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Chapter 2.
Users guide

Running AquaCrop

—E . s
#, Main menu ik TSl 5 g e=aney
Environment and Crop
Climate
M Daily data Phanrang (Vietnam): 1 January 1993 - 31 December 2007
Crop
Growing cyde: Day 1 after transplanting: 15 January 2004 - Maturity: 27 April 2004
M CRO Default Paddy Rice, GDD (LosBanos, 15Jan04)
GDDay mode
Management >
Irrigation beZZ.lRR | Experimental field Trial 2 - block 22
Mm " bunds of 30 cm around the plots
! —.— Soil profile PADDY.SOL | paddy field (heavy day)

‘ _E_ (None)  noshallow groundwater table

i‘ Simulation—j— Ml—smjabon period: From: 1 January 2004 - To: 27 April 2004
—j— W Wet top soi (30 vol%) and dry sub soil (15 vol%)

‘ ne)  No spedfic off-season conditions
|H No spedific project

|

No field observations

| A

“ _Q Exit Program l
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2.1 The AquaCrop environment

AquaCrop is a mendriven program with avell-developeduser interfaceWindows

(called menus) are the interface between the user and the prddudtiple graphs and
schematidisplays in the menus help the user to discern the consequences of input changes
and to analyze the simulation results.

From theMain menu the user has access to a whole set of menus where input data is
displayed and can be updatédput consists of weher data, cropirrigation and field
managemensoil and groundwatecharacteristics that define the environment in which the
crop will develop. Also the sowing or planting day, the simulation period and conditions
at the start of the simulation periodeanput. If the simulation period does not fully
coincide with the growing cycle of the crop, -s#ason conditions valid outside the
growing periogdcan be specified as well as input.

Before running a simulation, the user specifies inNteen menu the sowing date, the
simulation period and the appropriate environmental, initial andezon conditions.
Input can be retrieved from input files. In the absence of input files, default settings are
assumedsee 2.3 Default settings at staftfie usercan also select a project file containing

all the required information for that ruand a field data filevith measurement® assess
simulation results.

When running a simulation the user can in$maulation run menu track changes soil

water and salt content, and the corresponding changes in crop development, soil
evaporation and transpiration rate, biomass productimid developmeni@and water
productivity. Simulation results are stored in output fileed the data can be retrieved in
spreadsheet programs for further processing and analysis.

Program settings allow the user switahoff calculation proceduresy alteringdefault

settings in AquaCrop. Witthe<Reset>command in th®rogram Settingsmenus, settings
can be reset to their defia
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2.2 Main menu

o e

Doty data Phary ang (Vetmam): 1 Jaruety 1953 - 31 December 2007

file management paril/@i

1

) — ) Sebct/Creste krgation fle 4B ~—v¢n~. I :
1

] V3 (¥
Management !
" Fngaton J |m (& DesplayAipdate dmgation management - :
1 3 H

I
Feld - ————— -
Soi [ |
: L-m-}—l-woowa pody fekd (heavy clay)
— R | Panels
i Groundwater ] Va4 GWT varying depth and salinty
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% | ] .rlmla)n:!tnﬂ.s’ ' Wellry.5W0 Wet top sod {30 voiSe) and dry sub sod (15 vel)
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M—W‘) No sedlc off-season condtions
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—  Run“T%<<<
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L

Figure 227 Main menuof AquaCrop. By selecting (1) one of the key commands, the
user gets access to the file management panel from which (2) files can be selected or
created and (3) the input characteristics can be displayed angdated.

The Main Menu consists of2 panels where the names and descriptions of the selected
input files are displayed (Fig.2):
A Environment and Crop panel: where the user:
- selects or createSlimate, Crop, Irrigation andField managementSoil profile
and Groundwater table files and displays or updates the corresponding
characteristics

- specifies the start of tligowing cycle

A Simulation panel: where the user:
- specifies th&imulation period;
- selects or creatdsitial conditions , Off-seasorconditiors, Project andField data
files, anddisplays omupdates the correspondingaracteristics
- Run a simulation for the specified environment, crop and simulation settings.
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2.3 Default settings at start

2.3.1Selected input

When AquaCrops launchedt selectsa default crop and soil fildNo other fileg(files are
0 ( No naee) selected In the absence ofclimate, irrigation management field
managemengroundwaterinitial andoff-season conditionand field datéiles, thedefault
settings are asswed(Tab. 2.3)

Table 2.3. Default settings assumed at the start of AquaCrop or after undoing the
selection of a project

Environment | File Remarks

Climate (None) | A default minimum and maximum air temperature (
Climate), an ETo of 5 mm/day, no rainfalhd an averag
atmospheric C®concentration of 369.47 ppm are assur
throughout the growing cycle. When running a simula
without a climate file, the user has still the option to spe
other than the default ETo and rainfall data. This climatic
can be specified for each day of the simulation period ir]
Input panel of th&imulation run menu

Crop Default | Generic crop data

Irrigation (None) | Rainfed cropping is assumed. When running a simulatig

management this mode, irrigation can still bapplied The quality of the
irrigation water and therrigation applicatioramountcan be
specified for each day of the simulation period in the Ir
panel of theSimulation run menu

Field (None) | No specific field management conditions are considered.

management assumed that soil fertility is unlimited, and that field surf
practices does naiffectsoil evaporation or surface rHaff

Soll Default | Characteristics of asgp loamy soil

Groundwater | (None) | Absence of ghallow groundwater table

Simulation File Remarks

Period The simulation period covers the growing cycle completel

Initial (None) | At the start of the simulation it is assumed thdhe soil profile

conditions () the soil water content is at field capacayd (i) saltsare
absent

Off-season (None) | No specific field management conditions are consid

conditions outside the growing periodvhen running a simulation the
are no irrigation events and mulches does not cover the
surfacein the offseason

Project/ File Remarks

Field data

Project (None)

Field data (None)
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Thedefaultinput can be altered Iselectinginput files (se€.4), by updating thedefault
settingsin the corresponding menws by alteringthe characteristicseatrieved from the
inputfiles (see 2.}, or by creating input files (see 2.6).

2.3.2Program settings
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2.4 Selecting input filesand undoing the seletion

By means of theSelect/Create>commands itheMain menuthe usehasaccess to data
bases where thmput files are storedFig. 2.4). The default data base is the DATA
subdirectory of the AquaCrop folder. With thBath>command the user can speafther
directories

S file management panel
—— 7_ e _ ey < - select

Environment and
Cimate -

— @ SelectiCreate Inpert Q }_’;—‘.‘iﬂr dlra:t“y

N m I > Deglayfdate Dhrate u\-ul:mi-)
P‘_

N
SELECT file from Dats Rase
& Creane dvanie fle

™ Inport dmatic cata

3 —_— 5 Create/Import
|
(hﬂv)ll’ﬂa'd-nlhﬂh-bn

Sob : [
T._ ‘—n ke Myre [n—nvur // .
' ounmmJ—-:- | [y Ls Do, Fhipomes -3 Kec2004 - st by Iremath, s )

e
Patancheru. Q1 Petarchry, (nda Lan-3 10001956 - Oata by Inferratonal Crops |

: [
f p
Slmulatlo‘— ‘»,L_S’“_‘ﬂ;’:”_ﬂ’_}mm‘w‘” From tarrang (11 Duly thats Shrvang (fetren): 1 3 3 - 11 Decarber 20/
1

FTe— Talhrmars - daby cevat - 31 Oscarber 2013
_‘__'qJ_ tited ¢ : 0 " a0l are - daly e et (1 31 D 1
R mndiers [— o MEEER,

L) Ofemssen ] 'N "

. o iy | [s——Tl Valeraand, ady 23719008 « Durts by Medkierrarean Agros |

A e |- b ( ?)
|
|

1 s L. é ——————>>> @ UNDIO oelection f/
4 j"_‘ <7 saeaelcne:

/\\ ,’ @ SotPn i

L =z ——

Vd control i
key pand —— T
commands

Figure 2.47 By selecting (1) one of the key commands and subsequently (2) the
corresponding <Select/Create> command in the file management panel in tMain
menu, the user gets access to tf&elect filemenusin which (3) one of the available
files can be selected4) the selection can be undonend (5) new files can be
created.

2.4.1Selecting a file

By clicking on the<Select>command in thélain menu, alist of therelevant input files
available inthe selected directory is displaygdone of theSelect filemenus(Fig. 2.4)
An input file is selected bfdouble)clicking on its name in the list.

2.42 Undo the selection

Whena climate, irrigation, field managemegtoundwaterijnitial conditions, offseason
conditions,field datg or a project filehas been selected, an option is available to undo the
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selection and to return to the default settings (see 2.3). This is achiegkcking onthe
<UNDO selectiorr commandn the Selectfile menu(Fig. 2.4)

2.5 Displaying and updating input characteristics

2.5.1 Displaying inputdata
From theMain menu the user has access to a whole set of menus wmguredataare

displayed Fig. 2.59). This is done 1 clicking on the file name or the correspondiogn
in theMain menu.

e -0 T )
f Environment and Crop
j B file management panel

li B Sewct/Creatn trgaton fie }—— Pt
- rgaten '—7@7— > Ouxdy Asdaty Ipater maregeTent l
&~
'—.- Sol profle }——
= Groundwater l Due!
Simulation—"T -5 -] o Ta T2 -
0§ Sentanin pared S iaten perod) From: 1 Septesde Y3 - Tot 12 daruary X9
$ r
1] humﬂm}—m ol warier orofle 2t Peld Capaaty
— Dy e 1 1 et 22 weh 2004 —
— 1;—0"9!_»0*}—” o wweefc oM seamn corckis
Dvert  [oute ! e
o e rogect ‘
L 22w e
29 M th 2004 he famd hoervanons
— e
a . B vt ot
5 [magi s
: b | moe @t hvoem

Carzpy Cover 7 13 May 2004
——

Pt everis L 0 My 2004

I—m-myﬂ"

T —r—

Figure 2.5a- By clicking on the Icons(or file namesg in the Main menu
the specifiedinput datais displayed in a set oDisplaymenus
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2.5.2 Updating inputdata

From theMain menuthe user has access teed of menus whelaputdatacan be updated

(Fig. 2.%0). This is done bfirst opening the access to the data belek(on the appropriate
commandin the Main menu) and by subsequently selectinthe <Display/Update
characteristics> command In the menus the data can be updated and saved as default
settings or in input files when returning to thlain menu (see 2.7o exit and close a

meny.
r— T
Eczval'l;onmont and Crop
w e |— file management panel
('09

_J

! E‘ = 7
| \I‘M\M.’ -

ﬁmuhﬂwg—wnm # ;

E—CE—J_ QJ: emﬁ.a;mwmj

Irrigation schedule

Mode | brovneetos  Imguen everss |

",

e 1 ey | afer sewrg: 22 Moy ch 2O I

mmam[,_, =

€ {“':"k—l

moderele
mp- "'""I

J
When?

Depth?

Q!.l.'

l— | [T s

et

Date

Day o Iv.nmm‘cm)[s,h I.

. g

T2 M 2004
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Gowrg crle
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Fot everts
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s

0s
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Figure 2.5 17 Access to thdrrigation managementmenu

[ PR

where thedisplayed input data can be updated

In the Menu reference of this Chapter isplay/Updatemenus arelescribé (sections

2.8 10 2.22.

Reference Manual, Chaptefi2AquaCrop Version 6.0 6.1 May 2018

2-8




2.6 Creating input files

2.6.1 The save on disk command

After updating the characteliss in one of the menus (s2e5.2, an input file(if not yet
available)is created by selecting tk&ave on disk>commandFigure 2.6).

. Create a new file
Main menu
: 1
Key command I Select file menu \I/

>
/—- List of files
v / file management panel

Select/Create a file Path |

Display/Update characteristics | M/

~ Display/Update characteristics

\/1

‘Saveondisk ”Saveas i

— L
control panel I k\ZJ 3

Create a new file Create a copy

Figure 2.6a1 Options to create a new file by selecting (1) the <Create> command at
the top of theSelect filemenu, and (2) the Save on disk> command (if the
characteristics were not retrieved from a file) or (3) the <Save as> command (if the
characteristics were retrieved from a file), in the control panel at the bottom of the
Display/Updatemenu.

2.6.2The save as command

If the displayed data in the characteristic menu was retrieved from an ingkidil&.5b)

a copy of the file will be created by clicking on tk8ave as>command. This option
allows the user to create various copies of a dataset which may differ only particular
setting. This might be useful for the analysis of one or another effect on crop development
or water productivity.
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2.6.3Create file

Create filemenus are available to creatgut files for new climate, crop, irrigatiorand
field managementoil profile, groundwaterinitial conditions,field dataor projectdata
The Create filemenusbecomes availabley selecting thecCreate file>command in the
Select filemenu(Fig. 2.6).

A Create climate file

Creating a climate file consists in selecting or creating a Temperature file, ETRdiite,
file and CQ file (Fig. 2.6b)

Create climate file [

File Name | = |[ZLI

Description

Selected Temperature, ETo, Rain and CO2 file

File Mame Description
i Temp I[None] IDefauIt temperature data: Train = 120 and Traaw = 28.0 *C
('L ETa I[None] ISpecif_l,J ETa data when Running AquaCrop
(l;' Rain I[N one) ISpecif_l,J Rain data when Running AquaCrop
oz IMaunaLoa.CD2 IDefauIt atmozphernic CO2 concentration from 1302 to 2093

- Data Base
ﬁ | — @ Select fil from Rain Data Base
i
. |

[% Create new Rain file |

| X o

Figure 2.6b1 Create climate filenenu

A Create/lmport ETo, Rain or Temperature file

When creating@ETo, Rain or Temperaturddi the user has to specify the type of data
(daily, 10daily or monthly data), the time range and the data. Existing climatic data can
be also pasted in an ETo, Rain, or Temperature file as long as the struchedilefis
respected (see 2.23Temperature, ETo and Rainfall files

Air temperature data, rainfall data &md other climatic data witlwhich ETo can be
calculated can also be importeth AquaCrop. After importing the data, AquaCrop will
create the corresponding files containing tlimatic data (sesection 2.Climatic datd.
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A Create cropfile

When creating a crop fildne users selects the crop type, indicates the planting method, and
specifies a first indicative value for the cropping period and the length of the growing cycle
(Fig. 2.6¢). SubsequenthguaCrop generates the complete set of required crop parameters
for the selected crop typ&he crop type, which is fixed at the creation of the file, cannot
be changed. The planting method, length of growing cycle, cropping pemtbdilh
generated crop parameters can be adjusted @rthe characteristicsnenu.

AquaCrop considers various crop types. Distinction is made between:
- Annuals:

o Fruit/Grain producing crop@vith a flowering period);

o Leafy vegetable crop$lowering not considered);

0 Roots and tuber@vith a root/tuber formation period);
- Perennials (Forage crops

0 no dormancy

o with dormancy

|-+ Create crop file. L —y S=HEC)

File Name I 'm

Description I

Crop Type
(¢ Fruit/Grain producing crops

(" Leafy vegetable crops £ \
A\

\

" Root and Tuber crops ’ ok

" Forage crops ?
.

& C3aop ”~
" Caaop

Planting method
{+ Sowing
I (" Transplanting
€ Regrowt

wwkh

Cropping period...... ; From| 22 ~|[ March  ~|...... day 1 after sowing

‘ N L e ) crop maturity

Length of growing cycle
fromday 1 after SOWING t0 CTOP MATUMIEY 1vvveeereeeiiiurrrrrreeeeeeeesiiisnssrseeeseessssmnisnssnees 150 days

‘ X cancel | Create |

Figure 2.6¢i Create crop filemenu
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A Create irrigation file

When creatingmirrigationfile, the type of file ha first to be selecte@Fig. 2.6d):
1. Net irrigationwaterrequirement

2. lrrigation scheduleor

3. Generation of irrigation schedule.

g O

- Netmqahonumr:.h

SELECT file from Data Base
(= Irrigation schedue
(™ Generation of imgation schedule

s e

|
(dnnbh)?iduﬁc-thektto‘ded

/\/

Fike Narne [Daaum |
| [Exampie.lrr a partiadar schedue
| floentrr Generation of imigation schedude (sprinkler - 50% RAW depletion -
Inet.IRR Exampie net rrigation requirement (allowable depletion 30 % RAW
| TR2a.IRR Trial 2 field Sahk

Tr&iFu IRR Trial plot 2 (Garca)

I >>> Rainfed cropping
Selected File :

IU’O"C) —[>>> fil  Delete selected file l
>>> = t l

" x&ncal [ K> Main Menu l—(wﬁessdcded)

Figure 2.6d7 Selection of the type of irrigation file that needs to be created

Subsequently the user specifiegheCreateirrigation file the required information:

1. the allowable depletion when determining the net irrigation requirement;

2. the time, application depth and the irrigation water quality of the successive irrigation
eventsof the irrigation schedujer

3. theirrigation water quality, and the time and depth criteria to generate irrigation events.

The characteristics can be updated inthgation managementmenu (see 2.1Rrigation
managemeit

A Create field management file
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When creating ield managemeriile, the user has to specifige degree of soil fertility,

the presence of mulches, and field surface practices affecting surface(figoft.c).

With the help of this information AquaCrop generates the complete sdieldf
managemenparaneters. The parameters are displayed and the values can be adjusted in
theField managemenmenu (see 2.1Bield managemept

P
2% Create field management file @Eﬂ
Filename| * [Man
Description

INo specific field management

- Field management

Soil fertility (soil fertiity stress: 0 %) )
potential biomass producﬁonlnon limiting _:JI 100 z}%

Mulches
| soil surface cover Inone L" 0 E" %

[l Field surface practices — Soil bunds

r (Pla;ﬁces preventing runoff “ (+" None ‘ bund heigth ‘
i + None — I———" -
‘ ¢~ Present ‘ b tae 1| 9:90 [xEekey|

Weed management [perfect—_v_l
I— Relative cover of weeds | 0 ’L:i %

' Cancel Create
_ X oo | _create |

e

Figure 2.6ei Createfield managemenmenu

A Create soilprofile file

When creating a soprofile file, the user has to specifynly a few characteristidg-ig.
2.6f). With the help of this information AquaCrop generates the complete set pfcfdéd
parameters. The parameters are displayed and the values can be adjustediliptbfie
characteristicamenu (see 2.18o0il profile characteristics

A Create groundwater file

When creating a groundwater file, the type of file has first to be sel@atp®.69)

1. Constant depth and water quality; or

2. Variable depth or water quality.

Subsequently the user specifies the depth aatitguf the groundwater table for various
moments (if variable) in the season in theoundwatertable characteristicsmenu (see
2.15Groundwatetable characteristi¢s
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! Create soil profile file [P
File [ = [sor

Description :

Number of Soil horizonsl 1 =

| Soil textural class,

Specify SoilType

Select soil type

Click DR <<ENTER>> to select

Soil Type

sand

loamy sand

sandy loam

loam

ll

silt loam

silt

sandy clay loam
clay loam

silty clay loam

sandy clay

Figure 2.6f1 Create soil profile filemenu

[i. 4. ‘Setect groundwater s F=)

| (double) Chick a File in the list to select | <

| | SELECT file from Data Base -
ol G‘Cmmmt@l"s’dnbwy\.
! ] € Varying depth andfor water quabty
[ Create Groundwater file J u
|
|

== N

Const15.GWT coratant grouncwater table at 1.50 m and with salinity level of 1

“ Constant2. GWT 2meter and 2 dSim

‘ vav g deprth and sty l
1 |
|

o

| |

| | r >>> Mo shakom groundwater table

1 | Selected File :

| l(homz) >>> Bl Oclute seboctid file |
' |

‘ ‘ S>> Asd G ) |
[ e

' \ xuna| Er Main Menn | (no file is sebected)

Figure 2.6g1 Selection of the typeof groundwater file that needs to be created
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A Create initial conditions file

When creating minitial conditionsfile, the user has to specitige soil water and salinity
content, and the crop development and production at the first day of the selected simulation
period. The parameters are displayed and the values can be adjusted Imtitie
conditionsmenu (see 2.1lhitial conditions.

A Create field data file

When creating a fieldlatafile, the user specifies thexperimental determinedreen
canopy cover (CC), and/or the dry abayreund biomass (B), and/or the soil water content
(SWC) observed in the field at particular dates inFRredd Data menu (see 2.26ield
datg.

A Create project file

When creating a project file, the type of file Hiast to be selectedsée 2.1
1. Single simulation run;

2. Successive years (multiple runs); or

3. Crop rotation (multiple runs).

Subsequently the usespecifies the climate file, crop(s) file, irrigation and field
management file, soil file, and selects the sowing or planting date(s), the simulation period
and the corresponding initial and @#ason conditions (se€l9.3Selecting and creating

a projet). The characteristics can be updated inRhgject Characteristicanenu (see
2.19.5 Updating poject characteristics).
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2.7 To exit and close a menu

Commanddo exit a menu are availabie the control paneht the bottom oeachmenu
(Fig. 2.7. Onexit, the window will be closed and the control is returned tdvkhi@ menu.
The exit mode is determined blye selectedcommand The followingoptionsto exit a
menuare generally available:

By

<Canceb All changes made to the input displayed in the menu are disregarded when
returning to theMain menu;

<Return to Main menu> Before returning to th&ain menu, the program checks if
data was changed or settings were altered in the menu. The changesawukd& the

user confirms to save the changes;

<Save on disk When datawas not retrieved from an input filbut consists of an
update of the default settingbie user can select this optionsivethe data on disk
beforereturning to theMain menu,

<Save as» When data was retrieved from an input file, the user can select this option
to savethe data in a different file from which it was retrievbdfore returning to the
Main menu.

cl i ¢ ki nsgmbolat the upper righKaorner of a menu, thedow is closed

as well. This option is however not recommended since the exit mode cannot be specified.

Retrieve data
from file

h
not

recommended
exit
Display data in menu

Main menu /

‘ Cancel I ‘ =» Main menu' ‘ Save as'
y A | | A
/I/‘/ No
k Yes
1
Save changes P

ves

ﬁ

Figure 2.77 Options to exit and close a menu
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Menu reference

2.8 Hierarchical structure of the menus

2.8.1Environment and Crop panel (Main menu)

A Climate

L 4

—» Import climatic data

Select climate file

h 4

<| Select/Create Climate file Path — Set Path

Y

¥

Display/Update Climate characteristics

1) from thel Createclimatefile |menu the user gets access to:

Select temperature filenenu
Create temperature filenenu
Select ETo filemenu
Create ETo filemenu
Select rain filemenu
Create rain filemenu
Select CO2 filenenu

2) from the Climatic data] menu the user gets access to:

Select rain filemenu

Display/update Rainfall datanenu
- Plot rain datamenu
Program settings: 10day or Monthly rainfalihenu
SelectETo file menu
Display/update ETo datanenu
- Plot ETo datamenu
Selecttemperaturefile menu
Display/update temperature dataenu
- Plottemperaturedatamenu
Program settings: Temperature parameterenu
SelectCO2file menu
Export aggregated climatic datanenu
Save asnenu
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A Crop

Crop file name

» Display of crop characteristics

’_. Create crop file

Select/Create Crop file

Display/Update Crop characteristics

» Select crop file

_» Set Path

l Path

. » Crop charactenistics

Generate start growing cycle

Select criterion

A Management

- irrigation management

l

n

Frrigation *{ file name |

»—4 Select/Create krigation file

— Display/Update ¥rigation management

v

—* [Estimate plant density

—* Adjustment of Harvest Index

— Calibration soil fertility stress
I » Program settings: Crop parameters
L—» Saveas

» Onset based on rainfall or air temperature

— Onset: next occurrences
— Display of climate characteristics

* Display of irrigation management

—* Create immigation file {net irrigation requirement)
* Create irrigation file (irrigation schedule)
——» Create irrigation file {(generation of schedule)

» Select irrigation file
Path Set Path

I —» Irrigation management

— Saveas
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- field management
+ Display of field management

ﬁ—‘ ~ Field fite name — Create field management file

» Select field management file

|
Select/Create Field management file 1 Path 1—» Set Path

Display/Update Field management » Field management

— CN adjustment

— Program settings: Field parameters
—* Save as

- soil profile
* Display of soil profile characteristics
Create soil profile file
Sofl profile file | "
— [ Select soil textural class

* Select soil profile file

Select/Create Soil profiie file 1 Path |—» Set Path

Display/Update Soll profile characteristics Soil profile characteristics

. List of soil hydraulic characteristics

—— Management of soil hydraulic characteristics
——» Program settings: Soil parameters

— Saveas

- groundwater
* Display of groundwater characteristics

o e —» Create groundwater file
{Constant depth and salinity)

—* Create groundwater file

{Variable depth and/or salinity)

* Select groundwater file

Select/Create Groundwater file Path | w<at Path

¥

— Display/Update Groundwater characteristics [ Groundwater characteristics

I—» Save as
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2.8.2Simulation panel (Main menu)

A Simulation period

* Display of simulation period

u Period » Simulation period

A Initial conditions

| I » Display of initial conditions

\_| Initial conditions

| file name s s
1 | — Create Initial conditions file
: Y I » Select file with initial conditions
Select/Create Initial conditions file Path I — » Set Path

A
"1 Display/Update Initial conditions | |pitial conditions

—» Program settings: Simulation run parameters
L—» Save as

A Off-season conditions

| » Display of off-season conditions

|
-_ Off-season file name
X

| | » Select file with off-season conditions

Select Off-season conditions file | Path |— » Set Path

!

Display/Update Off-season conditions [— Off-season conditions

\—> Save as
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A

Project

* Display of program settings

» Create project (single run)
Project 1 file name . .
I » Create projects {(multiple runs)

1)

L 4

- crop rotation

Select crop file

Select soil file

NRRRN

- successive years

Create projects (multiple runs)

Select irrigation file
Select field management file

Select file with initial conditions
Select file with off-season conditions

L

Path

—» Set Path

| » Select project file

— Display of project characteristics

I Select/Create Project file l path [— Set Path

— Display/Update Project characteristics » Project characteristics

O

from thel Projectcharacteristic§ menu the user gets access to:
- Displayof climate characteristicsnenu

- Display of crop characteristicenenu

- Select crop filemenu

- Display of irrigation characteristicsnenu

- Select irrigation filemenu

- Display of field characteristicsnenu

- Select field management filenenu

- Display of soil profle characteristicamenu

- Select soil filemenu

- Display of simulation periodnenu

- Display of initial conditionsmenu

- Select file with initial conditionamenu

- Display of offseason conditionsnenu

- Select file with offseason conditionsnenu

- Program settingsCrop parametersnenu

- Program settings: Field parametersenu

- Program settings: Soil parameteraenu

- Program settingsTemperatureparameteramenu
- Save asnenu
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A Field data
| | » Display field data

§23 — Field data 1 file name Create field data file
BE an | » Select field data file
Select/Create Field data file i Path | —» Set Path
. Display/Update Field data —  Field data

\—> Save as

A Run

Run — > Simulation run

. » Numerical output

—» lrmigation events

—» Evaluation of simulation results
— Update simulation results

— Display of climate characteristics
— Display of crop characteristics
— Display of irrigation management
— Display of field management

— Display of soil profile characteristics
— Display of groundwater characteristics
—* Display of initial conditions

— Display of off-season conditions
— Display of program settings

G

— Qutput files

L Path —» %SetPath
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2.9 Climatic data

2.9.1Climatic data required by AquaCrop

For each day ahe simulation period, AquaCrop requires:
- the minimum (Tn) and maximum (Tx) air temperature,
- the reference evapotranspiration (ETo),

- the rainfall data, and

- the mean annual atmospheric £0ncentration.

The required climatic data are stored and retidefvom files:

- temperature files (files with extension 0.
- ETo files (files with extension 6.ETo0ob6),

- rainfall files (fandes with extension 6. PLU
- COfiles (files with extension 6.C0208) .

A Minimum and maximum air temperature

Temperature datare used to calculate growing degree day, which determines crop
development and phenologfsee 2.1) and also for making adjustment irop
transpiratiorduring cold periods (seeld). In the absence of daily data, the input may also
consists of 1@lay a monthly data and the program uses an interpolation procedure to
obtain daily temperature from the-ti@y or monthly means.

The daily minimum air temperatureqjTand the daily maximum air temperature)(@re,

respectively the minimum and maximum air ferature observed during the-Rdur

period, beginning at midnight,&nd kfor10d ay 6 s or mont hs are the a
values.

A Reference evapotranspiration (ET0)

The reference evapotranspiratiaienoted as ETas used in AquaCrop as a measafe
evaporative demand of the atmosphere. Ihésd@vapotranspiration rate from a reference
surface, not short of water. A large uniform grass (or alfalfa) field is considered worldwide
as the reference surface. The reference crop completely coverd, tieekspt short, well
watered and is actively growing under optimal agronomic conditions.

ETo can be derived from weather station data by means of the FAO R&fongeith
equation, and an ETo calculatoimgegratedor that purposén AquaCrop (see 2.2). The
data from a weather station can be specified in a wide variety of Th@meteorological
data can be importedndprocedures are available to estimate missing climatic data.

In the absence of daily data, the input may also consistsadyér monthly data and the
program uses an interpolation procedure to obtain dailyfieim the 16day or monthly
means.

A Rainfall
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The rainfall is the amount of water collected in rain gauges installed on the field or recorded
at a nearby weather station.rirainfall, with its extremely heterogeneous distribution over
time, the use of longerm mean data is not recommended. In case no daily rainfall data is
available, 1@day and monthly data can be used as input.

A Mean annual atmospheric CO2

AquaCropconsiders 369.47 parts per million by volume as the reference. It is the average
atmospheric C@concentration for the year 2000 measured at Mauna Loa Observatory in
Hawaii. Other CQconcentrations will alter canopy expansion and crop water productivity
(Chapter 3of the Reference ManyalAquaCrop uses as default the data from the
MaunalLoa.CO2 (stored in the SIMUL subdirectory) which contains the mean annual
atmospheric C®concentration measured at Mauna Loa Observdtoriistorical years

and for futue estimates an increase of 2.0 ppm is assumed (following Pieter Hans (NOAA)
- personal communication, December 2007). Other CO2 files, containing data from
alternative sources, can be selected in AquaCrop. When creating CO2 files it is important
to respecthe file structure (see 23).

A Covering climate file

A covering climate file (file with extensi ol
PLU and CO2 file (Fig. 2.9a). The climatic data itself is stored in the Tnx, ETo, PLU and

CO2 files. The selectedclimatic data can be displayed in thi#splay of climate

characteristics menu and updated in theClimatic data menu (see 2.9.5)

climatic data |
I long record

air mean annual
ETO reference evapotranspiration temperature Co,
(evaporating power of the atmosphere) rainfall concentration

co2 file

-

**+Covering Climate file with names of
Tnx file, ETo file, PLU file, CO2 file

Figure 2.9a 1 Climate files (*.CLI) and files with climatic data (*.ETo, *.Tnx,
* PLU, *.CO2) available in AquaCrop data base
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2.9.2 Creating air temperature, ETo and rainfall files

A Text files with climatic data
IntheSelect climatdleme nu, t he user has tdeet aodptfiroomm tao to
file (Fig. 2.9b).
 rog - o) il
. (a)
 Craste deie fie (
& Brport chmatic Sate
= c)r-.nnnp* (b)
(ﬂ (doubile) Chelk & File bn the It to sclect *
e ' [rmw ,rz\\ J
Nar: rramvs — L) S ricores 1 3 10ec 200 1\ w e
Envll‘onmcnt lnd?o:/ * o hw- e S = ] e a3 10ex 1058 mlib.az:i:um‘n
[ © DagiayApdete Cruate Cwscerut | m.m-:au;unu.mn‘u;v,m >:.
(‘:w a;x:_-‘ )
m_ 5 g file management panel Y SPEA Vuke -t by Vi A
.~ _—nAil-qno' —
ot {__n, e —
- Syl
__=_ Grosdnaly }* “"er > I
Slmulauon—ﬁ-—_-uwz--_--‘l-——-nw:-—"'*-" vemez 7:) Mo Mesn -}_— (.-u--uc:c-d)
ﬁ ﬂ:r'r\ih:fl Cuore) Sed walet profie af ekl Capecty e
= |
— N _two__[—N ot
E._ "c"'ff_‘lfm Tz Sekt teeviataT

@ Lant Prograe i

Figure 2.9b1 7 By selecting (1) the <Climate> eammand and subsequently (2) the
<Select/Create Climate file> command in the file management panel in thdain
menu, the user gets access to theelect climatic filemenu, in which (3) one of the
available CLI files, or (4) the command (a)fo <Create aclimate file> (new CLI file)
or (b) to <Import climatic data> (by creating air temperature, ETo and or rainfall
files) is selected

Type of data
Data that can be imported, consist of air temperature, ETo, or rainfall data, and/or other

climatic data with with ETo can be calculate®8y importing the data, AquaCrop will

create the corresponding files containing t
6. EToé and/or 6. PLUOG) . Dat a ofaht untsllistethiat i ¢ par
Table 2.91, can be imported by AquaCrop.

Free format text files with climatic data (f
The text file is a file with extension 6.1 xt

for a specific time range are saviedcolumns (exampleni Tab. 2.9b It is typically a
copy from a spreadsheletit contains only the numerical values: no headings, units, line
numbers, or dates!
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Table 2.9b17 Climatic parameters and units recognized byAquaCrop for import

Climatic parameter and Symbol

| Possible units

Air temperature data

Maximum air temperature (Tmax) °Cor °F
Mean air temperature (Tmean) °Cor °F
Minimum air temperature (Tmin) °Cor °F
Air Humidity data

Maximum Relative Humidity (RHmMax) %
Mean Relative Humidity (RHmean) %
Minimum Relative Humidity (RHmin) %
Dewpoint temperature (Tdew) °Cor °F
Actual vapour pressure: e(act) kPa, mbar, psi, atm or mmHG
Temperature of dry bulb (Tdry) °C or °F
Temperature of wet bulb (Twet) °C or °F

Wind speed data

Wind speed at x mbove soil surface: u(x)

m/sec, km/day, knot or ft/sec

Radiation and sunshine data

Actual duration of sunshine in a day (n)

hour

Relative sunshine duration (n/N)

Solar or shortwave radiation (Rs)

MJ/né.day, Wint, J/cnt.day,
mm/day, cal/crhday

Netradiation (Rn)

MJ/né.day, Wint, J/cnt.day,
mm/day, cal/crhday

ETo, Reference crop evapotranspiration

Direct import of reference crop evapotranspiration
(ETo)

mm/day

Rainfall data

Rainfall (Rain)

| mm or inch

Table 29.b2 - Example of a text filecontaining climatic data. It consists of daily data,
which are (column 1) rainfall in mm, (column 2) minimum and (column 3) maximum
air temperature in °C, (column 4) hours of bright sunshine in hours/day, andcolumn

5) wind speed in m/sec

0 18 30 6.5 4.2
0 19 297 58 29
55.6 16.8 294 55 25
2.2 155 26.2 27 27
0 145 289 94 11
0 11.3 30.2 10.2 13
0 127 312 11 1.4
0 151 334 107 15
0 157 348 10.7 1.8
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The file may contain daily, *8aily or monthly climatic data. The text file consists of
climatic data recorded in a specific time range (ranging from a few days up to several years)
or of calculated averages for a number of years. Missing data hasdenbded by a

specific value. The default, whichi8 9 9. 000, <can be altered

tabularsheet of thdmport climatic datamenu (Fig. 2.9by¥ The text file has lines and
columns:

- LnessThere are as many -ayndess ofrr onmmpartdess idna ytohs
time range. Each line contains the climatic dataaveragejor only oneday, 10day
or month of the time rangand this in successive order;

- Columns:The text file can contain up to 10 columns. Each column contains the data of
oneof theclimatic parameterlisted in Tale 2.9b1

i n t

A Importing climatic data
Thelmport climatic datamenu cotains 5 tabular sheets (Fig. 2.9p2

Tabular sheets

Import data: File type

Free formal text Ble (" et oc *OXT fles)

Safect file from st

e I ——C\.\AquaCrop \IMPORT

St

Corn, txt | =8 c [osdisk]
=

Chontamarce. txt = G\

| & MyPrograms
e

Sicdoretied bt

Hagers -Selam, txt

Irpaes . OXT

oo ted

L ~double chck on folder
to change path

and view contents

“ LaPaz-A%o, et

[ TalAmara. tat

|
ek

to select fle 5326 lines (Tune range)
4 columns (Chmatic parameten)
Selected fbe |
l:
X corcnl | £ Mawn menu

_—

Figure 2.9b2i Import climatic datamenu with its tabular sheets &elect filed
( di s p | Tame eadgpd, Climatic parametersd ETod , d@lnmdport cl i mat i ¢
dat ao

&elect fild to select the text filecontainingthe climatic datao be imported
orime ranged to specify theime range of the imported climatic data (lines in text file);

Climatic parametersad to specify the climatic parameteand their units of the
imported datgcolumns of text file);
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- (EToa to specify coefficients for ETo calculation (if relevant);
- 0l mpolritmat itec rdeaattaed 6. Tnx 06, 6. EToéd, and/ or ¢
imported climatic data), and to save the created fila(d)e AquaCropdata base.

Tabul ar sheet: 0Select filebo
Inthetabuhr s heet 0 S e | ptohetusef Selitseh@ text flé cgpntaini@g. tteb 2
climatic data. Al text files (files with e

sub directory of the AquaCrop folder are listed. By altering the path, the user can retrieve

text files from other directories. Oneetext file has been selected, the program displays

the number of:

- Data lines (rows), which corresponds with the number of dayd,40y 6 s or mont hs
the time rangéfrom-to) covering the climatic data;

- Columns of the text file, which corresponds witle tiumber of climatic parameters
available in the text file.

In the example (Fig. 2.9p2, t he OEIl doret . txto6 file has bee
lines and 4 columns with climatic data (i.e. a long record of daily (minimum, maximum

and average) aitemperature and rainfall data for several years). The time range and
climatic par ameters ar e specified respect.
parametersd tabul ar sheets.

Tabul ar sheet: O0Time rangebd

Inthetabll ar sheet &6 Ti mpetherusensgeeifties theFTypg of da2a. (dhily,3
10-daily or monthly) and the Time range (from date date). If the climatic data consists

of averages of several years, the data should not be linked to a specific year and the year
has not to be specified.

By adjusting the time range in the tabular sheet, the program displays the corresponding
number of data records within this range. The number of records should match with the
number of rows of the text file containing the meteorological datatheoexamp of the
selected O6EIl doret . txt 629b2 tHere arevindedd 5,826 days5, 32 6
between the specified start (1 January 1999) and end (31 July 2013) of the tim&ignge

2.9b3.

If the number of records does not match with the nurobews in the text file, a warning
(6Adjust time ranged6) is displayed and the c
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Figure 2.9b31 The 6 ime rangedtabular sheet of thelmport climatic datamenu: for
0 EI| d o r(eontaining alaig record of daily tempeature and rainfall data)

Tabul ar sheet: O6Climatic parameterso
In the tabular sheed Cl1 i mat i ¢ p ar ahnteetuser spécifie6 thé ¢gimatic2 . 9 b 4
parameters and its units (the data stored in the columns).

By selecting one of the column numbers, a list pops up containing the climatic parameters

which arerecognized by AquaCrop (Tab. 2.9bThe parameters are stored in 6 tabular
Ssheets grouping t hem I n Gair Temperatur e
6SunshRadi ati onbo, OETo0O0, and ORaindé dat a. £
available, to specify that the column contains irrelevant data. The data in the column will

be disregarded and is not available for import.

When a climatic parameter is spedifi®r a column, the program displays:

- Symbol, Unit and progranCodefor the selected climatic parameter;

- Number ofMissing datain each of the columns of the text file. The default value (
999.000) for undefined value will be used to identify missing data. The default value
can be adjusted to the undefined value used in the specific text file. Procedures are
available in AquaCropo estimate ETo with missing air humidity, radiation, sunshine
and/or wind speed data. Such procedures are not available to estimate missing
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