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[bookmark: _Toc469082663]Installing the GAMA Platform
The ATLAS model needs to be executed using the GAMA modelling platform. The software is downloadable using the following link: 
http://gama-platform.org/ 
A full guide on how to install GAMA is also available here:
http://gama-platform.org/getting_started 
[bookmark: _Toc469082664]Importing ATLAS into GAMA
ATLAS is available for download directly on the openabm website: https://www.openabm.org/ 
Once downloaded, unzip the file and import the contained ATLAS project directly in your workspace (File/Import/General/Existing Projects into Workspace).
[bookmark: _Toc469082665]Defining the inputs
ATLAS comes with a predefined scenario based on the practices found in the "Vallées et Coteaux de Gascogne", in the south west of France. It is of course possible to define different inputs in ATLAS as long as the input format is followed. The rules behind this formatting are detailed below. The corresponding files are located in the subfolder named "include".
First of all, the _Parameters.csv file defines all the main inputs that are used to launch the simulation. 
	Input
	File_Name

	Climate
	TempWind.csv

	Rotations
	Rotations.csv

	Landcovers
	Landcovers.csv

	Landuses
	Landuses.csv

	CoverStages
	CoverStages.csv

	Rain
	Rain.csv

	Start_Day
	15

	Start_Month
	9

	Hourly_Climate
	False

	Timestep
	0

	GIS_Rotations
	False



In this csv file, the name of each input file should be stated. It is essential that each of the input files is placed within the “includes” folder (where all the example files are located) of the model. The Start_Day and Start_Month parameters define the day and the month at which the simulation starts. Hourly_Climate is a Boolean defining if the user want to use hourly data or not, and if so, the Timestep parameter defines at which hourly time step precisely. Finally the GIS_Rotations is a Boolean defining if the rotations of each patch are already defined in the GIS data and if so, Atlas will automatically follow these.
Now we will go through each of the input files and their structure.

[bookmark: _Toc469082666]Climate:
In this file, both wind and temperatures can be defined for the simulation. Wind is optional, since it has no significant impact on crop rotations and phenology in ATLAS, but can be used in relation to population dynamics. If you don’t need to include wind in your model, simply fill the wind columns with zeros.
If the Hourly_climate option is turned off, climate should be presented under the following format, with min, max and mean daily temperatures defined in this order:
	Day
	Hour
	T°C
	windSpeed(m/s)
	windDirection
	windSpeed(km/h)

	15/09/2008
	Min
	9.51
	0.657
	0
	2.3652

	15/09/2008
	Max
	21.22
	2.548
	0
	9.1728

	15/09/2008
	Mean
	15.365
	1.6025
	0
	5.769

	16/09/2008
	Min
	9.62
	0.389
	0
	1.4004

	16/09/2008
	Max
	20.93
	3.149
	0
	11.3364

	16/09/2008
	Mean
	14.92
	1.62425
	0
	5.8473

	17/09/2008
	Min
	8.35
	0.672
	0
	2.4192

	17/09/2008
	Max
	23.44
	2.208
	0
	7.9488

	17/09/2008
	Mean
	16.44
	1.597916667
	0
	5.7525

	18/09/2008
	Min
	13.34
	0.88
	0
	3.168

	18/09/2008
	Max
	20.82
	4.676
	0
	16.8336

	18/09/2008
	Mean
	16.41
	2.3075
	0
	8.307



If the Hourly_climate option is turned on, then climate should be presented under the following format, with each time step data defined (with here the example of an 8 hour timestep):
	Day
	Hour
	T°C
	windSpeed(m/s)
	windDirection
	windSpeed(km/h)

	15/09/2008
	00:00:00
	12.87
	0.657
	0
	2.3652

	15/09/2008
	08:00:00
	18.87
	2.548
	0
	9.1728

	15/09/2008
	16:00:00
	15.85
	1.6025
	0
	5.769

	16/09/2008
	00:00:00
	13.41
	0.389
	0
	1.4004

	16/09/2008
	08:00:00
	16.34
	3.149
	0
	11.3364

	16/09/2008
	16:00:00
	14.59
	1.62425
	0
	5.8473

	17/09/2008
	00:00:00
	13.55
	0.672
	0
	2.4192

	17/09/2008
	08:00:00
	18.78
	2.208
	0
	7.9488

	17/09/2008
	16:00:00
	16.03
	1.597916667
	0
	5.7525

	18/09/2008
	00:00:00
	15.07
	0.88
	0
	3.168

	18/09/2008
	08:00:00
	21.84
	4.676
	0
	16.8336

	18/09/2008
	16:00:00
	17.38
	2.3075
	0
	8.307






[bookmark: _Toc469082667]Rotations:
In this input file, all the rotations considered in the model need to be defined through a code name, an ideal area assigned and the crops in the order of appearance. The ideal area to assign to each rotation can be estimated using our optimization method described in our paper (to be published).
	CODE
	REF_AREA
	CULT1
	CULT2
	CULT3
	CULT4

	WhRaSo4
	261026
	Wheat
	Wheat
	Rapeseed
	Sorghum

	Cor1
	221112
	Corn
	
	
	 

	WheRap3
	175989
	Wheat
	Wheat
	Rapeseed
	 

	WheSun3
	632642
	Wheat
	Wheat
	Sunflower
	 

	WhTeCo4
	109291
	Wheat
	Wheat
	Temporarypasture
	Corn

	WhTeSu4
	334462
	Wheat
	Temporarypasture
	Wheat
	Sunflower

	WheTem7
	880675
	Wheat
	Wheat
	Temporarypasture
	Temporarypasture



[bookmark: _Toc469082668]Landcovers:
The landcovers file defines the visual parameters of the different landcovers simulated. The color of each of the entities is defined through an rgb code. The baseHeight parameter defines the visual height of the cover when it is simulated.
	name
	abreviation
	colorR
	colorG
	colorB
	baseHeight

	CoverSorghum
	Sor
	255
	137
	137
	10

	CoverCorn
	Cor
	247
	150
	70
	10

	CoverRapeseed
	Rap
	255
	204
	255
	10

	CoverSunflower
	Sun
	255
	191
	139
	10

	CoverTemporarypasture
	Tem
	153
	255
	51
	10

	CoverWheat
	Whe
	255
	255
	153
	10



[bookmark: _Toc469082669]Landuses:
In this input file is defined each type of spatial entity (land use) and how it will behave in the model. isDynamicThroughTime will define if the land use will evolve through time either through crop rotations (isPartOfRotation) or crop phenology (isPhenologicallyDetailed). The isAnnual parameter is actually implemented in anticipation of the addition of perennial phenology. startSowingDate defines the day at which the crop can start being sown. maximumHarvestDate defines the last day at which the crop can be harvested. baseTemperature represents the base temperature of the crop, used when counting growing degree days. Finally the isClustered parameter is used when assigning rotations within the landscape and represents if the crop is usually clustered or not within the landscape due to specific constraints.
	Name
	abreviation
	isDynamicThroughTime
	isPartOfRotation
	isPhenologicallyDetailed
	isAnnual
	startSowingDate
	maximumHarvestDate
	baseTemperature
	isClustered

	Sorghum
	Sor
	true
	true
	true
	true
	91
	290
	6
	true

	Corn
	Cor
	true
	true
	true
	true
	91
	283
	6
	true

	Rapeseed
	Rap
	true
	true
	false
	true
	230
	166
	0
	true

	Sunflower
	Sun
	true
	true
	false
	true
	91
	274
	0
	true

	Temporarypasture
	Tem
	true
	true
	false
	true
	258
	217
	0
	true

	Wheat
	Whe
	true
	true
	true
	true
	293
	227
	0
	true

	Fallow
	Fal
	false
	
	
	
	
	
	
	

	Otherculture
	Oth
	false
	
	
	
	
	
	
	

	Forest
	For
	false
	
	
	
	
	
	
	

	SouthEdge
	SEd
	false
	
	
	
	
	
	
	

	NorthEdge
	NEd
	false
	
	
	
	
	
	
	

	BuildingRoad
	Bui
	false
	
	
	
	
	
	
	

	Water
	Wat
	false
	
	
	
	
	
	
	

	Permanentpasture
	Per
	false
	
	
	
	
	
	
	

	Hedge
	Hed
	false
	
	
	
	
	
	
	



[bookmark: _Toc469082670]Cover stages:
Crop phenology is defined in the input file. Phenologically detailed crops will follow crop stages defined by the user. First of all the time window for both sowing and harvest can be defined using the SowingDelay and HarvestDelay parameters, which each represent the length of each time window in days. Then, the user can define as many crop stages for each crop as he wants, following the same structure: stage, the growing degree days threshold to reach it and the visual height of this stage in the 3D representation. The only obligation is to keep the harvestable stage or else the crops will always be harvested at the maximumHarvestDate.
	Crop
	SowingDelay
	HarvestDelay
	Stage1
	GDDThreshold
	Height
	Stage2
	GDDThreshold
	Height
	Stage3
	GDDThreshold
	Height
	Stage4
	GDDThreshold
	Height

	Sorghum
	15
	15
	Emergence
	120
	3
	Flowering
	1285
	10
	Maturity
	1960
	10
	Harvestable
	1961
	10

	Corn
	15
	15
	Emergence
	120
	3
	Flowering
	1200
	10
	Maturity
	1960
	10
	Harvestable
	1961
	10

	Wheat
	15
	15
	Emergence
	80
	3
	Flowering
	970
	10
	Maturity
	1670
	10
	Harvestable
	2670
	10



[bookmark: _Toc469082671]Rain:
The rain input is represented through a binary input representing if the day is a rainy day (1) or not (2).
	Date
	Rain?(1=Y;2=N)

	15/09/2008
	1

	16/09/2008
	1

	17/09/2008
	0

	18/09/2008
	1

	19/09/2008
	0

	20/09/2008
	1

	21/09/2008
	1

	22/09/2008
	0

	23/09/2008
	0

	24/09/2008
	0

	25/09/2008
	0

	26/09/2008
	0



[bookmark: _Toc469082672]Shapefile:
Finally, the shapefile follows several rules. In order to be recognizable by ATLAS, each spatial entity needs to be defined by several parameters. A landcover, defined in the “Cover” column of the attributes table; its area, defined in the “Area” column and its Id number defined in the “Id” column.

[bookmark: _Toc469082673]Launching a simulation
Once the input parameters defined, the simulation can be launched in two different modes: a visual mode called Simulate_Landscape, where the evolution of the landscape can be visualized, and a batch mode called Batch_Simulation, used to gain computing time and launch series of simulation.
[image: ]



After this, simply click the “Run” button to launch the simulation.
[image: ]
To follow the evolution of the simulation, the number of days elapsed and the current day are actualized in the monitors window.
[image: ]

[bookmark: _Toc469082674]Following the evolution of the entities
In extension to the 2D (Landscape_2D tab) and 3D (Landscape_3D tab) maps available when launching the visual simulation mode, several other outputs are preprogrammed in ATLAS. The climate tab displays the evolution of temperature and wind speed through time.
[image: ]
The daily crop areas tab displays the daily area assigned to each crop through time.

[image: ]
And finally, the Crop stages tab displays the daily area assigned to the different crop stages of a user defined crop (wheat in the default example).

[image: ]



These examples can be used to define other outputs regarding different types of crops for example or phenological stages. Nevertheless, this requires to modify several keywords in the following sections (replacing the crop and crop stage names by the ones defined by the user).
[image: ]
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517
91% experiment Simulate Landscape type: guif
913 // Purpose: Simulation with step by step visual outputs

920
921 parameter 'Select the initiailization file defining the simulation’ va '
922

523 outpur

924 display Landscape_2D refresh: every(1) {  //Showsa 2D image of the landscape

925 species Patch aspect: base ;

926 )

027 display Landscape 3D type:opengl { // Show a 3D representation of the landscape

928 species Patch aspect: bas

929 )

930 display Climat refresh: every(l) (

931 chart "Mean Temperature” type: series background: rgb("white") size: {1,0.4) position: {0, 0.05) {
932 // Mean temperature of the landscape

o33 data "Tempezature” value: vorld.mylandscape.climate.landscapeTemperature color: rgb("bluc
934 )

o35 chart "iiind Spesd” type: series background: rgb("wnite’) size: (1,0.4) position: {0, 1000} {
936 // Mean windspeed of the landscape

037 data "Windspeed” value: world.mylandscape.climate.windspeed color: rgb("bluc’) ;

938

939

210 display "Daily Crop Surfaces” refresh: every(l) {

941 charc "Daily Crop Surfaces' type: series background: fvhite {//x_serie labelslist(ulianDay) {

912 data "ineac” value: areaWheat color: rgb("yello - :

043 data "Cozn" value: areaCorn color: rgb("orance”) line_visible

944 data "Sorghun” value: areaSorghum color: rgb("red”)line visibl

915 data "Repeseed” value: areaRapeseed color: rgh("pink”)line visible: false :

946 data sture” value: areaTemporarypasture color: rgb("green”)line visible: false ;
047 data areasunflower color: rgh("nagenta”)line visible: false ;

048

949

950

951 display "Wheat Crop stages” refresh: every(l) {

952 Ghart "Daily surface of each fheas Czop stae” type: series background: #vhite {//X_serie_labelslist(ulianDay) {
953 data"Scued" value: areaiheatSowed colorirgh(0,205,0

954 data"Enezgence” value: areaWheatEmerg color:rgh(34,139,34);

055 data"Scoc” value: areaiheatBoot color:rgb(154,205,50)

956 datatiiead” value: areaWheatHiead color:rgh(255,255,0);

057 data"Flouering” value: areaWheatFlow color:rgh(255,165,0):

958 data"Maturity” value: areaWheatMaturity color:rgb(255,127,0);

959 data"Harvestable" value: areaWheatHarvest color:rgb(205,51,51);

260

s61
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> Simulate _Landscape Jl < Batch Simulation
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© 55 geomet:y shape <- envelope (LANDSCAPE GIS FILE); //Limit the model to the GIS boundaries
s

6 // Examples of possible outputs to follow through the simulation
47// Follow the evolution of the area assigned to crops

28 float areaineat:
43 float aresRapeseed;

50 float areaCorn;

51 float areaTemporarypasture;

52 float areaSorghum:

53 float areasunflowes:

4

ss //And the different crop stages of Wheat

56 float areaWheatSowed:

57 float areaWheatEmerg:

Se  float areaWheatBoot:

52 float areaWneathead;

6 float areaWheatFlows

61 float areaWheatMaturity:

62 float areaWneatharvest:

63 reflex update values graphs when: (hour = 0)
st

65 //Purpose: Updates the total area assigned to crops and the area assigned to wheat crop stages as an example
&6 //InOut: All the above areas

& areaWheat <- 0.0;
& areaRapeseed <- 0.0;

& areaCorn <- 0.0;

70 areaTemporarypasture <- 0.0;

7 areasorghum <- 0.0;

72 areasunflower <- 0.0;

75 ask mylandscape.patchesList

78 B

75 if currentlandcover.name = "Coveriheat’
76 B

77 areaWheat <- areaWheat + size;

78 i

79

=0 if currentlandcover.name = "CoverRapeseed”
81 B

2 areaRapeseed <- areaRapeseed + size:
83 i

e

s if currentlandcover.name = "CoverCorn”
6 B

&7 areaCorn <- areaCorn + size;

88 i

89
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