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Practical manual of the CARAT tool
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I — Installation (for use on the device, with Rstudio)

A\ Download the tool

1. Download the folder of the tool.

2. Right-click on the folder to select Extract All, and then follow the instructions.

Wherever you put the files, keep them all together, arranged in the same way, so that the tool can work.
B\ Install R

First, install R (the programmation language of the tool) by following the instructions below.

1. To ensure that the R scripts running the tool will work, download preferably R.4.1.2 or R.4.1.3* with

the given links.
*/!| The tool does not work yet with the R.4.3 version, because of a known problem of conflicting packages.

— If your operating system is Windows :
- R.4.1.2 : https://cran.r-project.org/bin/windows/base/old/4.1.2/ > Click on “R-4.1.2-win.exe” to
download the software.
- R.4.1.3 : https://cran.r-project.org/bin/windows/base/old/4.1.3/ > Click on “R-4.1.3-win.exe” to

download the software.

— If you are using macOS, download here a version older than R.4.3 : https://cran.rstudio.com/ .

— For a Linux system, follow this link to download R.4.1 : https://cran.r-project.org/bin/linux .

2. Once the file of the software is downloaded, click on it to execute the file and install the software.

C\ Install Rstudio

1. Download Rstudio (a developing software to use more easily the language R) by following this link :
https://posit.co/download/rstudio-desktop/ .

Pay attention to download the requested version, depending on your operating system.

2. Install the software by clicking on the downloaded file.


https://cran.r-project.org/bin/windows/base/old/4.1.2/
https://cran.r-project.org/bin/windows/base/old/4.1.3/
https://cran.rstudio.com/
https://cran.r-project.org/bin/linux
https://posit.co/download/rstudio-desktop/

IT — Use

.Rproj.user
R How do you want to open this file?

A\ Opening with Rstudio B gitignore :

. € appr ? RStudio
1. Openmg & CARAT V1H

B climate.csv . .
. . . . . Look for an app in the Microsoft Store
- First use : Right-click on the file “app.R” to open it rapportrm -

[] READMEm
. rotation.akl  More apps

with Rstudio, & select the option “A/ways use this
app to open .R files”

&/ Always use this app to open .R files

— Following uses : Double-click on the same file, oK

and it should be opened automatically with the right
software (Rstudio).

2. Running

- Click on the “Run App” button, just above the script :

Q- e

1 # Install necessary packages which are not yet installed -
2 packages <- c("shiny", "tidyverse","leaflet","leaflet.extras","sf","httr","ows4R","lubridate","reshape2", "knitr")

3 newPackages <- packages|[!(packages %in% installed.packages()[,"Package"])]

4 if(length(newPackages)) install.packages(newPackages)

— This should open the CARAT tool on its first tab, titled “Field” :

http://127.0.0.1:6925 Open in Browser 45, Publish ~

Field Timeseries Raster output Summarizing table

] 1) Choose field
' dimensions

Select field on map

b Give size of rectangular field

B\ Opening with the internet link

Simply click on this link : https://shiny.ilvo.be/PLANT/CARAT v2/

Open the link is sufficient to run the tool.

— So the CARAT tool should automatically open on its first tab, titled “Field” :

http://127.0.0.1:6925 Open in Browser - /5, Publish -
Field Timeseries Raster output Summarizing table =

]

, 1) Choose field

' dimensions

Select field on map

b Give size of rectangular field


https://shiny.ilvo.be/PLANT/CARAT_v2/

C\ Once open, using
1. Configuration of the field
a) Enter the dimension of your field. You have 2 options, as explained below.

1%t option > Select your field on a map, with the “Select field on map” button. It will open this window :

Select the area of interest on the map

- Zoom in or zoom out on the map thanks to 1 Selectan area on the map to load fields in the area

2) Click on the field that you wish to use in the simulations

/ \ Helende
— e

Beervelde

the “+”and “”buttons respectively.

i
- Move the displayed part of the map by Ei P

\

grapping it with your computer mouse. _‘___\‘____ i
{ ! ]
/ \
| Overmere Donk
7/e % ! k. /
+ /, R w e
(u] - To see all the registered fields of a selected area, click on the

rectangle button, then click on the map and drag to draw a

T 4 .
Af‘\ rectangle on it.

- Select your field and confirm with the “Confirm selection”

Tbey

e “ button :

F ¢ Leaflet | © OpenStreetMap contributors, CC-BY-SA

Confirm selection Cancel

This action will make your field to be drawn on the grid of the tool, as shown below.

1) Choose field PN
dimensions Phd \
‘ Select field on map - S

Give size of rectangular field v N

2) Select tree species

Acer pseudoplatanus -

y [meter]
Ay

3) Place trees by clicking = ~ 4
or creating a grid ~ .
Click in the plot area to place trees S (4
of this species, or specify spacing > .
between the trees when planted in a NN
grid

Vertical distance between trees



2nd option > Directly give the measures of your field, with the “Give size of rectangular field’ button.

hitp://127.0.01:3472 | 5 | Open in Browser 4% Publish

It will open this window :

Give the size of the field

Horizontal distance [m]:

When vyou have set up the 1 @

B R TR I e e B e e e S
1Mo 3 o4 s et 181 91 100

dimension of the field for the

Vertical distance [m]:
estimation, confirm with the ——
1 n '2'" 3I| 4‘1 5‘| 5I| 7‘1 8‘| 9I|

“Confirm selection” button.

Confirm selection Cancel

This action will set up the dimension of the tool’s grid like the one of your field, as shown below.

1) Choose field
dimensions

Select field on map

Give size of rectangular field

2) Select tree species

y [meter]

Acer pseudoplatanus v

3) Place trees by clicking

or creating a grid 1
Click in the plot area to place trees of

this species, or specify spacing

between the trees when planted in a

grid

Vertical distance between trees x [meter]



b) Place the trees of each species on the field. S A

- Select the tree species among the drop-down list : Acer pseudoplatanus -

Ifyou do not want to precise the tree species, you can choose the “Standard tree”, = °¢"Pseudoplatanus

Alnus glutinosa

whose models were designed to represent the general reactions of a tree in an .
Aesculus hippocastanum

ag_rofo.restzj/ system. Corylus avelana
Fraxinus excelsior
Juglans regia

Malus domestica

- Then, you have 2 options, as explained below.

[ T I TR At Y

<

15t option > Click directly on the grid, where you want to put a tree.

wl Clicking will:
. ) o _n|:_ °
Adding trees is the @ Add frees
) Remove individual trees
default action when O
L () Remove trees per species

clicking on the field -
grid, as you can see on
the grey insert. . Tree species

“E - - @ corvus avelana

E- 1 b ® @ Malus domestica

- . Sorous aucupana

® Q L ]
) x [meter]

274 option > Choose vertical and horizontal dimensions to create a regular grid of trees with the drop-

down lists — as shown below, and then Confirm.

3) Place trees by clicking

or creating a grid
Click in the plot area to place trees of
this species, or specify spacing
between the trees when planted in a
grid
Vertical distance between treas
[m]:

4 = L °

Tree species

. Ager pseudoiatanus

y [meter]

Horizontal distance between trees o
[m}: T T

]

Confirm .
x [meter]



¢) You can remove some trees, by changing the clicking action :

— one by one (27 option when clicking),

4) If necessary, remove

trees ° ’ :

Clicking will:

() Add trees

@ Remove individual trees Tree species
() Remove trees per species Eol @ O e

L @ Malus domestica
@ Sorous aucuparia

x [meter]

— or all the trees of the selected species at once (3 option).

4) If necessary, remove ° _|_

trees

Clicking will:

() Add trees 5 Tree species
(O Remove individual trees e ® ® | o

(@ Remove trees per species

x [meter]

Pay attention that there is no confirmation button for these actions, and no backspace option either. Thus,
if'you click on a tree when the action is set up as “Remove (...)”, it will remove the requested tree(s).
— When your simulated field is ready, you can open the 2" tab of the tool, titled “7imeseries” :

Field Timeseries Raster output Summarizing table

Clay percentage [%]:



2. Timeseries

a) As you can see in the picture below, the model has 5 parameters that you can adjust to your field

characteristics. If you do not, they will be set to the default values, which are considered to represent the

average of these parameters.

Field TImeseries

Clay percentage [%]:

°8

R R NS N RRVRRNREN R

o 10 20 30 40 50 B T & S0

Bulk density [g/icm®]:

- @

m L R R

12 13 14 15 18 1.7 18 19

Depth of plow layer [m]:

®

A T [

01 015 0.2 0.25 0.3 0.35 04 045 0.5 055 06

Initial SOC [%]:
U 1.05 ]
W =1 I-I_I T

(R
01 08 1.1 & 21

Rotation

Arable land i

Run model

Raster output

(L L L L L
26 31 36 41 48 5

Summarizing table

With the “Rotation” parameter, you can choose,
among a drop-down list, between 2 agroforestry

systems : Arable and Grassland.

Rotation

| Arable land -

I

Arable land

Grassland



b) When you have finished to set the parameters, click on the “Run model”button. After 4 running steps

which can take several seconds...

.| .

Running model Calculating RothC
(step 3/4)

1950 2000 ED 133 200 £

— Agrotorzsy — Conventonal

<0000

Cseiooity

...you will see the first results, as shown opposite.

[kg Cina]

0000

— You can also open then the 3 tab of the tool,

00 m

titled “Raster outpur”.
o e [l so o [l ey



3. Raster output

This tab shows over the years, with a gradient of colours, the expected impact of tree growth on carbon

sequestration in the field : leaf fall, soil organic carbon and the proportion of it which would be due to the
leaf fall.

Field  Timeserles  Rasteroutput  Summarizing table
Expected leaffall

0

¥ meter]

X [meter]

Expected sol organic carbon

SOC [%]
B
-

¥ Imeter]

x [meter]

Sail OC increase due to leaf fall

You can choose the year of the projection from the 1st year to the 30th one, thanks to the graduated scale.

Expected leaffall
%lumher of years:

y [meter]

x [meter]

Expected soi organic carbon

S0C [%]
S

¥ [meter]

x [meter]

Soil OC increase due to leaf fall

— Finally, you can open the last tab of the tool, titled “Summarizing table’.

70



4. Summarizing table & Report

Field Timeseries Raster output Summarizing table
) ) Total C Total C
& Rapport downloaden Increase in Increase in Total Cin Total C in increase due increase due
—_— SOC due to AF sOCdueto  trees[kg trees [kg to AF [kg C/ to AF [kg C/
Opslaan als pdf Years [kg C/field] AF [kg C/ha] C/field] C/ha] field] ha]
Het himl rapport dat gegenereerd wordt, kan in
elke internet browser worden geopend. 1 2.50 8210 3084.91 102830.37 3087.41 102812.47
Om dit als paf op e siaan kan je met een 5 8.50 282.70 417065  139021.81 4179.15 139304.51
rechtermuiskilk op het rapport kiikken in de 10 16.00 534.40 607580 20252657 6091.80 203060.97
browser.
15 24.70 824.60 8843.16 204772.04 8867.86 29559664
Klik vervolgens op 'Afdrukken_ ' en selecteer als
printer 'Microsoft Print to PDF" ) 20 3760 1252 60 1285713 428571.02 12894.73 429823 62
25 55.30 1844.50 18669.25 622308.26 18724.55 624152.76
30 75.90 263010 27067 92 90226397 27146.82 904894 07

W e

ncease In SO0 dug 0 AT

[kg Cifield]

On the left of the tool’s screen, you can download a report containing all the figures generated by the

model, by clicking on the “Rapport downloaden” button.
a) Download the HTML report

Once you have clicked on this button, a new window will open to let you choose the folder in which you

want to save the web version of the report.

b2

You can change the name of the file, and/or the folder. Then, save the file by clicking on the “save” button.

Nom: FEperf.html

# Dossier personnel <« #lincp1 | Teléchargements

B Bureau
Nom

B Documents

As you can see above, it is a file in HTML format. This is why we will look at how to print the report, or
save a version of it which does not require an internet connection, by transforming this HTML file into
a.pdf file.

7



b) Open the HTML report
Carat output

Het plan voor aanplanting:

Tree species

y [meter]
o
@
[ J
@
]

@ @ Acer pseudoplatanus

0 5 10 15 20
x [meter]

Afstand tot dichtsbijzijnde boom:

c) Print the report or save it into .pdf format

Once you see the report in your web browser, click on the icon in the

top right corner of the page. Generally, it looks like 3 points (e.g. on

Google Chrome) or 3 /ines (e.g. on Firefox).

Then, choose “Prin?’.

If you click on the “report.html” file to open it, a new
window (or a new tab) will open in your web browser ;
the top of the page will look like the example opposite,

with a representation of your field and trees.

Sync and save data Connexion

New tab Ctrl+T

New window Ctrl+N

New private window Ctrl+Maj+P

Bookmarks
History
Downloads Ctrl+Maj+Y
Passwords

Add-ons and themes Ctrl+Maj+A

Print... Ctrl+P

Save page as... Ctrl+S

Ctrl+F

Find in page...

Zoom S 100% & &

A new window will open, to help you configure the printing options (orientation, pages to print, colour

mode, paper size,...).

2



Carat output

Het plan voor aanplanting:

. . ° ° Tioo spocios

® @ Ko proscpns

Afstand tot dichtsbijzijnde boom:

<H e 10f5

Print 5 sheets of paper Cllck on the drop_down

Destination “Destination” list to choose if you

[ save to PDF
want to :

Orientation

[ Landscape

— Print your report, by selecting a
Al printer ;
Colour mode — or to convert it into a .pdf file

with “Save to PDF”.

Fewer settings

Print SeizEEafmm

Papersize

Ad Destination

Sela [ Save to PDF

Fit to page width
Scale | 100

Save to PDF
Brother-HL-2150N-series
PHOTOSMART-P1100
Pages

Pages per sheet

Cancel

O6062023 1441

All

IIT — With Rstudio : how to solve frequent bugs / errors

1) While opening the app.R script, if Rstudio displays the opened script as empty : this probably means

that the software is not using the right encoding (UTF-8).

— To change this configuration of the software : Tools > Global Options > Code > Saving > "Default text
encoding" : UTF-8.

Options

General
Code
> Console
",] Appearance
Pane Layout
| Packages

R Markdown

Editing Display m Completion Diagnostics

General

Ensure that source files end with newline
Strip trailing horizontal whitespace when saving

v| Restore last cursor position when opening file

Serialization

Line ending conversion: | Platform Native V|

Default text encoding:
UTF-8 ‘ Change...

2) If the tool cannot run, and/or if Rstudio displays the error message below when you try to run the tool...

3



= runapp('F:/0-Docs bibli/1-5tage M1/1-ILVDO activities/0-Bibliography and data/CARAT
JCARAT_230510")

Listening on http://127.0.0.1:7517

warning: Error in &&: "length = 3" 1in coercion to '"logical(l)}’
1:

Error in ds.call{funBody[[idx]])} && as.character(funBody[[idx]][[1]1]) ==
‘length = 3" in coercion to "logical(l)”’

...check the R version of your software ; it is normally displayed on the top of the Console, when you

open Rstudio. If the version is not R.4.1.2 or R.4.1.3, change it to one of these.

o - OrR| - 1 Go to file/function ~ Addins ~

Console Terminal Background Jobs

R R4.12.

R version 4.1.2 (2021-11-01) -- "Bird Hippie"
Copyright (C) 2021 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)
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