  SRNDurkerque_fiend.csv

Select your Syve dreciony

Current save directory:| C:fProgram FlesiRIR-2.15, 2 fbeary TN erface Trenddnslysisidats

Sreiws Datl 8

ﬂmmwl

Fix Data |

Rechercher un dossler

Chiaose & save diractony, bhen dick OF,

Important : how to wel npart

® (D Publication ~
Your data must ba i a .o iR
Doescidl sapartor mist 4 L3 Rappost

Fas ety de Minterface
¥ ) BibloTendances
W ) Cartes
& [ Compte Rendy

MMissing vakie must be
Draties st b iy
Dhstes colunn -3 DATES
Samphng ske cokamn ->
Salbedty column -> 5
Dot codusn <> DEFTH|
IF youur prar aemeders don't
Yiouy Con ey th P Dat g

Doesier s Resultats da Tinkerf ace

| v un pouvoaudosser | [ ok | [ aoouder |

Mead B vl Bs by wisk

User Guide T | el WD

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.

= 10 TTansdaceTrendhnatys Selected save directory

3 e (see$0.2.2)
5 3 data =
= ) SRNDunkerque I File Mame

|2 Point 1 SAN Dunkergus

Selected Save Directory % () Pork 3 el Durkerque | Stations (see §0.3.1)
= = 3 Poink 4 SRN Durkerque o
i £ 23 1599520058
i Year(s) ——— # 1 1995-2010 Years {see §0:3.4)
= D 20002010 -
L Parameter with Windaows XP # £ CHORDA
| . ® 3 saul Parameter (see §0.3.2)
—— Data Interaction =0 1w

- Aggregation Methods

() na 000t N0
3 1) na YES-out NG Data interaction (see §0.4.1)

= 2 MTES-M"'ES L
Db | scwsgeon manos
- (see §0.4.2 and 50.4.3]
3 Mersus-Mesn

Figure 25. Example of a save path arborescence created as a function of selected options
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Note that due to Windows OS limitation the save path cannot exceed ~255 characters, choose
short category and parameters name if possible. Also, importing a new txt file will reset your
basal save directory to default.

Saved files are named with a specific nomenclature:
OriginalFileName TestName ParameterName.txt/ .png.

2.3 Display your raw data

You can check your imported data by clicking on <Show Data> button:

EnvirSData =13

STATIONS DATES CHLOROA 2 TEME
I Point 1 8RN Dunkerque 12/07/1995 9,20 33.63 NAa =&
=S Point 1 8RN Dunkerque 10/08/1995 18.40 31.16 20.00
s Point 1 8RN Dunkerque 26/10/19895 260 3385 1580
LB Point 1 8RN Dunkerque 08/11/1895 3.90 34.22 NA
8 Point 1 2EN Dunkerque 19/12/1905 1.40 32,13 5,50
S Point 1 SEN Dunkergque 19/12/192095 1.40 32.13 5.50

(i=]lc3

TEME

STATTION DATE CHLOROA SALT

ISl Point 1 SEN Dunkerque 12/07/1985 9,2 33,63 <NA>
Z " Point 1 ERN Dunkerque 10/08/1995 18,4 31,16 20
= FPoint 1 SRN Dunkerque 26/10/1995 2,6 33,85 15
4 FPoint 1 SRN Dunkerque 08/11/1985 3,9 34,22 <NA>
CE Point 1 SRN Dunkergque 18/12/18985 1,4 32,13 5,5
& Foint 1 8RN Dunkerque 19%/12/1995 1,4 32,13 Bh

= T ERIEEE - " aa Fma bam e~ R - -

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 txt 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 txt builder and check §B.

e Although the txt file is created following recommendations in §B 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 categorical factors site are character type.
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i A
Click on the column label cas T
Category Dates CHLOROA |SALIZe|TEWP [vars ;

1 |Point 1 RN Dunkerque|12/07/1985|9.2 33.63}Ina and back to the interface
Zz |Point 1 SREN Dunkergue| 10708/ 198
3 |Point 1 SEN Dunksrque|26/10/ 199M
4 |Point 1 SEN Dunkerqus|08/11/ 1985 ) .
S |Poinc 1 SRN Dunkerque|19/12/199§ "om 00 varidle ' Modify variable name
6 |Point 1 SEN Dunkerdque|19/12/199%
7 |Point 1 SBN Dunkerque]11/01/1994 tpe  @numeic O character
& |Point 1 SEN Dunkerque|15/02/ 199 dw —
9 |Point 1 SEN Dunkerque|14/03/1996(4.5 34.37 [4.5 % Mﬂdif'ﬂ,l' variable type
10 |Point 1 SRN Dunkerque|09/04/199545.5 33.89

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 txt file is saved with the nomenclature FileName fixed.txt. Unfortunately data types
cannot be saved in a txt 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 [v1.5) : SRNDunkerque. txt

z I
1-Data_managment  2-Parameters_selection ]3-Time‘3eries_im§ding |H)&ag'nsﬁ|3ﬁrend.nna!;_“mag%

Select your categorical Factor(sy Selected categorical Factar(s) I
Call- I

E‘,SRNI Dunkergque |
SRMN3 Dunkergue ¢ I
SRN4 Dunkerque —

€|

Results wi
Select a parameter Selected parameter !

:ﬁhlorophyll a [ugjL]

Saliniity

Temperature (*C) é I
Depth I

Salinity min ¢ 31,0 psu Start wear at :
[EE] 1995 3

Salinity max 1 35.5 psu End year at :
B o0 3
Depth min : 0.5 m

| __I Select month{s)
Depth max : 0.5 m Hz34s6789101112

I

SUMmrmary !
Help @’; I
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Otherwise:

Temporal Trend Analysis interface (¥1.5) : SRNDunkerque_fixed. txt

1-Data_managment  2-Parameters_selection lS—TimeSeries_building | 4-Diagnostics/Trendénalyses | Messa

Select vour categarical Factar(s) Selected categorical Fackor(s)

| P

« -

Result

Select a parameter Selected parameter

B

P

Mo dake in vour datal
Mo salinity values in
the data frame Check if the column
is correctely labelled
as Dates
Mo depth values in

the data frame

Summary
Help d

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

3.1 The categorical factors

Categorical factors represent the category of your time series like sampling stations, taxa or
chemical species. They can be redundant or unique in a database. The categorical factors to be
analysed can be selected using the arrows between the two selection boxes (Fig. 29): just
select the factors in the left box and click on the top arrow and the selected factors will appear
in the right box. This supports multiple selection using the ‘Ctrl” key or by dragging the
cursor. All factors can be analysed at once by selecting -All- in the left box. To remove
factors just select them in the right box and click on the bottom arrow, it also supports
multiple selection.

Select vour categorical Factoris) Selected categorical Factor(s)

SRM1 Duﬁkﬂrque
ERM3 Dunkerque
SRM4 Dunkergue

Figure 29. Selection boxes for categorical factors in panel 3, with selection arrows between.
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3.2 The parameters

The process of selecting the parameter to be analysed is the same as for the categorical
factors, 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. 30). 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
Zhloropheel a [pgfL] Chlorophyll a [pafL]
Salinity
Temperature {(*C) —

Depth L’

Figure 30. 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 water masses). In the panel 2, there are 4 sliders to select these salinities and depths (Fig.
31). 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 min : 18.0 psu Salinity min | 26.5 psu
L )i
Salinity max : 54.5 psu Salinity max : 26.5 psu
i) EE
Ceepth min @ -20.0 m Depth min : 14.0m
11 =lE]
Depth max : 66.0 m Depth max : 53.5m
=) i

Figure 31. 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)

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.
32). 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.
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Start wear at : Stark year at :

1995 3 2001 3
End vear at ; End vear ak ;
Z010 5 2004 5
Select month{s) Select monthis)
1234567891011 12 1568011

Figure 32. 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. 33).

Temporal Trend Analysis interface (v1.5) : SRNDunkerque. tat

1-Data_managment | 2-Parameters_selection  3-TimeSeries_building l4—Diagnostics,l'TrendAnaIvses | Messages
Draka inkeraction -

Loglifx+1ytransfarm [

Replace missing values 7 [

Remove outliers ? I
Shaow boxplot
|- =By years *
|-=By manths {

-Select the data Frequency in vour Final time series Show regularised kme series Besu"s i
Draily 8 Flat J Table I Summary
sermi-Farknightly L
Fortnightly &
tanthly £
Yearly ("

Monthly — Climato (see help) E:
Guidance to choose the frequency  ©
Auta (v

~Select the method to aggregate wour data

Mean
IMedian
Quantile 0.9

Pla=irnunm

T )

Guidance to choose the method

5

Auka

Help '()

Figure 33. 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. 34).

[Daka inkerackion

Loglof{x+1) transform [

Replace missing values ¢ [

Remove outliers 7 [
Shiow baxplok
|-=By wears (v
|-=B months -

Figure 34. Data interaction frame options in panel 3.

Some diagnostic tools (spectrum analysis and seasonal decomposition, see §D.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 ¢
depend on values at time 7+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. 34) allows you to remove these outliers
and to save them in a separate txt 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>
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button displays the box and whiskers plot with outliers (Fig. 11), this is the boxplot() function
of the {graphics} package.

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. 35 and 36).

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. 35); 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). Monthly - Climato time step aggregate
all data by month, all years including.

Select the data frequency in your final time seties

Draily ("

Frequency Choice Guidance EJ

Semi-Farknightly "
Fortnightly ‘ i Mean time bebween bwo measurements:
Monthly - \-\_) 30,38 days
Time range {min - max);
Yearly - 1- 359 davs
{
{

Monthly = Climato (see help) didvice - Use manthly Fregquency

Guidance ko choose the frequency

T

Auko

Figure 35. 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. Monthly - Climato 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. 36) 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 an ANOVA with Dunnett’s post-hoc 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 to aggregate wour data

Mean .

. I.r'_\- £ T .-. 3
izl Method of Aggregation Guid... [
Quantile 0,9 .

-
Maximum . \!}) The means give better Fit
Guidance ko choose the method .

%)

Auta

Figure 36. Aggregation method selection frame and method advice (guidance option).

4.4 Visualised your regularized time series

The fourth frame ‘Show regularised time series’ (Fig. 37) 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 37. 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. 35) are
not required to perform temporal trend analysis but give additional information that can be
useful to explain some patterns in the time series.

-Diagnostics (optional) |

Spectrum analysis* &
futocorrelakion g
Shapiro normality test 68 =
Run &Q
Anomaly (calar.|ak) £
Anomaly (barplot) £
~

Seasonal decomposition®

® Cannot be perform with missing walues

Figure 38. Diagnostic frame in panel 4
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e Spectrum analysis allows to estimates the spectral density (discrete Fourier
transform) of time series and to display a periodogram (Fig. 39). 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 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. Use the spectrum() function of the
{stats} package. For more information about Fourier transform and periodogram in R
see also Shummway and Stoffer (2006).

Spectral density of Log10(x+1) Chlorophyll a [pg/L] regularised Time Series

Categorical factor(s): SRN1 Dunkerque, SRN3 Dunkerque, SRN4 Dunkerque
Time step: Monthly Method of aggregation: Median
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Figure 39. Spectrum density of monthly regularized time series of chlorophyll-a concentration
(loglO(x+1) transformed) at Dunkerque between 1995 and 2010. Save as
“SRNDunkerque Spectrum_Chlorophyll a [pug.png”.

Interpretation:

In this case the identify cycle (by arrow) is the annual cycle that show the highest spectrum at
frequency = 1 (12 months). 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. The second frequency you
can detect is 0.5 = 12*0.5 = 6 months.
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e Autocorrelation computes (and plots with confidence interval at 0.95) estimates of
the autocorrelation function (Fig. 40). 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).

Autocorrelogram of Log10(x+1) Chlorophyll a [ug/L] regularised Time Ser

Categorical factor(s): SRN1 Dunkerque, SRN3 Dunkerque, SRN4 Dunkerque
Time step: Monthly Method of aggregation: Median
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Figure 40. A. Autocorrelation of monthly regularized time series of chlorophyll-a concentration
(loglO(x+1)  transformed) at Dunkerque between 1995 and 2010. Save as
“SRNDunkerque AutoCorr Chlorophyll a [ug.png”.

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.
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e Anomaly (color.plot) computes time series anomalies by Xj- Xi, with Xjvalue of the
parameter X at the period / of the year j and Xithe median of the parameter X for the
period /i (all year mixed) (Fig. 41). 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. Use the filled.contour() function of the {graphics} package.

Time series anomaly of Log10(x+1) Chlorophyll a [ug/L]

Categorical factor(s): SRN1 Dunkerque, SRN3 Dunkerque, SRN4 Dunkerque
Time step: Monthly Method of aggregation: Median
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Figure 41. Color plot of chlorophyll-a concentration (loglO(x+1) transformed) 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. Save as
“SRNDunkerque ColorPlot_Chlorophyll a [pug.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.
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e Anomaly (barplot) displays a bar plot that show the anomalies of the time series
calculated for the selected time step. Each anomaly is the difference between the value
aggregated at the selected time step (month, week, etc.) for each year and the median
of this time step for the entire regularized time series. Values that are under this
median are negative anomalies (blue bars in the figure) and values over this median
are positive anomalies (red bars in the figure). Use the barplot() function of the
{graphics} package. Doesn’t work with Monthly-Climato and Daily time steps.

Time series anomaly of Log10(x+1) Chlorophyll a [ug/L]

Categorical factor(s): SRN1 Dunkerque, SRN3 Dunkerque, SRN4 Dunkerque
Time step: Annual Method of aggregation: Mean
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Figure 42. Bar plot of annual chlorophyll a concentration (logl10(x+1) transformed) anomalies at
Dunkerque between 1995 and 2010. Save as “SRNDunkerque Anomaly BarPlot Chlorophyll a

[ng.png”.

Interpretation:

Chlorophyll a concentrations show succession of periods of negative and positive anomalies. The
period of the time series before 2002 is characterised by more positive anomalies whereas after
2002 there is more negative anomalies showing an overall trend to decreasing chlorophyll a
concentration (with a small increase at the end of the time series).
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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.

Seasonal Decomposition of Time Series by Loess
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Figure 43. Plots obtain with the loess decomposition of the chlorophyll a regularized time series
with from top plot to bottom plot: the regularized time series, the seasonal component, the global
trend, and the remainder.

Interpretation:

In this case chlorophyll-a concentration variations show a seasonal cycle characterised by a strong
peak value followed by a smaller one (2d plot). The overall trend shows an increase from 1995 to
2005 and an increase from 2005 to 2011. Remainders (4th plot) show few seasonality patterns, the
major part of chlorophyll-a concentration variation is due to the seasonality and inter-annual
pattern.
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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

Cumulative sum® v
Seasonal Trend £
Global Trend o

Trend based on LOESS T
Ising Mixing Diagram [
--= select psu a0

* Selected periods should be longer than 1 wear

Figure 44. Trend analysis frame in panel 4.

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 test between
seasons 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 txt 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.
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Results window

-Seasonal trend results-
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Figure 45. Results of the Seasonal Trend analysis (monthly scale) display in the right part of the
interface (left) and saved in a txt file (right) as “OriginalName Seasonal Trend Parameter.txt”.

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).

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.

It give also a p.value corrected for autocorrelated data. The value is obtain with the
rkt() function of the {rkt} package. This is the correction proposed by Hirsch and Slack
(1984). It is not available for Yearly and Monthly — Climato frequencies and seasonal

trend with details.

Results window

-Glokal trend results-
Parameter: Chlorophyll a [pg/L]
Categorical factor(s): SRN1 Dunkergue, SRN3 Dunkerque, SRN4 Dunkerque

Cutliers.removed: NO
Time.step: Monthly

NA&.replaced: NO
Method: Mean

Trend (sen.slope): -0.0511 original units per year
&Trend (sen.slope.pct): -0.0172

p.value:

0.0368

p-value.corrected: 0.0861
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Figure 46. Results of the Global Trend analysis (monthly scale) display in the right part of the
interface (top) and saved in a txt file (bottom) as “OriginalName_Global Trend Parameter.txt”.
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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. 43). It represents -0.8%
pg/L/year. The time series shows missing value (miss column in the right figure). However if the
correction for autocorrelated data is apply the p.value is > 0.05 and the result is no more
significant.

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 (with p.value corrected) 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. 46). 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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Results window

-Local trend results (glcbal)- o
Parameter: Chlorophyll a [pg/L]

Categorical factor(s): SREN1 Dunkerque, SRN3 Dunkerque, SRN4 Dunkerque
cutliers.removed: NO MN&.replaced: NO

Time.step: Monthly Method: Mean

perind 1 : 1995,2 - 2000,5
Trend (sen.slope): -0.5117 original units per year
%Trend (sen.slope.pct): -0.121% percent of mean gquantity per year

p.value: 0.0194
p.value.corrected: NA&

Ref. value of the complete series: 5.6322 Mean trend compare to ref. wvalue: 5.5471
Period 2 : 2000,5 - 2007,2

Trend (sen.slope): -0.3017 original units per year

%Trend (=sen.slope.pct): -0.0783 percent of mean gquantity per year

p.value: 0.0144
p.value.corrected: NA
Ref. value of the complete series: 5.6522 Mean trend compare to ref. value: 5.9412

Period 3 : 2007,2 - 2010,12

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

%Trend (sen.slope.pct): 0.0829 percent of mean guantity per year

p.valus: 0.5729

p-.value.corrected: NA

Ref. value of the complete series: 5.6522 Mean trend compare to ref. value: 5.6262

I -Clear- l

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 2000-2007), with -8.7% and -6.5% of pg/L/year. The positive trend during the last
period is not significant (p.value > 0.05). These decreases are observed only during these periods and
not between periods.

TTAinterfaceTrendAnalysis package user guide

42



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. The p.value corrected for
autocorrelated data is also calculated.
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Results window
-Global trend results on LOESS- o

Parameter: Chlorophyll a [pg/L]

Categorical factor(s): SRN1 Dunkerque, SEN3 Dunkerque, SREN4 Dunkergue
Outliers.removed: NO NA.replaced: YES

Time.step: Monthly Method: Mean

Trend (sen.slope): -0.081% original units per year

%Trend (sen.slope.pct): —-0.0156 percent of mean gquantity per year
p.value: 0

p.value.corrected: 0.1661

Figure 48. Plot of the regularised time series of chlorophyll-a concentration (pg/1) (black line) and
loess smoothing (red line). Bottom table displays result of global trend test perform on loess
smoothed data in the right part of the interface.
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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 txt table containing all

normalized concentration of nutrient per months/years is also generated and saved.
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Figure 50. Plots of PO4 (Orthophosphate) concentration against salinity by month/year with linear
regressions. Data from another database (just for the example).
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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 txt file like the option you chose to build the time
series. Here significant result of Kendall tests are display in bold.

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 a spreadsheet.

7. Extra advices

Importing a new txt file, changing the save directory or editing your data with <Fix data> will
reset all your options to default. Changing categorical factors 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 categorical factors in panel 2 and passed directly at the panel 4, balanced options in panel
3 are reselected by default.
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