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Preface
Thisvolumepresents twosoftware packages (FSU and MANAGE-N) thatwere developed
within the context of the SARP network, to facilitate the application of crop growth
models in rice research. The packages are 'user-interfaces' that provide support in the
handling of model inputs and outputs, and in performing model runs for specific, routinetypeanalyses.Byoffering thesefunctions, user-interfaces opentheworld ofmodelling toa
wider audience, much beyond the small group of scientists involved in the actual
development of models.Thetools thusbecome available for useby agronomists,breeders,
economists, etc., who no longer need to have all the basic skills of modelling. In those
cases, however, full model documentation remains essential to clarify the model's
founding assumptions andlimitationstousers.
The emergence of FSU and MANAGE-N is part of a chain. During the early years of
SARP, PCSMP (PC version of the Continuous Systems Modelling Program) was the
modelling language wherein the first simulation models (MACROS) were developed. In
recent years, PCSMP was replaced by two alternatives, each for its own usergroup: FST
(FORTRAN Simulation Translator) for a quick and easy start in modelling; and FSE
(FORTRAN Simulation Environment) as ageneral structure for writing models,offering a
number of pre-programmed facilities. FST is a precursor to FSE: it translates a compact
simulation model into full FORTRAN programs. Advanced programmers skip the first
(FST) step and develop their models straight away in FSE, or elaborate FST-generated
FORTRAN programs.The morerecent SARPrice models arewritten inFSE: ORYZA_l,
ORYZAJ), ORYZA-modules, and ORYZA_W, and can be executed under userinterfaces.
One of the very reasons for switching from PCSMP to FST/FSE was the projected
introduction of user-interfaces for theexecution of routine tasks.Unlike models expressed
in'true'simulation languages,basicprogrammingcodes (e.g.,inFORTRAN)canberunas
part of larger 'envelope' structures.Thecombined use of theFST/FSEtandem with auserinterface (alsocalled 'shell') offers the compact programming facilities of 'true' simulation
languages,yetenables theeasyexecution of standard tasks such asregional (multilocation,
multi-year) studies, uncertainty and sensitivity studies, optimisation studies, all of which
require repeated running of models with a large number of input combinations. The
interface thustakescareofcommunications between theuser,themodel,thedata sets,and
theFSEutilityroutines.
Part I of this volume describes FSU (FSE User Interface), at earlier stages named the
'SARP-shell'.The general layout of thepackage is explained, and the tasks performed and
facilities offered. FSU is written as a generic tool: any FSE-structured model can be
successfully executed in this environment. FSU supports the user in preparing and

arranging inputs, performing different types of model studies, and presenting and
evaluating outputresults.
The package includes the module RIGAUS (Random Input Generator for the Analysis of
Uncertainty in Simulation) that can be used to investigate the effects of distribution in
model parameter values on simulated output. This facility has proven useful in regional
studies for dealing with uncertainty and spatial variability, and inplant ideotype design for
finding optimum plantcharacteristics.
Part n describes the MANAGE-N user shell for designing optimum N management
strategies in rice, based on the ORYZA_0model. MANAGE-N facilitates the translation
of quantitative soil, weather and genotype information into customised fertiliser
management recommendations.
Both the MANAGE-N and the FSU package will be available for the Microsoft®
Windows® operating system within the near future. A summary description of support
tools associated with FSU and MANAGE-N concludes the volume in Part III. The
appendicespresent detailsof inputformats, technicalreferences, andselected source files.
Wageningen
November, 1995
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PARTI
FSU

1 Introduction to FSU
J.J.M.Riethoven
DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands

1.1 General description ofFSU
FSU, an acronym for FSE User-interface, is an easy-to-use environment for agricultural —
such as crop growth and water balance — simulation models that are programmed in FSE
(FORTRAN Simulation Environment, see van Kraalingen, 1995).The FSU system takes
careof communication with selected models.Onthe input side,FSU provides selection of
models andinput data files, thesetting of model options (asdefined bythechosen model),
user-defined modification of model parameters, swapping between observed (forced) and
simulated state-variables, and the generation of random values (using selected statistical
distributions) for chosen parameters. After running a model, FSU provides the user with
tabulated output of the model, time-coursed plots of variables, scatter plots, frequency
plots, and cumulative frequency plots. Output can be stored for later processing or
imported in other applications such as spreadsheets or a GIS (Geographical Information
System).
Settings of input can be saved as scenarios and retrieved later on. FSU can be used for
validation of (parts of) the models, detailed study of model behaviour, comparison of
experimental versus model results, sensitivity/uncertainty and risk analysis, agroecological
zonation, andcroprotations.

FSU

FSE models
MODEL 1
MODEL 2
MODEL 3
MODEL 4
MODEL 5

MODEL 4
FSE

INPUT
data files
model options
forcina functions
parameter modifications
OUTPUT

MODEL n

model reoositorv

tables
graphs
database management
sensitivity analysis

GIS
PLOTTING
STATISTICAL PROGRAMS

Figure 1.1 The structure ofFSU.Models programmed in FSE can be added bythe user
tothemodel repository ofFSU.Resultscanbeexported andusedbyotherpackages.

FSU is developed (Figure 1.1) such that the user can easily add any models and data files
to the simulation environment. The only condition is that models should comply with
standard FSE input and output specifications.
The part of FSU that is dedicated to the extensive analyses of model behaviour is named
'Model/Experiment Studies'. A chosen model can be run a single time, or several times
with slight modifications inchosen parameters or input-tables. Also, state-variables can be
either simulated orforced (using observed dataasforcing function).
The 'Regional Studies' part of FSU focuses on zonation studies and uncertainty/risk
analysis. For this purpose, a chosen model can be run for a large number of inputs:
locations, years, cultivars, soil types (and more, depending on the model) to quantify for
example site-to-site and year-to-year variation. Furthermore, the embedding of the nifty
tool RIGAUS (Bouman & Jansen, 1993) allows easy access to uncertainty and risk
analysesbasedonMonteCarlo simulation withthechosenmodel.
Ascientific subroutine library isenvisaged, consisting of modules eachof which describes
a process. Various alternative modules canbe developed todescribe a given process (e.g.
potential transpiration); observed time series of relevant variables can replace such
modules. Users can then build their models on the basis of well defined and documented
elements,dependingontheirlevelofobservations.
For the database component, the viewpoint is taken that the basic data (input and output)
should be stored and made accessible in plain ASCII format. Database facilities of FSU
areused,however,tomanipulateandprepareinputsetsandtostoreandanalyseoutputs.

1.2 Usingthisguide
The next paragraphs summarise how you can best use this guide. They describe the
manual's intended audience, the audience's prerequisite knowledge, and the manual's
organisation anditsconventions.
1.2.1 Audience
This manual assumes that you have at least abasic knowledge of crop growth models or
simulation in general, since almost all theexamples and references refer tocrops (andrice
in particular). Furthermore, some general computer skills are needed: you should be
familiar withkeywords like 'keyboard', 'mouse', 'window', and 'disk-drive'.
1.2.2 Howtousethisguide
An overview of the manual's organisation and content is given in this section. The
manual's Chapters aredescribed, followed byasection onhowtouseeach Chapter.

Chapter 1 "Introduction to FSU"
gives some background information on FSU in general and gives abrief overview
of the capabilities of FSU. Also explains conventions used in this manual and
describes the kind of control structures (like windows, menu bars) that appear on
the screen. The third part of this Chapter lists the requirements needed for the use
of FSU. The last parts of this Chapter describe the quick installation procedure of
FSU and give instructions on how to get help from the authors.
Chapter 2 "Examples of FSU use"
provides a series of examples of case studies for different applications like agroecological zonation, model-experiment comparison, sensitivity analysis, etc. The
user will be taken step by step through the process of selecting a model to work
with, using the model-options screen to activate different parts of the model,
creating sets of input files, running the model, and examining the model output in
various ways.
Chapter 3 "FSU reference guide"
gives a detailed overview of all available applications, tools, and options in the
FSU environment. Menu options and windows are listed in a systematic way, topto bottom-level.
Appendix 1 "Technical reference of FSU"
contains information on a full-fledged installation of FSU, how to add new
models and data files, and how to enable the printing of graphs to printers.
Appendix 2 "Structuring your model for FSU"
contains information on how to prepare models for best interfacing with FSU.
This Appendix is vital when the user decides to add new models to FSU.
Appendices 3 "Problems with FSU" and 5 "Problems that may occur with
MANAGE-N or FSU"
give information on causes of common problems and how to resolve them.
Appendix 5 lists common problems that can arise due to computer systems that
are not properly set up or problems specific to the Microsoft® FoxPro®
environment in which FSU is programmed. Appendix 3 lists problems specific to
the FSU system.
Appendix 4 "Standard inputfiles provided with FSU"
lists all important (data) files of FSU. Contains examples of data files for models
when needed to visualise special options that the shell can use.

1.2.3 Whatyoushould read
The following table points you to specific Chapters in this manual for information on
particular topics. For further documentation and literature, refer to 'References' on page
185.

Table 1.1 Pointers totextyou should read aboutFSU.
Forinformation on
FSUingeneral
installation ofFSU
usingthemenu system
contacting theauthoroftheshell
in-depthoverviewofalltheoptionsand
features
usingFSUasaresearch/educationaltool
(examples)
solvingcommon problems
addingmodelsornewdatafiles tothe
system
creating newmodels for usewithinFSU

You shouldread
Chapter1
Chapter 1,paragraph 1.5 (andmaybe
Appendix 1)
Chapter 1, paragraph 1.3
Chapter 1, paragraph 1.6
Chapter3
Chapter2
Appendices 5and3
Appendix1
Chapter 1 andAppendices 5,3and4

1.3 Conventions
When the manual mentions a 'key', it means a key that you can find on the keyboard of
your computer. A 'button' means abutton in awindow, like the [OK] or [Cancel] button.
Inthis manual, keys and buttons will be enclosed in square brackets [].Thetext between
thosebrackets should be taken asawhole,not as separatekeys.For example, [Backspace]
means press the key (or button) defined as backspace, and not the word 'backspace'.
Sometimes acombination of twokeys is used, as in [Ctrl+X]. This means press the [Ctrl]
key andkeepitpressed whileyoupressthe [X]key.
The names of menus and menu options are enclosed between '....', like for example
'Change Parameters'.Menusandmenuoptions areexplained inparagraphs 1.3.1 to 1.3.5.
A window is a square box on the screen that contains options which you can activate or
edit(seealsoparagraph 1.3.5).

Names of parameters, variables, programs (except FSU), data files, etc. are printed in
COURIER script to make distinction with normal text easier. The names FSU and 'shell'
or 'simulation environment' areinterchangeable.
Inthis manual,you will alsoencounter words like 'selecting', 'choosing', 'activating', etc.
Thefollowing section defines thoseactions.
'Selecting' a menu option is done by moving the so-called 'highlighted' bar on top of a
menu option oran item. 'Selecting' isdone only byusing the [Arrow] keys.When you are
sure a certain item or menu option should be activated, then you press [Enter] or the
[Spacebar]. 'Activating' an option means that an action will be carried out. This is the
same as 'choosing'. An action can be something like running the model or marking an
item(for example,aninput file) for lateruse.
'Pressing' and 'pushing' a button means move the highlighting bar on top of the button
andpress [Enter]or[Spacebar].
FSU is heavily based on menus and windows toprovide a user-friendly interface between
the models and you. If you have no previous experience with menus, please read the next
paragraphs very thoroughly. Itshould giveyou aquick understanding onthe useofmenus,
windows,and allkindsofbuttons.Operating themenu iseasiest ifyou useamouse.Ifyou
are not the lucky owner of such a comfortable device, some functions related to moving
andre-sizingwindows arenotavailable.
TheFSU menu system consists ofthefollowing parts:menubar,menu pads,menu popups
and menu options. The menu system provides a quick and easy-to-use interface with the
simulation models that areinstalled intheshell.Each part of the menu system is described
below.
Accessingthemenu isdescribedfor keyboardonly,the mouse variantisa simplepoint
andclick.

1.3.1 Menubar
The menu bar is located along the top of the screen. The menu bar displays menu pads
withnames;these pads give access tomenu popups.Thecontent of the menu bar changes
asyou accessdifferent partsofFSU.

1.3.2 Menupads
Menu pads appear on the menu bar and display the names of the menu popups.
Sometimes, certain menu pads appear dimmed ('ghosted') and cannot be chosen. These
menupadsare disabled.

Toaccess themenu bar,pressthe [Alt]key.Oneofthemenu padswill appear highlighted1
because it is selected. Press the [Right Arrow] and [Left Arrow] keys to move from one
menu padtoanother, orusethe [Tab]orthehotkey.Thehotkey isahighlighted character
and isusually thefirst letter inthemenu padname.

1.3.3 Menupopups
Menu pads control menu popups. Menu popups are lists of related options. When you
choose an option from a menu popup, you are telling FSU what action to take. 'Choose'
meanstoactivate aselection (highlighted option)bypressing the [Spacebar] or [Enter]. To
display amenupopup,press [Alt] andthenpress thehotkey inthemenupad name.Ifyou
are already positioned at the menu bar, you can display apopup bypressing the hot keyin
themenu pad name.You can alsopressthe [Left Arrow] and [Right Arrow] keys until the
menupad isselected,thenpressthe [Spacebar] todisplay themenupopup.
Onceamenu popup is displayed, youwill usually choose anavailable option, as described
in the next section. If you wish to deactivate a menu popup without choosing an option,
press[Escape].
Youcannotdisplay amenupopupof whichthemenupadhasbeen disabled.

1.3.4 Menuoptions
Menu popupscontain options.Theoptions oneachmenu popup arelogically related tothe
menu pad name. On asingle menu popup, options may be further grouped to indicate that
theyproduce similaroutcomes.Thesegroups areseparatedbydividerlines.
Some menu options have a [Alt] key shortcut listed next to them on the popup. You can
use a [Alt] key combination to choose the menu option without displaying the menu
popup. For example, exiting FSU can be done by pressing [Alt+Q]. Sometimes, a menu
option appears dimmed and cannot be chosen. This menu option is disabled. Before you
choose amenu option, useone of the methods discussed intheprevious section to display
themenupopup.Oncethepopup appears,choose anoption inoneof thefollowing ways:
• Pressthehotkey for theoption
• Use the [Up Arrow] and [Down Arrow] keys to select the desired option, then
press [Enter]ordouble-press the[Spacebar].
Whenyouchoose amenu option, an action occurs.Awindow mayopen orclose, aswitch
maybeset,adialogmay appearoranexternalcommand maybeexecuted.

1

Highlighted text appears in contrast to its surroundings on the screen (lighter or darker) so that it stands
out from the surroundings. Highlighting something typically indicates that it is selected or about to be
chosen.
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1.3.5 Windows
FSU uses windows to communicate with you when extra information is required to
perform an action. A window is a rectangular box, possibly containing various items like
text fields, buttons, or lists. These items will be explained in detail below. As with the
menu pads, youjump from item to item within a window by pressing [Tab] or [Shift+Tab].
Currently selected items will be highlighted. The following items can be found in a
window:

Push Button
A push button is defined on the screen by angle brackets <...>. If you press this button, an
action will occur immediately. The kind of action is defined by the text placed inside the
push button. For example, when you press an [OK] push button, you agree with a certain
kind of action (described somewhere else in the window) or you think you have filled in
all inputs correctly. This may sound confusing to you right now, but when you read the
examples, this will be clear.
You select a push button by jumping to it ([Tab] key). When the push button highlights,
press [Spacebar] or [Enter] to activate it. Owners of a mouse activate a push button by
positioning the mouse pointer at the push button and then clicking once.
A special push button is the confirmation/continuation button. It is defined by the double
angle brackets « . . . » . Press [Ctrl+Enter] to activate it. There is no need to highlight it
first. This button will immediately continue with an action. Another special push button is
in effect: all windows have a default 'cancel' or 'no' button. This button cancels all actions
or choices that you have made in that particular window and restores your latest settings (if
any). All windows include this button (it is not especially marked, the [Cancel] button is
normally used for this purpose), press [Escape] to activate it.

Check Box
A pair of square brackets on the screen defines a check box. This type of box toggles an
option or setting. If the box has an X in it, the option is turned on, otherwise it is turned
off. Press [Tab] to move to the box (it highlights when selected) and press [Spacebar] or
[Enter] to toggle.

Radio Button
This type of button is defined by a pair of parentheses followed by a text. These buttons
are used when you select an option that is mutually exclusive with other options. Press
[Tab] to move to the button and press [Spacebar] or [Enter] to activate it. A bullet •
appears between the two parentheses. If another option (within that group of radio buttons)
was selected, the bullet disappears from that button.

Input Text Field
For some actions, you must supply FSU with text or numbers. This is done by a text field.
It shows as a bar within the window, and may or may not contain text or numbers already.
Move to the text field ([Tab] key) and when it highlights, type or edit the values contained
within the text field.

List Box
A list is a box within the window that supplies you with a list of items. These may be files,
names, parameters, etc. Depending on the type of window, you can perform different
actions upon these items. Most windows, however, just expect you to select one of the
given items. Press [Tab] until you arrive at the list. Then press the [Up Arrow] or [Down
Arrow] keys to scroll through the list. The [End] and [Home] key move to the end and the
beginning of the list, respectively. Note that if the number of items is larger than what can
appear simultaneously in the list, a so-called scroll bar appears at the right side of the list.
This bar can be used only by mouse users. Other users can scroll though the list by using
the cursor keys. Select an item in the list by pressing [Spacebar] twice, or [Enter], or
double-click with the left mouse button.

Table 1.2 Software and hardware requirements for FSU.
Component
Computer
Operating system

Memory

Disk space
Screen

2

Requirement
8088/8086 microprocessor (CPU) or higher. A mathematical coprocessor (FPU) is recommended.
MS-DOS® version 3.3 or later. Version 6.0 or later is
recommended. To check your version, type VERat the command
prompt.
512 Kb of free RAM memory before starting FSU. You can check
this by typing MEM or CHKDSK. The result should be 524288 bytes
or more of conventional memory free.
3 Mb of disk space to install FSU, another 3 Mb of free disk space to
work 2 with the shell.
CGA screen adapter or higher (EGA, VGA, SVGA). Hercules is not
recommended.

FSU (in fact, the models themselves) uses a lot of disk space when performing many reruns. When using
the 'Monte Carlo' option in the shell, up to 999 runs can be executed. Each run needs space to store the
results.

1.4 Requirements
Before you start to use FSU, or if you encounter any problems, make sure your computer
systemmeetstheminimumrequirements asspecified inTable 1.2.

1.5 Quick installation
This section deals with installing FSU.It is called 'Quick installation' because you do not
have to configure many options.FSU will beinstalled onyour system with aminimumof
effort, using predefined settings. For the user who prefers more control over the
installation (and the settings of the shell),please refer to Appendix 1'Technical reference
ofFSU' onpage191.
Aninstallation onanaveragePCtypically takesabout5minutes.

1.5.1 Making asafety backup
Before you proceed with the installation of FSU, make a backup of your original FSU
disks. Please refer to the manuals accompanying your computer on how to do this. Ask a
localcomputer wizardifyou areunsure.
Storetheoriginal disks atasafe place and useyournewly madebackupdiskstoinstallthe
FSUsystem.

1.5.2 Actual installation
Follow thesestepstoperform afirst-time andquick installation onyourPCsystem3:
1. Be sure you have plenty of space on your hard disk (about 3Mb), FSU extracts with
examplemodels,data-andweatherfiles.
2. Disk 1 (of 2)contains afile called INSTALL1.EXE.Thisfilecreatesitsowndirectory
named FSUinwhich itplaces allnecessaryfilesandsubdirectories.Toinstall,moveto
the directory in which you want the new directory FSUtobe created. For example, to
installtheshellindirectory C :\FSU,enterthecommands:
C:
CD \

A:INSTALL1.EXE

3

If by any chance unexpected problems arise, or you cannot get FSU to work, please refer to Appendix 1,
3, and5for solvingthis.
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To install FSU in directory D:\SARP\FSU, enter:
D:
CD SARP

A:INSTALL1.EXE
Of course, it is assumed that directory SARP exists.
3. After INSTALLl. EXE finishes, put disk 2 (of 2) in the drive and enter the command

A:INSTALL2.EXE
After INSTALL2 .EXE finishes, a directory named FSU has been created. This
directory is the main directory for the shell.
4. You have now completed the installation. Change to the FSU directory and execute
FSU.BAT to start the shell:
CD FSU
FSU.BAT

1.6 Gettinghelp
In case of unexpected problems, you can get support for FSU by contacting the author.
Before you take this step, read through Appendices 1, 5 and 3 and ask a local computer
expert to look into the problems. If the trouble persists, contact the author of FSU at this
address:
J.J.M. Riethoven c/o H.F.M. ten Berge & D.W.G. van Kraalingen
DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO)
P.O. Box 14
6700 AA Wageningen
The Netherlands
Fax:
Telex:
Phone:
E-mail:
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+31.317.423110
75209 abw nl
+31.317.475962
riethoven@ab.dlo.nl
kraalingen@ab.dlo.ni

The author requires specific information before your question can be handled correctly.
Include the following information in your correspondence, or have this information ready
ifyoucall:
Version numberofFSU
The version number of FSU is displayed in the first window that appears on the screen
eachtimeyou startFSU.
Completeproblem description
Include allerrormessages and symptoms oftheproblem.Ifyoucanconsistently reproduce
the problem, please provide the exact commands entered and data files/models that differ
from thestandard distribution set.
Debugging information
FSU has a special window that is accessible through the main 'File' menu. It lists aseries
of settings and gives general information on the kind of system that you are using. Please
provideallinformation listed inthiswindow exactly.
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2 Examples ofFSU use
J.J.M. Riethoven'
1

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands

InthisChapter, anumberof examples arepresented togetyou acquainted with usingFSU
(also referred to as the shell). It is a good exercise to execute the examples yourself. The
assumption ismadethat you arealready familiar withthemenu system of the shell andthe
conventions usedtoname menu options andbuttons.Ifnot,refer toparagraph 1.3 onpage
4 and on. In case that FSU has not yet been installed, do that now (see paragraph 1.5 on
page9).
You start with the easiest mode of using the shell: running a model just once and
inspecting the output. When you have gained experience doing this, you continue with
multiple runs, comparison runs, the forcing function system, sensitivity analysis, and
Monte Carlo runs. In thebeginning of this Chapter, every step is described in detail; after
thefirst exercisesyou areexpected tocontinue without this detailed help.When you need
additional help with acertain menu option or window, look it up in Chapter 3, from page
31onwards.Alltheexercises willbemadewiththe standard model that isdistributed with
FSU: ORYZA_WZ2.1.This model is a slight modification of the ORYZA_Wmodel, arice
growth model for irrigated and water-limited conditions, and is described in Bouman &
Wopereis(1994a).

2.1 Yourfirststeps
Before you continue, start the shell. To do this, move to the directory in which FSU has
been installed. In our example, it is C :\USR\FSU. To move to that directory, enter the
following commands:
C:
CD \USR\FSU
Then startthesimulation environment byentering:
FSU.BAT
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After afew seconds, a window pops up with some basic information on the FSU system.
Move to the [OK] button and activate it (press [Enter] or click with the mouse). The
'About FSU' window nowcloses4and youentertheshell atthemainmenu.

2.1.1 Modelselection
Move to the 'Applications' menu pad in the main menu and activate it. This menu pad is
the main entrance to the applications in the shell. Select 'Model/Exp. Studies'. You are
presented with anew menu bar. Note that some of the menu pads are dimmed (disabled).
Thefirst thing that is required from the user inthe shell is selecting amodel towork with.
Only then are other choices made available.To select the ORYZA_WZmodel, move tothe
'Model' menu pad andchoose the 'Select Model' option. Awindow appears.Take agood
look at this window. It is called the Item-Selector and plays a central role in selecting
certain items that FSU should process. In this case, the item is a model. As you can see,
one item appears within the list box now: only the ORYZA_WZ model is included in the
standarddistribution ofFSU.
Press [Tab] until you are within the list box. Then press [Enter] to choose the
'ORYZA_WZ.EXE' model (or double-click the mouse). A square-root sign Vappears in
front of themodel,signalling that thisitem hasbeen selected. Nowtake alook at the other
partsoftheselector window. You note an [OK],a [Cancel],and an [Info] button. Pressthe
[Info] button. A window appears, with information about the model (press [Ctrl+F10] to
enlarge the window to full-screen size). Close the window by pressing [Escape]. Then
movetothe [OK]button and activate it.You haveselected theORYZA_WZmodel towork
with andyoureturn tothe 'Model' menu pad.
Somemodelshavespecialoptionsbuilt-in.Theseoptions aresubmodelsthatcanbeturned
onor off (for example, awater- or nitrogenbalance),orthese options might be alternative
ways to calculate certain physiological processes. The ORYZA_WZ model offers you the
choice of three different water balances: irrigated lowland, rainfed lowland, and rainfed
upland. You find theoptions listed inthe 'Select Model options' window,that openswhen
you choose the 'Select Model options' menu pad. A production environment of your
preference canbeturned onbymovingtoit andpressing [Spacebar]or [Enter],oryoucan
point-and-click with the mouse to activate it. A bullet between two parentheses (•)
designatesthatyourchoice isin effect.
Forthisparticularexample,select 'Irrigated Lowland'.
Nowreturn tothe 'Model/Exp. Studies' menu (press [OK]).

"* If, after the 'About FSU' window, a message appears asking whether you want to retrieve an existing
project file, answer [No].
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2.1.2 Selecting input
Now that you have chosen amodel and aproduction environment, next you have to select
the input files that the model needs.For the ORYZA_WZmodel, one crop file, one soil file
for either the lowland or upland situation, one weather file, and a so-called timer file are
required. The first three files contain data about the specific crop (variety), soil type, and
weather parameters. The last file contains some parameters that will influence various
kinds of processes during the simulation. For now, it is not important for you to know
exactly whattheseprocessesare.
FSU stores combinations of input files and model options in so-called 'sets'. A set is a
special file that you will use to select acomplete configuration of input. Selecting such a
setenablesyoutoactivateprevioussettingsofmodelinput andoptionsinonestep.
To select inputfilesand store them in a 'set', follow the next steps carefully. Move tothe
'Input' menu pad and choose 'Create New Set(s) Of Input files'. A screen opens with
several buttons and text fields. The following buttons are important right now: [CROP],
[SOIL], [WEATHER], and [TIMER]. Cycle through the buttons by pressing [Tab] and
take good notice of the highlighted areas. Then move to the [CROP] button and press
[Spacebar] or click with your mouse. This will cause the Item-Selector to appear. Press
[Tab] until the highlighted text is located within the list of crop files. Then use the [Up
Arrow] and [Down Arrow] keys to move to the file ORYZA_WZ.DAT. This is a sample
cropdatafile ofOryzasativacv.IR72,withparameters derived from theIRRI/APPA 1992
dry season experiment at 225 kg N. Select it by pressing [Enter].Note that a square-root
signV appearsifyou successfully select thefile;ifnot,try again.
View the contents of the crop file by pressing the [Info] button. A window appears with
the contents of the file; press [Ctrl+F10] toenlarge the window to its maximum size.Use
the [Arrow] keys to move in the window and to view the complete data. Press [Escape]
once to return. Now move to the [OK] button and press it. The Item-Selector closes and
you return to the previous window, where you see the name ORYZA_WZ.DATappearing
behindthetext 'Currentcrop file'.
Follow the same procedure to select the file PUDS05.DATat the [SOIL]button5, and the
file TORYZ_WZ.DAT at the [TIMER] button. Lastly, you select a weather file. Press
button [WEATHER] andmovetothefile PHIL1. 992 andchoose it.Remember towatch
for the square-root sign. Return to the [OK]button andpress it. The text field at the right
of 'Current weather file' showsyou 'PHIL1.992'. Themodelwill runfor year 1992with
weather datacollected atthewet-site station 1 (LosBanos)inthePhilippines.

5

It is important that you do not select soil files other than the PUDxxx.DAT.The PUDxxx.DATfiles are
for puddled conditions (e.g. irrigated lowland); other soil data files are for non puddled (rainfed upland)
conditions.
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The last thing that needs to be done is saving this particular set of input files. To dothis,
move tothe [Save Set]button and press it.Enter thetext 'MYFIRST' inthe textfieldand
press [OK] to really save it as 'MYFIRST.SET'. Because the distribution of FSU already
includes a set called 'MYFIRST', a message pops up warning you of the existence of
another file called 'MYFIRST.SET'. Answer 'yes' (i.e.,press button [Yes]) to overwrite
this file with your new set of input files. When you have saved your set, press the [Exit]
button to return to the 'Model/Exp. Studies' menu. You have now successfully created a
setofinput files thatcanbeusedtorun themodel.
The set that you created is automatically selected when you return to the 'Model/Exp.
Studies' menu.However, for practice,youwillexplicitly selectthesetthatyoucreated.To
do this, choose 'Select Existing Set(s) Of Input files' from the 'Input' menu pad. A
warning message will inform you that a set is already active and will ask you to confirm
your choice of selecting anew set. Answer [Yes]. The Item-Selector appears again. Jump
to the list and select your set, 'MYFIRST.SET'. Note that the square-root sign appears,
indicating that you made a successful choice. If you like, move to the [Info] button and
pressit.Thecontents ofthesetwill appear.Press [Escape]oncetoclosethewindow.
Then choose the [OK]button. As you return to the 'Model/Exp. Studies' menu, the status
text on the screen is updated. Itreflects the current active choices. You should be able to
seethe name of the model ('ORYZA_WZ.EXE'),the set you selected ('MYFIRST.SET'),
what kind of model run is chosen, and the forcing functions (if any) that are active. If no
nameappearsafter thetext 'Selected set:',youwerenotsuccessful inactivatingtheset6.

2.1.3 Runningthemodel
Now it is time to actually run the model. Move to the 'Run' menu pad and choose option
'RunModel'.Theshell asksyouifyou 'really wanttodothis'.Answer [Yes].FSU setsup
theORYZA_WZmodeltorun withthedatafiles youhave chosen.After the model finishes
running, you return to the simulation environment at the 'Model/Exp. Studies' menu, and
the 'Output' menupadisautomagically selected.
If, by chance, the model does not run and gives an error 'Variable name not in data file',
then you have not followed the instructions to the letter: you selected an incompatible
production environment and soil type. Remember that lowland production environments
need puddled soils asinput, the rainfed upland situation does not. Go back and follow the
instructions totheletter.

6

If so,return tothe 'Select Existing Set(s)Of Input Files'menu option and try again.
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2.1.4 Plottingthemodeloutput
Choosethe 'View Graphs' menu option.You nowenter asimple plotting program thatlets
you plot the simulated state variables against each other, for example TIME versusWRR
(weightofroughrice)orDVS(development stage)versus LAI (leaf areaindex).
First of all, you will note the list of available variables that can be plotted. The state
variables that are available depend on the model.Let us assume that you would like tosee
LAI asitisrelated to DVS.

B
s-

n WRR
a WLVQ

Figure2.1 Anexample ofatime-coursed graphofmultiple state variables.The weights
ontheY-axis areexpressed intonsha -1 .

Enter
DVS, LAI
whenvariablenames areasked.Press [Enter]andthegraph appears.Press [Enter] againto
leave the graph. Ignore the next three questions about printing and keep pressing [Enter]
untilyouareagainpresentedwiththelistofvariablenames.
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Now, first delete the old text and then type
DOY, WAG, WRR, WLVG

to view weight above ground (WAG), weight of rough rice (WRR), and weight of green
leaves (WLVG) in the same graph as a function of the day of year DOY (see Figure 2.1).
Press [Enter] to view the graph. The weight above ground should reach about 11000 kg.
Press [Escape] until you are back at the 'Output' menu popup.

2.1.5 Leaving the shell
You now have had a short introduction to the simulation environment. As mentioned
before, this little demonstration is only meant to get you to know the menu system and to
realise the ease with which you can run a model and inspect the simulation results. This
leaves us to quitting the simulation environment. Move to the 'System' menu pad, and
choose 'Quit Shell'. A window appears, asking you if you really want to quit. Answer
[Yes]. Next, FSU asks if you want the present settings to be stored. Answer [No].
FSU should return you now to MS-DOS®, at the place where you have started the
simulation environment. In our example, at C: \USR\FSU.

2.2 Changinginputflies
Before you continue with the exercise of running models, you will practise a feature of
FSU that can be used to modify data files. Often it is necessary to alter the content of a
data file, e.g. when recent research has come up with other values of certain crop
parameters or if you need a more precise output, for instance, output every day instead of
output once a week (simulation time). In this example, you will practice the edit feature of
the shell by creating and then modifying timer files: you will create one timer file for a dry
season (sowing date in January) and another for a wet season (sowing date in May) for the
IRRI site (Los Banos, Philippines). First of all, change to the directory in which the timer
files are placed (you are assumed to be atthe MS-DOS®-prompt, see previous exercise):

CD

C:\USR\FSU\DATA\INPUT\TIMER

Now enter the following commands:

COPY TORYZ_WZ.DAT JANUAR.DAT
COPY TORYZWZ.DAT MAY.DAT
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These commands copy the original contents of the timer file to two new files. You will
editthese new files later oninthisexercise.Nowreturn first tothemain shell directory:
CD C:\USR\FSU
AndrestartFSU:
FSU.BAT
Donot retrievetheold project file. Gotothe Tile' menu pad and activate the 'Edit a file'
menu option7. The File-Selector window (see also paragraph 3.5 on page 69) appears. It
shows you the directories or folders that are placed within the main shell directory.
Activate the [DATA] directory (movethe highlighted bar over the [DATA] item and then
press [Enter]. Mouse users can double-click the [DATA] item to do the same. See also
paragraph 3.5). Two new directories appear: [SETS] and [INPUT]. Under the [INPUT]
directory, you can find the various types of input files that can be used with a model.
Activatethe [INPUT]directory. Ofthenextlist, select the [TIMER]directory.
Now you will get a list of three data files: the original TORYZ_WZ.DAT file (do not
modify it) and the JANUAR.DATand theMAY.DATfiles that youjust created. Move the
bar over the JANUAR.DAT file and press [Enter]. A new window will appear with the
contents of the data file. Enlarge the window to its full size by pressing [Ctrl+F10].
Change the value of the parameter STTIME from 150. to 4. Make sure that you put a
decimaldotbehind the4;after editing itshould lookexactly likethis:
STTIME= 4 . !Starttime (day)of simulation (sowing)
To store your changes, press [Ctrl+W] or use the mouse to click the little rectangular
gadget attheleft topof thewindow.Takealook attheMAY.DAT file also,thevalue ofthe
starting time (=sowing date) should equal 150.You now have created two timer files that
canbeusedtoquickly select amodelrunfor adryseason (JANUAR.DAT) orawet season
(MAY.DAT) at the Los Banos (Philippines) site. This editing procedure can be used for
every normalASCII (text)filethattheshelluses(so,alsoforcropandsoilfiles).
Forexample, activate again the 'Edit afile' menu option. Go to the [TIMER] directory as
you havedoneinthe aboveexercise.Whenyou seethethree timer files listed,move tothe
[All Files] check button and press it. A cross appears between the square brackets [X],
indicating that allfileswill belisted. You notice an additional file called RUNCTRL.DTA.
This file contains some default simulation control settings that are used for each model
run. Open this file (move the highlighting bar over it and press [Enter]). Enlarge the
window bypressing [Ctrl+F10].One of theparameters listed canbe of importance toyou.
It is the PRDEL parameter, which denotes the step size between consecutive outputs.

In theapplication menus,the'Edit afile'menu option can befound inthe 'System' menu pad.
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Normally, this parameter is set to 5.,which means that every 5 simulation days, output (a
datapoint) is written to file. Sometimes, you might want amore precise output: change it
to 1. then. With zonation studies, you are not interested in intermediate output, and you
can set it to a very large value to speed upcomputation. For now, leave the value as it is
(to5.).Press [Escape]toleavethe window (if you made anychanges, answer [Yes]tothe
question 'discard thechanges?').

2.3 Single runs
When you run a model for precisely one environment, year, variety, treatment, etc., then
this is considered to be a single run. The model will simulate only one very specific
environment, anditwill thenreturn toFSU.Examples oftheseruns aregiven below.
In the main menu of the shell, activate the 'Model/Exp. Studies' menu. Note that the
'Input', 'Run' and 'Output' menu pads are dimmed. They cannot be selected, simply
because you first need to select a model before any of these options have meaning. So,
move to the 'Model' menu pad and press 'Select Model'. Choose the ORYZA_WZ.EXE
model. Now activate the 'Select Model Options' menu option to specify the production
environment.Threeproduction environments arelisted:irrigated lowland,rainfed lowland,
andrainfed upland.Movetothe 'Rainfed Upland(nonpuddled)' option andselectit(press
[Spacebar],seealsoparagraph 'Select Model Options' onpage 55).Press the [OK]button
afterward toactivatethissetting.Youhavenow successfully selectedboth amodelandthe
options (inthiscase,production environment) thatbelongtothemodel.
Thenext stepistocreateasetofinputfiles.Youwill dothisfor bothdryand wet seasons
in the Philippines. Move to the 'Input' menu pad and select the 'Create Set(s) of Input
files' menu option. Like you did in paragraph 2.1.2 (page 15),you will select input files
and create a set. Select ORYZA_WZ.DATfor the crop file, LOAM.DATfor the soil file,
PHIL1. 992 for the weather file and JANUAR.DATfor the timer file. Now save this set
as 'RUDRY' (rainfed upland, dry season). Move back to the [TIMER] button, press it and
select the 'MAY.DAT' file. Save this collection of input files as 'RUWET'. Now press
[Escape] to return to the 'Input' menu pad. Select the set 'RUWET. SET' (go to 'Select
ExistingSet(s)ofInput files' andactivateit,choose 'RUWET. SET' andpress [OK]).
You are now ready to run the model for rainfed upland conditions on a loamy soil in the
wet season of year 1992 at Los Banos, Philippines. Run the model (move to the 'Run'
menu pad, activate 'Run model', and answer [Yes] to the question 'Do you really want to
run themodel?').FSU starts the model for you, and it will take afew seconds to aminute
(dependingonyourcomputer) before themodelfinishes.You willreturn tothe shellinthe
'Output' menu.
There are several options open toyou now. You can store the simulation results, view the
results in tabular format, or plot the output. Donot store the output right now but proceed
to 'View Tables' and activate it. You are presented with the results of the simulation in
tabular format. The first column is always the TIME, the other columns are output
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specifically defined in the model itself. Note that every 5 days, there is a row of results.
Thisisexactly what the PRDELparameter (seeendofparagraph 2.2) isabout.
Press [Escape] to go back to the menu. Now activate the 'View Graphs' option. Make
some graphs as you did in the first exercise, e.g. DOYversus WRR, WAG, WST,andWLVG;
DVS versus LAI, DOY versus RAINCU (cumulative rainfall). Take good note of the
number of data points that are displayed in the graph of TIME versus TRW (actual
transpiration rate).Suppose that you want to monitor the fluctuations in TRW at the endof
the season in more detail. You can facilitate that bychanging the PRDELparameter in the
RUNCTRL.DTAfile to alower value, say 2. To do so,leave the graph utility by pressing
[Escape].Now movetothe 'System' menu pad and activate the menu option 'Edit a file'.
Goto the [TIMER] directory (seeprevious exercises), enable [X] [All Files] and open the
RUNCTRL.DTA file. Enlarge the window (press [Ctrl+F10]) and change the value of
PRDELfrom 5.to 2. (remember toenter the decimal dot. ).Save this change by pressing
[Ctrl+W]andrunthemodel again.When themodel finishes, plot again TIMEversusTRW.
Thegraph showsnot allthe datapoints because there aretoomany,but the graph isbeing
plotted more fluently (now data is known for every 2 days, see Figure 2.2). Leave the
graph utility and check out the tables (activate the 'View Tables' option) and examine the
time interval. Set the value of PRDEL back to 5. ('Edit a file' menu option). That
concludestheexampleabout singleruns.

n TRW

(2.2a)

10

(2.2b)

Figure2.2 Results of changes in the value of the PRDEL parameter. Both plots show
the same data; Figure 2.2a however is created using an output time-step of 5 days. That
large a step cannot show all the short-time fluctuations that occur in the actual
transpiration TRW. The second Figure 2.2b represents those fluctuations better, at an
output time-stepof2days.Notethedifference inscaleoftheY-axis.
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2.4 Multiple runs
Beside single runs, there is also the option to perform multiple runs of the same model.
These runs use the so-called rerun facility of the models; there is no need to go into detail
about this right now (see Chapter 3 and Chapter 8). The multiple runs are most often used
to run the model for different sites, years, crops, soils, pest/diseases and to compare these
different runs in a convenient way with each other. Also, the model can be run for a range
of values for a certain model parameter to examine the output (manual model calibration,
sensitivity analysis) or to perform so-called Monte Carlo runs that can be helpful in doing,
for example, a risk analysis.
The next section will deal with comparison runs, forcing function runs, zonation runs,
parameter modification runs, and will give a very brief introduction to Monte Carlo runs.

2.4.1 Comparison runs
These types of multiple runs are used when you want to compare the simulation results of
different model options (e.g., the production environments in ORYZA_WZ) or when the
input files differ completely (different treatments for example). Generally, comparison
runs are facilitated by choosing more than one set in the 'Select Existing Set(s) of Input
files' menu option. Comparison runs can only be done within the 'Model/Exp. Studies'
application menu. You will execute a very simple example: the comparison of the
simulation results of two production environments in the wet season. First go to the
'Model/Exp. Studies' menu. Then select the 'ORYZA_WZ' model again. Set the production
environment to 'Irrigated Lowland' via the 'Set Model Options' menu option. Now create
a set with the following data files: ORYZA_WZ.DAT as a crop file, P H I L l . 992 as a
weather file, PUDS05 .DAT as the soil file, and MAY.DAT as the timer file. Save this set
as 'IRLOWWET'.
Select both the 'IRLOWWET. SET' and the 'RUWET.SET' sets of input files. Run the
model. You will notice that the model notifies you of the existence of one so-called rerun
set. In this case, the rerun set is the rainfed upland production environment and contains
the required switches to select a different water balance in the model. After the model
finishes, activate the 'View Tables' menu option and examine the results. You note that
for both runs the information is stored. To make life easier, comparison of the simulation
results also can take place in the 'View Graphs' menu option. Activate it. Besides a list of
variable names, the plotting utility also displays the numbers of the runs: 0 and 1. Run 0 is
always the default run, run 1 and further are runs in which something has changed with
regard to input. In this case, a model switch has been changed. Plot DOY versus WRR
(weight of rough rice). On the question 'All runs?' press [Enter] because you want both
runs plotted. Answer the next question 'Only end of run values?' with 'N' (press [Enter]),
because you like to compare the state variable WRR through time. The first run (run
number 0, irrigated lowland) gives slightly better yield (5.4 tons) and is harvested about 10
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daysearlierthan thesecond run (runnumber 1, rainfed upland) which yields about 5.0tons
of rough rice. Plot some other variables also. Answer the question 'All runs?' with 'N'
(no) and specify arun number to view only one of the model runs. After you finish, leave
thegraphprogrambypressing [Escape].

2.4.2 Forcingfunction runs
If a model supports it, special forcing function runs can be made. With these runs, state
variables can transparently either be simulated or measured values can be used as forcing
function. The 0RYZA_WZ model distributed with FSU has been especially prepared to
allow DVS (development stage) as a forcing function. In the crop data file
ORYZA_WZ.DAT, hypothetical measured data for DVS has been inserted. These

- a DVS, Run: 0
-B DVS, Run: 1

Figure2.3 Simulated and measured time-coursed development stage.Inrun 0, theDVS
wassimulated;inrun 1,fabricated measured DVSdatawereusedasforcing function.
'observed' DVSdata are purely meant as a demonstration of the forcing function system
andshould notbeused for serious simulation.
Inthe 'Model/Exp.Studies' menu,selecttheset 'MYFIRST.SET' again.Now activatethe
menu option 'Switch Simulated/Forced'.FSUwill search for observed datainall theinput
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files. It will find only one variable though: DVS. In the 'Change Forcing Functions'
window that opens, move with [Tab] to the [Method] popup (the rectangular box that
reads 'Simulate'). Press [Spacebar]whenyou highlight it, andthen movewiththe [Arrow]
keys to 'Force' and press [Enter].The [Method] popup now displays 'Force'. Moreover,
the extension after the state variable DVS in the left-side box indicates ('FRC') that the
forcing function is in effect. Go to the [OK] button and press it to return to the
'Model/Exp. Studies' menu. Run the model. The model runs twice: once in its normal
state (i.e. simulate DVS) and once using the observed values of DVS in the calculations.
Since DVShasaprofound effect onmanyprocesses,youwill seeanoticeable effect onthe
simulation results.Enterthe 'View Graphs' menu option.Plot TIME against DVStocheck
outthedifferences inaquick glance (Figure2.3).
You can verify that DVShas really been forced byplotting it together with DVS_OBS.For
run 1,thelinesofDVS andDVS_OBSwillcoincide.
The effects of a longer vegetative and a shorter reproductive phase can be viewed when
youplot, for example,WSO (weight of the storage organs) or LAI (leaf area index) versus
TIME. You can also plot them against DVSwhen you are not interested in differences in
timingbut only in absolute differences atthe various values of the development stage (see
Figure2.4).

(2.4a)

(2.4b)

Figure2.4 Two methods to view effects of DVSon other state variables. In the above
graphs, the weight of the storage organs is first plotted against TIME (Figure 2.4a) to
maketiming differences noticeable. Figure 2.4b shows the absolute differences in WSO at
the same development stage. Simulated DVS was used in run 0; fabricated measured
valuesofDVSwereused asaforcing function inrun 1.
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2.4.3 Parametermodification runs
Modifications of parameters are often used to perform simple sensitivity analyses or to
compare the effect that changed values of the parameters have on the simulation results.
Three examples are presented in this paragraph, ranging from a simple change in one
parameter to asystematic modification andcombination of threeparameters over acertain
range ofvalues.
Starting with the first example, go to the 'Model/Exp. Studies' application menu. Select
the ORYZA_WZmodel and choose the 'RUWET.SET' set that you created earlier in these
exercises. Note that the 'Change Parameters' menu option is now enabled. Select this
option.After afew moments,you arepresented withalist of allavailableinput parameters
that you can alter. Select only theparameter RGRL(relative growth rate of the leaves) and
press [OK].Anew window opens inwhich youcan alter thevalues of theparameter. You
must change the value in the text field in the centre of the window,just right of the text
'Enter value'. Change the value into0.7000E-02, move to thebutton [Store this run],and
press it. Press [Definitions Ready] to signal that you arethrough with changing parameter
values.An overview window appears, showing you the additional runs youdefined. Press
[OK].
Now run the model. The model will run twice, once for the default value of parameter
RGRL (as defined in the input files) and once with a value of 0.07 for RGRL.View the
tabular output and then proceed to the graphs. Make plots of DOYversus LAI ( l e a f
a r e a i n d e x ) , DOYversus WLVG(weight of the green leaves), and DOYversusWST
(weightofthestem)andotherplotsthatyouareinterestedin.
Return to the 'Model/Exp. Studies' menu and select again the set 'RUWET.SET'.
Selecting this set will clear theparameter modifications youjust made8. Activate 'Change
Parameters' again and select STTIME (starting time = sowing date) as the parameter to
change.Inthe 'Change Parameters' window check the [X] [Range]button (movetoit and
press [Spacebar]). Enter 180 as upper limit and 140 as lower limit. Enter 5 as step size.
Press [StoreThisRun] andthen [Definitions Ready].Press [OK]intheoverview window.
Now run the model. The shell will prepare things in such a way that the model runs with
valuesof STTIMEranging from 140to 180with stepsize5.Intotal, 10runswill bemade,
of which 9 reruns. Remember that when you use the 'Change Parameters' menu option,
the first run will always be the standard/control run (with the values of the parameter as
defined in the input file). In this case, the very first run (run number 0 in the plotting
utility) will be done with STTIME = 150. View the graphs, for example DOY versus
WRRfor allrunsexceptrun0.

° It is possible to clear parameter modification without selecting the same set again. Activating 'Change
Parameters' for the second time gives you the option to select new parameters. See also Chapter 3,
paragraph 'Change Parameters' onpage44.
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The last example performs a simple sensitivity analysis. Assuming that the development
rates for the different growth phases are not correlated, you will inspect the impact of
changes in the four development rates on the simulation results. Select again the same set
'RUWET.SET' and then activate the 'Change Parameters' menu option. Choose the
following parameters:DVRI (development rateduringphotoperiod-sensitive phase),DVRJ
(development rate during juvenile phase), DVRP (development rate during panicle
development) and DVRR (development rate during reproductive phase) and press [OK].
For the parameters DVRI, DVRJ and DVRP, go to the 'Range' button and press the
[Spacebar]. Enter the following values: 0.8E-3 (upper limit), 0.7E-3 (lower limit), and
0.5E-4 (step size) for the parameters DVRI and DVRJ. For the DVRP, parameter enter
0.2E-2 (upper limit),0.1E-2 (lowerlimit),and0.5E-3 (stepsize).
The above procedure instructs FSU to prepare a so-called reruns file that contains all
combinations of parameter values. The model will systematically run with as input the
four-dimensional9 parameter space that is the result of all the above combinations. In this
case, 81 reruns will be made. Run the model now, and take a short break while your
computer does the work. When the model finishes, enter the 'View Graphs' option and
plot TIME versus WSOand TIME versus WAGto inspect sensitivity of grain yield and
biomasstoavariety of development rates(seeFigure2.5).

(2.5a)

(2.5b)

Figure2.5 Effect of development rate changes onbiomass and grain yield; Figure 2.5a
and 2.5b, respectively. The changes in timing and final yield are the result of systematic
changes in values of four parameters (DVRJ, DVRI, DVRR, and DVRP) related to
development rates.Values ontheY-axis aretonsha -1 .

9 Three parameters generate a three-dimensional parameter space (three axes, e.g. x, y and z). You can
picture this as a cube. With a little imagination, a four-dimensional parameter space can be envisioned as
a vector (row) oftheearlier mentioned cubes.
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2.4.4 Zonation runs
Go to the main menu via the 'System' menu pad and enter the 'Regional Studies'
application menu. Select the ORYZA_WZ model and set the production environment to
'rainfed upland'. Now proceed to the 'Create New Set of Input files' menu option. You
would like to know the effect of soil type on the yield. Choose ORYZA_WZ.DAT for the
crop file, P H I L 1 . 9 9 2 as the weather file, and MAY.DAT for the timer file. Now select all
the soil files, except for the PUDSxx. DAT soil files. Eighteen soil files should be selected
at this point. Press the [OK] button: the 'Current Soil file' text field shows you
'*MULTIPLE*' to indicate that more than one soil file has been chosen. Save this set as
'MURSOIL. SET', and select this set as input.
Run the model. The model will execute 18 runs, of which 17 reruns. After the model
finishes, view the tabular simulation results 'View Tables'. At the 'Regional Studies'
menu, this option does not show you the time-coursed data for the state variables in the
RESULTS .OUT file. However, in the OP. DAT file (press [Q] or [Ctrl+PageDown] to skip
to the next file in the viewer), the end-of-season results are presented. The rows with data
are in the same order as the soil files listed in the 'Set Definition' window: starting with
CLOAM.DAT and ending with SLOAM.DAT. Examine the values of WAG (weight
aboveground), WRR(weight of rough rice) and GRDUR (growth duration) and comment on
the differences with regard to the soil types. Leave the viewer by pressing [Alt+X] or
[Escape]. Take a look at the plotting facilities in this application menu. Activate 'View
Graphs'. A window opens with many options. In the 'Regional Studies' menu, the plotting
facilities are focused on end-of-season values of the state variables and not on the timesequenced data. Therefore, you will notice that three graph types are available (left top):
scatter plots, frequency plots, and cumulative frequency plots.
Note that you only ran the model for eighteen different soil types, so only 18 data points
per state variable are present. Normally, you would make more runs and hence get more
detailed and significant graphs.
Move to the button of the independent variable and press the [Spacebar]. Now move the
highlighting bar on top of WRR and press [Enter]. Press the [View Graph] button. After a
few seconds, you are presented with a frequency plot of the weight of the rough rice. Press
[Enter] to leave to graph and enable (•) Scatter plot. Select TRWCU (cumulative actual
transpiration) as independent variable and choose WRR as dependent variable. View the
graph. And, last but not least, enable the (•) Cumulative Frequency Plot and select
RAINCU (cumulative rainfall) as independent variable. View the graph. Try some more
combinations yourself.
As a next example, leave the 'Graph Options' window and move to the 'Create New Set of
Input files' again. Choose the ORYZA_WZ.DAT as crop file, LOAM.DAT as soil file,
MAY.DAT as timer file and select P H I L 1 . 9 7 9 until P H I L 1 . 9 9 2 for weather files. Save
this combination of input files under 'RUMYEAR' and select this set. Now run the model
with it. Enter again the 'View Graphs' menu option and make a number of graphs.
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Examine the differences between the years as related to the total amount of rain and
evaporation duringthegrowing season.
Another feature of the 'Regional Studies' menu is to make zonation runs with
combinations of two different inputs. For example, all combinations of a number of
weather files (years) and soil files, or all combinations of weather files and starting dates.
That last example will beworked out here.Gotothe 'Select Model Options' menu option
andmakesurethatthe 'Rainfed Upland' production environment isselected. Then createa
setwiththefollowing specifications: ORYZA_WZ .DATasthecropfile, LCLAY.DAT asa
soilfile,choose allavailablePhilippine weatherfilesandMAY.DATasthetimerfile.Now
enterarange of sowingdates(pressthe [STTIME]button):
140-160
intheboxattheleft sideofthewindow.Thiswill generate starting dates 140to 160.Goto
the [OK] button and press [Enter].The number of starting dates should indicate 21.Save
thissetunderthenameof 'MURW-TIM'andselectit.

0.8
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WRR

Figure2.6 Cumulative frequency plot of WRR (weight of the rough rice). This plot
shows the results of simulation runs using all simulated WRR values from all possible
combinations ofyear(1979to 1992)andsowing date(140to 170).
When you run the model, all combinations of starting dates and years will be used to
simulate crop growth: a little more than 400 model runs will be executed. If you have a
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slow computer, you might consider skipping this exercise. Activate the 'View Graphs'
option to inspect the results. Make acumulative frequency plot (Figure 2.6) of the weight
of the rough rice (WRR). Return to the 'Regional Studies' menu. This concludes the
exercisesonzonation runs.

2.4.5 Monte Carloruns
These multiple runs can be used to run the model a large number of times, with changing
parameter valuesdrawn inapseudo-random mannerfrom aspecific distribution. Themain
purpose of these runs istoperform risk analysis,uncertainty analysis, orjust tomake sure
that themodel performs accurately when allkindsofcombinations of parameter values are
used as input to the model. In the following example, you will examine the combined
effects of slightchanges insowingdateandwatercontent atfield capacity ontheyield ofa
ricecropatarainfed uplandproduction environment.
Go to the 'Regional Studies' application menu and select the model ORYZA_WZwith the
rainfed upland production environment. Select the 'RUWET.SET' set of inputfiles.Inthe
'Input' menu popup, activate the menu option 'Generate Monte Carlo rerun file'. A large
window appears. At the left side, you will notice a list with parameters that are available
for selection. Move the highlighting bar to the STTIME (sowing date) parameter. Press
[Tab] tojump tothe [Method] list button, press [Spacebar], and select 'Beta distribution'.
Note thatthe 'upper limit', 'lower limit', 'A' and 'B' input fields become accessible.Enter
170for valueof 'upperlimit', 140for 'lower limit', 5for 'A' and5for 'B'.
Move back to the parameter list and position the highlighting bar on top of WCFC(water
content at field capacity). Press [Tab] to move to the [Method] list button and select
'Uniform distribution'. Enter 0.6 for upper limit and 0.4 for lower limit. Press the
[Generate] button. This activates the RIGAUS program and 100 value combinations of
STTIME and WCFC are independently created according to the distributions and limits
chosen. You can view the results by tabular output [View Tables] or by graph [View
Graph]. Make frequency graphs of both STTIME and WCFCto inspect the distribution of
values10. You can [Generate] the values anew when the distribution is not good enough.
However, since 100 values were generated, the distributions should be balanced enough.
Leave the graphs and set the number of draws to 20. [Generate] the values again. Now
press to [OK, use it] button to actually use the generated values for reruns. You will be
returned tothe 'Regional Studies' menu.Runthemodel.Atotalof 20rerunswillbemade;
onaslowcomputer thismaytakeawhile.

'0 The plotting utility uses per default 5frequency classes; theresolution of the results in the graph may not
be high enough for some cases. To increase resolution, disable the [Autoscale] check button, enter a
higher number of classes,enable [Autoscale] again, and then plot.
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Figure 2.7 Examples of changes in STTIMEandWCFC on grain yieldWSO.Grain yield
isplotted in kgha-1.The datapoints lying onthe X-axis (zerograin yield) arethose cases
thathavebeen struckby severedrought (>25days),atwhich thecropisassumed todie.

When the model finishes, view the graphs. Plot cumulative frequency plots of WRR, WAG,
and WST. Use the scatter plots of the parameters STTIME and WCFC against the state
variables toexaminetheeffects ofchangesintheparameters moreclosely (Figure2.7).
Warning: a normal distribution (not used in this example) is not bound by pre-set
minimum and maximum values. If values from a normal-type distribution have to be
contained between fixed boundaries (as is often the case for model parameter values), a
betadistribution withequalAand B valuescanbeused (seeparagraph 10.1.2).
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3 FSU reference guide
J.J.M.Riethoven1
1

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands

Anin-depth description ofeachmenu pad,menu option,andwindow that ispart of FSUis
presented tothe userinthis Chapter. The information ispurely meant as areference, only
tobelooked intowhen specific questions ariseregarding acertain option inFSU,orwhen
the user seeks amore detailed understanding of the system. Because this Chapter directly
aimsattheuser,thestyle adoptedhere iswriting 'active' inthesecond person (using 'you'
insteadof 'theuser').ThismakesreadingthecurrentChapter moreeasy.
Atop-down structure is used, meaning that first abrief description is given of each menu
pad, then each menu option is discussed, andwithin each menu option, the input or action
window is described (if applicable). Some options are present in more than one menu.
Rather than to insert references to other parts of the manual, these options are described
fully whenever they are available in the menus. Furthermore, at the end of this Chapter a
description canbe found of oneof the most important windows:the item-selector, aswell
asashort introduction onhowtousetheTTSELECTutility forcreatinggraphs.
Please note that the actual Figures11 of screens and menus might differ slightly depending
ontheexact version of FSU onthe distribution disks.All snap-shots of screens and menus
havebeen madeofFSU version 2.0.Notethat 'FSU', 'shell' and 'simulation environment'
refer tothesameentity inthisChapter.

3.1 MainMenu
Theveryfirstmenuthatyouwillbeshownis,obviously,calledthemainmenu.Thismenu
offers somegeneral services andanentrancetotheapplication menus.

3.1.1 File
At this menu pad (see Figure 3.1), you will find some options that are classified as file
handling. Also, the 'Quit Shell' option is located within this menu pad. This version of
FSU only has a rudimentary set of file-handling options built in, the listed project
commandsonlyrefer toone(special) file.
1

' Since the Figures of menu options and windows in this Chapter are printed in two colours only,
information has been lost regarding the differences in colour or intensity of several items (e.g., 'dimmed'
or disabled items). On screen they display much better; the Figures should be taken as a reference only
and notas an accuratecopy of the screen.
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Figure3.1 The'File' menupopupanditscontents.

The shell features a special file that allows youto save all current active settings (e.g.,
model name,what modules, names ofthe input files, etc.).This so-called project filecan
beusedtorestorethesettingsatalatertime.Forexample,savingthesettingsattheendof
the daywill allow youtorestore themthenext day, tocontinue working without needto
selectanew.
Thereisonlyonelimitationatthistime:onlyoneproject file canbecreated.

NewProject
The 'New Project' menu option will resetallpreviously madeselections(ifany). So, after
executionofthiscommand,nomodelorinputfile isselected,typeofproduction levelwill
beresettoitsdefault valueand all(result)filesthat arelocatedinthe working areawill be
erased (goneforever).Youhavetotakecautionusingthisoption,ifyouhaveanyunsaved
result files in the working area12. See also menu options 'Save Results' and 'Restore
Results'.

Open Project
You canload theproject file (previously saved settings) when youactivate this option.
Normally,FSUdetectsthepresenceofaproject file during startup,andyou willbeasked
toeither loaditorignoreit.Ifyou accidentally chooseorpressthewrongbutton,you can
use this option toreload thepreviously saved settings as selections. Remember thatyou
can only restore settings if you have either explicitly saved them using themenu option

' 2 FSU uses a special working area to store its intermediate files: the files that are needed to control the
correct execution ofthe models andtheresult files. Nodata files (forexample, crop or weather files)are
stored inthis area,sonoaccidental deletion ofprecious (input) data will occur.
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'Save Project' or if you answered [Yes] when the shell asks whether you want to save the
settings (prior to exiting the simulation environment).
The 'Open Project' menu option is disabled if the project file PROJECT. PRJ does not
exist.

Save Project
This menu option allows you to save a complete session, including all settings (model,
modules, input files etc.) and the menu status. It enables you to make a safety backup as
your work progresses and to save vital information at the end of a workday to continue
next day.
In this version of FSU, only one project file exists, called PROJECT. PRJ.

Delete Project
If you want to delete the project file, use this menu option. It will not affect selections and
settings currently active in the simulation environment, it only removes the file. In case the
project file PROJECT. PRJ does not exist, this menu option is disabled.

Edit A File
It can be quite handy if there is an option from within the shell to do some quick
modification of input files. This menu option will let you do exactly that. When you
activate 'Edit A File', a window opens that bears some similarity to the Item Selector and
enables you to choose a file for editing (see paragraph about 'The File Selector' for
detailed information on the workings of this window). After you choose a file, the 'File
Selector' window disappears and a new window opens. The latter presents you with the
contents of the chosen input file, and you can make any change you like. Note that this is a
very crude way of editing files, so do not expect much options like 'cutting' and 'pasting'
text. All text-based files (plain ASCII) can be edited with this option; you are not limited
to editing files that arepart of the FSU environment or its models.
Pressing [Escape] will close the window without saving changes; [Ctrl+W] saves the
changes first and then closes the window.

Quit Shell
Activating this option obviously lets you leave the simulation environment. Before it does,
however, you will be asked to confirm your action. If you still want to quit, and if any
changes have been made during your session, the shell asks you an additional question: do
you want to save the changes that you have made to a project file, or not? See also 'File'
and 'Save Project' menu options.
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The 'Quit Shell' menu option hasahotkeyassignedtoit: pressing [Alt+Q] also leaves the
shell.

Debug Screen
To display a window with information that gives a general idea of theconfiguration of
your computer system, press the 'Debug Screen' menu option. Whenever you have to
consult with the author of FSU concerning abugor an 'undocumented feature', please
activate this window and provide the information listed on this window to the author
together with acomplete problem description (seealso paragraph 1.6, 'Getting help',on
page 10).

=DebugWindow=
Masterprogram :C:\USR\JEANJACK\DEM0\C0ME-0N\SCHIL.EXE
Started from :C:\USR\JEANJACK\DEM0\C0ME-0N\
Memavail (conv)319488
FoxEMSMemUsage :00
CONFIG.SYSFiles= 160
FoxMem
:614400
AvailableDiskSpace:41730048
ObjectUse
:84032
OS:DOS06.20
Platform: MS-DOS
Graphics Card :VGA/Color
COMSPEC :C:\D0S\C0MMAND.C0M
Processor
:80486
PATH
C:\DOS;C:\USR\UTIL;C:\SYS\UTIL:J:\SYS\UTIL;J:\WIN\MSXLIBS;K:\PC
APP;K:SDECNET;C:\SYS\F77;C:\SYS\RCS;..
FSUVersion2.0

dated

11/11/1995

OK

Figure3.2 The'Debug' window displaysthecomputer configuration.

3.1.2 Applications
This menu pad(seeFigure 3.3) isthe main entrance tothe separate studies that can be
done with the crop models. Only two options are implemented at this moment:
model/experimentstudies andregional (zoning)studies.

Applications
Regional s t u d i e s
strategic Studies
Use D a t a b a s e
Model Modifications
Figure 3.3 The'Applications' menupopup.
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Model/Exp. Studies
Activating this menu option will lead you to the menu that can, in general, be used to
compare model output and field (experimental) data. This includes using experimental
data as forcing functions, incorporation of several modules into one model (potential
productions, N limitations, photosynthesis, water balance), plotting of model data versus
experimental data, reruns with same input files but with user-defined modifications in
selected parameters.

Regional Studies
The 'Regional Studies' menu will let you use a model to do research in (for example)
expected yield for a whole range of varying conditions, like soil types, weather, crop and
varieties, and management options. Select a maximum of two types of conditions to vary
and let FSU generate the reruns file for you. After running the model to simulate all these
conditions, inspect and analyse the output by (cumulative) frequency or scatter plots.
Another feature is to use this menu to perform sensitivity, uncertainty, or risk analysis via
the embedded support of the RIGAUS program (see Chapter 10).
The generated result tables can be loaded into your favourite spreadsheet or statistical
package for further number crunching.

3.1.3 Help
If you like more information about FSU, or if anything is unclear to you, select this menu
pad. The 'Help' menu pad gives you access to the 'Help Index' and the 'About FSU' menu
options.

Help Index
Pressing this menu option enables you to review all the topics that are available in the online help file. Topics range from general notes about the user-interface to detailed
information on menu options and windows. The help topics cover roughly the same
information as given in this Chapter, only in less detail. You can scroll through the help
index (Figure 3.4) by using the [Arrow] keys. When you encounter the topic you have
searched for, press [Enter] or double-click with the mouse or [Spacebar] to read the help
text. Take note of the first part in the help index: it contains the copyright notice as well as
a brief overview of any changes that might have been made to FSU or the documentation
after publishing this booklet.
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ûippli c a t ions

• Using Help
• Doc changes since printing
• History (technical!)
===== General Topics
===
•
Configuring FSU
1
The User I n t e r f a c e
1
Using the I t e m - S e l e c t o r
• References
• Acknowledgements
— — D e t a i l e d Help =====
About FSU
About FSU Window
A Personal Touch
Change Parameters
Change Parameters Window
Create New Set(s)Of Input Files
Help

Figure 3.4 Anexampleof the 'HelpIndex' screen ofFSU.

Select [Topics] to return to the list of help topics, use [Next] and [Previous] to walk
forward and backward to the help texts (see Figure 3.5). Some help topics are crossreferenced. This means that a similar or a related help topic is present in the list of help
topics. The [See also] button can be used to display a short list of the related topics.
Choose oneofthesetopics andyou arepresented withthecorresponding helptext.

Topics
<

H

Change Parameters Window

Next

<Previcious>
<Look Up >

This window enables you to define reruns based upon the
modification of parameter values.
The box at the left of this window lists the parameters and
their current values. If more than 10parameters are selected
to be modified, you can use the arrows at the right side of
to scroll through the list.
he values of the parameters. If you are satisfied,
current settings by pressing [Store This Run].You
e to do this also if this is the last rerun! If you
don't, pressing [Definitions Ready] will cause a warning to
pop-up. It will let you choose between either leaving the
'Change Parameters Window' and subsequently losing the last
changes, or returning to the window.
You can also supply a range for a parameter. In that case,
activate the [XJ range checkbox. The normal value input field
will be disables, and thre others will light up. Use these to
enter maximum, minimum and the stepsize. When you store the

Figure 3.5 Anexampleofahelptopicwith cross-references.

You can close the 'Help' window by pressing [Escape] once. Mouse users can 'Zoom' or
'Resize' the window. See Chapter 1,paragraph 1.3.5, on how to do this. Keyboard users
can maximisethe 'Help' window bypressingthe [Ctrl+F10]key combination.
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AboutFSU
This menu option will show you a window (Figure 3.6) with some basic information on
FSU and the primary contact persons. Note that a larger list of contact persons can be
found inthe 'HelpIndex',inoneofthevery first topics (copyrightnotice).

=AboutFSU=
WelcometoFSU (FSeUsei—interface)
(c)1992-95AB-DLO/IRRI/WAU-TPE
Info:J.J.M.Riethoven,H.F.M,tenBerge
AB-DLO
P.O.Box14
NL-6700AA Wageningen.
THENETHERLANDS.
FSUVersion
2.0 ,dated11/11/1995.
Releasestatus
Releaseversion
FreeMemory
312Kbytes.
Processorused
80486
GraphicsCard
VGA/Color
«OK»
Figure 3.6 The 'AboutFSU' window.

3.2 Model/Experiment StudiesMenu
To compare model output and field (experimental) data, the 'Model/Exp. Studies' menu
should be used. Besides comparing model output withfielddata, this menu also offers the
functionality of using experimental data as forcing functions, incorporation of several
modules into one model (potential production, N limitation, alternative photosynthesis
routines, water balances), plotting of model data versus experimental data, reruns with
sameinput files butwith user-defined modifications in selected parameters, and soon.As
you will see when you enter this menu, a status text is displayed on the screen. It shows
your current active selections, like for example the name of the model you chose, which
input files are selected, and what type of run is about to be executed. At all times, this
statusmenureflects thecurrent selections.

3.2.1 System
Four general-purpose functions are located at this menu pad: 'Main Menu', Quit Shell',
'Simulation Controls', and 'Edit AFile'.
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System • M B H a ^ l 1 III M
cuUH

nenu

I

Simulation Controls
ödi t a f i l e
Fore.Func.
Runtype

ions
None
Undefined

Figure 3.7 Anoverview ofthe 'System' menupad.

MainMenu
The 'Main Menu' option returns youtothe main menu. All selections andoptions thatyou
have selected will remain active. So, if you decide to return to the 'Model/Experiment
Studies' orchangeto 'Regional Studies',youcancontinue working withthesamesettings.

QuitShell
Activating thisoption obviously letsyou leave the simulation environment. Before itdoes,
however, you will be asked to confirm your action. If you still want to quit, and if any
changes havebeen made during your session, the shell asksyou whether you want to save
thechangesyouhavemade.Seealsothe 'SaveProject' menu option.
This menu option has a hot key assigned to it: pressing [Alt+Q] also activates the 'Quit
Menu' option.

Simulation Controls
FSU uses some built-in defaults in the way it controls the behaviour of the actual
simulation of models.Often, these defaults arerelated tothetypeoramount of output that
isproducedby amodel.
The 'Simulation Controls' window (seeFigure 3.8) enables youtooverride these defaults.
Options are grouped by application. For the 'Model/Experiment' menu, there is only one
setting that is of interest: whether or not the menu model options override the set-defined
model options. Normally, when you select a set of input files, the exact values of the
model options are taken from the set. When you run the model, those model options are
passed to the model. It is possible to override the model options for a single set: after
selecting thesetof inputfilesyou must enterthe 'Model Options' menu option andchange
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the model options before running the model. When running the model, the just changed
menu model options will bepassed to the model instead of the model options stored inthe
set.This procedure works only when one set has been selected. In the case that more than
one set of input files has been selected, per default only the very first set in the sequence
can be changed where model options are concerned. If you want the same model options
for all selected sets of input files, make surethat inthe 'Simulation Controls' window,the
first option is checked. When this 'Menu model options override set-defined options'
button is activated, the actual menu model options are taken and passed to the model
instead oftheoptions that arestored ineach setofinput files.
See also the 'Select Model Options' and 'Select Existing Set(s) Of Input files' menu
options.

»SimulationControls»
Global Preferences for simulation and output.
I Model/Exp. Studies:
C]Menu model options override set-defined options
(during runs by multiple set selections)
-Regional Studies:
[ ]Write time sequence information toRESULTS.OUT
[X]Delete temporary file after model runs
-Generic options:
[ ]Use predefined RERUNS.DAT file
OK »

<Cancel>

Figure3.8 The 'Simulation Controls' window.

Another option thatcanbeinteresting inthe 'Model/ExperimentStudies' menu isthe 'Use
predefined RERUNS.DAT file'. When this option is checked, the shell will use a userdefined file that specifies thenumber of reruns that should bemade with amodel andhow
each run differs from the other runs. This is especially useful when you have a numberof
data sets that you wish topresent at ademonstration, or when you alwayswant amodel to
run using specific sets of changes incertain parameters. After you check this option, goto
the 'Create New Set(s) of Input Files' menu option: the 'Set Definition' window includes
anadditionalbuttonnow,withwhich youcan select apre-defined rerunsfile.
Refer to Chapter 8 for a discourse on how the FSE system (in which the models are
programmed) usesthe RERUNS.DATfile,andtoAppendix 2onhow tosetupFSUtouse
thesepredefined rerunfiles.
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Edit A File
It can be quite handy if there is an option from within the shell to do some quick
modifications of input files. The 'Edit A File' menu option will let you do exactly that.
When you activate 'Edit A File', a window opens that bears some similarity to the Item
Selector and enables you to choose a file for editing (see paragraph 3.5 about 'Selector' for
detailed information on the workings of this window). After you choose a file, the 'File
Selector' window disappears and a new window opens. The latter presents you with the
contents of the chosen input file, and you can make any change you like. Note that this is a
very crude way of editing files, so do not expect any options like 'cutting' and 'pasting'
text.
All text-based (plain ASCII) files can be edited with this option; you are not limited to
editing files that are part of the FSU environment or its models.
Pressing [Escape] will close the window without saving changes, pressing [Ctrl+W] will
save the changes first and then will close the window.

3.2.2 Model
Menu pad 'Model' lets you select a model and choose several options with regard to the
model (if implemented) that can be used when you start a model run. Options are part of
the model proper, and not of the shell. See also Appendix 2 for detailed information on
adding and configuring models.

Select Model
The 'Select Model' menu option presents you with the Item-Selector (see paragraph 3.4)
and lets you choose from the models listed. When available, you can get information about
a model by moving to the desired model, then [Tab] to the [Info] button and press it. A
window should open with some information about the model. Depending on the author of
the text, this may range from very basic information to long background stories about the
history and complete context of the model.
To select a model, move the highlighting bar over the name of the model, and press [Enter]
or double-click the mouse to select. Press the [OK] button to activate your selection.

Select Model Options
Some models incorporate different production environments or alternative formulas for a
certain process. These can be set in this menu option. Note that this option is only
available when you have previously selected a model. After activating this option, a
window will pop up and present you with a list of available options. This list may look like
Figure 3.9, or it may have another structure and show you first some main groups in which
you can activate certain settings (Figure 3.10).
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=SelectModeloptions=

<•> Use SLfland measured ULUG
< >UseSLA andsimulatedULUG
<Back.->
<)Use measured In(LAI> us.TS
<>Includerelative growth rate forexponentialphase

« OK »

<>Use of measuredLAI
<Cancel>

Figure 3.9 Anexample oftheactualmodel optionsthat canbe selectedbytheuser. This
particular screen is configured bythe ORYZA_Nmodel (Drenth et al, 1995),which is not
part ofthestandard distribution ofFSU.

In the above Figure 3.9, you move to the setting of your choice and press [Space] to
activateit. [Back..]letsyou goonelevel uptotheprevious screen.Ifthe [More..]buttonis
selectable, the option you selected has more settings available. Press [More..] to show
thosesettings.
=Select Modeloptions=

< PRODUCTION LEUEL>
< PHOTOSYNTHESIS >
<

LEAF AREA

>

< SINK LIMITATION

>

«

OK »

<Cancel>

Figure3.10 An example of some main sections of the model options. This particular
screen isconfigured bythe ORYZA_Nmodel (Drenthet al., 1995),which isnotpart ofthe
standard distribution ofFSU.

Inthe second typeof screen (mostly used inmorecomplex models),you movetothepush
button of your interest (for example [Production Level]) and press it. You will be
presented with anew screen with model options, all related to the topic of the button you
just pressed. When you have made all the necessary modifications, press [OK] to accept
thechangesyoumadeorpress [Cancel]toundo.
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Note that the manner in which model options are presented to you is the responsibility of
the model developer. A model has to be properly documented and configured to be
installed in the shell. See Appendix 2 for further information.

3.2.3 Input
After you select a model, the 'Input' menu pad becomes available to you. Use the 'Input'
menu pad to create sets of input files, to select these sets or to create a reruns file based on
parameter modifications. A set is a small file used by FSU to keep track of the
combination of input files and model options that you wish to run the model with. When
given a descriptive name, a set can alsobe used to quickly retrieve specialised input.
The steps to take in selecting your input are to first create a set with the 'Create New Set
Of Input Files' menu option, and then to select that set using menu option 'Select Existing
Set Of Input Files'.

Create New Set(s) Of Input Files
After you select a model and its options, this is the second step you should take if you do
not have a prefabricated set of input files. The 'Create New Set(s) Of Input Files' enables
you to select the various input files and store that specific combination of input files for
later use. Together with the combination of the input files, the current settings of the model
options are also stored.
The types of input files that can be selected are model-dependent. Some models only need
weather and crop data, others also need soil data or cultivar data of a second crop. The 'Set
Definition' window only lists those types of input files that are relevant to the current
model. Figure 3.11 displays a typical example of the 'Set Definition' window.
The push buttons on the left-hand side of the 'Set Definition' window consist of the
[Experimental Info] button and a number of buttons named after the type of required input
files. In the above example these types of input files are [CROP], [SOIL], [WEATHER],
and [TIMER]. Pressing the buttons related to input files gives access to the Item-Selector
and lets you choose the files that belong to that specific type of input file.
The [Experimental Info] button presents you with a list of files. These files can be used by
researchers to describe experiments or treatments in detail. Selecting one of these files will
open a window with the contents of this file. The window can be moved or re-sized (for
mouse users) in such a way that both the content of the window and the 'Set Definition'
window are shown on the screen, making it easy to use the information within the first
window to choose input files accordingly in the latter.
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=Set Definition
experimental Info>
<

TIMER

<

SOIL

<

CROP

<

WEATHER

>
>
>
>

IRL0W-88.SET

Last set saved
Current timer file

TORYZ_WZ.DAT

Current soil file

PUDS10.DAT

Current cropfile

ORYZA_WZ.DAT

Current weather file

PHIL2.988

« SaveSet »

<

Exit

>

Figure3.11 The 'Set Definition' window.

As soon as you have chosen a file in one of the input file-related buttons, the actual file
willbe shown attheright side of the window. Press the [Save Set] button to store the set.
You will be asked to enter aname for this set. Use an easy to recognise name, preferably
related to the selected conditions, cultivar or site. Press the [OK] button to save. If a set
already exists withthesamename,you arepresented with achoice:eitheroverwrite (press
[Yes]) or choose another name (press [No]). Note that in a set, besides the input files
needed torunthemodel,special optionsrelatedtothemodel arealso stored automatically.
These options are chosen via the 'Select Model Options' window. If you want to make
sure that the model runs with the preferred options, then you have to select the model
options first, andthencreatetheset.
After you havesaved aset,youcaneitherdefine anext setorpressboth [Exit] or [Cancel]
toleavethe 'SetDefinition' window andtoreturn tothe 'Input' menupad.

System IMEE1

ins

iMaia

Menu MODEL/EXP. STUDIES
Currently active selections:
Model name

: ORYZA_WZ.EXE

Forc.Func.
: None
Runtype
: Single
Selected set
: IRLOW-88.SET
I n p u t f i l e s i n s e t : TORYZ_WZ.DAT, PUDS10.DAT, ORYZA_WZ.DAT, P H I L 2 . 9 8 8

Figure 3.12 Anexampleofthestatus screen,showingtheactivesettings.

43

SelectExisting Set(s)OfInputFiles
Whenyou activatethismenuoption,theItem-Selector window appears.You nowhavethe
opportunity to select the set (of input files) you want. If you do not remember exactly
which set to use, press the [Info] button to examine the contents of a set (see also
paragraph 3.4).
If you already made aprevious selection of a set, and then press the menu option 'Select
Existing Set(s) Of Input Files' again, a window appears. This window warns you that
selecting anew set will undo yourprevious selection. You can press [No] to exit or [Yes]
tocontinue.Byselecting anew set,youwill seethat (part of) thecontent of the setwill be
shownonthescreen (seeFigure 3.12) and alsothetypeofmodelrun.
You can select more than one set in the 'Model/Exp. Studies' menu. After a model run,
you can compare the results of the different scenarios defined in the sets by the 'View
Graphs' menu option.

Change Parameters
The analysis of the important processes in a model can be greatly aided by being able to
compare two or more runs with different values for major parameters. This menu option
lets you select a few parameters that you want to modify, and then offers you the
opportunity to actually change those values. By running the model, first the standard
values of the parameters (as they are defined in the input files) are used to simulate, and
thenevery nextmodelrunwillusethemodified parameter valuesinserted.
Forexample,ifyouwould liketoknowtheeffect of avariableXonthemodel output,you
select this variable and then enter a wide range of values for this parameter. Each new
value symbolises a new model run. After executing the model, you can compare output,
eithergraphically orbytabularmeans.
When you press the 'Change Parameters' menu option for the first time since selecting a
set, the shell first converts the data files to another format for quick access. The screen
reads 'Converting data files....' and shows you the name of the data file currently being
converted.
After thisprocess completes,there aretwopossible pathways.Inthefirstcase,you didnot
make a selection of parameters to modify yet. You will be presented with a list of
parameters from which you can choose. In the second case, you have already made a
selection of parameters and entered some modifications of them, and you have three
choices (a window pops up to let you confirm one of the choices) to continue. You can
choose a complete new set of parameters, thereby deleting any parameter value
modifications that you made earlier. Press the [Parameters] button to do so. The second
choice is to use the current selection of parameters but erase the modifications of the
parameter values themselves. Press the [Values] button to start defining the values for the
firstrerun. The last choice is to both use the current parameters and to add to the existing
listofparametermodifications. Tomakeitso,pressthe [Append]button.

44

After selecting the parameters that you like tomodify (thefirstcase mentioned or the first
choice of the second case), press [OK]. A new window opens (see Figure 3.13) in which
youcanchangeparameter values and savethese.Notethat modifications oftheparameters
arenotwritten totheoriginal inputfilebut arekept secure byFSU.Justprior tothemodel
run, the shell will extract the parameter values and write these to the reruns file. So the
reruns file always contains the changed values, and the first model run is the standard run
usingtheoriginaldatafiles.
»ChangeParameters»
TKLPI =200.000
WCSTP = .520000
SSGATB =ARRAY

Sreruns defined: 2
Total #reruns :2
Entervalue :238,638
CX] orrange:210
180
5

<Delault All >

I

<

(upper limit)
(lower limit)
(stepsize)
" Storethis run »
<DefinitionsBeady>
iancel

>

Figure3.13 Anoverview ofthe 'Change Parameters' window.

Theleft sideof thewindow shows abox with parameter names and actual values. Usethe
cursor keys to select the parameter for which you like to change values (move the
highlighting bar ontopof theparameter).Movetothe valuesfieldbypressing [Tab].You
can change the value now.If the parameter you select is in fact atable instead of asingle
value, you will not see the actual value in the box at the left side of the window. The
phrase 'ARRAY' will be displayed, and you can only view the contents by moving the
highlighting bar on top of the parameter. The large box at the mid-bottom of the window
canbeusedtoeditthevaluesofthetable.
Thepush button [Default All] that is placed right underneath the parameter list box resets
all parameter values to their default (i.e., as they are listed in the data files). This can be
handy when you make systematic changes to a large number of parameters. At the right
bottom part of the window three push buttons are placed. You use [Store This Run] to
store the parameter values currently listed. The number at the top right of the window
('#runs') should increase,aswell as 'total #runs'.Thefirstrepresentsthenumberof reruns
defined in this session, and the second the total number of reruns. Most of the time, these
numbers equal each other, but whenever you [Append] to an already existing parameter
modifications list, these numbers may differ. Press [Definitions Ready] when you finish
making changes. If any changes have been made since the time you last saved (since
pressing [Store This Run]), you will be warned and given the opportunity to return to the
'Parameter Modifications' window. Anew window (seeFigure 3.14) will open andlistthe
modified parameter values andthererun numbertowhich theybelong. Ifoneoftherunsis
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not to your liking, you can delete it by moving over one of the parameters and pressing
[Delete Run]. [Cancel] will discard any changes made to the parameters during that
particular session (youbegin anew session whenyoupress [Append];seeabove).Changes
madeinprevious 'Change Parameter' sessions will remain intact. Press [OK] toaccept the
reruns asthey arelisted.
Parameter List

TKLPI
WCSTP
SSGATB
TKLPI
WCSTP
SSGATB

= 180-210,run1
= .520000,run 1
=Array mod., run 1
= 180-210,run 2
= .520000,run 2
=Array mod., run 2

tot runs:2

<ieleteRun>

m
< Gancel >

Figure 3.14 The 'Parameter List' window. Thiswindow enables you toremove incorrect
reruns.

The 'Change Parameters' window is also capable of automatically generating a whole
sequenceof values for aparameter (except for the 'table' or 'array' kind ofparameters and
variables). Skip to the 'range' check box and press [Spacebar]. The box is now checked
(see Figure 3.13) and three new fields are enabled: 'upper limit', 'lower limit', and 'step
size'.Enterthesevalues andpress [StoreThisRun].Ifyouentered anincorrect value(e.g.,
upperlimit isless thanthelower limit orthe step size is zero ortoo small), awarning will
be displayed. In that case, the run will notbe stored: you must correct the values first. For
example, entering 0.80 as upper limit, 0.30 as lower limit, and 0.1 as step size will
generate the following sequence when you run the model: 0.30, 0.40, 0.50, 0.60, 0.70 and
0.80. The upper and lower limit will always be included in the generated range; the
maximumnumberof stepsequals20.
You can activate more than one parameter with ranges. In that case, all combinations of
values are generated, thus creating a systematic overview of the parameter space. For two
parameters, theparameter spacecanbe visualised as aplane; for three, acubic; for four, a
planeofcubics;andsoon.
An example for two imaginary parameters, Aand B:Ahas upper limit 10, lower limit 2,
and step size 4; Bhas upper limit 5, lower limit 2, and step size 3. The generated reruns
(thecombinations ofthevaluesof theseparameters) file lookslikethis:
A = 2; B = 2
A = 6; B = 2
A = 10; B = 2
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A = 2; B = 5
A = 6; B = 5
A = 10; B = 5
This feature of being able to make these kinds of combinations is a powerful tool for
systematically examining the scope of model output with regard to fluctuations in
parametervalues.
Note that the 'Change Parameters' menu option is dimmed (disabled) whenever reruns
(otherthanrerunsbyparameter modification) areactive.

Switch Simulated/Forced
This option is a very good tool for validating certain parts of a model. Basically, it boils
down tothequestion of whether tosimulate astatevariable ortouseobserved data during
(parts of) the simulation. However, the selected model needs to be prepared to use this
feature (seeAppendix2).
When youpressthe 'Switch Simulate/Force' menu option for the first time since selecting
aset,FSU first converts thedata files toanother format for quick access.The screen reads
'Converting data files....' and shows you the name of the data file currently being
converted.After thisprocessiscompleted, anewwindow opens(seeFigure3.15).

ANLV
ANRT
ANSO
ANST

LAI

WLVD
ULVG
URTL

USO

WSTS

FRC
SIM
SIM
TRG
SIM
SIM
SIM
SIM
SIM
SIM

-ChangeForcingFunctlons=
Method
Observed valuesofANLV
1988.0,344.00,1.4800,
FORCE
1988.0,362.00,10.320.
1989.0,3.0000,18.790,
<iefault>
1989.0,10.000,27.430,
1989.0,17.000,30.740,

« m

T r i g g e r i n g t a b l _ f o r ANLV
1900.0,1.0000, 00000,
2000.0,1.0000, 00000

<SEancel >

Figure 3.15 An overview of the simulate/forcing window. This particular screen shows
available state-variables asthey are defined inthe ORYZA_N(Drenth et al., 1995)model,
whichisnotpart ofthestandard distribution ofFSU.

In the above window, the leftmost box presents you with alist of state variables of which
you can choose the simulation mode. This mode can be set to simulate ('SIM'), to force
('FRC'), or to trigger ('TRG'). The first mode is the default: the state variable will be
simulated whenyourunthemodel.Thesecondmethodwillnotsimulate thestatevariable,
but will usethe observed data instead tocalculatethe value of the state variable at agiven
time. Between data points, a linear interpolation will be performed to estimate the value.
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The last method is a mix between the two: it enables you to force or simulate state
variables for timerangesthatyoudefined. Thisprocedure willbeexplained later in greater
detail.
Asyou can see inthewindow, apopup button isplaced between theboxes. Itreads either
'SIMULATE', 'FORCE', or 'TRIGGER'. You can use thisbutton tochange the simulation
mode of the current selected state variable (the one with the triangular sign in front of it
and highlighted by the selection bar). For example, in the above window you could move
tothe state variableANST,then press [Tab]tojump to the 'Method' popup,press [Space]
andactivatethesetting ofyourpreference. Thelistontheleft sideisautomatically updated
soitalwaysdisplaysthecurrentsettings.
At the right side of the window, two boxes are displayed. The top box lists the current
observed data that are available for the state-variable, the second box lists triggering
information (see later). The first two columns in both boxes are of the same type: year
separated withacommabydayofyear (Julian date).Thethird column showsthe observed
value or the triggering method (in case of the triggering information). You can edit the
values that are listed. Modified values are used when you run the model. However, these
modified values are not written to the original input files, but are kept by the shell.
Whenever you enter incorrect information in one of the edit boxes, an alert window will
present itself with information on the error. You have to correct the error before you are
abletoleavetheeditbox.
The [Default] push button will restore the original values into both observed data and
triggering information edit boxes for the currently selected state variable. Press [OK] to
use the settings for the listed state variables, press [Cancel] to discard any changes you
made.
When you press the 'Run Model' menu option, FSU will create a rerun file with the
modified simulation modes (and observed data) of the state variables. Thus a model will
runtwice: onceusing theoriginal dataand simulating thestate variables and asecond time
with (possibly changed observed data and) the new simulation mode. The results of the
simulation can thenbecompared usingtabularorgraphical output.
The triggering information needs some more explanation. There are three triggering
modes: simulate (value =0),force (value = 1),and reset (value = 2).The first two modes
are in effect until another simulation mode is encountered in the triggering list. The third
mode (reset) will realign the value of the state variable with the observed data and then
continue with simulation. For example, let us say that the triggering table for a state
variableWLVG lookslikethis:
1988.,344.,
1989.,16.,
1989.,20.,
1989.,32.,
1989.,60.,
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0.,
1.,
0.,
2.,
1.

If you set the state variable to triggering, then the following will occur during the
simulation of WLVG.At the start of the second simulation run, WLVGwill be simulated
normally. When time reaches day 16 of year 1989, the value of WLVGwill represent the
observed valuesfrom there on until wereach day20,atwhich normal simulation ofWLVG
will proceed. At day 32, the value of WLVGwill be reset to the corresponding value of
WLVGintheobserved data table and then normal simulation will continue. And at the last
part of the simulation, theobserved values ofWLVG areagain used in the model.Thereset
option can be quite handy if you like to realign the model to a state variable of central
importance eachtimethat observation hasbeenmade.
Read also Appendix 2, the paragraph about 'OBSSYS: simulate/force system' for more
information on setting up this simulating/forcing system in existing models and how to
organiseyourdatafiles accordingly.

3.2.4 Run
The 'Run' menu pad has only one menu option, 'Run model', and can only be activated
whenbothamodelandasethavebeenchosen.

RunModel
When you choose this option, awindow appears and asks if you are surethat you want to
run the model. Press [Yes] if you are, otherwise press [No]. If you press [Yes], FSU
checks if the necessary input files are available and updates or generates other required
inputfiles forthemodel.ReadAppendix4tolearnmoreaboutthis.
Onsuccessful completion oftheaboveprocedure,themodelwillbeexecuted.

3.2.5 Output
One of the most important menu pads is the 'Output' menu pad. This pad enables you to
take a peek at the output data the model generated and makes it possible to show some
basictypesofgraphs.

Store Output!
After youhaverunthemodelandaresatisfied withthedataitproduced,youmightwantto
store the output of the model. This enables you to use external packages like statistical
programs or professional plotting packages for further data analysis and it keeps the data
safe. Especially the last, sinceFSU will clean upthe working areaeachtimeyou leavethe
shellorchooseanother setormodel.Cleaning will irrevocably erasetheoutput datawhich
amodelhasproduced,except ifyouhavesaveditpreviously.Inputdataarenot affected.
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To save data, activate menu option 'Store Output!' and then type a name under which you
like to keep your data safe. The name will be used to create a directory in the save path
(see Appendix 4) and to copy the data to this directory. If such a directory already exists,
and data are already stored into this directory, the shell informs you about this and asks
you to either overwrite the data already stored or to [Cancel] and try another name. For
your information, a maximum of five files will be displayed that are at risk of being
overwritten.

Restore Output!
Sometimes you wish to re-examine some output of a specific model run. Choose the menu
option 'Restore Output!'. An item-selector pops up and shows you a list of names. These
are the names under which you saved the output, with an extra extension of ' . SAV'. So if
you saved under the name 'IRLOWLAN', choose 'IRLOWLAN.SAV' to restore your data. If
you have never stored any data, FSU informs you of your mistake. Also, if data files are
still located in the working area, the shell displays a warning message and asks you if these
files can be overwritten ([Yes]) or not ([Cancel]).
After FSU restores the output files, you can re-examine them by the 'View Tables' and
'Graphs' menu options.
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Figure 3.16 The 'View Tables' menu option shows the contents of the output files. In the
above example, the primary simulation results are shown (file RESULTS . OUT).
View Tables
After a successful model run, several files are present in the working area that are part of
the model output. These files are RESULTS .OUT,RESULTS .LOG,WEATHER.LOG, and
OP.DAT (optional). The first file is always generated, but only after a single run will this
file be of interest to you. It lists the output variables for each time step. The
RESULTS.LOG file contains messages from the rest of the model (e.g., an overview of
warnings that have occurred, and in case of multiple runs it also logs the replacements of
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parameter values). The headers of the weather files are listed in the WEATHER.LOG file,
together with warnings and errors from the weather system (only if applicable). The last
output file will only be present if a model has been set up to facilitate the outputprocessing routines that are generally affiliated with the 'Regional Studies' menu. It
contains the end-of-season values for some important state variables. Please read
Appendix 2, the paragraph about 'OPSYS: end-of-season values system' for more
information on this subject.
When you activate menu option 'View Tables' a viewer 13 will be started. This viewer
shows you the contents of each output file. An example of the output can be seen in Figure
3.16.

View Graphs
If you wish to display the results of a model run in a graph, choose the 'View Graphs'
menu option. FSU uses the TTSELECT plotting utility to create graphs. For detailed
information on the TTSELECT utility, refer to paragraph 3.6 on page 70.
State variables can be plotted against time (Figure 3.17) or against each other to examine
possible correlations. More than one state variable at a time can be plotted against the
independent variable, so comparisons between variables are easy to display. In the case of
multiple runs (for example, due to parameter modifications), the results of every run can
be plotted at the same time to reflect the effects of different input on the model output.
On most systems it is not possible to print a graph directly from within FSU. Refer to
Appendix 1on how to set up your system to facilitate printing of graphs (hard copies).
When you use 'Retrieve Output!' and then 'View Graphs', you might run into minor
problems. FSU does not store the settings when you use 'Store Output!': it only saves the
output files. Hence, FSU cannot know what type of run you performed to get that output,
and so it also does not know what kind of graphs should be activated. You might, for
example, run into messages from FSU saying 'Did you really run the model?' because it
cannot find the binary output file RES. BIN (in case you retrieved results from a 'Monte
Carlo' rerun). The trick to circumvent this is based on reconstruction of the conditions
prior to the model run that created the output. For a multiple run based on 'Monte Carlo'
distributions that means selecting a model (any model), a single run set, entering the
'Generate Monte Carlo Rerun File' menu option, selecting a dummy variable, press
[Generate] and [OK, Use it], and finally activating 'View Graphs'. This will show you
again the specialised graph window for multiple runs.

13

FSU uses an external viewer for this purpose, the List 7.1a program by Vernon D. Buerg. At the top of
the screen, you note the filename. Use the [Arrow] keys to scroll through the file. [Ctrl+PageUp] and
[Ctrl+PageDown] listtheprevious and next file, respectively. [Alt+X]or [F10] leaves the viewer.
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Figure3.17 AnexampleofagraphcreatedbyTTSELECT.

3.3 RegionalStudiesMenu
The 'Regional Studies' menu will let you use a model to do research on (for example)
expected yield for awhole range of varying conditions, like soil types, weather, varieties,
and management options. Select a maximum of two types of conditions to vary, and let
FSU generate the reruns file for you. After running the model to simulate all these
conditions, inspect and analyse the output by (cumulative) frequency or scatter plots.
Another feature isthe use of this menu toperform sensitivity, uncertainty, or risk analysis
via the embedded support of the RIGAUS program (see Chapter 10).Thegenerated result
tables can be loaded into your favourite spreadsheet or statistical package for further
numbercrunching.
When you enter this menu, a status text will be shown on screen. It displays your current
active selections (e.g., the name of the model you chose, what production level is active,
whichinputfiles areselected,etc.).Atalltimes,thisstatusreflects thecurrent selections.
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3.3.1 System
Four general purpose functions are located at this menu pad: 'Main Menu', Quit Shell'
'Simulation Controls',and 'Edit AFile' (seeFigure 3.18).
S y s t e m 1MSTSCT1

l a i n Menu

ALT+Q
[fluit S h e l l
Simulation Controls

Hdit a file
Fore.Func.
Runtype

ions
None
Undefined

Figure3.18 Anoverviewofthe 'System' menupadinthe 'Regional Studies' menu.

MainMenu
This menu option returns you to the main menu. All selections and options that you have
selected will remain active.So,if you decide toreturn tothe 'Regional Studies' or change
to 'Model/Exp.Studies',youcancontinueworkingwiththesamesettings.

QuitShell
Activating this option obviously letsyouleavethesimulation environment. Before itdoes,
however, you will be asked to confirm your action. If you still want to quit, and if any
changes havebeen made during your session, FSU asks you whether you want to savethe
changes you have made. See alsothe 'Save Project' menu option. This menu option hasa
hotkeyassignedtoit:pressing [Alt+Q]alsoactivatesthe 'QuitMenu' option.
Simulation Controls
FSU uses some built-in defaults in the way it controls the behaviour of the actual
simulation of models. Often these defaults arerelated to the type or amount of output that
isproducedbyamodel.
The 'Simulation Controls' window (see Figure 3.19) enables you to override these
defaults. Options are grouped by application. For the 'Regional Studies' menu, there are
two options of immediate interest. The first option is related to whether time-sequenced
output shouldbeproduced ornot.Usually, only end-of-season values of the state variables
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are of interest during the 'Regional Studies' type of model runs. Per default, the timesequenced output is not enabled, thus reducing the amount of disk-space required for the
model runs. Sometimes, however, it is necessary to enable time-sequenced output. You
can make it so by activating the first option ('Write time sequence information to
RESULTS.OUT') in the second box. The second option in that box ('Erase temporary
binary file') can be disabled if you want to be able to plot time-sequenced data using the
TTSELECT plotting utility. Per default, the binary file will be erased, so only plots based
onend-of-season valuescanbeviewed.

=Simulation Controls»
Global Preferences for simulation and output,
-Model/Exp. Studies:
[ ]Menu model options override set-defined options
(during runs by multiple set selections)
-Regional Studies:
C]Write time sequence information toRESULTS.OUT
CX]Delete temporary file after model runs
I Generic options:
[ ]Use predefined RERUNS.DAT file
OK »

<Cancel>

Figure 3.19 The 'Simulation Controls' window inthe 'Regional Studies' menu.

Another option that can be interesting in the 'Regional Studies' menu is the 'Use
predefined RERUNS.DATfile'.When this option is checked, FSU will use a user-defined
filethat specifies the number of reruns that should be made with a model and how each
run differs from the other runs. This is especially useful when you have a number of data
sets that you wish to present at ademonstration, or when you always want amodel torun
using specific setsof changes incertain parameters. After youcheck this option, gotothe
'Create New Set(s) of Input Files' menu option: the 'Set Definition' window includes an
additionalbutton now,withwhichyoucan select apredefined reruns file.
Refer to Chapter 8 for a discourse on how the FSE system (in which the models are
programmed) usesthe RERUNS.DATfile and toAppendix 2on how to set upthe shell to
usethesepredefined rerun files.
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EditAFile
It can be quite handy if there is an option from within the shell to do some quick
modifications of input files. The 'Edit A File' menu option will let you do exactly that.
When you activate 'Edit A File', a window opens that bears some similarity to the Item
Selector and enables you to choose a file for editing (see paragraph 3.5 about 'The File
Selector' for detailed information ontheworkings ofthiswindow).
After you choose a file, the 'File Selector' window disappears and a new window opens.
The latter presents you with the contents of the chosen input file, and you can make any
change you like. Note that this is a very crude way of editing files, so do not expect any
options like 'cutting' and 'pasting' text. All text-based (plain ASCII) files can be edited
withthisoption;youarenotlimitedtoeditingfilesthatarepartoftheFSUenvironment or
its models. Pressing [Escape] closes the window without saving changes; pressing
[Ctrl+W]savesthechanges first andthencloses thewindow.

3.3.2 Model
Menu pad 'Model' lets you select a model and choose several options with regard to the
model (if implemented) that can be used when you start a model run. Options are part of
themodel proper and not of FSU. See also Appendix 2for detailed information on adding
andconfiguring models.

SelectModel
The 'Select Model' menu option presents you with the item-selector (see paragraph 3.4)
and lets you choose between the models listed. When available, you can get information
about amodelbymovingtothedesired model,then [Tab]tothe [Info] button andpress it.
Awindow should open with someinformation about the model. Depending on the author
of the text, this mayrange from rudimentary information to long background stories about
thehistory andcompletecontextofthemodel.
Toselect amodel,movethehighlighting baroverthenameof themodel andpress [Enter]
ordouble-click themousetoselect.Pressthe [OK]buttontoactivateyourselection.

SelectModel Options
Some models incorporate different production environments or alternative formulas for a
certain process. These can be set in this menu option. Note that this option is only
available when you have previously selected a model. After activating this option, a
window will pop up and present you with a list of available options. This list might look
likeFigure3.20,oritmight haveanotherstructure andshowyoufirst somemain groupsin
whichyoucan activatecertain settings (Figure 3.21).
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=Select Modeloptions=

<•>UseSLA andmeasuredULUG
<>UseSLA andsimulatedULUG
<Back.

<>Use measured ln<LAI)us.TS
<>Include relative growthrate forexponentialphase

« OK »
<>Useof measured LAI
<Cancel>

Figure 3.20 Anexample oftheactual model optionsthat canbe selectedbytheuser.This
particular screen is configured by the ORYZA_Nmodel (Drenth et al., 1995),which is not
partof thestandard distribution ofFSU.

In the above Figure 3.20, you move to the setting of your choice and press [Space] to
activateit. [Back..]letsyougoonelevel uptotheprevious screen.Ifthe [More..]button is
selectable, the option you selected has more settings available. Press [More..] to show
thosesettings.
=Select Modeloptions=

< PRODUCTION LEUEL >
<
<

PHOTOSYNTHESIS
LEAF AREA

>
>
«

< SINK LIMITATION >

OK

»

<Cancel>

Figure3.21 An example of some main sections of the model options. This particular
screen isconfigured bythe ORYZA_Nmodel (Drenth et al., 1995),which isnot part ofthe
standarddistribution ofFSU.

Inthe second typeof screen (mostly used inmorecomplex models),you move tothepush
button of your interest (for example [Production Level]) and press it. You will be
presented with anew screen with model options, all related to the topic of the button you
just pressed. When you have made all the modifications necessary, press [OK] to accept
thechangesyoumadeorpress [Cancel]toundo.
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Note that the manner in which model options are presented to you is the responsibility of
the model developer. A model has to be properly documented and configured to be
installed intheshell.SeeAppendix 2for further information.

3.3.3 Input
After you select a model, the 'Input' menu pad becomes available to you. Use the 'Input'
menupad tocreate setsofinput files, to select these sets,ortocreatearerunsfilebasedon
parameter modifications. A set is a small file used by FSU to keep track of the
combination of input files and model options that you wish to run the model with. When
given a descriptive name, a set can also be used to quickly retrieve specialised input. The
steps to take in selecting your input are to first create a set with the 'Create New Set Of
Input files' menu option and then to select that set using menu option 'Select Existing Set
OfInputFiles'.

CreateNewSet(s)OfInputFiles
After you select amodel and its options, this is the second step you should take if you do
not have yet a prefabricated set of input files. The 'Create New Set(s) Of Input Files'
enables you to select the various input files and store that specific combination of input
filesfor later use.Together with the combination of the input files, the current settings of
the model options are also stored. The types of input files that can be selected aremodeldependent. Some models only need weather and crop data, others also require soil dataor
cultivar data of asecondcrop.The 'Set Definition' window only lists those typesof input
files that are relevant to the current model. Figure 3.22 displays a typical example of the
'SetDefinition' window.
At this point you need toknow the difference between a single-run set and a multiple-run
set. The first type of set has for each file type (e.g., crop file, soil file, weather file, and
timer file) only one selected file. The names of the files are displayed at the right side of
the window. Thistype of set requires noentry for the starting date (the [STTIME] button,
see later). By running the model with this set, you typically get only a one-year run. Note
that the status text onyour screen reflects theactual selections you havemade.Also,when
you create and select a single-run set, you typically get output that can be used toplot the
variables against time. A multiple-run set can be used to simulate more than one specific
environment or condition. If you select more than one file for a specific file type (for
example, both PHIL4.983 and PHIL4.984 as weather files), a set automatically
becomes a multiple-run set. When you select more than one file, the file name is not
displayed but rather the word '*MULTIPLE*' can be seen. Furthermore, when you enter
any starting times (the [STTIME] button), this also results in a multiple-run or rerun set.
When a multiple-run finishes, you are able to create scatter plots, normal frequency and
cumulative frequency plotsoftheend-of-year statesof thevariables.
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Current timer file

CH-LOW.SET

Current soil file

PUDS02.DAT

Current crop file

ORYZA_WZ.DAT

Current weather file

CHINA7.983

Number of dates

0

«'SaveSet »

<

Exit

TORYZ_WZ.DAT

>

Figure 3.22 The 'SetDefinition' window inthe 'Regional Studies' menu.

The push buttons on the left-hand side of the 'Set Definition' window consist of the
[Experimental Info] button and anumber ofbuttons named after thetypeof required input
files. In the above example,these types of input files are [CROP], [SOIL],[WEATHER],
and [TIMER].Pressingthebuttonsrelatedtoinput files accesses theItem-Selector andlets
youchoosethefilesthatbelongtothatspecific typeof input file.
The [Experimental Info]button presents youwith alist offiles.Thesefilescanbe usedby
researchers todescribeexperiments ortreatments indetail. Selecting oneof thesefileswill
open a window with the contents of this file. The window can be moved or re-sized (for
mouse users) in such a way that both the content of the window and the 'Set Definition'
window are shown on the screen, making it easy to use the information within the first
window tochooseinputfiles accordingly inthelatter.
When you havechosen afile inone of the input file-related buttons,the actual file will be
shown at the right side of the window. If you make a multiple selection in one of these
buttons,theword '*MULTIPLE*' isdisplayed.
The 'Set Definition' window in the 'Regional Studies' menu always has an additional
button: [STTIME]. This button can be used to enter a number of starting times of the
simulation (in most models, starting time equals sowing date or transplanting date; check
the documentation of the model,though).If you make a single-run set, there is no need to
pushthisbutton.
As long asyou make only one selection for each file type and do not enter a starting date
[STTIME], you create a single-run set when you press the [Save Set] button. You will be
asked toenter aname for this set. Use aneasy to recognise name,preferably related tothe
selected conditions, cultivar or site. Press the [OK] button to save. If a set already exists
with the same name, you are presented with a choice: either overwrite (press [Yes]) or
choose another name (press [No]). If you select more than one file at a file button (for
example, the [Weather] button), the sets you are going to save will be multiple-run sets.
This is also the case for the [STTIME] button. The starting date is always extracted from
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the timer file (chosen under [Time]), any dates entered with the [STTIME] button will
generate additional model runs with those starting dates.

Pleaseenter/edit theSTTIME
values.
10,20,30_

« OK »
<Cancel>

Figure 3.23 The 'Enter STTIME' window, a part of the 'Set Definition' window.

When you press [STTIME], you are presented with a new window (Figure 3.23). Jump to
the rectangular box and enter your dates in the following format:
<datel>,<date2>,<date3>
For example:
4,5,9,10
This will generate additional runs with the Julian starting dates 4, 5, 9 and 10. It is also
possible to enter ranges:
< f i r s t date> - < l a s t date>
For example:
4 - 2 0
All Julian starting dates 4, 5, 6, 7 until 20 will be used. An experienced user can also mix
single dates and ranges. For example, you wish to run the model with sowing dates 4 until
9, 11, and 15until 20. To make it so, enter:
4 - 9 ,

1 1 , 15 - 20
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Choose the [OK] button to activate the starting dates you just entered, or press the
[Cancel] button to return to the 'Set definition' window without activating any changes
you might have made. At the right side of the [STTIME] button, you notice a text field
which designates the number of starting dates you have entered. Any number higher than
zero means that areruns set will be created when you save.The number should be zeroif
you donotwantreruns.
Up to two input types14 (a file or the starting date) can be designated as being
'•MULTIPLE*' atthesametime.Inthatcase,the shell willprepare arerunsfileinsucha
way that all combinations of the files selected will be executed by the model. The first
input type listed in the 'Set Definition' screen is taken as the 'master': it is nicely sorted
within the reruns file. For each value listed of the first input type, the second input type
will change quickly from the first to the last value. For example, suppose that for the
weather file PHIL1.984 and PHIL1.986 have been selected (the first input type), and
for STTIME, the values 40 and 80 have been entered. The shell will set up the model in
such awaythatthefollowing combinations willbeexecuted:
PHIL1.984,
PHIL1.984,
PHIL1.986,
PHIL1.986,

STTIME = 4 0
STTIME=80
STTIME = 4 0
STTIME=80

The numberof different files (orvalues in caseof starting time) that can be selected isnot
limited to only two. The only restriction is a memory limitation set by the model itself.
More about this limitation can be found in Chapter 8. Normally, you will not encounter
this limitation.
Notethatinaset,besidestheinputfilesneeded torunthemodel,special options relatedto
the model are also stored automatically. These options are chosen via the 'Select Model
Options' window.Ifyouwanttomake surethatthe model runs with thepreferred options,
then you have to select the model options first, and then create the set. After you have
saved a set, you can either define a next set or press both [Exit] or [Cancel] to leave the
'SetDefinition' window andtoreturn tothe 'Input' menupad.

SelectExistingSet(s)OfInputFiles
Whenyou activatethismenu option,theItem-Selector window appears.You nowhavethe
opportunity to select the set (of input files) you want. If you do not remember exactly
which set to use, press the [Info] button to examine the contents of a set (see also the
paragraph 3.4 ontheItem-Selector).

14

FSUdoes not allow you to select more than two input types.If you try todo so anyway, FSU notifies you
of your mistake and will not add thenew input typetothe list of combinations.
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System iMgEjgHUH^SsHRSiaBOEHsgaHHaia
Menu REGIONAL STUDIES
Currently active selections:
Model name

: ORYZA_WZ.EXE

Forc.Func.
:None
Runtype
:Multiple by Weather and Starting Time
Selected set
:MURW ÏIM.SET
Input files inset :MAY.DAT, LCLAY.DAT, ORYZA_WZ.DAT, PHIL1.979 (first run)

Figure 3.24 Anexampleofthestatus screen,showingtheactivesettings.

If you already made a previous selection of a set, and you then press the menu option
'Select Existing Set(s) Of Input Files' again, a window appears. This window warns you
that selecting a new set will undo your previous selection. You can press [No] to exit or
[Yes] to continue. By selecting a new set, you will see that (part of) the content of the set
willbeshownonthescreen (seeFigure 3.24),andalsothetypeof modelrun.
You cannot select more than one set in 'Regional Studies'. Instead, you can select a socalled multiple-run set.

GenerateMonteCarloRerun File
Sometimes you might want to analyse the sensitivity of a model for changes in one or
more parameters, or you might take it a step further, being interested in uncertainty
analysis of the yield of a crop given special environmental conditions. This menu option
enables you to do so. It enhances the input of a model in such a way that runs can be
automatically madewithawiderangeofparameter-valuecombinations15.
The procedure to do so is as follows: make a decision on which parameters to vary. For
eachparameter, gatherinformation about thebiologically relevant range invalues.Choose
a statistical distribution from which new values will be generated or enter actual values
from which arandom selection will be made.Enter the number of model runs you like to
do and generate the parameter values. Check the distribution of the values by table orby
graph.Ifthesevalues aresuitable,runthemodel.Afterwards, examinetheoutput carefully
by graph. A complete example of this procedure can be found in Chapter 2. This
paragraph, however, will give you an in-depth description of the generation of a Monte
Carlo rerun file. Figure 3.25 gives you an idea of how the screen may look like onceyou
havemade someselections.

15

To use the 'Generate Monte Carlo Rerun File' menu option, you need to set up a model for this particular
feature. Not all the parameters are of interest, and sometimes certain modules within the model use
parameters other than what other modules use. Please refer to the 'The model definition file' paragraph
onpage 200 for detailed information.
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Figure3.25 TheMonteCarlorerun generation screen.

The left-side box lists the available model parameters and displays information on the
distribution chosen. In Figure 3.25, for example, the model parameter STTIME is
associated with anormal distribution, meaningthat values for the modelparameter willbe
drawn accordingly (mean value 40, variance 8). On the right side of the window, the
values for the distribution parameters are displayed. The values that are accessible (in
Figure 3.25 mean value and variance) depend upon the distribution chosen. In the model
parameterlistboxontheleft sideofthe window youcan seeimmediately for which model
parameter the distribution values are displayed. In the case of Figure 3.25, it is STTIME:
theselectionbarispositioned onSTTIME.
As you move around in the list box with the cursor keys, the accessible fields and the
values change: they will always reflect the current selected model parameter. In the case
that no distribution has been chosen, no fields are accessible on the right side. You can
include a model parameter for value generation by selecting adistribution for it. Move to
the model parameter of your choice (place the selection bar on top of it),then press [Tab]
to move to the [Method] list button. Press [Enter] to display the list of available
distributions. Activate one of the distributions and press [Enter] again. An abbreviation of
the selected distribution now appears at the right side of the model parameter and one or
more fields in the right side of the window become accessible. Enter the distribution
parameters in these fields. If you enter invalid data, the shell displays a warning and you
must correct the error before you can leave that particular field. One of the warnings you
might encounter is when you enter a lower value in the 'Upper Limit' field than the one
thatisspecified inthe 'LowerLimit'field.
Warning: a normal distribution is not bound bypre-set minimum and maximum values.If
values from anormal-type distribution have tobe contained between fixed boundaries (as
isoften thecasefor modelparameter values),abeta distribution withequalA andBvalues
canbeused (seeparagraph 10.1.2).
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Except for the uniform, beta and normal distribution there, also exists a special
'distribution': measured values. Whenever you have values for parameters that where
collected at or derived from experiments, you can use them to generate new values. Enter
the values, separated by a comma, in the 'Measured Values' box. You can specify up to
500values inthisbox. You can have amaximum number of 10model parameters chosen
for each distribution, except for the measured values 'distribution' which can be assigned
to a maximum of 5 model parameters. These limits are defined by the RIGAUS program
(Bouman & Jansen, 1993) which is used to generate the rerun values of the model
parameters.After you setallthemodelparameters andtheirdistributions, movetothe 'Nr.
Draws' field to enter to number of reruns (model parameter values) that you want to
generate. By default, the number of 'draws' from the distributions is set to 100. The
TSeed'fieldistheseedfor therandomgenerator oftheRIGAUSprogram.Ifyou setitto0
(zero), it will use the internal time of the computer as seed. Set it to another value if you
want reproducible drawings. Move to the [Generate] button and press it to start the
RIGAUS program: it only takes a couple of seconds to finish. In the case that something
went wrong, FSU warns you with a beep and a message: you should check the error
message of the RIGAUS program that is displayed on the background screen (or press
[ViewTable]toseetheerrorlog).
After a successful generation, you can press [View Table] or [View Graph] to inspect the
results. [View Table] starts the viewer and presents you with the contents of the
RERUNS.DATfile (theactualfile thatthemodelwillusetorun),with acolumnar file that
listsall modelparameters andtheir valuesperrun and afilethat lists warning messagesof
RIGAUS (if any). The distribution of the generated values can be shown graphically by
choosing [View Graph]. See also paragraph 'View Graphs' on page 66 for detailed
information onthegraphs screen. The [View Graph]button enables you toplot frequency,
cumulative frequency, and scatter plots of the model parameters.When the distribution of
modelparameter values does notmeetyourrequirements,choose new distribution typesor
alter thedistribution parameters and generatethererun file again. Inspect it, and whenyou
are 'happy' with the generated distributions press [OK, use it] to store it for use with the
model. You return to the 'Regional Studies' menu and you will notice that the status
reflects thechangesyouhavejust made:it should display '(MonteCarloruns)' asthetype
of model run. When you run the model, it will use the generated reruns file. After the
successful completion of the model runs, you can plot the results with 'View Graphs' in
the 'Output' menu. For example, you can create a scatter plot of the values of a certain
parameter against a state variable to (in a global way) inspect the relationship between
modification inparametervaluesandtheyieldedmodel output.
Pressing [Cancel] inthe 'Use/Generate Monte Carlo drawings' window causes the shell to
omit all changes made in this session of the rerun file definition and to force a normal
'Single run'. If you still want to do a Monte Carlo rerun, then you have to return to this
menu and press [Generate] tousethe settings that you defined before theprevious session.
Inthisway,youwill not unintentionally runthe model with arerun file thatis out ofdate.
There isonly oneoption inthe 'Use/Generate Monte Carlo drawings' window that hasnot
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yet been described: the [Correlation] check box. This is a very special option that has its
use only for a specific model in non puddled soils. For other models, this option is not
functional. Please refer to Bouman & Jansen (1993) for an in-depth description of this
option.

3.3.4 Run
The 'Run' menu pad has only one menu option, 'Run model', and can only be activated
whenboth amodel andasethavebeenchosen.

RunModel
When you choose this option, awindow appears and asks if you are sure that you want to
run the model. Press [Yes] if you are; otherwise press [No].If you press [Yes], the shell
checks if the necessary input files are available and updates or generates other required
input files for the model. Please read Appendix 4 to learn more about this. On successful
completion oftheaboveprocedure,themodelwillbeexecuted.

3.3.5 Output
One of the most important menu pads is the 'Output' menu pad. This pad enables you to
take a peek at the output data which the model generated and makes it possible to show
somebasictypesofgraphs.

Store Output!
After you haverun the model and are satisfied with the data itproduced, you may want to
store the output of the model. This enables you to use external packages like statistical
programs or professional plotting packages in the further analysis of your data. Moreover,
it keeps data safe. FSU will clean up the working area each time you leave the shell or
choose another setormodel.Cleaning will irrevocably erasetheoutput dataproduced bya
model,exceptifyouhavesaveditpreviously.Inputdataarenot affected.
To savedata, activate menu option 'Store Output!' and then type aname under whichyou
like to keep your data safe. The name will be used to create a directory in the save path
(see Appendix 4) and to copy the data to this directory. If such a directory already exists
and if data are already stored into this directory, the shell informs you about this and asks
you to either overwrite the data already stored or to [Cancel] and try another name. For
your information, a maximum of five files will be displayed that are at risk of being
overwritten.
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Restore Output!
Sometimes you wish to re-examine some output of a specific model run. Choose the menu
option 'Restore Output!'. An item-selector pops up and shows you a list of names. These
are the names under which you saved the output, with an extra extension of ' . SAV'. So if
you saved under the name 'IRLOWLAN', choose 'IRLOWLAN.SAV' to restore your data. If
you have never stored any data, FSU informs you of your mistake. Also, if data files are
still located in the working area, the shell displays a warning message and asks you if these
files can be overwritten ([Yes]) or not ([Cancel]).
After FSU restores the output files, you can re-examine them by the 'View Tables' and
'View Graphs' menu options.
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Figure 3.26 The 'View Tables' menu option shows the contents of the output files. In the
above example, the end-of-season results are shown (file OP.DAT).

View Tables
After a successful model run, several files are present in the working area that are part of
the model output. These files are RESULTS.OUT, RESULTS.LOG,WEATHER.LOG, and
OP.DAT (optional). The first file is always generated, but only after a single run will this
file be of interest to you. It lists the output variables for each time step. The
RESULTS.LOG file contains messages from the rest of the model (e.g., an overview of
warnings that have occurred; in the case of multiple runs, it also logs the replacements of
parameter values). The headers of the weather files are listed in the WEATHER.LOG file,
together with warnings and errors from the weather system (only if applicable). The last
output file will only be present if a model has been set up to facilitate the outputprocessing routines that are generally affiliated with the 'Regional Studies' menu. It
contains the end-of-season values for some important state variables. Please read
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Appendix 2, the paragraph about 'OPSYS: end-of-season values system' for more
information onthis subject.
When you activate menu option 'View Tables', a viewer16 will be started. This viewer
showsyouthecontentsofeachoutputfile.Anexampleoftheoutputcanbe seen inFigure
3.26.
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Figure3.27 The 'Graph Options' screenofthe 'Regional Studies' menu.

View Graphs
You may want to display the results of a model run in a graph. To do this, choose the
'View Graphs' menu option. FSU uses the TTSELECT plotting utility to create graphs.
For detailed information on the TTSELECT utility, please refer to paragraph 3.6 on page
70. Depending on the type of model run, you will be either guided to the TTSELECT
plotting utility (single run) or be presented with a graph options screen. In the first case,
you can plot simulated output variables against time or against each other to examine
possible correlations. More than one variable at a time can be plotted against the
independent variable, so comparisons between variables are easy to display. After a
multiple run, the 'View Graphs' menu option presents you with the graph options. (Figure
3.27). You can plot the end-of-year values of the output variables and, in case of Monte
Carlo reruns, also the modified model parameters for each run17. The 'Graph Options'
16

FSU uses an external viewer for this purpose, the List 7.1a program by Vernon D. Buerg. At the top of
the screen you note the file name. Use the [Arrow] keys to scroll through the file. [Ctrl+PageUp] and
[Ctrl+PageDown] listtheprevious and next file, respectively. [Alt+X] or [F10]leaves the viewer.

17

In the event of normal multiple runs defined in the 'Set Definition' window, only theend-of-season output
state variables are listed for each run (including the default = first run).After a Monte Carlo rerun, using
thefile created in the 'Generate Monte Carlo Rerun File' menu option, both end-of-season state variables
are listed as well as the parameters that were used to do the reruns. The very first run (the default run) is
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screen lets youchoose the typeof graph,the name of the variables tobe plotted, and some
scalingoptions.
To begin with the latter: each graph that you plot will be auto-scaled by default. This
means thatyou donothaveto worry about theminimum and maximum value and the step
size.However, sometimesyouwishonly to seepart ofthegraphorto specify moreclasses
in case of a frequency plot. To do so, disable the auto-scale feature by pressing the
[Autoscale] button and enter the desired values in the scaling fields. [Scatter plot] enables
youtoplotonevariableagainstanother. Notethatthesecondlist(dependentvariables) can
only be accessed if scatter plot is selected. [Normal Frequency] creates a frequency
distribution plot of the end-of-year values (or parameters used in Monte Carlo reruns). If
you do not use the [Autoscale] option, then you might want to specify the number of
classes before you decide toplot. The default number of classes is set to five, which does
notgiveahighresolution ingeneral.
Furthermore, take a look at the minimum and maximum X (and Y, if scatter plot is
selected) values. As with the number of classes, you might consider modifying them into
moreappropriatevalues.Notethatonchangingeithermaximumorminimum,thestepsize
also changes automatically if scatter plot or cumulative frequency has been chosen. The
step size determines the amount of space between the so-called 'ticks' (little vertical lines
crossing theX-axis).Ifyou liketomodify the step size,first make surethatboth minimum
and maximum are set to the correct values.This is because the shell will update the step
sizeagainifyouchangeeithermaximum orminimumafter youmodified the step size.To
display thegraph,press the [View Graph] button (seeexample graph, Figure 3.28).Return
toFSUbypressing [Escape]oncewhilethegraphisbeing displayed.
It is not possible, on most systems, to print a graph directly from within FSU. Refer to
Appendix 1 onhowtosetupyoursystemtofacilitate printingofgraphs(hardcopies).
When you use 'Retrieve Output!' and then 'View Graphs' you may run into minor
problems. FSU does not store the settings whenyouuse 'Store Output!': it only saves the
output files. Hence, FSU cannot know what type of run you performed to get that output,
and so it also does not know what kind of graphs should be activated. You may, for
example, run into messages from FSU saying 'Did you really run the model?' because it
cannot find the binary output file RES.BIN (in case you retrieved results from a 'Monte
Carlo' rerun). You can circumvent this by reconstructing the conditions that existed prior
to the model run that created the output. For a multiple run based on 'Monte Carlo'
distributions that means selecting a model (any model), a single run set, entering the
'Generate Monte Carlo Rerun File' menu option, selecting a dummy variable, press
[Generate] and [OK, Use it], and finally activating 'View Graphs'. This will show you
againthespecialised graphwindow formultipleruns.

not listed since it does not contain changed values for the parameters. Besides, when doing sensitivity
analysis,you do not wanttobebothered with 'noise'from predefined parameter values from adata fde.
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Figure3.28 Anexampleof theoutput from the 'Graph Options' window (multipleruns).
This specific Figure shows a cumulative frequency plot of the above ground weight of a
ricecrop,createdbyMonteCarloruns onthesowingdate.

3.4 TheItem Selector
The screen called the Item-Selector is a window of paramount importance (see Figure
3.29). It enables you to make a selection out of a given list of items. Some examples of
itemsaremodels,namesof inputfiles,parameters, ordirectories.Furthermore, someitems
offer additionally theopportunity togetmoreinformation aboutthatparticularitem.
Therectangular box displays the list of possible selections. If more items are present than
can fit in the box in one time, small arrows appear at the right side of the box. This
indicates that you can 'walk' (the correct term is 'scroll') through the list by using the
arrow keys, the [PageUp] and [PageDown] keys, or by using a mouse (click on the
arrows). As you walk through the list, the highlighting bar moves on top of each current
item.When thisbarispositioned ontopof anitemandthe [Enter]keyispressed, thatitem
ischosen. Asquare-root signV appears atthe left sideof theitem.This indicates thatyou
have successfully made that item a part of the selection. If more than one choice is
possible, you can move to the next item and press [Enter] again. FSU displays a warning
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message when you try to choose more items than are allowed (a window appears in the
upper right corner of thescreen).Most uses of the Item-Selector only allow one item tobe
chosen.When theselectionhasbeen madetosatisfaction, the [Tab]key shouldbepressed
until it highlights the [OK]button. Press this button to activate the selection. [Cancel] will
notactivate any selectionsthatmight havebeenmade.
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Figure 3.29 TheItem-Selector asusedinthisexampletoselectweather files.

When information is available for acertain type of item, the [Info] button will be enabled
(i.e., not dimmed).To get the information on aparticular item, move the highlighting bar
on top of it and then [Tab] to the [Info] button and press it. If the information could be
successfully retrieved, a window opens which contains the requested information. When
moreinformation is available than what thewindow can display at one time, small arrows
appear in the right border of the window. Move through the information by pressing the
arrow keys, or use a mouse. The information window can be exited by pressing the
[Escape]key.

3.5 TheFileSelector
The File Selector is exclusively used by the 'Edit A File' menu option. The File Selector
enablesyoutopick (any)file for editing.Usingthis selector ismuchthe sameasusingthe
itemselector.Figure 3.30presents anoverview ofthiswindow.
Theleft box lists the available files and directories. Itemsbetween square brackets [ ]are
directories (folders). Move the highlighting bar over one of these directories and double69

press [Space],press [Enter] once or double-click mouse to enter that directory: a new list
shouldappearonyourscreen.Pressthe [..] togoonedirectory up(theparentdirectory).
Every item that is not enclosed between square brackets represents a file. Move the
highlighting bar on top of the file of yourpreference and press [Enter] to open that file (or
move to the [Open] button and press it). When you open a file, a new window appears
with the contents of that file. You can use [Ctrl+F10] to maximise that window. [Ctrl+W]
stores any modifications you have made and closes the window. If you decide to discard
anychanges,just press [Escape].Atthebottom of the File-Selector, acheck button named
'All files' is placed. When you activate this button, all files in the current directory are
showninstead ofthedefault files (* .DAT,*.TXT,and *. SET).

ChooseFiletoedit
Drive
[EXPINFO]
[PEST]
[RERUNS]
[SOIL]
[TIMER]
[WEATHER]
[ ]AllFiles

Directory

INPUT
« Open »
<Cancel >

Figure 3.30 AnexampleoftheFile Selector.

3.6 Theplottingutility TTSELECT
The TTSELECT plotting utility (Kraalingen van, 1991b) is aprogram that enables you to
display graphs using data that the model has stored in abinary output file. This utility is
invoked by the shell to display custom-made graphs (like for example, cumulative
frequency graphsorscatterplots)oruser-defined runs.
In the last case, TTSELECT reads all the data in the binary output file and presents you
with a list of the variables that have been found (see Figure 3.31). Then, if applicable, it
also presents you with a list of the run numbers that have been made. The next thing
TTSELECT will do is to askyou toenterthe names of thevariables you want toplot.The
first variable thatyou enter is the independent variable,the next variable is the dependent.
You can alsoenter more than one dependent variable. Variables should be separated by a
comma (,) or a blank. If you like a custom title, enter it between quotation marks. For
example:
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TIME,WCR,WCR_OBS, "Simulated &Observed cropweight"
(Only if applicable: after you press [Enter], TTSELECT will ask you if you like to plot all
runs, or a selection. You enter the selection as a list of run numbers, separated by blanks.).
Then, TTSELECT asks you whether you wish to display only the end-of-run values. If you
answer 'N' No, then you get time-coursed graphs. Time-coursed graphs are the default.
After this, the graph will be shown. Press [Enter] to leave the graph. TTSELECT will ask
you three questions about printing or storing graphs. The first question will ask you if you
like the graph to be saved in a TTPLOT (the native format of TTSELECT) file, the second
question asks you whether you wish to save it in a screendump file, and the last question
asks you if you like this plot to be printed on a HP DeskJet or LaserJet printer. The first
two questions are not of interest to you, the third may be if you have a DeskJet or LaserJet
printer connected to your computer. You can press three times [Enter] to skip all the above
three questions and return to the TTSELECT main menu. Again you will be able to enter
your choice of variables to plot.
You can exit TTSELECT by pressing [Escape] until you are back in the menu of FSU.

TTSELECTversion2.21,October 1994..
Thefoil owingvariable nameshave beenfound:
TIME
FERTMX
STPDAT
DOY
YEAR
DATEH
WLVOBS
FNLV.OBS
RDM
NL
EPSIL
FSV1
FSVZ
P
FSV
LNUC
GRUC
WSHT
WCROBS
GCR
RELTME
FITUCR
APSCOP
RSR
X
NAVAIL
APCUM
SOLSUP
CUMNSS
SWIEXP
MAXUP1
MAXUP2
FNMAX
MAXUP3
MAXUP4
M12345
DEMAND
NUPT
ANCR
FNACT
ANLVCH
ANLV
WCRFF
WRR
HI
ACTREC
NHRVST
Supply twoormorevariablenamesseparatedbyacommaoraspace.
First variablenamewillbeusedasX-value,type<ESC>toexit.

DAT
WCR

RNEFF
RDDSUM
RECOV
MAXUP0
MAXUP5
ANSOCH
NAPPLD

Whichvariablenames :DAT,WCR,WCR_OBS"Simulatedandobservedcropweight'

Figure 3.31 An example of the menu system in the TTSELECT utility.
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PARTII
MANAGE-N

4 Introduction to MANAGE-N
J.J.M.Riethoven', H.F.M,ten Berge &H.Drenth
1

2

1,2

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen, TheNetherlands
Department of Theoretical Production Ecology, Wageningen Agricultural University,
P.O.Box430,6700AKWageningen,TheNetherlands

4.1 General description ofMANAGE-N
MANAGE-N is an advisory tool for rice researchers and extension workers. The overall
purpose of MANAGE-N is to provide a sound agronomic basis for designing optimum
nitrogen (N) fertiliser management strategies for specific combinations of cultivar, site,
season, and soiltype.
When supplied withtheproperparameter values,MANAGE-N generatesinformation on
• thehighest attainable yield (versusfertiliser Nlevel)
• the highest attainable additional income from applied N fertiliser (versus fertiliser N
level)
• theoptimal timepathfor Napplication ateachNinputlevel
• yield responsetospecific split Napplication schemes
• asite-and-cultivarspecific calibration factor (FSV)expressing productivity of light and
nitrogen
• patternsofNuptake,biomass accumulation, andotherintermediary variables
MANAGE-N requires crop and soil characteristics (parameters) and weather data (daily
radiation) as inputs. The core of the package is the dynamic simulation model ORYZA_0
(tenBerge et al., 1994c).Themodel describes those aspects of rice physiology that havea
direct relevance to fertiliser management: N uptake, N partitioning, and N utilisation by
the crop. ORYZA_0 is an explanatory (process-based) model, yet uses plant and soil
characteristics that aremeasurable atmostexperiment stations.
The ORYZA_0 model is completely embedded in MANAGE-N (Figure 4.1), which is
custom-made to provide easy communication with the model. The procedure of selecting
input files, editing input data files, and viewing outputs (tabular and graphical) is
completely supportedbyMANAGE-Ninauser-friendly way.
Numerical optimisation of nitrogen application patterns thatresult inmaximum grain yield
is fully automated: several user-defined Ninput levels can be optimised in one go. Based
on the outcome of these optimisations, MANAGE-N calculates grain yield response toN
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input level, displays the optimum timing of fertiliser N applications, and determines
economieoptimumbased onadditional incomeoftheindividual farmer.
Another module offers opportunity to assess effects of discrete split schemes on crop
performance. These discrete splits can be derived from (in the user's mind) optimised
continuousNapplications.

M
A
N
A
G
E

INPUT

" • OUTPUT

N
Figure4.1 MANAGE-N: auser-interface to facilitate running the ORYZA_0 model for
different purposes.

4.2 Usingthisguide
This section describes how to best use this guide. It outlines the manual's intended
audience, the audience's prerequisite knowledge, and the manual's organisation and its
conventions.

4.2.1 Audience
MANAGE-N and its documentation were written with rice researchers and extension
functionaries in mind. This manual assumes that you have at least a basic knowledge of
crop growth processes and agronomic principles. Furthermore, some elementary
background on computer use is highly recommended: you should be familiar with
keywordslike 'keyboard', 'mouse', 'window',and 'disk-drive'.

4.2.2 Howtousethisguide
This paragraph provides a summary of the manual's organisation and content. The
manual's Chapters aredescribed, followed byasection onhowtouseeach Chapter.
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Chapter 4 'Introduction to MANAGE-N'
gives some background information on MANAGE-N in general and gives a brief
overview of the capabilities of MANAGE-N. Also explains conventions used in
this manual and describes the kind of control structures (like windows, menu
bars) that appear on the screen. The third part of this Chapter lists the
requirements needed for using MANAGE-N. The description of the quick
installation procedure of MANAGE-N and how to get help from the authors form
the last parts of this Chapter.
Chapter 5 'The theory of optimising the N application pattern by MANAGE-N'
provides background information "along the track" of the N optimisation
procedure. Explains how MANAGE-N uses the ORYZA_0 model to accomplish
optimised N applications and describes in summary how the ORYZA_0 model
itself is structured. Parameter derivation is discussed: how to get the parameters
needed for the ORYZA_0 model. Computation of the FSV factor is explained and
so is the precise procedure followed when optimising N application curves.
Chapter 6 'Optimising the N application patterns by MANAGE-N, an example '
guides the user step by step through the whole procedure of generating a practical
advice on the timing and size of N dressings for increased final yield. This
Chapter will start with the creation of data files per treatment and use of these
data files to compute the site/variety match factor FSV. It then continues with
storing a mean FSV value in a so-called generic data file. That data file is used to
let MANAGE-N optimise the N application scheme for several N input levels.
The user will be guided through the split evaluation section: breaking down the
recommended continuous N application curve into discrete splits and evaluating
what effect split sizes and timing have on the final yield. The best and most
feasible split-dressing is then taken as an advised application scheme for the given
site under study.
Chapter 7 'MANAGE-N Reference guide'
lists all the menus, menu options, and windows in a systematic way and provides
detailed information on the functions of these items.
Appendix 5 'Problems that may occur with MANAGE-N or FSU' and Appendix 7
'Problems with MANAGE-N'
give information on causes of common problems and how to resolve them.
Appendix 5 lists common problems that can arise due to computer systems that
are not properly set up, or problems specific to the Microsoft® FoxPro®
environment in which MANAGE-N is programmed. Appendix 7 lists problems
specific to the MANAGE-N system.
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Appendix 8 'Sample inputfiles used by MANAGE-N'
lists all important (data)files of MANAGE-N. Contains examples of input files
for the ORYZA_0 model and its derivatives.
Appendix 9 'Acronyms used in ORYZAJ3'
lists all acronyms that are used in the ORYZA_0 model. That includes acronyms
that are not usually found in the output files generated by the model.
Appendix 10 'Required inputfor the MANAGE-N system'
cross-references the required input (parameters) per method. The second part of
this Appendix lists the required parameters together with a short description.
Appendix 11 'MANAGE-Nparameter derivation and EXCEL® sheet'
provides information on how to derive parameters that are required for
MANAGE-N.
Appendix 12 'Description ofMANAGE-N input per method '
describes required input in more detail as the previous Appendices. Lists shortly,
together with description, per method the parameters that are necessary.
Appendix 13 'ORYZAJ3differences'
summarises differences and modifications that have been made to the ORYZA_0
model since Drenth et al. (1994) was published. Most of these modifications were
made because of feedback we got from fellow researchers in the SARP project.
Furthermore, adaptions had to be made to integrate ORYZA_0 into the
MANAGE-N system.
Appendix 14 'FST source of the ORYZAJ) model'
lists the FST source code of the ORYZA_0 model and explains where the FST
source code can be found on the distribution disks of MANAGE-N.

4.2.3 What you should read
The following table points to specific Chapters in this manual for information on particular
topics. For further documentation and literature, refer to 'References' on page 185.
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Table4.1 Pointers totextabout MANAGE-N.
Forinformation on
MANAGE-N ingeneral
Installation of MANAGE-N
Usingthemenu system
Contacting theauthoroftheshell
Thetheory behindNoptimisation
UsingMANAGE-N asaresearchtool
(examples)
In-depthoverview of alltheoptions and
features
Solvingcommon problems

You shouldread
Chapter4
Chapter 4, paragraph 4.5 (and mayb
Appendix 6,5,and7)
Chapter4,paragraph 4.3
Chapter 4,paragraph 4.6
Chapter5
Chapter6
Chapter7
Appendices 5and7

4.3 Conventions
When the manual mentions a 'key', it means a key that you can find on the keyboard of
your computer. A 'button' means abutton in awindow, like the [OK] or [Cancel] button.
Keys and buttons will be enclosed in square brackets []in this manual. The text between
those brackets should betaken as awhole,not as separatekeys.Forexample, [Backspace]
means: press the key (or button) defined as backspace and not the word 'backspace'.
Sometimes a combination of two keys is used, like for example in [Ctrl+X]. This means
pressthe [Ctrl]key andkeepitpressedwhileyoupressthe [X]key.
The names of menus and menu options areenclosed between '....', like for example, 'Edit
ACrop/Soil File'.Menus andmenu options areexplained inparagraphs4.3.1 to4.3.5.
When themanual mentions method (writtenjust likethis),it aims atoneof the four steps
that are taken toward generating an optimised N-dressing: 'Fit to Match', 'Single Run',
'Optimise N-curve', and 'Split Evaluation'. Allthese methods are listed asmenu options
inthe 'Method' menu pad.
Names of parameters, variables, files and programs are written in COURIER script to
distinguish themfrom thenormaltext.
A window is a square box on the screen which contains options that you can activate or
edit (seealsoparagraph4.3.5).
Inthis manual you will alsoencounter words like 'selecting', 'choosing', 'activating', etc.
Thefollowing section defines thoseactions.
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'Selecting' a menu option is done by moving the so-called 'highlighted' bar on top of a
menu option oranitem. 'Selecting' isdone only by using the [Arrow] keys.When you are
sure a certain item or menu option should be activated, then you press [Enter] or the
[Spacebar]. 'Activating' an option means that an action will be carried out. This is the
same as 'choosing'. An action can be something like running the model or marking
(=selecting) anitem (for example,aninputfile)for lateruse.
'Pressing' and 'pushing' a button means move the highlighting bar on top of the button
andpress [Enter]or[Spacebar].
TheMANAGE-N tool is heavily based on menus and windows to provide a user-friendly
interface between you and the system. If you have no previous experience with menus,
please read the next paragraphs thoroughly. It should give a quick understanding on the
useof menus,windows and allkinds of buttons.Operating the menu iseasiest if youusea
mouse.Ifyouarenottheluckyownerof suchacomfortable device,somefunctions related
tomovingandresizing windows arenotavailable.
The MANAGE-N menu system consists of the following parts: menu bar, menu pads,
menu popups, and menu options. The menu system provides a quick and easy-to-use
interface with the crop model ORYZA_0. Each part of the menu system is described
below.
Accessing themenu isdescribedfor keyboardonly,themouse variantisa simplepoint
andclick.

4.3.1 Menubar
The menu bar is located along the top of the screen. The menu bar displays menu pads
withnames;thesepadsgiveaccesstomenupopups.

4.3.2 Menupads
Menu pads appear on the menu bar and display the names of the menu popups.
Sometimes, certain menu pads appear dimmed ('ghosted') and cannot be chosen. These
menupadsaredisabled.
To access the menu bar, press the [Alt] key. One of the menu pads will appear
highlighted18 because it is selected. Press the [Right Arrow] and [Left Arrow] keys to
move from menu pad to menu pad. Or use the so-called hot key of a menu pad. The hot

18

Highlighted text appears in contrast to its surroundings on the screen (lighter or darker) so that it stands
out from the surroundings. Highlighting something typically indicates that it is selected or about to be
chosen.
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key is a highlighted character and is usually the first letter in the menu pad name. The
[Tab]keycanbeusedtojumpfrom menu padtomenupad.

4.3.3 Menupopups
Menu pads control menu popups. Menu popups are lists of related options. When you
choose an option from a menu popup, you are telling MANAGE-N what action to take.
'Choose' means to activate a selection (highlighted option) by pressing the [Spacebar] or
[Enter].
To display amenu popup,press [Alt] and then press the hot key in the menu pad name.If
you arealready positioned atthe menu bar, youcan display amenu popup bypressing the
hot key in the menu pad name. You can also press the [Left Arrow] and [Right Arrow]
keysuntil the menu pad is selected, then press the [Spacebar] to display the menu popup.
Onceamenu popup isdisplayed, youwill usually choose an available option, as described
in the next section. If you wish to deactivate a menu popup without choosing an option,
press[Escape].
Ofcourse,youcannotdisplay amenupopupofwhich themenupadhasbeen disabled.

4.3.4 Menuoptions
Menupopups contain options.Theoptionsoneachmenu popup arelogically related tothe
menu pad name. On asingle menu popup, options may be further grouped toindicate that
theyproducesimilaroutcomes.Thesegroups areseparatedbydividerlines.
Some menu options have a [Alt] key shortcut listed next to them on the popup. You can
use a [Alt] key combination to choose the menu option without displaying the menu
popup.Forexample,exitingMANAGE-N canbedonebypressing [Alt+Q].
Sometimes, a menu option appears dimmed and cannot be chosen. This menu option is
disabled.
Before you choose a menu option, use one of the methods discussed in the previous
section todisplaythemenupopup.Oncethepopup appears,choose anoption inoneofthe
following ways:
• Pressthehotkey for theoption.
• Use the [Up Arrow] and [Down Arrow] keys to select the desired option, then
press [Enter]ordouble-pressthe[Spacebar].
Whenyouchoose amenu option, anaction occurs.Awindow mayopen orclose,aswitch
maybeset,adialogmayappear,oranexternalcommand maybeexecuted.

4.3.5 Windows
The MANAGE-N tool uses windows to communicate with you when extra information is
required toperform an action. Awindow is arectangular box,possibly containing various
items like text fields, buttons, or lists. These items will be explained in detail below. As
with the menu pads, youjump from item to item within a window by pressing [Tab] or
[Shift+Tab]. Currently selected items will be highlighted. The following items can be
found inawindow:

PushButton
Apush button is defined on the screen byangle brackets <...>. Ifyou press this button,an
action will occur immediately. What kind of action this is, is defined by the text placed
inside thepushbutton. Forexample,when you press an [OK]push button, you agree with
a certain kind of action (described somewhere else in the window) or you think you have
filled in all inputs correctly. This may sound confusing right now, but when you read the
examples,thiswillbeclear.
You select a push button byjumping to it ([Tab] key).When the push button highlights,
press [Spacebar] or [Enter] to activate it. Owners of a mouse activate a push button by
positioning themousepointer atthepushbutton andthenclickingonce.
A special push button is the confirmation/continuation button. It is defined by the double
angle brackets « . . . » . Press [Ctrl+Enter] to activate it. There is no need to highlight it
first.This button will immediately continue with an action. Another special push button is
ineffect: allwindowshaveadefault 'cancel' or 'no' button.Thisbuttoncancelsallactions
orchoicesthatyouhavemadeinthatparticular window andrestores yourlatest settings(if
any). All windows include this button (it is not especially marked, the [Cancel] button is
normally usedforthispurpose),press [Escape]toactivateit.

CheckBox
A pair of square brackets on the screen defines a check box. This type of box toggles an
option or setting.Ifthebox has aXinit,theoption isturned on,otherwise itisturned off.
Press [Tab] to move to the box (it highlights when selected) and press [Spacebar] or
[Enter]totoggle.

RadioButton
This type of button is defined by a pair of parentheses followed by a text. These buttons
are used when you select an option that is mutually exclusive with other options. Press
[Tab] to move to the button and press [Spacebar] or [Enter] to activate it. A bullet •
appearsbetween thetwoparentheses.Ifanotheroption (within that groupof radio buttons)
wasselected,thebullet disappears from thatbutton.
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Input Text Field
For some actions you must supply the MANAGE-N tool with text or numbers. This is
done by a text field. It shows as a bar within the window and may or may not contain text
or numbers already. Move to the text field ([Tab] key) and when it highlights, type or edit
the values contained within the text field.

List Box
A list is abox within the window that supplies you with a list of items. These may be files,
names, parameters, etc. Depending on the type of window, you can perform different
actions upon these items. Most windows, however, just expect you to select one of the
given items. Press [Tab] until you arrive at the list. Then press the [Up-] or [Down Arrow]
keys to scroll through the list. The [End] and [Home] key, respectively, move to the end
and the beginning of the list. Note that if the number of items is larger than what can
appear simultaneously in the list, a so-called scroll bar appears at the right side of the list.
This bar can be used only by mouse owners. Other users can scroll though the list by using
the cursor keys.
Select an item in the list by pressing [Spacebar] twice, or [Enter], or double-click with the
left mouse button.
Table 4.2 Software and hardware requirements of MANAGE-N.
Component
Computer
Operating system

Memory

Disk space
Screen

Requirement
8088/8086 micro-processor (CPU) or higher. A mathematical coprocessor (FPU) is recommended.
MS-DOS® version 3.3 or later. Version 6.0 or later is
recommended. To check your version, type VER at the command
prompt.
512 Kb of free RAM memory before starting MANAGE-N. You can
check this by typing MEMor CHKDSK. The result should be 524288
bytes or more of conventional memory free.
3 Mb of disk space to install MANAGE-N, another 3 Mb of free
disk space to work 19 with MANAGE-N.
CGA screen adapter or higher (EGA, VGA, SVGA). Hercules® is
not recommended.

'9 MANAGE-N uses a lot of disk space when doing reruns for the FSV calculation, about 2.5 Mb. Also, if
you like to store results of simulation runs, bear in mind that for example a standard single run will take
up between 30 Kb and 200 Kb, depending on the settings in of RUNCTRL.DTA. See also Appendix 6
'Technical reference of MANAGE-N'.
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4.4 Requirements
Before you start to use MANAGE-N, or if you encounter any problems, make sure your
computer system meetstheminimumrequirements listed inTable4.2.

4.5 Quick installation
This section deals with installing the MANAGE-N tool. It is called 'Quick installation'
becauseyoudonothavetoconfigure manyoptions.MANAGE-N will beinstalled onyour
systemwith aminimum of effort, usingpredefined settings.Fortheuserwhoprefers more
control over theinstallation (and the settings ofMANAGE-N), please refer toAppendix 6
'Technical reference ofMANAGE-N' onpage223.
Aninstallation onanaveragePCsystemtypicallytakesabout5minutesofyourtime.

4.5.1 Making asafety backup
Before you proceed with the installation of MANAGE-N, make abackup of your original
MANAGE-N disks. Please refer to the manuals accompanying your computer on how to
dothis.Askalocalcomputer wizardifyouareunsure.
Store the original disks at a safe place and use your newly made back-up disks to install
MANAGE-N.

4.5.2 Actual installation
Follow thesestepstoperform afirst-time andquickinstallation onyour system20:
1. Besureyouhaveplenty of spaceonyourharddisk (about 3 Mb).
2. Disk 1 (of 2) contains a file called INSTALL1.EXE. This file creates its own
directory namedMANAGE-N inwhich itplaces allnecessaryfilesand subdirectories.
Toinstall,movetothedirectory inwhich youwantthenewdirectory MANAGE-N to
becreated.Forexample, to install MANAGE-N in the directory C: \MANAGE-N
type:
C:
CD \

A:INSTALL1.EXE
AndtoinstalltheMANAGE-N toolinthedirectoryD:\SARP\MANAGE-N,enter:
2u

If, by any chance, unexpected problems arise or you cannot get MANAGE-N to work, please refer to
Appendix 6,5 and7 for solvingthis.
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D:
CDSARP
A:INSTALL1.EXE
Ofcourse,itisassumed thatthedirectory SARPexists.
3. After INSTALLA.EXEfinishes,putdisk2(of2)inthedrive andenterthecommand
A:INSTALL2.EXE
After INSTALL2 .EXE finishes, a directory named MANAGE-N has been created.
Thisdirectory isthemaindirectory fortheMANAGE-Ntool.
4. You have now completed the installation. Change to the MANAGE-N directory and
executeMANAGE-N.BATtostarttheMANAGE-N tool:
CD MANAGE-N
MANAGE-N.BAT

4.6 Getting Help
In case of unexpected problems, you can get support for MANAGE-N by contacting the
author. Before you take this step, read through Appendices 6, 5 and 7 and ask a local
computer expert tolook intotheproblems.Ifthetrouble persists,contact the author of the
MANAGE-Ntoolatthisaddress:
J.J.M.Riethoven c/oH.F.M.tenBerge&D.W.G.van Kraalingen
DLO-Research Institutefor Agrobiology andSoilFertility (AB-DLO)
P.O.Box 14
6700AAWageningen
THENETHERLANDS
Fax:
Telex:
Phone:
E-mail:

+31.317.423110
75209abwnl
+31.317.475962
riethoven@ab.dlo.nl
kraalingen@ab.dlo.nl

Specific information isrequiredbefore yourquestion canbe handled correctly. Includethe
following information inyourcorrespondence orhavethisinformation readyifyoucall
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VersionnumberofMANAGE-N
The version number of MANAGE-N is displayed in the window that appears on the first
screen eachtimeyou run MANAGE-N.

Completeproblem description
Include allerrormessages and symptoms of theproblem.Ifyoucan consistently reproduce
the problem, please provide the exact commands entered and data files/models that differ
from thestandard distribution set.
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5 The theory of optimising the N application pattern by
MANAGE-N
H.F.M.tenBerge',J.J.M. Riethoven1 &H.Drenth1,2
1

2

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands
Department
Ecology, Wageningen Agricultural University,
Departmentof
ofTheoretical
TheoreticalProduction
ProductionE
P.O.Box430,6700AKWageningen, TheNetherlands

5.1 ORYZAJ):thecoreofMANAGE-N
The ORYZA_0 model (Figure 4.1) describes nitrogen (N) supply from soil and fertiliser,
crop N demand and uptake capacity, actual crop N uptake, N allocation to crop organs,
utilisation of leaf N to capture radiation and produce biomass, and the formation offinal
grainyield.Alltheseprocesses areexpressed withthehelpofempirical coefficients. These
can be derived from field experiments (see Appendix 11). The model operates with onedaytime steps and requires daily values of incident global radiation. Detailed information
on the ORYZA_0 model is provided in ten Berge et al. (1994c), with the addition of
Appendix 13.Thisparagraphbriefly describesthemainprinciples.
ORYZA_0 is an explanatory model: biomass and yield are calculated from underlying
physiological and agronomic principles. It is therefore different from statistically based
response functions or 'correlation models'. Explanatory models allow the exploration of
cropbehaviour under 'new' conditions.

5.1.1 Nsupply
Soil Nsupply (mineralisation rate) can be specified as afunction of time but will often be
taken as a constant. Nitrogen supply in the form of fertiliser is expressed as a continuous
logistic function with 4 parameters (A, B, C, M). For evaluation of split N application
schemes, this 4-parameter supply curve is replaced by a formulation of discrete split
applications. Only a fraction of supplied fertiliser N can be absorbed by the crop. This
maximum fraction is called the potential recovery. It is specified as an input table, as a
function of time.Theactual and simulated recovery maybewell below thepotential level,
if limitationsinthecrop's absorption capacity donotallowpotential recovery.

87

5.1.2 Ndemand,uptakecapacity,andactual cropNuptake
Under ample supply, daily Nuptake is limited by the crop's ability to absorb N. Limiting
factors are the maximum crop N concentration versus time, the maximum daily uptake
rate, the maximum ratio of daily uptake to daily growth, and a maximum relative uptake
rate during early crop growth. Actual uptake of nitrogen is the minimum of supply and
demandonadailybasis.

5.1.3 Nallocation
Afixedfraction (FNCLV)of absorbed Nisallocated totheleaves.This fraction isconstant
duringtheentirepreflowering stage.Fromflowering onward,Nisremobilised from leaves
and other tissues (stems, roots) and translocated to the panicles.The panicle N demand is
calculated from panicle growth rate and the cultivar-specific panicle N concentration.
During this stage, translocation from leaves and stems is reduced if crop N uptake
continues.

5.1.4 Nutilisation bythecrop
An exponential growth equation is used to calculate daily crop growth from the current
total amount of N contained in the leaf canopy (per ha ground surface) and daily incident
global radiation. Mathematically, no separation is made between interception of light and
its subsequent utilisation.Twoparameters usedinthisequation aretheinitialradiation use
coefficient (2.5gperMJincident radiation) andtheinitial leaf nitrogen usecoefficient (10
gbiomass per dper gleaf N). The growth equation contains a calibration factor (FSV) to
express site-season andcultivar-specific effects. This factor is tobe determined from field
observations,withthehelpof aspecial feature ofMANAGE-N. Itoften ranges from 0.8to
1.1,butmaybemuchlowerunderpoorgrowthconditions.

5.1.5 Grainyield
Grain yield is calculated from final biomass via a harvest index. The harvest index is
entered asafunction ofpostflowering cumulative radiation andcropbiomass at flowering.
By specifying a zero value to the HISLOP parameter, the value of the harvest index is
fixedandissetequaltotheHI5 parameter.
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5.1.6 Root-shoot ratio
The model does not recognise distinct crop organs (leaves, stems, etc.). Only total crop
biomass and final grain yield are distinguished. There are, however, occasions where
tabulated input values of the root-shoot ratio (versus time) are invoked. This is the case
whentheuserwishestocompareobserved versussimulatedcropbiomassbutlacksdataof
observed total crop biomass. Instead, only shoot biomass data are available. This is rather
common because rice roots are not often sampled. Atabulated root-shoot ratio function is
then used toconvert simulated total cropbiomass values to simulated shoot biomass.This
variable can then be compared with measured shoot biomass. This procedure introduces
inaccuracies. The use of total crop biomass data including roots is always preferable. A
default tableofroot-shoot ratioisprovided (Table A10.1onpage241)

5.1.7 Parameter input
Three input files are used: a weather file, a crop/soil parameter file, and a timer file. The
namesof thesethreefilesareuser-defined. Cropandsoilparameters arereadbyORYZA_0
from a crop/soil input file. Timer variables are read from the timer file. MANAGE-N
provides amouse-driven menutoinspect andedittheinput files. Thevarious methods of
MANAGE-N make use of different versions of ORYZA_0,each with their specific input
requirements. Only those parameters 'active' under a given method are visible and
accessible for editing. The 'inactive' parameters are disabled (names are replaced by
dashes '
' andvaluescannot beedited).

5.1.8 VersionsofORYZAJ)usedinMANAGE-N
The 'Method' menupad ofMANAGE-N offers four menu options.Each ofthese accesses
a different version of ORYZA_0. The versions differ mainly in terms of input and output
(for differences in input requirements, the reader is referred to Appendix 10on page241,
Table A10.1). The methods 'Fit to match' and 'Single Run' use the same ORYZA_0
sourcecode,withaswitch (SWINLV)tobypass Nuptake and allocation for 'Fit to Match'.
'Optimise N-curve' uses a special model version, adapted to allow multiple runs and to
optimise a set of parameters. The method 'Split Evaluation' is to be used as a postoptimisation check andisbased onanadapted version ofORYZA_0.

5.2 Parameter derivation
Parameters and functions inthecrop/soil datafilearesite-cultivar-season specific. Arange
of treatments is required to obtain a full characterisation of the local situation, i.e. of the
site-cultivar-season combination. (site=soil+weather). Where observed time series are
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included in thecrop/soil datafile,such afile obviously becomes specific for the particular
treatment from which the observations were derived. Itis recommended to express this in
theuser-defined nameassigned tothefile.
To fully characterise the local conditions, experiments should include treatments without
fertiliser N application and also treatments with ample N application. Appendix 11
elaborates on the derivation of parameters and functions. Several parameters represent
physiological limitations (Ndemand parameters) or soil characteristics (N supply) andcan
be derived only from treatments designed to expose those limitations. All these limiting
factors are,however,required toexecute simulations, alsofor non-extreme conditions.
The crop-soil data file can be edited with the help of the 'Edit A Crop/Soil File' menu
option.

5.3 Thethree stepstoward fertiliser recommendation
The approach to site-tailored fertiliser management optimisation by MANAGE-N consists
ofthreesteps:
1. Parameterisation. This includes quantification of local efficiency by which leaf N and
radiation areutilised (calibration).
2. Numerical optimisation of an ideal, continuous N application curve. This is repeated
for eachNinputlevel.
3. For the chosen optimal Nlevel: translation of the ideal curve into an actual split-dose
application scheme (number, size, and timing of the respective doses) and evaluation
oftheproposed schemes.
Step 1is performed by the method 'Fit to Match'. Step 2 is executed by the method
'Optimise N-curve'. Step 3 is done manually by the user but is based on the results
obtained instep2.Theuser-defined proposed split application schemeisthen evaluatedby
the method 'Split Evaluation'. These three methods are offered as menu options under
themenupad 'Method' ofMANAGE-N.Thereisonemoremethod, named 'Single Run',
which offers single simulation runs (as opposed to numerical optimisation runs) with
ORYZA_0 for in-depth analysisof modelbehaviour.

5.4 Computing theFSVvalues('Fit to Match')
This method is used to identify the value of FSV from field observations. FSV is a
calibration factor expressing the efficiency by which the crop utilises radiation and leaf N
to produce dry matter. Because this efficiency often changes at some point during the
season, FSVis specified astwovalues: FSVI before acritical date (DATFSV), and FSV2
afterwards. DATFSVoften coincides with thefirstflowering (FF) stage,but it may alsobe
earlier orlater.
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Thevaluesof FSV1and FSV2 aredetermined bymatching asimulated timecurve ofcrop
biomass with an observed curve.Thecorresponding observed time curves of leaf biomass
and leaf Ncontent are used as forcing functions in the simulation. Selection of the option
'Fit to Match' automatically sets the value SWINLVto =1,indicating that the amount of
leaf N is not simulated but forced from observations. Hence, only a small part of
ORYZA_0 is active under this option. (Inactive are the model sections describing supply,
demand, uptake,distribution, andreallocation ofN.)
MANAGE-N first seeks a best value of FSV1, by default first for the period up tofirst
flowering (FF) stage. The best fit is found by minimising the sum of squared deviations
between simulated and observed biomass. Since the numerically best fit is not always the
curve judged best by the researcher, the FSV1 value may be adjusted 'manually' if so
required.ThedateDATFSVmay alsobechanged, ifrequired.Once satisfactory values for
FSVI and DATFSV are found, these are fixed and the user proceeds with fitting the
remaining part of thebiomass curve toobtain FSV2.Again,finalreadjustment ispossible.
When a satisfactory value for FSV2 is found, MANAGE-N stores the value into the
crop/soil datafile,andthuscompletes the 'Fit toMatch' run.
SeealsoAppendices 10and 12

5.4.1 Inputrequirements for 'FittoMatch'
Allrequired inputs are shown on screen when MANAGE-N is used toedit acrop/soilfile.
Thecrop/soil datafile shouldcontain aconsistent set of observations ofcropbiomass,leaf
N content, and leaf biomass. These 3 variables are specified in the form of tabulated
functions versus days after transplanting and should all refer, obviously, to the same
growthcurve (=treatment) within anexperiment. Otherrequired parameters arethe dateof
first flowering and the date of harvest. The weather data file should contain the
corresponding observed daily radiation data, and the timer file should be consistent with
theexperiment. SeealsoAppendices 10and 12.

5.4.2 Representative FSVvalues
FSV values often differ slightly between treatments. To obtain a good 'average' value of
FSV1 and FSV2 torepresent this site-season-cultivarcombination under study, the 'Fit to
Match' procedure is executed for a number of growth curves available from an
experiment. After completion, the user determines (from the individual treatment values)
overall values of FSV1 and FSV2. These overall values are used under the 'Optimise Ncurve' method and aretobe specified in afilewithextension *.ALL.They are supposed
tobevalid overthewholerange ofNinputlevels.
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5.5 Single run
The 'Single Run' option allows detailed inspection of cropbehaviour based onORYZA_0
under agiven setof conditions (specified inthe crop/soil data file). 'Single Run' is usedto
study crop responses to changes in parameters, to identify potential yield level or zero-N
yield level, and to make an in-depth evaluation of crop growth under recommended N
management asspecified from the 'Optimise N-curve' method.

5.5.1 Outputs
Time courses of many model output variables can be graphed or studied from tables via
themenupad 'Output'.

5.5.2 Inputrequirementsfor 'SingleRun'
For a 'Single Run' execution, allparameters listed inthecrop/soil inputfileareused,with
the following exceptions. Time tables of observations (WCR_OBS, WLV_OBS,
FNLV_OBS)arenotrequired, unless leaf nitrogen isused asforcing function (SWINLV =
1),orunlesstheuserdesires acomparison between simulated andobserved values.
Theroot-shoot ratiotable is needed only when root mass is not included (RTINCL =0)in
the tabulated observed crop biomass WCR_OBS. In that case, the root-shoot ratio table is
used to convert simulated crop biomass into shoot biomass to allow for a comparison of
simulated versus observed shootbiomass.
Thecrop/soil datafilesused in 'Single Run' will often refer to areal case (experiment).It
is recommended to give sufficient experimental details in the text section of the file. A
statement should always be included as to whether crop biomass includes roots or not.
Depending on the issues analysed (e.g., in sensitivity analysis), parameters and functions
may attain any (biologically plausible)value.

5.5.3 AboutA,B,C,M,andFERTMX
Note that 'Single Run' simulations arebased on the particular fertiliser scheme defined in
thecrop/soil inputfilebyparameters A,B,C,M (time course of fertiliser application), and
FERTMX (total fertiliser N input). These will largely determine the crop response. To
inspect the meaning of these parameters and their consequences, the output variable
APCUMcanbe plotted versus TIME (fertiliser application curve) for different values ofA,
B,C,M, andFERTMX.
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5.5.4 Optimisation of N application
The fertiliser application curve APCUM (cumulative fertiliser application versus time) is
defined by the parameters A, B, C, M,and FERTMX. Together, these parameters determine
the shape and scale of the curve. Under the 'Optimise N-curve' method, the ideal time
course of fertiliser application is sought by numerically optimising the values of A, B, C
and Mfor a given (user-defined) N input level FERTMX. This ideal curve is called the
recommendation curve and, by definition, results in the highest attainable grain yield. Note
that this is all based on the assumption that N can be supplied continuously.

Possible cumulative N application curves

Figure 5.1 Examples of APCUM curves that can be generated during optimisation. The
above curves were computed with FERTMX = 200 (kg ha~').The following curve defining
parameter values were used: A= 0.02, B= 0.11, C= 200, M = 9 (line 1);A= 0.5, B=0.1,
C = 400, M = 40 (line 2);A= 0.5, B= 0.1,C= 200,M = 60 (line 3);A= 0.01,B= 0.016, C
= 610,M = 108 (line 4) and A= 10,B= 1, C= 500,M= 108 (line 5).

The optimisation is repeated for each of the user-specified N input levels. An overview of
the recommendation curves for the different FERTMX levels is produced in the form of a
figure combining all the scaled APCUM curves. These show the time paths of relative
application. They all reach the value of 1when application of the full dose (=FERTMX) is
completed.
'Optimise N-curve' also provides the curve of best attainable yield versus N input (N
response curve). It is based on the same optimisation runs that identified the
recommendation curves. This N response curve, when combined with prices of fertiliser
and rice grain, is the basis for calculating the net cash income from investment in fertiliser.
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The optimisation process requires many runs with the model ORYZA_0, and may thus be
time-consuming.

5.5.5 Inputrequirementsfor 'Optimise N-curve'
Allrequired inputs are shown on screen when MANAGE-N is used toedit acrop/soilfile.
The 'Optimise N-curve' method uses a crop/soil file that is generic for a certain siteseason-cultivar combination. Specific data for the several treatments within an experiment
are not needed; instead average values for the experiment are used. Like in the other
methods, some dates and initial weights are required, together with the mean values of
FSV1 and FSV2. Several crop characteristics are also required, and time series related to
nitrogen supply by the soil and nitrogen recovery. These parameters must be supplied in a
datafile withtheextension *.ALL.SeealsoAppendices 10and12.

5.5.6 Outputs
After optimisation, the parameters A,B,C,M,and FERTMXare stored in a special file for
laterinspection.Graphical outputsare:
• theindividual recommendation curves for aspecific Nlevel (versustime),
• the scaled recommendation curves (presented jointly for all specified N input levels
versustime)
• theNresponsecurve (drygrainyield andbiomassversusNinput level)
• thenetcashreturn curve(versusNinput level)

5.5.7 Thenumerical optimisation procedure
The parameters A,B,C,and M are optimised using a controlled random search procedure
for numerical optimisation (Price, 1979). A modified version of the FSEOPT program
(Stol et al., 1992)is used toperform the optimisation of theparameters. The goal variable
isgrainyield,which is maximised.
For each N input level, the following procedure is followed. First, a number (INPS) of
initial parameter sets are created. Independently of each other, INPS values are randomly
drawn for the parameters A, B, C, and M.The ranges from which these values are drawn
differ for the four parameters. Each combination of a random value for A, B, Cand M is
called a set. The number of initial sets equals INPS. The collection of INPS parameter
setsisalsocalled the 'vase'.
Next, the ORYZA_0 model is run for each of the above sets, resulting in different grain
yieldsWRR. Thereciprocal valueof thefinalgrain yield (i.e., 1 /WRR, from nowon called
WRRrec)isstoredwiththecorresponding set.
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The optimisation continues with the so-called iteration runs: these will gradually search
through the four-dimensional (A, B,C, and M)parameter space in a controlled way, until
the optimisation is stopped by one of the finish conditions. One of the finish conditions is
themaximum numberof iteration runs INT:onreaching INT,theoptimisation terminates.
At the beginning of each iteration run, a five-point simplex in the four-dimensional
parameter space (axes A,B,C,andM) is generated by random selection of points from the
'vase' and is used to spawn a new point asthe mirror image of one of the simplex points.
The model is run with this value, and again the reciprocal value of WRRis computed. If
WRRrec is smaller than the largest value of WRRrec present in the 'vase', the newly
computed parameter set replaces that worse-case set in the 'vase'. In other words, the
parameter setthatyields thelowestWRR isreplacedbyabetter one.Ifthenewly calculated
WRRrec was higher than the worst case in the 'vase', no set is replaced and the next
iteration runisstarted.
Slowly the optimum parameter set is approached for which the highest grain yield is
achieved. The user can define when a parameter set is 'good' enough, by specifying the
tolerance level FTOL.When the relative difference between the best WRRrecand the worst
WRRrecissmallerthan FTOL,theoptimisation isstopped.
Because INPS and INT can seriously affect the quality of the results,the following rulesof-thumb shouldbetaken intoaccount:
• Theinitial numberof parameter sets (INPS,the 'vase') shouldbe atleast 10timesthe
number of parameters for which the optimisation is performed. In the case of
MANAGE-N, INPS isperdefault setto40.
• The number of iteration runs (INT) should be at least 6 times the number of initial
runs.InthecaseofMANAGE-N, 300isusedasa default.
• Small values of FTOL do grossly increase the number of iterations. A suitable value
can be estimated from the required accuracy and the expected yield level. But do not
set FTOL too small, or you might not achieve an optimum but are still 'on the slope
toward theoptimum'.MANAGE-N's default canbeused inmostcases.
To show the speed of convergence toward an optimum, we performed an optimisation in
two different cases (Figure 5.2). The first case is for the N input level of 150 kg N ha -1
(FERTMX=150),thesecond casefor aninput levelof 300kgNha -1 (FERTMX=300).For
bothcases,weplotted thelowest andhighestWRR after anincreasing number of iterations.
As the graphs show, somewhere between the 300 and 400 optimisation runs for the
FERTMX=150 case and at about 600 iteration runs for 300 kg N ha-1, the best and worst
parameter sets inthe 'vase' result inroughly the same grain yield.Theconvergence would
proceedtoinfinity if nostopcondition were specified.
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Figure5.2 Speed of convergence toward an optimum parameter set. Figure 5.2a shows
the case of atotal N input level of 150kg Nha -1 , Figure 5.2b the case of 300kg N ha -1
for a specific location, season, and cultivar. 'Best case' and 'worst case' refer to the
highest and the lowest grain yield in the 'vase', respectively. Note that, even as the lines
converge, the absolute grain yield is still increasing, although slowly. During none of the
aboverunswastheoptimisation terminated duetoreaching theFTOLstopcondition.

Naturally, the speed of convergence depends also on otherparameters that areused bythe
model (local situation of site, variety, and season) so these graphs are examples only.
Generally, moreiteration runs arerequired when theNinput level ishigher.Therefore, for
high N input levels (> 200 kg), the user is advised to set the number of iteration runs to
600ormore.
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5.6 The final step: split evaluation
The method 'Split Evaluation' is used after the optimised N application curve has been
identified. Since in farming practice, N cannot be supplied following a continuous curve, a
split application scheme has to be proposed. The recommendation curve is then typically
used as a basis. The user has to decide how many splits are to be given. Obviously, the
total amount of N in all splits should be equal to the FERTMX value to which the
recommendation curve refers. When the number of splits has been assessed, the size and
timing of the split doses should be such that the resulting cumulative application resembles
the recommendation curve. (This is done in the user's mind.) Then the 'Split Evaluation'
method predicts crop performance under the proposed split scheme. Yields will usually
be slightly lower than those calculated earlier under continuous application.
Split evaluation is an important step, especially for poor soils where it may be essential to
meet early crop N demand, although small in absolute terms, to avoid a setback later on. A
split application scheme which would ignore this early demand could then be less than the
continuous recommendation curve from which itwas derived and which it resembles.
MANAGE-N uses a special version of the ORYZA_0 model to simulate the effects of
discrete split-dressings. When a N dose is applied, nitrogen is transferred to the fertiliser
nitrogen pool N„ooX in the soil. The size of N p 0 0 | decreases every day due to uptake by the
crop and loss of fertiliser by other biotic and abiotic factors. The nitrogen that is available
to the crop on time t,Na, is calculated by equations 5.1 and 5.2:

K\ =-^—xKi
1 - pN

(5.1)

7Va= 5N + (Ki x Afpoo.)
Where p N

K{
SN

(5.2)

: best attainable N recovery fraction at time t (as used in method
'Optimise N-curve')
proportionality factor relating N pool size to loss at time t
proportionality factor relating N pool size to potential uptake at time t
native soil N supply at time t

In-season changes in recovery p N , K2, and native soil N supply SN are possible. Hence,
daily values for these parameters are used, based on tabulated P N ( 0 , ^ ( t ) and SN(t).
The amount of nitrogen available to the crop consists of both native soil N and fertiliser N
that is taken from the fertiliser N pool in the soil. Actual nitrogen uptake A ^ is
determined both by crop N demand and N a (ten Berge et al., 1994c).
The change in fertiliser N pool is described in equations 5.3 and 5.4:
Moss= Ki x AUi

^ ^ = APSLOP - (Nup - SN) - M„ss
dt

(5.3)

(5.4)
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On aday when fertiliser Nisapplied,APSLOP is set equal tothe sizeof the Ndose (kgN
ha-1 d-1)- Everyotherday,APSLOPequalszero.
Appendix 13 lists the exact FSE (FORTRAN) source code of the ORYZA_0 section
adapted to perform the N budget calculations under split-dose schemes. The FST source
code of the split-dose fertiliser N application version of ORYZA_0 is listed in the second
section ofAppendix 14.
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6 Optimising the N application patterns by MANAGE-N, an
example
J.J.M.Riethoven1,H.F.M,ten Berge1,H.Drenth12
1

2

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands
Department of Theoretical Production Ecology, Wageningen Agricultural University,
P.O.Box430,6700AKWageningen, TheNetherlands

In this Chapter, the theory of optimising fertiliser nitrogen application in irrigated rice is
brought into practice step by step. The examples presented in this Chapter are based on
existing data from afield experiment performed in 1993 inthe Jinhua county in the south
of the Zhejiang Province, China, with cultivar Xieyou 10.Detailed information about this
data set can be found inZhiming et al. (1995).There are small differences with the results
of the optimisations presented inZhiming et al. because alater version of MANAGE-N is
used here. Although the 1993 Jinhua data set is not distributed with the MANAGE-N
system, itstill shows aclearexample of the several steps involved incomputing optimised
fertiliser Ndressings.Thevarious stepsoftheprocedure arealsocalled methods.
For brevity, an 'active' style of writing is used in the following paragraphs. There is no
reference to 'the user'; he or she is addressed in the second person to facilitate both
reading and hands-on work. Instructions and explanations alternate in this Chapter. The
graphs are all actual snapshots of graphs that MANAGE-N displays, except where
indicated otherwise. Analogous to the steps described in this Chapter, you can generate
fertiliser recommendations baseduponyourowndata.
The assumption is made that MANAGE-N is already installed (if not, refer to paragraph
4.5) andthat you arealready accustomed totheMANAGE-N menu system (see paragraph
4.3).

6.1 Preparerequiredinputs
Before you can start, it is imperative that you start MANAGE-N and prepare the inputs
required for the different steps (see also Chapter 5). To kick off, go to the directory in
which you installed MANAGE-N. If, for example, you installed MANAGE-N in the
C:\SARP\MANAGE-Ndirectory,enterthesecommands:
C:
CD\SARP\MANAGE-N
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Now start theMANAGE-Ntool:
MANAGE-N. BAT

andclose the 'About MANAGE-N' window thatappears (pressthe [OK]button).
Next,prepare alltheinputs for MANAGE-N based onaproperfield experiment conducted
atthesitefor whichtherecommendation issought.Althougheverymethod hasotherdata
requirements (see Appendix 10), we assume that all data are necessary from the start.
Some data are collected easily: sowing/transplanting date, date of final harvest, biomass
(time course), fraction of nitrogen in the leaves (time course), date of first flowering, and
so on. Other data need to be derived (Appendix 11) or default values (supplied in
MANAGE-N) shouldbeusedwhenderivation isnot feasible.
For the purpose of entering data, special input windows are available in MANAGE-N.
Thesewindows list theparameters and observations required for amethod (selected from
the menu pad 'Method'), together with the description of the parameters (click name and
view bottom of screen). Parameters not required for a method (for example, SPLIT for
the 'Fit to Match' method), are not accessible for editing. Edit an existing crop/soil file
(use the 'Edit A Crop/Soil File' menu option under the 'Input' menu pad), modify the
already presentvalues intoyourownvalues,and savethecrop/soil file under anothername
that you choose. This, preferably, should be adescriptive name, in which you express the
year,experiment, andtreatment.Every treatment requires aseparatecrop/soilfile.
Detailed information onthe 'Edit ACrop/Soil File' window canbefound inChapter 7;the
inputsrequired undereachmethod aredocumented inAppendices 10, 11and 12.
For now, weassume that you were successful increating your own input files. In the next
paragraphs, input files describing Treatment 0 (TO,0 kg N ha-1) to Treatment 6 (T6, 300
kgNha -1 ) areused.

6.2 ComputetheFSVvalues
The 'Fit to Match' method is used to identify the values of FSV from field observations
(pleaserefer toparagraph 5.4onpage90for thetheoreticalbackground. The identification
of theFSVvaluesisrequiredbefore youcancontinuewithanyof theother methods.
Insomecases, FSVmaychange during the season.Itisthen useful tocalculate two values
for FSV: one before (FSV1) and one after (FSV2) the date where the change occurs
(DATFSV, in days after transplanting). This change in FSVvalue often coincides with the
dateoffirstflowering (DATFF,indaysafter transplanting).
In this paragraph we will run MANAGE-N to calculate the values of FSV1, FSV2, and
DATFSV for seven treatments of the same experiment (see also paragraph 5.4).
MANAGE-N compares observed (WCR_OBS)and simulated (WCR)weight of the crop for
different values of FSV and will present you the value that offers the best fit between
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observed and simulated data. You are free, of course, to ignore the advised best fit and to
choose avalueyourself.
Let us start the procedure. Go to the 'Method' menu pad and activate the 'Fit to Match'
menu option. The status screen now displays that you have selected the 'Fit to Match'
method, andthatleaf nitrogen willbeforced (i.e.,observed values willbeusedtoruleout
any external factors related to nitrogen uptake). Now go to the 'Input' menu pad and
activate the 'Select Input Files' menu option. Anew window opens that facilitates aquick
andeasy selection of input files. Remember that the files with theexample data mentioned
in this text are not distributed with the MANAGE-N disks: you have to select or prepare
yourown.Weneedthreefiles: acrop/soil file, aweather file, and atimer file. Select them
now.
When you return to the main menu (press [OK]),you notice that the status screen displays
alltheinput files you selected. Now activate the 'Edit ACrop/Soil File' menu option.This
option will show you the contents of the crop/soil file. The parameters and observations
are grouped into three windows (use [Next Window] and [Previous Window] to cycle
through the separate windows). Check if every parameter field is filled with the proper
value. Only those parameters that are required with the 'Fit to Match' method are listed;
other parameter names are hidden by a dashed line '
'. If a required parameter has
novalue oran incorrect value,insert yourown value.Donot forget tosupply the observed
time series of biomass, leaf N and leaf weight. Store changes by pressing the [Save]
button,thenpress [Exit]toreturn tothemainmenu.
You are now ready to commence the first calibration of the FSV factor. Go to the 'Run'
menu pad and activate 'Start Run'. MANAGE-N now starts the ORYZA_0 simulation
model: it will perform 151 runs (one for each value of FSV1; from 0.00 to 1.50 with
increments of 0.01). On a slow computer, this takes a while; on an average IBM™ 80486
computer, thisprocedureisfinished within aminute ortwo.
As soon as the simulation runs end, MANAGE-N calculates the Goodness-of-Fit (GOF)
between observed and simulated weight of thecrop for each FSVI value until the dateof
firstflowering.The GOF is an ordinary sum of squares (of the differences at observation
dates). The value of FSVl that gave the lowest GOF (i.e., the best fit) is presented by
MANAGE-N.
The 'Select Best Matchfactor' window (seeFigure 7.14 andexplanation, page 131) offers
inspection of the resulting fit. The period over which the FSVl factor is calculated is
displayed on screen, as well as the value of FSVl itself. You can press [View Best Fit
Graph] to get agraph of the simulated and observed weight of the crop for the best FSVl
value (see Figure 6.1). The dashed vertical line at time DATFSV indicates the shift from
FSVl to FSV2:thedetermination of FSVl isbased ontheinterval from the start uptothe
dashedline.
Itis often possible to move the switching point (DATFSV)back or forward in time.Todo
this, determine towhich TIME you want to move the dashed line, then enter this TIMEin
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the 'Until TIME =' text field (to the right of the [Recalc Factor] button). After this, it is
necessary to calculate the GOF anew. Press the [Recalc Factor] button to accomplish this.
Intheexamplepresented here,wechanged TIME from 246to255.
i crop welgnt (WCR'

/eO (WCR_OBS) FSV1-

(6.1a)

d (WCR_OBS) FSV1- 0 B3

(6.1b)

Figure6.1 Changing the value of DATFSVto get abetter fit. In Figure 6.1a, FSV1 has
been calculated until DATFSV=40 (TIME=246). However, on analysing the graph, it
seemed possible to move DATFSV to DATFSV=49 (TIME=255) to get a better fit for
FSV1 (Figure 6.1b). Whether this improves this improves the postflowering fit (with
FSV2)isnot shownhere.NotethatthescaleoftheY-axisisdifferent for thetwoFigures.

If you are not satisfied with the FSVI value that is presented by MANAGE-N, you can
alter the FSV1 value manually (in the first box of the window, to the right of the button
[Graph of run:]) and inspect the effects the modification has on the fit between observed
and simulated weight of the crop (press [Graph of run:]). Alower FSV1 value lowers the
slope ofthe simulated biomass line;ahighervalue increases the slope.Amanually altered
FSV1value alsoneeds tobeentered inthefield totheright of the [Accept Factor] button.
Per default, MANAGE-N will use the value of FSVI that was advised by MANAGE-N
when you press [Accept Factor].Only if you change the value of the 'FSV1 =' text field
wouldMANAGE-N useyournewly suppliedvalue.
Although theFSV1and FSV2 valuespresented byMANAGE-N arebased onan objective
andcomparable calculation (minimum sumofsquares),theremaybereasonstoadoptyour
own subjective valuesbutthisisnotrecommended asstandardpractice.
When the [Accept Factor]button ispressed,MANAGE-N inserts thevalues for FSVI and
DATFSVinthecrop/soilfileandthencontinues withthedetermination of FSV2.Thiswill
also take 151runs.The same 'Select Best Match Factor' window is displayed to you after
the simulation runs end. Follow the same procedure as described above for the FSV1
factor to select the value for FSV2. The only difference is that you cannot change the
TIME:FSV2 isdetermined overtheperiod from (thealreadyfixed)DATFSVtotheendof
thesimulation (final harvest,DATH).
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In the example presented in this Chapter, we calculated the FSV and DATFSV values for
all growth curves (i.e.all the seven treatmentsTO toT6).Theresulting values ofDATFSV,
FSV1 and FSV2 are presented in Table 6.1.Snapshots of the graphs used in determining
FSVarepresented inFigure6.2.
The next step, normally, is the optimisation ofN application. You may,however, want to
do some 'Single Run' simulations - with and without forced leaf N - to study model
behaviour. That iswhat wewilldonext.

Table 6.1 Results of the 'Fit to Match' runs for the Jinhua 1993 data set. The
accompanying graphsaredisplayed inFigure6.2.

Treatment

N applied
(kg har ')

DATFSV

FSVI

FSV2

TO
Tl
T2
T3
T4
T5
T6

0
150
180
210
240
270
300

42
45
49
49
42
49
35

0.95
0.92
0.85
0.83
0.85
0.84
1.04

0.57
0.58
0.61
0.67
0.66
0.66
0.60
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/elgnt (WCH) vs observed (WCR_OB5| FSV1- 0 95

(6.2a)
crop weight (WCR) vs observed (WCR_OBS) FSV1-0.92

(6.2c)
Sim oropweight (WCR) vs observed |WCR_OBS) F5V1-0.

(6.2e)

Sim crop weight (WCR) vs observed(WCR_OBS) FSV2-0 57

(6.2b)
Sim eropwelgrn (WCR) vs observed(WCR_OBS) FSV2-0 se

(6.2d)
Sim eropweight (WCR) vs.observed (WOT_OBS) FSV2-0 6

(6.2f)

Figure 6.2 Results of the 'Fit to Match' method on the seven treatments of the Jinhua
experiment. The left column always shows the results of the FSV1 fit, the right column
displays the complete fit. The dashed vertical line indicates DATFSV, the date on which
FSV1switches toFSV2.
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Sim cropwelght (WCR) v:

Sim crop weight (WCR)v<

(WCR_OBS) FSV1- 0 B5

(6.2h)

(6.2g)
Blm erop welgrrt (WCB) vs

a (WCR_OBS) FSV2-0 66

(WCR__OBS) FSV! -0.8-1

Sim cropweight (WCR) vi

(WCR_OBS) FSV2-0 66

(6.2j)

(6.2i)
S i m c r o pw e i g h t ( W C R ) vs o b s e r v e a ( W C R . O B S ) F s v i -

S i m c r o pw e i g h t( W C R ) vi

(WCR_OB5) F S V 2 - 0 60

• WCR_OBS.Rl#ï 10B

(6.2k)

(6.21)

Triangular markers indicate observed values;the solid lineisthe simulated growth curve.
Thefollowing treatments aredisplayed:TO (a+b),Tl (c+d),T2 (e+f),T4(g+h),T5(i
+j) and T6 (k + 1).Part of treatment T3 has already been displayed in Figure 6.1.See
Table6.1 for detailsonFSVandDATFSVvalues.
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6.3 Examine the resultsbysingle run
The 'Single Run' method is primarily used to study model behaviour under different
conditions (as specified in the crop/soil file), to identify potential yield levels or zero N
yield level,or toevaluate results obtained from the Noptimisation runs. Here we use it to
illustrate yield response to different shapes of the cumulative N application curve. The
inputrequirements for thismethod arelisted inAppendix 10.
A 'Single Run' can be executed in two modes:either simulate leaf nitrogen (and nitrogen
uptake) oruse observed values for leaf nitrogen (similar tothe 'Fit toMatch' modelruns).
For now, you will use observed leaf nitrogen to inspect the growth curve (WCR) you
obtained from the 'FittoMatch' method.
Go to the 'Method' menu pad and choose the 'Single Run' menu option. Now go to
'Input' and activate 'Select Input Files'. Choose the crop/soil file that you used to
determine FSV values during 'Fit to Match' and select the corresponding weather and
timer files. Look at the status screen: it shows that leaf nitrogen will be simulated. Press
the 'ToggleSWINLV' menu option inthe 'Input' menupad.The status screen shouldnow
display that leaf nitrogen is forced (i.e.observed values areused).Now take alook atyour
crop/soil file: activatethe 'Edit ACrop/Soil File' menu option.
The 'Single Run' requires a lot more data than the 'Fit to Match' method did. Cycle
through the windows (press the buttons [Next Window] and [Previous Window]) and
supply all required data. The only parameter that you have toignore is STPDAT.Leaveit
empty. [Save] the data when you are ready. Then [Exit] back to the main menu and
activate the menu option 'Start Run'. The ORYZA_0 model is started and a lot of
informative messages appearonthe screen.This isnormal.Press,when applicable, [Enter]
attheendofthesimulation togetbacktothemainmenu.
If you use the 'View Graphs' menu option, you are able to plot all simulation results.
Plotting both simulated (WCR)and observed (WCR_OBS)weight of the crop versus TIME
shows you exactly the same graph as in 'Fit to Match' (except for the dashed line
indicating DATFSV).Afew other variables are alsopresent but not asmany as in the next
example with 'Single Run'. The advantage of the above procedure is that you can print
your graphs to printers (for example network printers) other than your local printer, which
is not possible during the 'Fit to Match' method itself. At that time, you are limited to a
local printer.
Next, you examine the effect of the shape of the continuous nitrogen application scheme
on the yield (see Chapter 5 for detailed information on the parameters that determine the
cumulative continuous nitrogen application curve). In this case, the model must simulate
leaf nitrogen anduptake.Activatethe 'Toggle SWINLV' menu option again andcheckthe
status screen:it should indicatethatleaf nitrogenwillbesimulated.
Go to the 'Edit ACrop/Soil File' menu option again and supply the following values for
theseparameters21:
21

For extended analyses based upon parameter changes,FSU (seePart Iofthis book) ismore suitable.
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A = 1.
C = 300.

B = 0.1
M= 30.

FERTMX = 2 1 0 .

[Save] these values and run the model again. When you enter the 'View Graphs' menu
option this time, you will notice that quite some more parameters and variables are listed.
These deal all with nitrogen fertiliser application, demand, and uptake.
Make graphs of both the total crop biomass (WCR), yield (WRR), and the cumulative
fertiliser nitrogen application (APCUM). Print these graphs if you can (see Appendix 6), or
store the basic data when you are back in the 'Output' menu pad: 'Store Single Run
Results'. If you use the last option, a separate directory will be created in the MANAGEN\SAVE directory, in which all the output files are stored. You can use these output files
to import them into, for example, a spreadsheet or a plotting program. Now change the
values for A, B,C, and M to the following:
A = 5.
C = 400.

B = 0.3
M= 70.

and run the model again. Plot the results again and compare the graphs with the previous
ones of APCUM (Figure 6.3), biomass and yield. The resulting graphs demonstrate the
importance of proper timing of fertiliser application. For further exercise, you may repeat
the above with different values for FSVI and FSV2. Or you may change the potential
recovery table RECT or the native soil N supply table SST to evaluate the effects of soil
properties on growth and yield.

6.4 Optimise theNapplications
The 'Optimise N-curve' method is used to determine the shape of the N application curve
that corresponds with the maximum attainable weight of the rough rice (WRR) for a given
fertiliser N input level. The shape of the cumulative fertiliser N application curve (APCUM)
is defined by the parameters A, B, C, M and the total fertiliser N input level FERTMX (see
paragraph 5.5.4 for more information).
The optimisation process is 'automated': you can supply a range of fertiliser N input levels
for which N application should be optimised. MANAGE-N optimises the N application
curves for all these input levels, one after the other and then uses the results (the best
values of A, B, Cand M)to run the ORYZA_0 model again. These last runs supply detailed
information that is used to draw graphs.
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Figure6.3 Effect of changes in the shape of the cumulative fertiliser N application
curve. The top curve (Figure 6.3a) shows two different application curves: case (a) was
computed using A = l . , B=0.1, C=300. and M=30.; case (b) used A=5., B=0.3,
C=400. and M=70. Both curves used a maximum fertiliser N application of
FERTMX=210 kg ha -1 . Figure 6.3b shows the effects of the two application curves on
totalcropbiomass (WCR)anddrygrainyield(WRR) forbothcases.
Optimisation isgenerally performed in absence of prior knowledge regarding the 'best' N
level. Hence, we seek a value of FSV that represents the site, season and cultivar rather
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than a particular N management scheme. We looked at the results of the 'Fit to Match'
runs (Table 6.1) anddecided tousethemean values of DATFSV(=44), FSV1 (=0.90),and
FSV2 (=0.62) for our optimisation presented in this paragraph. These values have to be
insertedintoanoverall 'site-season-cultivar specific' file. Suchfiles shouldhaveextension
'* .ALL',to indicate that they arenot 'treatment specific'. We assume herethat such a file
does not yet exists. Now, first activate the 'Optimise N-curve' menu option. Then go the
'Edit A Crop/Soil File' menu option and edit one of the crop/soil files that you used
earlier, in order to make the values represent the site-season-cultivar combination. (That
original file wasvery specific for atreatment).Thefirstthing now isto storethefile under
another name:gotothe 'Crop/Soil file' textfield(the left-bottom corner of the 'Edit Data
File' window) andchange the nametoadescriptive namewith extension '* .ALL'. Inthis
example, we changed the name from 'ZZT3 .DAT' to 'ZZ1993 .ALL'. Now [Save] this
file. Only then do you change the values of DATFSV, FSV1, and FSV2 into the generic
(mean) values that you have computed for this site. Also change the TREATMvariable to
indicate that this file is the generic crop/soil file for the experiment and not the treatment.
In our example, we modified the text to 'Jinhua 1993, generic optimisation file'. Now
[Save] the crop/soil file again and press [Exit]. Go to 'Select Input Files' and choose the
corresponding weather and timer file (the crop/soil was already selected upon leaving the
'Edit ACrop/SoilFile' menuoption).
Twoadditional menu options willbe available atthistime inthe 'Input' menu popup: 'Set
Optimisation Parameters' and 'Set Phenology Dates'.Thefirstmenu option isrequired for
anoptimisation. Activate this 'Set Optimisation Parameters' menu option. Anew window
opens that allows you to supply and modify various parameters that are related to the
numerical optimisation procedure.
Inthe example presented here, we increased the number of iteration runs from the default
of 300 to 950(seeparagraph 5.5.4 onpage 93 for adetailed information on these topics).
Next, we specified total fertiliser N input levels in the 'N-levels to optimise' list box: 0,
50, 80, 100, 150, 180,200, 210, 240, 270, and 300.We removed the 400 kg input level.
Then,wesupplied adescriptive name for theoncoming optimisation inthe 'Storagename'
text field: 'JIN1993'. Press [OK]. All results of the optimisation will be stored in a
directory called MANAGE-N\SAVE\JIN1993.OPT and can be retrieved for processing
after theoptimisation is finished.
An optional set of data that you can supply are the dates of several phenological stages
(e.g., panicle initiation, first flowering). If you enter these dates (in days after
transplanting) via the 'Set Phenology Dates' menu option, the phenology stages will be
indicated in the cumulative fertiliser N application graphs. This is a handy option that can
be used to check in one glance how timing of N application should relate to different
growth phases ofthecrop.Intheexamplepresented inthisChapter, weentered thedates22
forpanicleinitiation (PI),first flowering (FF),andmaturity(M).
22

Note that this information is only for output presentation purposes. It does in no way affect the
simulations northeoutcome of theoptimisation process.
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Activate the 'Start Run' menu option to start the optimisation process. The very first
model runs are performed for the 0 kg ha' 1 input level. Of course, no optimisation of
nitrogen application is possible for this level: the results will only be used later as a
reference. The next runs are the actual optimisation runs. When optimisation for a specific
N input level is finished, all the results are stored in a separate directory for later reference.
MANAGE-N continues until the N application of the last N input level has been
optimised.
Note that the running itself on a IBM™ 80486 machine will take 3 to 6 hours (because 10
N levels are optimised with high precision, i.e., INT=900).
The next step is calculating the detailed dynamics of several state-variables throughout the
growing season for every optimised N application. The resulting values are used for
graphs, and the maximum attainable yield (weight of the rough rice, WRR)is also displayed
in the 'Optimisation Results' window that appears when the abovementioned postoptimisation runs are completed.
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Figure 6.4 Maximum attainable simulated grain yield for a number of fertiliser N input
levels. The simulated grain yields are obtained by using the optimised nitrogen
applications for the individual N input levels, computed for cultivar Xieyou 10 at Jinhua,
late season 1993. (This graph is not a snapshot of the MANAGE-N screen: observed
values are not included in the MANAGE-N graph).
The 'Optimisation Results' window shows for every N input level the best values for the
A, B, C and M parameters together with the corresponding WRR. After viewing the results,
[Exit] the window and proceed to the 'View Graphs' menu option. A window opens that
gives you instant access to the most interesting graphs that summarise the results obtained
from the N optimisation.
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The first two graphs are grain yield (WRR) and total crop biomass (WCR)response to the
selected N input levels (press [Yield-response] and [Biomass-response] respectively).
Figure 6.4 displays the yield-response that was achieved (simulated) in the Jinhua 1993
case, together with the observed values. There seems to be a potential for improving N
management, especially at the higher Ninput levels. Of course, this theoretical analysis is
onlythe first step:specific experiments shouldbeperformed toconfirm theseresults.
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Figure6.5 Recommended timings of the relative N application for cultivar Xieyou 10.
Not all N levels that have been optimised in this Chapter are shown, only a selected few
are displayed to show differences in timing. This graph is not a snapshot from the
MANAGE-N system; because there were so many N levels for which we optimised the
graph inMANAGE-N wastocrowded for printing here.Instead, weimported the APCUM
graphsof5selectedN-levelsinaspreadsheet tocreatetheabovegraph.

The actual timings of the N applications can be viewed in the APCUMgraphs. There are
two options here: you can view a [Scaled APCUM] graph, which is excellent for
comparing timings between N input levels. Or you can view [APCUM per N-level]. An
example of thefirst typeof graph ispresented in Figure 6.5.APCUMcurves for only afew
Ninput levelswereselected andcomposed inFigure6.5.
TwoindividualAPCUM graphs areshown inFigure 6.6 together withtheearlier mentioned
phenology indicators. These APCUM graphs are a basis for developing discrete N
application schemes for evaluation bythe 'SplitEvaluation' method.

Ill

APCUM-for 50 kg/ha(dashed lines indicate PI, FF. Mstages)
APCUM [k^ha]

APCUMfor 210kg/ha (dashed lines indicate PI. FF. Mstages)
AFCUM [kg'ha]
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(6.6a)
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Figure6.6 Optimised cumulative fertiliser N application curves with phenology
indicators. The above graphs have been computed by MANAGE-N for the 50 kg N ha-1
level (FERTMX=50., Figure 6.6a) and the 210 kg N ha"1 level (FERTMX=210 ., Figure
6.6b). Both graphs used the data from the Jinhua 1993 experiment. The dashed lines
indicate panicle initiation (PI), first flowering (FF) and maturity (final harvest, M)
respectively. Notethedifference intimingoftheNapplication.

A very simple 'economic analysis' can be performed by using the right-hand part of the
'View Optimisation Graphs' window. When you supply values for the cost of 1 kg
fertiliser nitrogen and the price that 1 kg of rice fetches on the local market, the
[Additional Income] button displays a graph (Figure 6.7) that indicates the additional
income a farmer should expect at each of the fertiliser N input levels. The additional
income is defined as the total net income at a certain fertiliser N input level minus the
income at the zero fertiliser N input level. You can supply the cost of nitrogen as well as
the price of rice in local currency. The additional income graph shows the economic
optimumNinput level for the farmer. Ofcourse,thisdoesnot necessarily correspond with
the maximum attainable yield. When fertiliser nitrogen is cheaper, the economic optimum
moves towards the higher Ninput levels. Achange in cost of nitrogen and price of rice is
not only reflected in the shape of the economic optimum curve, but also in the absolute
amount of additionalincome.
SinceMANAGE-N computes drygrainyield, afactor ispresent tocorrect for the moisture
level of the grains.Valid values for thisfactor range from 0to 25 %moisture content (dry
weightbasis).
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Additional Income (at 14.0%moisture levelofthe grains)

(6.7a)

Additional Income (at 1 4.0%moisture levelofthe grains)

(6.7b)

Figure 6.7 Additional income graphs for different costs of 1kg fertiliser N. In Figure
6.7a, the cost of 1kg fertiliser nitrogen is 1.5times the price that 1kg of rice fetches on
the local market; in Figure 6.7b, the cost is 8.0 times the price of 1kg rice. Note that
between these scenarios, the optimum amount of fertiliser to be used by the farmer
changes.Theabsolute amountofadditional incomechangestoo.

6.5 Evaluate split-dressings
The fourth method is available to evaluate discrete split-dressings of nitrogen. This
evaluation process is often the last step in the procedure of optimising N
recommendations, but the evaluation of split-dressings can also bean independent activity
(i.e.without priornumerical optimisation).Inbothcasesagenericcrop/soil file is required
for assessment of crop performance under different split schemes: the mean FSV values
for a specific combination of site, variety and season are necessary. In short: before using
the 'Split Evaluation' method, it is essential to go through the exercise of calculating
FSVl, FSV2 and DATFSV for the various treatments, select mean values for these and
store them in a generic crop/soil file (with extension '* .ALL', see previous paragraph).
Also the other parameters should, obviously, represent the site-season-cultivar
combination under study. More information on the theory behind the 'Split Evaluation'
method canbefound inparagraph 5.6 onpage97.
Without further ado,let uscontinue with the example. Goto the 'Method' menu pad and
activate the 'Split Evaluation' menu option. Next, select the input files. In the example
presented here, we use the same crop/soil file as we did when the 'Optimise N-curve'
method was executed: 'ZZ1993 .DAT'. The corresponding weather ('JINHUA1. 993')
and timer file ('T_JIN93 .DAT') are also selected. As soon as you return to the main
menu, the menu option 'Set Split Evaluation Parameters' has become accessible. Activate
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it. A new window opens, which enables you to enter both timing and size of the nitrogen
splits. Both timing and size can be based on output graphs from the previous exercise.
These cumulative fertiliser N application curves for selected N input levels can be
displayed nowfor yourconvenience as reference.
Besides the SPLIT and SPLDAT tables, there is another parameter that we have not
encountered intheearliermethods. That istheparameter K2,tabulated versus time inthe
input function K2T. This parameter (see paragraph 5.6) is necessary to express the rateof
Nloss from theNpool stored inthe soil.ForK2 =0.10, thepool sizedrops by 10%every
day asaresultofthelosses (plusby somemore,duetouptake).Werecommend that K2be
fixedintime, unless there is strong evidence that reality isdifferent. Sofor thetimebeing,
fill out the K2T table such that K2 obtained by linear interpolation from this table is
constant. Now try different values: 0.1,0.15, 0.20. It becomes clear that the value of K2
has an impact onfinalyield, which is sensitive to changes in K2.In this example we will
use the default value of 0.1 for the whole simulation period. These values are
automatically suppliedbyMANAGE-N.
Let us retrieve the results of our previous N optimisation so we can use the optimised N
application curve as reference. Go to the [Choose Optimisation] button in the 'Split
Evaluation' window. Press the button, then select the name of the optimisation case you
wishtoberetrieved.Intheexample presented inthis Chapter, weused 'JIN1993' asthe
storage name of the optimisation, so the name to look for is 'JIN1993 .OPT'. When the
optimisation case is properly selected (watch for the square-root Vsign), press the [OK]
button. All the results and graphs are now retrieved by MANAGE-N. The [Optimisation
Info] button becomes available, and pressing it shows you the complete optimisation
output with regard to total N input levels, values of A, B,Cand M and the corresponding
grainyield(WRR).
The 'N-level' and [Graph] button work together to display the cumulative fertiliser N
application curve (APCUM) for a specific N input level. Of course, an optimisation must
havebeenperformed for thatlevel.Intheexamplepresented here,wewilllook at different
N split schemes for the 210 kg N ha -1 input level. Therefore, go to the 'N-level' field,
enter '210' andpress the [Graph]button23. When welook at theAPCUMgraph (seeFigure
6.6) of 210 kg N ha -1 , we can think of several ways to break down the continuous N
application curveintodiscrete splits.Notonlytimingitself,but alsothenumberof discrete
splitsisimportant. Onepoint shouldbestressedhere:aslongasproduction isN-limited,it
is virtually impossible to get as high a grain yield via split application as under the
(hypothetical) continuous application because of smaller losses inthe lattercase. Knowing
this,wewilltrycombinations of splitnumbers andtimingofthesplits,butallbased onthe
APCUMcurve.Also,takeyourexpertknowledge into account.

23

If you want to look at another N input level , or if you did not optimise for 210 kg ha ', choose another
value.
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For the first try, we decide upon two splits: one before panicle initiation (PI), and one
between PIand theday when theAPCUM curve reaches its maximum: 100kgNat 13days
after transplanting and 110 kg at 39 after transplanting (DAT). Enter these values in the
properboxes andthenpress [UseData]toinstruct MANAGE-N to storethesevalues.
[Exit]the 'SplitEvaluation' window andrunthemodel.Whenyou activate 'View Tables',
you notice that other state-variables are present, all relating to discrete splits and to the
nitrogen pool inthe soil. You will also notice that the grain yield (7125 kg ha"1) is not as
high as the grain yield obtained at the continuous nitrogen application (7906 kg ha -1 ).
Examining the periods over which the nitrogen demand of the crop is higher than the
actual uptake can help us decide how to time the splits better. Use the [View Graphs]
menu options to draw graphs of DEMAND (N demand of the crop) and NUPT (actual
nitrogenuptakebythecrop)versusTIME.
In this case, it is better to increase the number of splits. After a few tries we arrive at the
following doses and timing: 50kg N(8 DAT),60kg N(15 DAT)and 100kg N (30DAT).
Thefinal simulated grain yield withthis combination is 7489kg ha-1 (for comparison, the
highest observedyield inthisexperiment was7690kgha -1 ).
'Split Evaluation' is a good tool to quickly assess the effects that split schemes have on
final yield. The uncertainty on the K2 factor, however, makes that predictions of that
absoluteNuptake and absoluteyield level areof less significance than the relative effects
of split scheme variations. Further research to expose the ranges of K2 is highly
recommended.
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7 MANAGE-N Reference guide
J.J.M.Riethoven'
1

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands

Inthis Chapter, the user ispresented with an in-depth description of eachmenu pad, menu
option, andwindow that ispart oftheMANAGE-N tool.Theinformation inthis sectionis
purely meant asareference, only tobelooked into when specific questions arise regarding
a certain option in MANAGE-N, orwhen the user seeks amore detailed understanding of
thesystem.BecausethisChapterdirectly aimsattheuser,thestyleadoptedhereis 'active'
writing inthe second person (using 'you' instead of 'the user').This makes reading easier.
Atop-down structure is used meaning that first, abrief description is given of each menu
pad, then each menu option is discussed, and within each menu option the input or action
window isdescribed (if applicable).
Furthermore, at the end of this Chapter, a description can be found of one of the most
important windows: the item-selector, as well as a short introduction on how to use the
TTSELECT utility for creating graphs.Please notethat the actual Figures24of screens and
menus might differ slightly depending on the exact version of MANAGE-N on the
distribution disks. All snapshots of screens and menus have been made of MANAGE-N
version 1.0.

7.1 Mainmenu
After starting MANAGE-N, themenu barthat appears atthetopof the screen iscalled the
main menu.Thisnameseemstoindicate thatmoremenus arepresent. However, thisisnot
thecase.Themainmenu isjustthetop-levelof allmenuoptionsandscreens,andexitinga
window isdefined asreturning tothemainmenu.
Menu pads are located on the main menu bar; each menu pad groups menu options in the
menu popup that are closely related (see also paragraph 4.3). The menu is organised in
such a manner that options are only available when needed, or when certain prerequisite
conditions have been met. For example, the 'Run' menu pad cannot be accessed before
you havechosen both amethod andinput files (in somecases,alsoparameters have tobe
defined).

24

Since the Figures of menu options and windows in this Chapter are printed in two colours only,
information has been lost regarding the differences in colour or intensity of several items (e.g., 'dimmed'
or disabled items). On screen they display much better; the Figures should be taken as a reference only
and not as an accuratecopy of the screen.
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7.1.1 System
The 'System' menu pad gives you access to one of the smallest menu popups: the only
menu option that is located there is the 'Quit MANAGE-N' menu option. The reason for
making aseparate menupadout of this option istoprevent you from accidentally pressing
the 'QuitMANAGE-N' option.
System •MHiaMiiran^RiinTjBngn^Har»
3WJWOM
A c t i v e method

Currently activesettings
Usingdatafiles
Executable

FITTOMATCH
SUINLV =1(observed leafNasforcing function)
None.
ORYZA_0.EXE

Figure7.1 The 'System' menupad andtheaccompanying menupopup.

QuitMANAGE-N
Activating this option lets you exit the MANAGE-N tool. Before exiting, you must
confirm that action. This menu option has a hot key assigned to it: pressing [Alt+Q] will
exittheMANAGE-N toolanywhereinthesystem.
When you leave MANAGE-N, it cleans the work area. The work area is used as a
temporary repository of input and result files. If results of the 'Single Run' and 'Split
Evaluation' methods should be stored for later reference, you must do so before leaving
MANAGE-N.Refer toparagraph 7.1.5 for further instructions.

7.1.2 Method
The 'Method' menu pad lists the available methods or tasks that can be performed by
MANAGE-N. By activating amethod, you determine further options offered and inputs
required by MANAGE-N. The methods are listed in a logical order: you would go
through these methods successively when performing a full analysis to generate a wellfounded fertiliser management recommendation.
Each method uses its own version of the ORYZA_0 model. These are pre-set by
MANAGE-Nwhen amethod ischosen;itcannotbechanged.
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Activem

Hit to M a t c h ^ ^ ^
Tjjptimise N-curve
S p l i t [evaluation

SINGLERUN

Currently activesettings

SUINLV =0 (simulated leaf N)

Usingdatafiles

None.

Executable

ORYZA_0.EXE

Figure7.2 The 'Method' menupad anditscontents.

FittoMatch
By this method, you compute the value of FSV via a comparison between field
observations and simulated growth curves (i.e.,biomass versus time). FSVis acalibration
factor expressing the efficiency by which thecrop utilises radiation and leaf N to produce
dry matter. FSV values and the accompanying DATFSV date are used to characterise a
particular combination of site, season, and cultivar. Arepresentative FSV value is usually
composed from the FSVvalues obtainedbyanalysing (fitting) varioustreatments available
from acase.
After activating this menu option, the MANAGE-N tool will set the switch value of
SWINLV to =1, indicating that the model (ORYZA_0.EXE) will impose measured leaf
nitrogen asforcing function insteadofsimulatingleaf nitrogen from underlyingprinciples.
You should check whether all input requirements aremet. Usethe 'Edit ACrop/Soil File'
menu option (seeparagraph 7.1.3) toview allparameters andmeasured values and, incase
theyareincorrect ornotpresent,editthem.
Please refer to paragraph 5.4 (page 90) and paragraph 6.2 (page 100) to get detailed
information abouttheentireprocessofcomputing FSV.

Single Run
Thismenu option activatesthe 'SingleRun' method. Withthe 'SingleRun' method, you
can experiment freely with input of the model. It offers a wide range of outputs from
ORYZA_0 and is meant for detailed study of crop responses. 'Single Run' can be used at
anytime.Fordetails seeparagraph 5.5 (page92).Graphs canbe viewed of every variable.
ORYZA_0 canberun using simulated leaf nitrogen orwith forced (observed) leaf nitrogen
(seethe 'Toggle SWINLV' menu option inparagraph 7.1.3).

OptimiseN-curve
Choosing thismethod instructsMANAGE-N tousethe special optimisation derivativeof
the ORYZA_0 model (ORY0OPT.EXE). 'Optimise N-curve' will eventually maximise
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final yield for each Nlevel that you select. Maximising yield isperformed bychanging the
shape of theAPCUM(cumulative Napplication) curve until optimum values for the curvedefining parameters A,B,C,andM havebeen found. This procedure isexplained in detail
inChapter5.
Before the actual optimisation can commence, you must define some parameters that
influence the optimisation procedure, as well as enter a descriptive name for the
optimisation. The name will be used to store the optimisation results. Defining these
parameters isdonethroughthe 'SetOptimisation Parameters' menuoption (page 126).

SplitEvaluation
After Noptimisation finishes, youcan further explore howcontinuous Napplication (asis
used in the N-optimisation procedure) can be transformed into discrete split-dressing and
what the effect will be on final yield. This is done by the 'Split Evaluation' method. Itis
recommended to base split evaluation on a case study of N optimisation, but the 'Split
Evaluation' method can also be used directly. A special derivative of the ORYZA_0
(ORYOSPL.EXE)model is used tocompute the effects of discrete split-dressings onfinal
yield. Detailed information on the processes underlying nitrogen dynamics in case of
discrete split-dressings canbefound inparagraph 5.6 onpage97.Enteryourvalues for the
sizeandtimingof splits inthe 'Set SplitEvaluation Parameters' menu option (page 129).

7.1.3 Input
Whenever you must select or define data for the model, the 'Input' menu pad is where to
look. It offers user-friendly editing of data files, easy selection of data files, and the
effortless definition of parameters required under the active methods. All the menu
optionsexceptthe 'Toggle SWDSfLV' option give access towindows thatprovide awealth
oninformation abouttherequiredinputs.
Itisessentialtouse the 'Input' menu padbefore anymethod canbe used (i.e.,before any
model can be run). You should, however, first select a method via the 'Methods' menu
pad. When you use the 'Edit A Crop/Soil File' menu option, only those parameters are
required thatcorrespond withtheactive method.
Ifyourinputfilesneednoediting,youcanproceedto 'Select InputFiles' onpage125.
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•sRsi3SMM3ia?5i input I I T T I uit — i n n
Edit A11imerFile
Select Unput Files
Active method
Currently active

Set OptimisationParameters
Set Phenology Dates
Set Split EvaluationParameters

l e a f N)

Using datafiles
Toggle SWINLV
Executable

Figure7.3 The 'Input' menupadandthecontentsofthemenupopup.

EditA Crop/SoilFile
This menu option offers an easy interface to entering and changing data in the crop/soil
file. When a crop/soil file is already active (i.e., already chosen with the 'Select Input
Files' menu option),then the 'Edit Datafile' window opens atonce.Ifnocrop/soil file has
yet been selected, MANAGE-N first asks you which file should be edited. It then parses
thefile andextracts alldatathatarevitaltoORYZA_0.
EditDataFlle-Screen1of3=
'IRRI,1991,IR72,0kg/haN'
94.
1991.,180.,16.0,5
WCR_OBS =
60.
1991.,194.,16.0,{ RSRT
16.0
1991.,202.,49.3,5
0.,0.4,
0.4
1.2,0.15
WLV_0BS
10.
1991.,180.,8.5,J
1991.,194..8.5,1
DATFSV =
60.
1991.,202.,29.3,5
FSV1
=
0.84
FSV2
=
0.94
FNLV_OBS
1991.,180.,3.02,55
Canbeautomatically
1991.,194.,3.02,B
computedandupdated
1991.,202.,4.14,5!
byMANAGE-N.
C1TickifrootswereincludedinWCR_0BS
Observationsareforcomparisononly,notas
Crop/Soil
forcingfunction.
file
:91IR0KG.DAT
<EditCommentBlock>
Nextwindow
<ViewÉptimisationResults>
Save
<Elit>
TREATM =
DATH
DATFF
WCRI
ANCRI
SDLAGE =

Figure7.4 Thefirst screen of the 'Edit ACrop/Soil File' menu option.This screen lists
parameters, variables, and functions that are treatment-specific. The time-series of
observationsrefer toaparticularcase,i.e.atreatmentwithin anexperiment,andshouldbe
mutually consistent.

Theparameters andvariables arepresented inthreewindows.Withthetwopushbuttonsat
the bottom right side named [Next Window] and [Previous Window], you can switch to
these windows. All parameter names are displayed, with next to them the current value(s)
they have in the crop/soil file. If no value is displayed, then no value was present for that
particular parameter in the data file. The parameters are displayed on a 'need-to-know'
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basis. Whenever a parameter is not needed for calculation in the current method, the
nameoftheparameter isreplacedbydashes '
'. Thevaluecannotbe altered.
For example, in the 'Single Run' method, the SPLIT parameter is not required, because
'Single Run' simulations use a continuous application curve expressed in A,B, C,M,and
FERTMX.The SPLIT parameter (located in the third window, see Figure 7.6) is replaced
bydashes.
Foreachparameter and variable, ashort description is available. Movingtothe value field
of a parameter or variable will display this description at the bottom of the screen. This
description is also stored in the data file when the [Save] button is pressed, thus making
documenting datasetsveryuser-friendly. Thedescription cannotbeeditedbyyou.
The parameters and variables are grouped in a logical manner. All observations or
parameters derived from treatment-specific observations are listed in the first window.
This includes time-series of observations like crop weight (WCR_OBS): these should be
entered as anarray withcolumns that denote theyear,day of year, and the actual observed
value.
Parameters that are supposed to characterise the variety-site-season under study are listed
in the second window. The third window holds all parameters that define the continuous
fertiliser application curve, as well as the discrete split dressings; this also includes
parameters needed for the estimation of the amounts of phosphorus and potassium
required (theseareoptional).
=EditDataFile-Screen2of3=
Cropandsoilparameters apply toalltreatments inan
experiment (experiment =aspecificcombinationofcultivai-,
siteand season).
Cropparameters
FNCLV
FNMAXT
RUR
NUPCO
ANLVMX
FNSO

<lore..>

Soil parameters

0.50
0.,0.03,
40.,0.017,
60., 0.015,
0.2
0.03
100.
0.01

Crop/Soil
file:
91IR0KG.DAT
<ViewiptimisationResults)

HI5
0.551
HISLOP
0.00767
HIwillbecomputed

SST

0.,0.6

800.,0

0-.0.1,1 MXUP1T =
999.,0.il
<

<Exit>

800..5.1

Next window

>

< I r e v i o u s window >

Figure7.5 The second screen of the 'Edit A Crop/Soil File' menu option. It lists
parameters that characterise the site, season and cultivar, i.e., are not dependent on N
management (treatment).

When entering and editing data in these windows, MANAGE-N will perform a simple
checkonthecorrectnessofthevalues.Thischeckisnotonbiologically plausiblevaluesof
theparametersbutoncorrectness of syntax (e.g.,checkif input isreally anumerical value,
check if an array consists of the right number of elements, and so on). MANAGE-N will
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l

0.,0.0,2
60.,0.8,8
65.,0.4,8

P.ECT

warn when an incorrect response is detected; and it will then return to the current
parameter.
During the entering and changing of parameter values, you can also take a quick look at
theresultsofprevious optimisations:that is,youcan retrieve information onthe optimised
Nlevels (FERTMX)and the corresponding A,B,C,M,and dry grain yield (WRR).This can
come in handy when you want toanalyse modelbehaviour based ontheoptimum fertiliser
application curve.The push button [View Optimisation Results] at the bottom left sideof
thescreen givestheopportunity torecollect theseparametervalues.
Default values are automatically assigned for certain parameters that have no value yet in
thecrop/soil file. The [More..] button attheright toppart of every screen displays,besides
otherrelevant information, alsothedefault valuesfor aselection ofparameters.
=Edit DataFile-Screen3of3=
Parameters defining continuous fertiliserapplication curveand
discretesplit dressings.Theparameters A,B,C,andMcanbe
optimised (formaximum grain yield) forgivenFERTMX by MANAGE-N,
but values may alsobeusei—defined.Values ofsplit-dressingscan
only beusei—defined.
35.
999999999.
0.
(leaveemptyif
not used)

FERTMX

=

KNRAT
PNRAT

Crop/Soil
file:
91IR0KG.DAT
<ViewOptimisationResults)

<(ore..

50.0000
1.
0.1
300.
30.

=
Save

<Exit>

<Previous window>

Figure7.6 The last screen of the 'Edit A Crop/Soil File' menu option. The parameters
listed inthis screen define fertiliser applicationregimes.

Besides parameter values, you can also edit a special comment that will be placed at the
top of the data file when it is stored. The [Edit Comment Block] push button in the first
window (see Figure 7.4) guides you to a special window in which this comment can be
changed. The comment is best used as a detailed documentation of the treatment and
experiment, or as a place to put in any special remarks concerning observed values or
parameter derivations (methods of measurement, used algorithms, who did the measuring,
maybe literature from which values were taken, etc.). This way parameters can be traced
backtooriginal observations.
MANAGE-N will put asterisks '*' in front of every line that you enter. Pressing the [Exit
&Save]pushbutton will store anychanges that havebeenmade andwill return you tothe
first 'Edit DataFile' window. [Cancel] negates any changes while returning to the 'Edit
Datafile' window.
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«Edit Datafile Comment Block™
Please edit the crop-file comment block. Make sure every line starts
with an asterisk
'*'.
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

* R. Torres, IRRI, The Philippines

*1991
* variety:
IR72
* treatment: 110 KG/HA
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

E û t S Save »

<

Cancel

Figure7.7 The 'Edit Datafile Comment Block' window. It enables easy editing of vital
information.

The changed data can be saved by pressing the [Save] push button. When data must be
savedunderanothername,youcanchangethenameofthedatafileinthe 'Crop/SoilFile'
fieldatthe left sideof thewindow. Ifafile already exists withthe samename,you willbe
asked toconfirm thesaveaction.
Note that the 'Optimise N-curve' and the 'Split Evaluation' methods use values for crop
and soil parameters that are supposed to be general for the site-season-cultivar
combination, and thus do not refer to a specific case (=treatment within an experiment).
This is in contrast to the 'Single Run' and 'Fit to Match' methods. As areminder of this
difference, thecrop/soil file mustbe saved using anextension of *.ALLfor the 'Optimise
N-curve' and 'SplitEvaluation' methods.

EditA TimerFile
Press this menu option if you want to edit a timer file. If no timer file has yet been
selected, MANAGE-N will give you the opportunity to select the target timer file.
Otherwise, the 'Edit TimerFile' window opens at once.This window is very simple,with
basically only two parameters that can be edited. The first parameter is the starting time
(STTIME) of the simulation (transplanting day), the second is the stop time of the
simulation (FINTIM). The stop time should be set sufficiently high, like 600. or 999.
because the simulation stopsby itself when the date of the final harvest hasbeen reached.
DonotuseFINTIMtostopthesimulation prematurely.
As with the 'Edit DataFile' window, also for the timer file, a special comment can be
placed at the top of the timer file. The comment can be edited by pressing the [Edit
Comment Block] push button: the 'Edit Datafile Comment Block' window will pop upto
facilitate easyediting (seeFigure7.7).Youcanchangethenameof thetimerfile.Pressthe
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[Save] button to store the changed contents into another file. When using an existing file
name,you willbeasked toconfirm overwriting theolder file.
Pressing the push button [Exit] in the 'Edit Timer File' window leaves the window
without saving anychanges.

E d i t Timer F i l e =
STTIME

=

194.

FINTIM

=

600.

<Edit iomment Block>
Timerfile :
lave

»

T_91IR72.DAT
< Exit

>

Figure7.8 The 'Edit Timer File' window enables editing of the start date of the
simulation.

SelectInputFiles
The 'Select Input Files' menu option enables you to choose the inputfileswith whichyou
will run the model. The 'Select Input Files' window will open, and in this window three
typesof inputfiles mustbechosen: acrop/soil file, aweather file, andatimer file.
= S e l e c t Input F i l e s
< Crop / S o i l >
< Weather >

: 91IR0KG.DAT

Current Model F i l e
Current Weather F i l e
Current Timer F i l e

HB_____^___
«

OK

»

< Cancel

: PHIL1.991
: T_91IP.72.DAT

>

Figure7.9 The 'SelectInput Files' window.
Pressing any of the three file buttons [Crop / Soil], [Weather] or [Timer] will bring
forward the item-selector. The item-selector displays a list of files from which you must
pick one. After all three types of files are selected (watch for the square-root V sign), the
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[OK]button activates theseselections andreturnsyoutothe mainmenu. Pressing [Cancel]
returnsyou tothemain menu without activating theselections.
Aslong asallthreefilesarenot selected,the 'Start Run' menu option remains disabled.

SetOptimisationParameters
The setting of parameters needed for the N optimisation runs is handled by the 'Set
Optimisation Parameters' menu option. This is required before the optimisation procedure
cancommence. Seealsoparagraph 5.5.4 onpage93.
optimisation Parameters»
IBOUND =0
INPS =40
INT
=300
FTOL =1.0E-9

(Discard parameter values outside range)
(Numberof parameter-sets)
(Numberof iteration runs)
(Tolerance/stop criterium)

A
B
C
M

(Min)10.
(Min)1.
(Min)500.
(Min)80.

=0.01
=0.1
= 10.
=10.

N-levels tooptimise:0.,

Q
50.,
100.,
150.,
200.,

(Max)
(Max)
(Max)
(Max)

<fancel>

Q Storage name : 91IR72
jj (nameunderwhich results
I will be saved)
B

Figure7.10 The 'Set Optimisation Parameters' window.

The 'Optimisation Parameters' window lets you edit parameters that influence the
numerical aspects of N optimisation. The window has three main sections: the first
includes parameters that deal with the technical side of the optimisation, the second
section deals with the ranges of the parameters that describe the continuous N application
curve (the parameters that will be optimised), and the last section covers information on
theNlevels for whichtheoptimisation istobe performed.
Thefirst section holdsfour parameters thatinfluence theoptimisation:
INPS
Theinitial number of parameter sets.These sets (and theaccompanying yields) areused to
generate new sets, which will be simulated in the next standard model run (iteration run).
Iftheoutcome of such amodelrun isbetter (in terms ofyield),then thenew parameter set
willreplacetheworst setintheinitialcollection ofparameter sets.This initial collection is
alsocalled the 'vase'.
Agoodruleofthumbistochooseanumberthatis attheveryleast 10times thenumberof
parameters that will be optimised (in this case,the number of parameters equals 4:A,B, C
andM).
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INT
Themaximum number of iteration runs.These runs actually simulate the yield with regard
to the newly computed parameter sets (from the 'vase') and replace parameter sets in the
vasewhen the outcome is better than the worst case inthe 'vase'. Typically the numberof
iteration runs shouldbeatleast 6timesthenumber ofinitial runs (6 * INPS).
FTOL
The tolerance level or stop criterion of the optimisation. If the difference between the
minimum and maximum yield in the 'vase' (the actual tolerance level RTOL) is smaller
thanthistolerance level,thentheoptimisation isstopped.
Theactualtoleranceiscalculated inthisway:
RTOL =2 *ABS(WRRMAX -WRRMIN) / (ABS(WRRMAX)+ABS(WRRMIN))

IBOUND
When computing anew parameter setfrom the setslocated inthe 'vase', it ispossible that
the new computed value of a parameter is out of its range as specified in the second
section of this window. In that case, it is either possible to discard the parameter set and
recompute a new set (IBOUND = 0), or to set the value of such a parameter to its
boundary (IBOUND = 1).
Bydefault, anew setwillbegenerated (IBOUND = 0).
The second section of the 'Optimisation Parameters' window defines the boundaries for
the four parameters that are used to describe the continuous N application curve. The
predefined ranges have been tested to satisfy a wide range of environments and varieties.
You should be careful when narrowing the range of aparameter: better solutions to theN
application curvemightberuledout unintentionally.
Changing the ranges is possible for the current session only; when you exit MANAGE-N
by 'Quit MANAGE-N' and then start MANAGE-N again, the default ranges are back in
place.
The last section of the 'Optimisation Parameters' window determines the N levels for
which the optimisation should be performed. You can add as many levels as needed, or
remove them from the pre-defined list. The 0 kg N-level will always be included for
reference purposes (it only computes the initial sets, though, and will not commence
optimisation).
Another field inthe last section is the 'storage name' field. You should enter a descriptive
namefor theoptimisation that is about torun.MANAGE-N will usethat descriptive name
to create a new directory in which the results of the optimisation will be stored. These
results can be reviewed at any time in the main menu. When you supply a name that
already exists,MANAGE-N will warn you and ask whether to usethat name anyway (and
127

overwrite any results that might have been stored within that directory) or to choose
another name. If you do not supply a name, MANAGE-N will create one automatically (a
random 8-digitnumber).
Press [OK] to store the modifications. [Cancel] will take you back to the main menu
without saving. You arerequired toenterthe 'Optimisation Parameters' window and store
thesettingsbefore anNoptimisation runcancommence.

SetPhenologyDates
This option allows you to set the dates of several phenological crop stages. As a result,
these crop stages will be indicated in the recommended APCUM graphs by dashed lines to
provide an easy reference (see for an example Figure 6.6 on page 112). The 'Set
Phenology Dates' menu option opens a window (see Figure 7.11) in which you can enter
dates (in days after transplanting) of the phenological crop stages. These are Active
Tillering (AT),Maximum Tillering (MT),Panicle Initiation (PI),FirstFlowering (FF),and
Maturity(M).

=Phenology Dates=

Active Tillering (AT)
Maximum Tillering (MT)
Panicle Initiation (PI)
First Flowering (FF)
Maturity (M)

DAT
35.
60.
94.

OK
<

Cancel

>

Figure7.11 The 'Phenology Dates' window.
The input of these phenology dates is optional. If you do not enter them, no phenological
stagesareindicated intheAPCUMgraphs.IfyouenteronlyFirst Flowering,then only First
Flowering isindicated.
Whenyou enterthiswindow for thefirsttime after selecting thecrop/soil file, MANAGENwill extract thevalues for First Flowering andMaturity from thecrop/soil file. Ifyoudo
notwantthemincluded inthegraphs,thenremovethevalues.
A safety check has been built in. All dates should be in increasing order, or else
MANAGE-N will not accept these values.Also,youcannot enter adate that is larger than
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the harvest date (DATH)in the crop/soil file. Press the [OK] button to save, [Cancel] will
ignore anychangesyou might havemade.

SetSplitEvaluation Parameters
The 'Set Split Evaluation Parameters' menu option opens the 'Split Evaluation Window'
(Figure 7.12), which enables you to set various parameters, thus proposing a split dose
fertiliser application scheme.
»Split Evaluation Window=
Optimisation name :
N-level:
DAT [ d ]
20,
40,
60

200.0 <
S p l i t s:
50. ,
75.,
75.

IR91 <Choose O p t i m i s a t i o n >
< Optimisation Info >
Iraph >
[kg / ha]

DAT
K2
0..0.1,
999.,0.1
<Use Data>
< Ejïit

>

Figure7.12 The 'Set SplitEvaluation Parameters' window.

To help determine the size and timing of the split-dressings, you can 'consult' an
optimised continuouscurve obtainedearlier. Duringtheoptimisation, nitrogen was applied
through a continuous N application, of which the optimum application scheme for a
certain Nlevelcanbe seenintheAPCUM (cumulative application) graph.
Pressthe [Choose Optimisation] button toretrieve anearlier optimisation and to make the
retrieved graphs available to the 'Split Evaluation Window'. The [Optimisation Info]
buttoncanbeusedtoreview thevariousNlevelsanalysedearlier andtherespective values
ofthecurvedetermining factors (A,B,C,andM) aswell asthecorresponding weight ofthe
roughrice (WRR).
Choosing anoptimisation isrequired whenyouwant todisplay acontinuous Napplication
graph for aspecific Nlevel.TheNlevel mustbe entered in the 'N-level' field. As soon as
you do that, then the [Graph] button becomes available (on the condition that you had
selected an optimisation case, indeed). Press [Graph] to view the APCUMgraph of that N
level.Ifthegraphisnot available (for example,youentered 125whilenooptimisation had
been performed for that N level), MANAGE-N displays a warning and returns gracefully
tothe 'SplitEvaluation Window'.
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To actually define the split application, you must supply a discrete N application scheme.
Both timing and size have to be specified. Timing must be defined in days after
transplanting. You should also enter the table K2 (fraction of N pool lost per day; versus
DAT)). Valid values for K2 are 0 to 1.0. Make sure that at least two rows of data have been
entered because the table is used for interpolation between input points, e.g.,
0.,
0.1,
999., 0.1
Create the first column (days after transplanting) in such a way that it envelopes the
complete simulation period. In the above example, K2 has been entered as a constant 0.1
for the complete simulation period. The value of 999 for DAT has been chosen to be well
beyond the harvest date.
Press the [Use Data] button to store all this information in the generic crop/soil file. The
'Start Run' command must be issued to run the model with these split-dressings, and the
'View Graphs' menu option must be activated to review the results. In case you press the
[Use Data] button and not all required information has been specified, MANAGE-N will
point this out and give another chance to enter the data needed.

Toggle SWINLV
This menu option controls the value of the switch parameter SWINLV, indicating whether
leaf nitrogen should be simulated (SWINLV = 0) or forced as observed values (SWINLV
= 1).Toggling can only be accessed while the 'Single Run' method is active.

7.1.4 Run
The 'Run' menu pad has only one entry: the 'Start Run' menu option.

Start Run
The 'Start Run' menu option starts the ORYZA_0 model to execute the active method
(either 'Single Run', 'Fit to Match', 'Optimise N-curve', or 'Split Evaluation').
'Start Run' is not available when the requirements for a specific method are not met, or
when not all data files have been selected. 'Start Run' has to be executed to update the
output results after any change in the input (whether these be in data files or as parameters
through menu options).

130

|S!TH33MMHJH-I=Min3!M Run lOBQSSSBHaia

•a^nMrww
Activemethod
Currently activesettings
Usingdatafiles
Executable

SINGLERUN
SWINLV =0 (simulated leaf N)
91IR110K.DAT (Crop).PHIL1.991 (Weather),
T91IR72.DAT (Timer)
ORYZA_0.EXE

Figure7.13 The 'Start Run' menuoption,displayedjust priortoasinglerun.

Before MANAGE-N actually starts the model run, it checks whether your input files are
consistent: you cannot select a weather file of a year other than the year in which you
conducted your experiment (MANAGE-N checks years of the observed time series with
the selected year of the weather file). If this check cannot be passed, then MANAGE-N
displays awarning andreturns tothemainmenu.
For all methods except 'Fit to Match', you are directed to the 'Output' menu pad after a
simulation run to inspect the results via 'View Tables', 'View Graphs' or 'View
Optimisation Results'. If the current method is 'Fit to Match', activating the 'Start Run'
menu option will commence 150model runs.These model runs are required to find good
values for the FSV factors. After these model runs, MANAGE-N will automatically open
the 'Select BestMatchfactor' window.Fordetails,seeparagraph 5.4 and6.2.
i.

Sel ect Best Matchfactor
culated from: 194Day,
Goodness of Fit cal
to :254Day,
Best fit with FSV1

1991Year.
1991Year.

=0.860(run 87)

<

Graph of run:

> < 87> FSV1 0.86

<

Recalc Factor

> Until TIME = 254

<

Accept factor

> FSV1 =<0.86>

<ShowGKF>
<Cancel>

Figure7.14 The 'Select Best Matchfactor' window.This window appears directly after a
modelrunwhenthe 'FittoMatch' method isin effect.
Thefirst section of the window displays the period over which FSV1 (or FSV2) hasbeen
computed andthe FSVvaluethatgavethebestfitbetween simulated andobserved weight
ofthecrop.The [ViewBest FitGraph]button will display thegraph that corresponds with
the advised and best fit. The vertical dashed line indicates the break between FSV1 and
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FSV2. This means that for FSV1,the GOF has been calculated from starting time of the
simulation up to the dashed line; for FSV2, the period after the dashed line is taken into
account. For the observed values plot (WCR_OBS), only measured data points are
indicated.
• Viewingindividual graphs
The next line in the 'Select Best Matchfactor' window displays two buttons and an edit
field. The box around the buttons and fields indicates that the buttons within the box are
connected. The [Graph of run] button will display the graph that belongs to the run (and
FSV value) listed in the fields to the right of the [Graph of run] button. The run number
can be changed by entering it manually or by using the tiny buttons < and >. After
changing the run number, press the [Graph of run] button to view the results of that
specific run. You can use this option when you are not satisfied with the advice
MANAGE-N gaveyou with regard tothebest FSVvalue: you can check out other graphs
and decide which gives the best fit. The [Show GOF] button gives you the exact
Goodness-Of-Fit of the specified run, as well as the number of data points used in
calculating it.
• Adjusting theperiod
You can adjust the period over which FSV is to be calculated. Suppose the simulated
graphfitsthe observed graph very well duringthe whole simulation, then consider moving
theDATFSVvalue (thedashed vertical line inthe graph, seeFigure 7.15) totheend ofthe
simulatedperiod.Thatsavesyouanother 150modelrunstodetermine FSV2.
TochangeDATFSV,enteranew TIMEvalueinthefieldtotherightofthe [RecalcFactor]
button. If you enter an invalid time (less than STTIME, larger than STTIME + DATH),
MANAGE-N displays a warning message and you may correct your mistake. Then press
the [Recalc Factor] button to let MANAGE-N re-compute the Goodness-Of-Fits for all
150FSV1 values.When this isfinished,press [View Best Fit Graph] again to inspect the
results. Of course, it is also possible to decrease the TIME value if a bend in the graph
occursbefore thedashed line.Make surethat always atleast twodatapoints arelocated in
thenewperiod.
• AcceptingtheFSVvalues
When you are satisfied with the results, press [Accept Factor] to store the recommended
FSV values in the crop/soil file. Otherwise, enter your preferred value in the field at the
right of the [Accept Factor] button. Again, you can also use the tiny < and > buttons to
decreaseorincreasetheFSVvalue.
The [Cancel]button returnsyoutothemainmenu withoutupdatingthecrop/soil file.
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Sim. crop weight (WCFt) vs. observed (WCR_OBS) FSV1 =0.83
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Figure7.15 An example of the best fit graph for FSV1 calculation. The dashed line
indicates the time (DATFSV) when the switch from FSV1 to FSV2 will be made.
Observations are indicated by the triangle marker, without connecting line. The place of
the rectangular markers (WCR) along the X-axis are determined by the number of days
betweenconsecutive simulation output andbytheobservation dates.

7.1.5 Output
This menu pad gives you access to the output functions of MANAGE-N. Within this
menu, you can store or retrieve single run results, view tables or graphs, and display the
optimisation resultswindow.

Store SingleRunResults
The menu option 'Store Single Run Results' enables you to store the dynamic (timecoursed) simulation results of a single model run in a directory. These results can be
retrieved later on, oryou can use another program like a spreadsheet, a statistical program
oraplotting utility toprocessthedatainadifferent way.
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•SimiduMMBaiERTimn^Rlin« Output IHgUa
l e t r i e v e S i n g l e Run Results
View Mables
View graphs
View o p t i m i s a t i o n Results

A c t i v e method
Currently active settings

91IR110K.DAT (Crop), PHIL1.991 (Weather),
T 91IR72.DAT (Timer)
ORYZA_0.EXE

Using d a t a f i l e s
Executable

Figure 7.16 Thecontentsofthe 'Output' menupopup.

Notonly aretheASCII (plaintext)result files stored,but alsoabinary file that isrequired
when you want to display time-sequenced graphs from within MANAGE-N. This binary
file, RES.BIN, can be quite large. If you are sure that you do not want to view timesequenced graphs through MANAGE-N's 'View Graphs' menu option, then you may
delete it to save disk space. Deleting can only be done outside MANAGE-N. The storage
directories are located within the MANAGE-N\SAVE directory. Storage directories of
singleruns haveanextension of ' . SR'.

Pleasee ntera descriptive
youwant MANAGE-N tostore
thesing lemodel run.
Descript ivename:
« OK »

nameund er which
the resu lts of

K»l:*fcl
<Cancel>

Figure7.17 The 'StoreOutput' window.

This 'Store Output' window asks for adescriptive name under which theresults of thejust
finished single run will be stored. The descriptive name, for example 91IR72, will be
post-fixed with theextension ' . SR' toindicate a single run, and then adirectory withthat
name will becreated in theMANAGE-N\SAVEdirectory. All resultfilesof this singlerun
will be stored in there. So,in this example, all result files will be stored in theMANAGEN\SAVE\91IR72 .SRdirectory.
The 'Store Single Run Results' menu option is only available when the active method is
'Single Run'. Results of the 'Optimise N-curve' method are automatically stored, using
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the storage name that can be supplied in the 'Set Optimisation Parameters' window (page
126).

Retrieve Single Run Results
This allows you to retrieve previously stored results of a single run. The item-selector will
pop up and you have to select one of the storage directories that are available. After the
results have been retrieved, you can display them in a tabular ('View Tables') or graphical
('View Graphs') manner. Results of the 'Optimise N-curve' method can be retrieved via
the 'View Optimisation Graphs' window.

View Tables
The menu option 'View Tables' lets you view the contents of the default model run result
files. You can use [Ctrl+PageDown] to skip to the next file and [Ctrl+PageUp] to go to the
previous file. Use cursor keys to scroll through the files (up and down as well as left and
right).

*
*
*
*
*
*

0 ( = f i r s t output t a b l e )
Output t a b l . s number
Output t a b l i s format : Table output
S i m u l a t i on i r e s u l t s
ORYZA_0 FOR N LIMITED PRODUCTION
I R R I . 1991, IR72, 0 kg/ha N
RTINCL = 0 ; root biomass was not measured
TIME

194.000
194.000
199.000
204.000
209.000
214.000
219.000
224.000
229.000
234.000
239.000
244.000
249.000
WBBBETfBI^M

FERTMX

STPDAT

.00000

-99.000

DOY
194.00
199.00
204.00
209.00
214.00
219.00
224.00
229.00
234.00
239.00
244.00
249.00

~mi7Twxmamr?mTr^^^^^^^'rm».Mmimi'

YEAR

DAT

1991.0

.00000
1991.0
5.0000
1991.0
10.000
1991.0
15.000
1991.0
20.000
1991.0
25.000
1991.0
30.000
1991.0
35.000
1991.0
40.000
1991.0
45.000
1991.0
50.000
1991.0
55.000
H!EM33ffiM*£m^!ifafe:i3isM

Figure 7.18 An example of the 'View Tables' menu option.

View Graphs
Press this menu option if you wish to see graphs of your model output. Depending on the
type of run, you will either be guided to the plotting utility TTSELECT ('Single Run' and
'Split Evaluation' method, see paragraph 7.3) or to a special graph options screen in case
of the 'Optimise N-curve' method. 'View Graphs' cannot be accessed when the 'Fit to
Match' method is in effect because it has its own specialised graph window.
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For the 'Optimise N-curve' method, the window displayed in Figure 7.19 will guideyou
to all the graphical results of the optimisation runs. The top-left box contains 4 push
buttons:
• [Yield-response] displays the graph of maximum yield (dry weight of the rough rice,
WRR) versusNlevel,
• [Biomass-response] showsthegraph ofmaximumbiomass (WCR)versusNlevel,
• [Scaled APCUM] shows the APCUM time curves for each Nlevel, scaled individually
todisplayrelativedifferences intimingoftheNapplication
• [APCUM per N level] displays the native APCUM graphs for each N level and,
optionally, indicates several phenology stages. See also the 'Set Phenology Dates'
menuoption onpage 128.
Examples ofmost ofthesegraphscanbefound inChapter6.
=ViewOptimisation Graphs-

<
<
<
<

Yield-response
Biomass-response
Scaled APCUM
APCUM per N-level

>
>
>
>

Moisture level of
grains

14.0

Cost of 1kgN

1.00

Price of 1kg rice

1.00

<Additional Income>

<Use RES.BIN > [View individual graphs using RES.BIN3
Current optimisation graphs:

IR91

<!etrieve Graphs>
Eiit

Figure7.19 The 'View Optimisation Graphs' window.
The top right box (Figure 7.19) is reserved for the additional income graph. You have to
supply the cost of 1 kg nitrogen, the price that 1 kg of rice fetches on the market, and the
moisturelevelofthegrains (assoldonthemarket).Cost andpriceareinlocalcurrency.
The moisture level is needed because the grain yield in MANAGE-N is defined as being
thedrygrainyield.Seealsoparagraph 6.4 (page 107).
After allprices areentered, pressing the [Additional Income] graph will display agraphof
additional income versus N level. Use this graph to determine the N level that gives the
besteconomic return.
The [Use RES.BIN] button in the 'View Optimisation Graphs' window is used to view
graphs that are not predefined. Pressing [Use RES.BIN] activates the TTSELECT utility,
and you can manually select the variables to be plotted. For each N level there is one
model run for optimum A, B, C, and M,starting with run 0 for N level 0 kg ha-1 (only
native N soil supply). If the binary result file RES.BIN is not present, MANAGE-N
displays awarningandreturnstothe 'View Optimisation Graphs' window.
The name of thecurrently 'active' optimisation case (of which graphs are to be shown) is
displayed atthebottom of the window (you provided that name earlier).Next to thisfield
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is the [Retrieve Graphs] button. You can use this button toretrieve graphs ofother
previously run optimisations. The item-selector will pop up and you have toselecta
storage directory. Press [OK] to activate that selection and toreturn tothe 'View
Optimisation Graphs' window.The[Exit]buttonreturnsyoutothemainmenu.

View Optimisation Results
Inaddition tothegraphical output,the 'View Optimisation Results' menu option givesyou
access to numerical results in the 'Optimisation Results' window. These are the final
results ofanoptimisation case(nameisdisplayed),grouped perNlevel.
optimisation Results Window=
Results of optimisation : IR91
N-level

0.0
25.0
50.0
80.0
100.0
125.0
150.0

A

1.4807
1.8686
3.0093
4.4286
7.4633
9.3609
9.1312

B

0.9078
0.3599
0.2909
0.1588
0.1578
0.1280
0.1281

C

300.7700
299.5600
55.6220
134.1200
196.9600
266.6900
296.0400

<itheroptimisation>

M

WRR

57.5790
65.0200
55.6360
62.6320
68.8610
61.0950
54.0740

3531.801
4317.10B
4893.501
5186.701
5290.00I
5379.001
5432.10 g
«Eiit

Figure7.20 The 'View Optimisation Results' window.
The window in Figure 7.20 shows you the results of a specific optimisation. N level, the
parameters belonging tothebest N application curve,and the accompanying weight of the
rough rice (WRR)aredisplayed. When moreresults arepresent than can be shown atonce,
you can scroll through the list using cursor keys.The [Other Optimisation] button enables
you topick another optimisation ofwhich you like toview the results. The button,
however, is disabled just after finishing anoptimisation run. When you enterthe
'Optimisation Results' window throughthe 'View Optimisation Results' menu option,you
can accessanyresultsavailable.
[Exit]returnsyoutothemain menu.Ifyoujustfinishedan optimisation run,you canview
the currently active results in graphs by activating the 'View Graphs' menu option in the
'Output' menupad.

7.1.6 Help
The 'Help' menu pad gives you access to the 'Help Index' and the 'About MANAGE-N'
menuoptions.
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HelpIndex
Pressing this menu option enables you to review all the topics that are available in theonline help file. Topics range from theoretical background of MANAGE-N and N
optimisation to general topics on the user-interface and copyright and to detailed contextsensitive topics on all the windows and menu options. The help topics cover the same
information asthosegiven inthisChapterbut areless detailed.
Jnput

Run

Output

[*Je1p

Using Help
Doc changes since printing
History (technical)
•— Theoretical Background —•—
Introduction to MANAGE-N
ORYZA-0 rice simulation model
Steps towards optimised N management
The fit to match method
The single run
N Optimisation
The split evaluation method
Parameter Derivation
File Structure
Acknow1edgements
References
=
General Topics
Help

Figure7.21 Anexample ofthe 'Help Index' screen.
Youcan scroll through thehelpindex and get someidea of the topics.Thefirst part of the
help index is especially important: it contains the copyright and any changes that might
havebeen madetoMANAGE-N oritsdocumentation after publishing thisbooklet.
System [MJethoc

Jutput

Hopies

ORYZA_0 rice simulation model

Ifllext
lirevious

fijeip
Hel

General

The model describes nitrogen (N)supply from soil and
fertiliser, crop N demand and uptake capacity, actual crop N
uptake, N allocation to crop organs, utilisation of leaf N to
ation and produce biomass, and the formation of
yield. All these processes are expressed with the
•5=File Structuaaiiai
rical coefficients. These can be derived from
ments (see manual). The model operates with 1d
•Parameter Derivation
nd requires daily values of incident global
Method
Look Up

ORYZA-0 is an explanatory model: biomass and yield are
calculated from underlying physiological and agronomic
principles. It is therefore distinctly different from
statistically based response functions or 'correlation
models'. Explanatory models allow the exploration of crop
behaviour under 'new' conditions.

Figure7.22 Anexampleofahelptopicwithcross-references toothertopics.
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Helptopics are linked (knowledgeable usersknow thisas'hyper-text') whenever detailsor
related topics mightbeofinteresttoyou.The [SeeAlso] listbutton isenabled when other
related topics areavailable. Movetothatbutton andpress [Spacebar]or[Enter],then pick
a topic from the list that appears (seeFigure 7.22) and press [Enter] again tojump tothat
topic.Helptexts areoften longer than one screen can contain. You can usethecursor keys
to scrollthrough thetext.

AboutMANAGE-N
This menu option (see the displayed window in Figure 7.23) gives you some key
information on MANAGE-N. Itdisplaysthe copyright, theaddress ofthe primary contact
persons,theversion ofMANAGE-N, aswell assome general system characteristics like
free memory, theprocessor (CPU) that isavailable, andthegraphics adapter. (See Figure
7.23.)

7.2 The Item-Selector
The screen called 'Item-Selector' isawindow ofparamount importance (seeFigure 7.24).
It enables youtomake aselection from agiven list ofitems. Items canbemodels, input
files, parameters,directories,etc.Someitemsoffer additional information.

=AboutMANAGE-N!=
WelcometoMANAGE-N,theORYZA_0simulationaid
(c)1994-95AB-DLO/IRRI/WAU-TPE
Info:J.J.M.Riethoven,H.F.M,tenBerge
AB-DLO
P.O. Box 14
NL-6700AA Wageningen.
THENETHERLANDS.
MANAGE-Nversion
Releasestatus
FreeMemory
Processorused
GraphicsCard

1.0 ,dated22/10/1995.
Releaseversion
312Kbytes.
4 parallel Pentium 130Mhzsystem
VGA/Color
«OK»

Figure7.23 The'AboutMANAGE-N' window.
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Therectangular box displays the list of possible selections. Ifmore items arepresent than
can fit in the box, use the small arrows at the right side of the box to move (i.e.,
'scrolling') through thelist. Useyourkeyboard arrow keys,the [PageUp] and [PageDown]
keys,orthemouse (click onthearrows).Asyou walk through the list, the highlighting bar
moves on top of each current item. When this bar is positioned on top of an item and the
[Enter] key is pressed, that item is chosen. A square root sign V appears at the left sideof
theitem.Thisindicatesthatyouhavesuccessfully madethatselection.

Selectweatherfile;

m&m

JINHUA1.993 I
JXAU1.994
PHIL1.991
I
PHIL1.992
PHIL4.975
PHIL4.976
PHIL4.977

<Cancel>
« OK
<Info>

Figure7.24 TheItem-Selector, usedinthisexampletoselect weatherfiles.
Ifmorethan onechoice ispossible,onecan movetothenext itemandpress [Enter] again.
The MANAGE-N tool displays a warning message when the user tries to choose more
itemsthan areallowed (awindow appears inthe upperright cornerof thescreen).Inmost
cases, the Item-Selector only allows choosing a single item. When the selection has been
made,the [Tab]keyshould bepressed until ithighlightsthe [OK]button.Pressthisbutton
toactivatethe selection. [Cancel]willnotactivateany selectionsmade.
When information is available for acertain type of item, the [Info] button will be enabled
(i.e. not dimmed). To get the information on a particular item, move the highlighting bar
on top of it and then [Tab] to the [Info] button and press it (or use mouse). If the
information canberetrieved, awindow opens withtherequested information. When more
information is available than what the window can display at one time, the small arrows
appear again.Scroll asdescribed above.
Theinformation window canbeleft bypressing the [Escape]key.

7.3 Theplottingutility TTSELECT
The TTSELECTplotting utility (van Kraalingen, 1991b)is aprogram that displays graphs
using data that the ORYZA_0 model has stored in a binary output file. This utility is
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invoked by MANAGE-N to display custom-made graphs (like the yield-response to N
level graphs) or when you press the 'View Graphs' menu option (during amethod other
than 'OptimiseN-curve').
In the latter case,TTSELECTreads allthe data inthe binary output file and presents alist
of thevariablesthatarefound (seeFigure7.25).
Then, if applicable, it also presents a list of the run numbers that have been made (for
example, when you press the [Use RES.BIN] button in the 'View Optimisation Graphs'
window, for eachNlevel arun appears).Next, TTSELECT asksyou toenter thenamesof
thevariables you want toplot. Thefirstvariable that you enter is the independent variable
(X-axis), the next variable is the dependent (Y-axis). You can also enter more than one
dependent variable but make sure the numerical ranges of the variables are not too
different. Variables shouldbeseparatedbyacomma(,)orablank.
Ifyoulikeacustom title,enteritbetweendoublequotation marks.Forexample:
TIME,WCR,WCR_OBS,"Simulated &Observed cropweight"
(Only if applicable: after youpress [Enter],TTSELECTwill askif you like toplot allruns
oraselection.Youentertheselection asalistofrunnumbers,separatedbyblanks.)
Then, TTSELECT asksyou whether you wishtodisplay only theend-of-run values.Ifyou
answer 'N' No,thenyougettime-coursed graphs.Thesearethe default.
Now the graph will be shown. Press [Enter] to leave the graph. TTSELECT will ask you
three questions about printing or storing graphs.The first question is whether you like the
graphtobesaved inaTTPLOT(thenative format ofTTSELECT)file,the second question
is whether you wishto saveit inascreendumpfile,andthelast question asks whetheryou
likethisplottobeprinted onaHPDeskJet® orLaserJet® printer.
Thefirsttwoquestions arenot of interest toyou25, the third maybeif you have aDeskJet
orLaserJetprinterconnected toyourcomputer.
Youcanpressthreetimes [Enter]toskipall oftheabovethree questions andreturn tothe
TTSELECTmainmenu for thenextgraph.Enteryournextchoiceofvariablestoplot.
YoucanexitTTSELECTbypressing [Escape]untilyouarebackinMANAGE-N.

•" Except if you know how to process a screendump file (the explanation is beyond the scope of this
booklet) or if you can use a native TTPLOT file either for TTSELECT or for further processing in a
spreadsheet.
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TTSELECT version 2.21,

October 1994 ..

The foil. swing variable

names have

been found:

TIME
DATEH

FERTMX

STPDAT

DOY

P
LNUC
RSR

RDM

EPSIL
GRUC
RELTME
APCUM
MAXUP2
DEMAND
ANLV
NHRVST

NL
FSV1
GCR

WLV OBS
FSV2
WSHT

NAVAIL
MAXUP1
M12345
ANLVCH
ACTREC

FITWCR
SOLSUP
FNMAX
NUPT

X

WRR

HI

CUMNSS
MAXUP3
ANCR

YEAR
FNLV OBS

FSV

WCR OBS
APSCOP
SWIEXP
MAXUP4
FNACT
UCRFF

DAT
NCR

RNEFF
RDDSUM
RECOV
HAXUP0
MAXUP5
ANSOCH
NAPPLD

Supply two or more variable names separated by a comma or a space.
First variable name will be used as X-value, type <ESC> to exit.

Which variable names :DAT. WCR. WCR_OBS "Simulated and observed crop weight"

Figure7.25 Anexampleofthemenu systemintheTTSELECTutility.
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8 The FORTRAN Simulation Environment (FSE)
D.W.G. vanKraalingen1
1

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,TheNetherlands

8.1 Introduction
Most of the models in the SARP project are programmed in FORTRAN77,using a crop
growth simulation drivercalled FSE (FORTRANSimulation Environment; vanKraalingen,
1995). The simulation environment (Figure 8.1) consists of a driver routine that contains
the control structure for rerun facilities, reading of weather data and the dynamic loop
(integration, rate calculation, and time update), a framework for the major process-related
routines, and acollection of utility routines that perform specific tasks such as reading of
parametervalues from datafiles andfor generating modeloutput.
This Chapter provides a concise introduction to FSE, its structure, and its features. As
such,it isnotmeant tobe areference guide of FSE: van Kraalingen (1995) already covers
that. The utility routines used are part of the FORTRAN77 library TTUTIL (Rappoldt &
van Kraalingen, 1990). The reports by van Kraalingen (1995) and Rappoldt & van
Kraalingen (1990) can be obtained from the DLOResearch Institute for Agrobiology and
SoilFertility (AB-DLO),POBox 14,6700AAWageningen,TheNetherlands.

8.2 Integration and timeloop
The integration method used in the FSE program is the Euler (rectangular) integration
method. The order in which calculations are executed and how reruns are implemented is
shown in Figure 8.2. At the point where output is generated, values of state variables and
rate variables refer to the same time. In the design of FSE, state and rate calculations are
implemented in separate sections in the major subroutines. These major subroutines refer
toprocesses that can be grouped together as afunctional unit: for example, the distinction
between plant and soil processes. The main program controls which section is activated
through the concept of task-controlledexecution.This is illustrated in Figure 8.3. The
program lines of the plant and soil water subprocesses are separated into rate and state
sections and only one of these sections is executed during a single call from the main
program. Four tasks aredistinguished: initialisation (ITASK=1), integration (ITASK=3),
rate calculation (ITASK=2),andterminalcalculation (ITASK=4).
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WEATHER andTTUTIL library

e.g.above ground
model

MAIN

MODELS
subroutine

FSEdriver

/
\

c

File:CONTROL.DAT

(

)

c

Weather datafile

Timerfile

e.g.below
ground model

3

)

Figure 8.1 Overview of the generic structure of models that are programmed in FSE.
Required data files for the FSE driver are indicated. The model(s) proper have their own
localised accesstorequired data.Allmodels usetheWEATHERandTTUTIL libraries.

After eachtime step,adecision ismadeif another timestepisrequired orif the simulation
should continue to the terminal section (Figure 8.2). One of the criteria to stop the
simulation is that thepredefined finish time (FINTIM) hasbeen exceeded. Incrop growth
models,however, simulationhastobeterminated whenthecropismature orif someother
criterion hasbeen met. Itisthus necessary thatthe simulation loopcanbeterminated from
within each ofthe submodels. This is implemented using avariable called TERMNLofthe
type LOGICAL, which indicates if the simulation loop should be terminated. The
simulation loop continues as long as TERMNL=.FALSE, and the criterion is programmed
asanemulated DO-WHILE loop(FORTRAN77hasnoDO-WHILEcontrol structure).
Thesubroutine TIMER2 (inTTUTIL library) controlsthetimevariablesinthemodel.The
basic actions of the subroutine TIMER2 are (i)(ITASK=1) check the values of FINTIM,
DELT (time step of integration), TIME, etc. and copy these to variables local to the
subroutine,switch ontheoutputflag atthestart of thesimulation when TIMEis amultiple
of PRDEL (time interval for printed output) and when the simulation terminates, (»')
(ITASK=2) check whether thelocal time variables have the same value asthe global time
variables, add DELTto TIME,calculate the day number (DOY),flag if TIME is a multiple
of PRDEL using the variable OUTPUT, flag if TIME has exceeded FINTIM using the
variableTERMNL.
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Start

Initialization
Rerun?
Drivingvariables
End

Terminal

V

Ratecalculations
time=time+delt

/
Testfinish conditions
-Output-

Figure 8.2 TheFSEintegration andtime loop.Shown istheorder inwhich calculations
areexecuted when simulating continuous systems using the Euler integration, illustrating
wheretoenter andleavethecircle,andhowreruns areimplemented

The TIMER2 routine which is used inthe FSE program has some extra features: the year
of simulation is automatically incremented and leap years are also recognised (DOYruns
until 366), and the day number is available as an integer and as a real value (IDOY and
DOY, respectively).

8.3 Initialisation of the states and parameters from external data files
All state variables in the model have to be initialised in the process subroutines. The rate
variables do not have to be initialised because the model starts with the rate calculations
after the initialisation. Integration is only performed if a rate calculation has previously
beencarried out.

8.4 The input data files: reading data
Most of theparameters and initial values of the statevariables of the various subprocesses
areread from datafiles.The datafilesCONTROL.DATand TIMER.DAT (see listings in
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Appendix 4) and the data files for the models (e.g., species and soil characteristics for the
plant and soil model, respectively) have identical formats, and each variable in them may
appear only once. The weather data files will be discussed separately. The values for the
initial state variables and parameters are read from the data files using a set of TTUTIL
subroutines whose names all begin with RD (e.g., RDSREA means 'read a single real
value'). With these routines, the user can request the value by supplying the name of the
requested variable (after havingdefined whichdatafiletouse).The statement:
CALLRDSREA ('WLVGI',WLVGI)

requests the subroutine RDSREA to extract the value of WLVGI from the data file and
assigns it tothevariableWLVGI.Itdoes sobysearching for the line:WLVGI=<value>in
thedatafile.Thedatafile isselectedbythefollowing statement:
CALLRDINIT (IUNITD, IUNITL, FILEI1)

whichcallstheroutinethat
• opens the file with variable name F I L E I l using unit=IUNITD+l (FILEI1 is a
character string that has been assigned to the name of the first type of input file (e.g.,
PLANT.DAT)inthecallingprogram,then
• analysesthedatafile,
• creates atemporaryfilefrom thedatafileusing unit=IUNITD,
• closesthedatafile(leaving IUNITDused for thetemporaryfile),and
• sends all error messages that have been created to the screen and to a log file (with
unit=IUNITL;thislogfile hasbeenopenedpreviously).
After this call, the plant subroutine can acquire the numerical values (including arrays) or
character strings through the different RDroutines, RDSREA (read single real), RDSINT
(read singleinteger),RDSCHA(read singlecharacter string),RDAREA(read array ofreals),
RDAINT (read array of integers), and RDACHA (read array of character strings). The
CLOSE statement deletes the temporary file that is created by the RD routines. A data file
couldbeasfollows:
*example data file
A =10.
B =0., 2.,3.,4.
C =10.,20.,
30.,40.
D =100*10.
E = 10.;F=20.;G =30.
'PIET'
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single realvalue
array of fourrealvalues
array continued onnext line
array of 100real values
more thanoneparameter onsingle
line
stringvalue

1 =5* 'KLAAS'
CALC
VOLGN
OBS
10.4
10.1
1
2
7.8
8.
2.4
3
2.3

array of string values
REM
! table
'prachtig'
'tehoog'
1
ookmooi'
i

Thefollowing syntaxrules applytotheseinput files:
• the file consists of variable names and one or more integer, real, double precision or
string values, separated by an '=' sign. So: PLMX = 20., is a valid specification, as
is:WTRDIR = 'NLD';
• thenameof avariablecannotexceed 31characters;
• for array variables, more than one value may follow the equal sign, separated by
commas orspaces;
• identical numerical arrayvaluesmaybegivenasn*<numerical value>;
• variablesmayappearinthefileinanyorderaslongasthisnameisunique;
• comment linesstartwith '*' inthefirst column or '!' inanycolumn (therestoftheline
isignored);
• continuation character is ',' onpreceding line,appliestoarraysonly;
• names of variables and numerical values canbe given onthe same lineif separatedby
asingle semicolon ';';
• Onlythefirst80characters ofeachlineonthedatafile areread;
• Supported data types are REAL, INTEGER, and CHARACTER. Strings (data type
CHARACTER) must be specified between quotes;INTEGER datatypesdonothavea
decimaldot.
• Arraysmaybeorganised intables;
• Notabsorothercontrol andextendedASCII characters areallowedinthefile.

8.5 The CONTROL.DATfile
The CONTROL.DAT file (Listing 8.1) contains the file names that are used during the
execution of an FSE model.This file was not present in the FSE 1version of FSE which
made it impossible to doreruns on the names of input files. In FSE 2,reruns can now be
done on the names of all inputfilesspecified in the CONTROL.DAT,except the nameof
the reruns file itself and the names of the output file. In this file, a distinction is made
between names of input files (beginning with FILEI) and names of output files
(beginning withFILEO).
The FILEON and FILEOL variables are assigned the names of 1)the normal output file
(containing the output table) and 2) the logfile,respectively. Both FILEON and FILEOL
maybesettothesamefilename.
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Drivingvariables

Rate calculations

OutputFigure 8.3 General FSE structure for incorporating several subprocesses into a single
simulation model. The plant growth and soil water rectangles represent one subprocess
description containing integration and ratecalculations butcalled from different placesin
themainmodelwithdifferent taskparameters.

Listing8.1

Exampleofthecontentsof theCONTROL.DAT.

********** *************

FILEON='C:\USR\RESULTS.OUT'
FILEIR='RERUNS.DAT'
FILEIT='C:\USR\TIMER.DAT'
FILEI1='C:\USR\PLANT.DAT'
FILET_2='DUMMY.DAT'
FILEOL='RESULTS.LOG'

*********

********************************

t* * * * * * * *

*

it *

*

*

*

*

*

The FILEIT and FILEIR variables are assigned the names of the timer file and the
reruns file, respectively. The abovementioned file names are used by the FSE-driver. The
file names that can be used by the model(s) are specified through the FILEI1, FILEI2,
FILEI3, FILEI4, and FILEI5 variable names. These names are optional and can be
specified onlywhenthey areneeded.
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8.6 Thetimerfile
The timer file (e.g., TIMER.DAT) (Listing 8.2) specifies the value of the time variables
suchastimestepof integration, timebetween different outputstofile,etc.;the directory in
which the weather data are stored, the country code, station number and year; and some
miscellaneous control variables.If many weather data files are used, it may be convenient
to store these data in a separate directory. By assigning a directory name to the variable
WTRDIR,theweather system isdirectedtoreadweather datafrom thatdirectory,e.g.:
WTRDIR = 'C:\WEATHER\'

Thecountry codeisspecified bythekeywordCNTR:
CNTR = 'NLD'
For a list of available weather data files, their corresponding country codes and station
numbers,seeStol(1994),e.g.:
NLD
PHIL

<-country code forTheNetherlands
<-countrycode for the Philippines

These two character strings are read through the RDSCHAroutine (in TTUTIL library) in
theMAINprogram.
The variables ISTN and IYEARrefer to the weather data and indicate the station number
and year from a country. For example, when the country code is NLD(The Netherlands),
ISTN=1 and IYEAR=1984,the weather datafrom Wageningen 1984willbe used bythe
model.During execution, theweather system will try to open afilenamed NLDl.984 on
thegivendirectory(WTRDIR).
The variables STTIME,FINTIM, PRDEL,and DELTrepresent the time parameters of the
model. STTIME is the start day of the whole program; its value should bebetween 1and
365. FINTIM isthefinish timeofthe simulation, counted from the start ofsimulation.For
example, when STTIME=93., and FINTIM=103., the simulation will continue until
TIME=103. The variable PRDEL indicates the time between consecutive outputs to the
output file (e.g., RESULTS.OUT). For example, when PRDEL=5., output is given each
time that TIMEis amultiple of PRDEL(TIME=5.,10 .,15., etc.).If PRDEL > 0, then
output is always given at the start of the simulation (TIME=0) and when the simulation is
terminated (either TIME=FINTIM or some other finish condition). By giving PRDEL a
high value (e.g., 1000), intermediate outputs are suppressed. Setting PRDEL to zero will
suppress alloutput.Thevalue ofDELT,thetime stepof integration, isoneday.Thisvalue
cannotbechangedbecauseoftheprocedures usedintheC0 2 assimilation subroutinesthat
calculatedaily ratesusingtheGaussian integration method.
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Listing 8.2

Exampleofthecontentsofatimer file.
********

* Defining the simulation run

*********************************

WTRDIR
CNTR
ISTN
IYEAR
IFLAG

*********

'C:\WEATHER\'
*NLD'
1
Station number ofweather data
1985
Year ofweather data
1101
Indicates where weather error and warnings
go (1101means errors andwarnings to log
file, errors to screen, see FSE manual)

Timevariables and output file options
STTIME =121.
Start day of simulation
FINTIM =148.
Finish time of simulation
PRDEL =5.
Time between consecutive outputs to file
DELT = 1.
Time step of integration
Format of output file
(0=no output table, 4 =normal table,
5 =Tab-delimited (for Excel), 6=TTPLOT format)
Switch variable what should be done with
the temporary output file:
(
N' =do not delete,
l
Y' = delete
Switch variable what should be done with
the input files:
*N' =do not copy input files into
output file,
'Y' =copy input files into output file

IPFORM =4

DELTMP = 'N'

COPINF = X N'

IOBSD = 1985,182, 1985,194
List of observation data forwhich output
is required. 0=no harvest data.
The list should consist of
pairs of <year>,<day> combinations.
*DOY','DAT','WSHG','WCR','XXWCR','WSO','XXWSO','<TABLE>',
1
WLVG','XXWLVG','WSTS','XXWSTS','WRTL','XXWRTL','<TABLE>'
*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

*

•

*

*

*

*

*

*

*

:

The variable IPFORMdefines if an output table is required (no output table: IPFORM=0)
and if so, what the format should be. A multiple-column table (IPFORM=4) is sufficient
for normal printing and viewing. Using IPF0RM=5, a tab-delimited multiple column
table,which iseasily imported in spreadsheet programs such asEXCEL®,isgenerated. A
two-column format isgenerated using IPFORM=6.
The variable DELTMP defines whether the file of temporary output data (RES.BIN)
should be deleted at termination of the simulation (DELTMP = ' N ' , do not delete,
DELTMP ='Y', delete). This file is created during the dynamic phase of the simulation
and is read during the terminal phase of the simulation to generate the output file
RESULTS.OUT.
The variable COPINF defines whether the input files should be copied to the output file.
When COPINF='Y', allinputfilesareappended totheoutputfile.When COPINF='N',
nothingisdonewiththeinputfiles.
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Thevariable IFLAGdefines whereerrorsandwarningsfrom theweather systemshouldbe
sent to (screen or file). For full documentation on the possible IFLAG values, see van
Kraalingen etal.(1991c).
The array variable IOBSDcan be used to force output at day numbers for which harvest
data from the field are available. In many cases these harvest data will not coincide with
output intervals in the model unless PRDEL is set to unity (which may cause large output
filesto be generated). A maximum of 50 year -day combinations can be defined here.A
singlevalueofzeroindicatesthatnoforced output isrequired, e.g.:
IOBSD = 0 .
<-No forced output
IOBSD =1985,11,1985,67 <-Output is forced onday 11in1985
andday 67.

The array variable PRSEL can be used to select a subset of the normal output variables
without having tochange the model. With PRSEL, several tables can be generated below
eachother.Forexample:
PRSEL = 'WSO','XXWSO','<TABLE>','DVS','<TABLE>'

generates atablewithWSO andXXWSO after whichaseparate tablewithDVS isprinted.

8.7 Themodeldatafiles
With a crop growth model programmed in FSE, model data files contain the parameters,
initial state values, and measured values of state variables. Acrop growth model can have
several types of data files, for example, files for crop characteristics, for soil parameters,
for pest and disease data, and so on. The general syntax rules for data files as discussed
aboveapply tothesefilesaswell.

8.8 Weather data
The weather data used in the model are read from external files. The weather data file
definition, however, is different from those for the RDroutines. The weather data system
used has been developed jointly by the DLO Research Institute for Agrobiology and Soil
Fertility (AB-DLO) and the Department of Theoretical Production Ecology of the
Wageningen Agricultural University. It is especially designed for use in crop growth
simulation models and has been documented in a separate report (van Kraalingen et al,
1991c;available onrequest).
The weather data system basically consists of two parts: the weather data files and a
reading program to retrieve data from those files. A single data file can contain, at the
most, the daily weather data from one meteorological station for one particular year. The
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country name (abbreviated), station number, andyeartowhich thedata refer are reflected
inthenameofthedatafile (Listing8.3).
Listing 8.3

ExampleofthecontentsofaWEATHERfile (NLD1.985).

* Stationname:Wageningen (Haarweg), Netherlands
* Year:1985
* Author: Peter Uithol
-99.000: NIL VALUE
* Source:Natuur- enWeerkundeviaNelvan Keulen
* Longitude: 540E, latitude: 5158N,altitude: 7m.
* Column
*1
*2
*3
*4
*5
*6
*7
*8
*9

Daily value
station number
year
day
irradiation
(kJm-2d-1)
minimum temperature
(degrees Celsius)
maximum temperature
(degrees Celsius)
earlymorning vapour pressure (kPa)
meanwind speed (height: 2m) (ms-1)
precipitation
(mmd-1)

5.67 51.97
1 1985 1
11985
2
11985
3
11985
4
11985
5
11985
6
11985
7
11985
8
1 1985
9
1 1985
10
<continued>

7. 0.00 0.00
660.
0.2
5.7
2200. -2
0
2280. -5
0
3310. -18
-5
4220. -19
-7
1940. -13
-6
4040. -21
-9
2710. -21
-6
930. -7
-3
1540. -11
-3

0.670
0.490
0.520
0.230
0.210
0.310
0.200
0.240
0.380
0.390

-6.2
-3.7
-5.3
-6.2

0.430
0.460
0.450
0.660

1 1985362 940.
1 1985363 2000.
1 1985364 900.
1 1985365 3410.

-3.0
-1.2
-2.4
-3.0

6.8
0.1
0.0
0.4

1.1
1.7
2.9
5.4

0.0
0.0
0.0
0.0

Thereading program consists ofasetofsubroutines andfunctions, only twoofwhichare
intendedtobecalledbythemainprogram (STINFOandWEATHR). Theothersareinternal
tothereading program.
Acall tothefirstsubroutine (STINFO) defines thecountry (CNTR),station code (ISTN),
year number (IYEAR), and the name of the directory containing the weather data
(WTRDIR).This information isfirstread from thetimer file,e.g.TIMER.DAT.Acontrol
parameter (IFLAG) is also supplied to indicate where possible messages of the system
should bedirected (screen and/orlogfile), andaname mustbegiven tothelogfileifthat
name should differ from the default name WEATHER.LOG. The subroutine STINFO
returns thelocation parameters (longitude LONG,latitude LAT,andaltitude ELEV) ofthe
selected meteorological station and,if the radiation is calculated from sunshine hoursby
the weather system, twocoefficients oftheAngstrom formula (aandb)pertaining tothe
selected station. The value of a status variable (ISTAT) indicates a possible error or
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warning (e.g., the data file requested does not exist). The location parameters can laterbe
usedtocalculateday length(from thelatitude) oraverageairpressure(from thealtitude).
After this initialisation procedure, weather data for specific days can be obtained by calls
to the second subroutine (WEATHR) with day number starting from January 1st as 1, as
input parameter. The output of WEATHRconsists of six weather variables for that day and
the value of the status variable ISTATindicating apossible error or warning (e.g. missing
data, data obtained by interpolation, requested day is out of range, etc.). The six weather
variables are daily incoming total global radiation (RDD), minimum and maximum air
temperature (TMMN and TMMX), vapour pressure (VP), wind speed (WN), and rainfall
(RAIN).
The subroutine STINFO can be called again at any time during program execution to
change any of its input parameters. A call to STINFO with identical input parameters is
also permitted (in fact this is done regularly in the FSE main program). Similarly, the
subroutine WEATHRcan be called repeatedly with any day number between 1and 365 (or
366inthecaseofaleapyear).

8.9 Implementing reruns
The FSE program includes a rerun facility. The general idea behind the rerun facility is
that the data files remain identical and that the changes in data are specified in a separate
file — e.g., RERUNS.DAT (Listing 8.4) which may contain the names and values of
variables from any of the 'standard' data files that are read by the program. Thus, the file
RERUNS.DATmay contain parameters from every type of the model data files (e.g.crop,
soil,pest,butalsotimerfile).Inthefirstrun,thevaluesfrom the standard datafiles willbe
used. In subsequent runs, those values are then automatically replaced by the values from
the rerun file. Execution will continue until all the rerun sets from RERUNS.DAT have
been used. Before arerun is started, the model checks if all the variables of the preceding
set were used. If this is not the case, it is assumed that there is a typing error in the data
filesand the simulation is halted. The output of the different runs is merged in one output
file.If the file RERUNS.DATis absent or empty, the model will execute one single run,
using the data from the standard data files. It is shown in Figure 8.2 that the control
structurefor thererunsisprogrammed asalooparoundtheactualmodel.
The format of the rerun files is identical to that of the other data files, except that the
namesof variablesmay appearinthefile morethanonce.Arrayscanalsoberedefined ina
rerun file. Theorder andnumberof thevariables shouldbethesameineach set.Anewset
starts when the first variable is repeated. This is shown in the following example, where
thevariables STTIMEandNPLfrom file TIMER.DAT are redefined:
STTIME = 90;
STTIME =110;

NPL= =11., .5
NPL= =11., ,5

<- 1strerun set
<- 2ndrerunset
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Important:
Each variable of which the value is changed somewhere in the rerun file should be
assigned avalue ineach set,even ifthatvalue isidentical tothevalue intheprevious set.
Listing 8.4

ExampleofthecontentsofaRERUNS.DAT file.

*********************************************************************
* RERUNS.DAT f i l e

*

*

*

*Whenavalueforaninputvariableischangedinarerun,
*
*thatvaluemustbechangedaccordinglyineachset,even
*
*ifthatvalueisidenticalinallsets.
*
*Lineswithanasterisk (*) inthefirstcolumnarecommentlines *
*Inputvariablescanbeseparatedbyasemi-colon (;)
*

*
*
*********************************************************************
SWINLV=1!usemeasuredamountofnitrogenintheleaves
FSVl =0.87!sitevarietyfactorbeforeflowering
SWINLV=0!usesimulatedamountofnitrogenintheleaves
FSVl =0.90!sitevarietyfactorbeforeflowering

*********************************************************************

8.10 Output ofsimulation results
Output is organised from each major subroutine separately. This avoids large argument
lists to communicate output variables to the main program and limits the number of
changes in the main program when, for instance, another plant routine with different
output variables isused.
All subroutines write their output to the same output file (of which the name is defined in
the FSE main program). By using a set of special routines (the OUTroutines), output can
bewritten astables.Itis alsopossible toaddprint plots of selected variables tothat output
file (for details, see Rappoldt & van Kraalingen, 1990). The use of the OUT routines
considerably simplifies the generation of output files. The available routines areOUTDAT
for output ofsinglevariablesandOUTARRforarrays.
The OUTDAT routine also has a task parameter as input (the first argument in the call
statement), similar to the subprocess descriptions. The first call (with ITASK=1) to
OUTDAT (i.e., CALL OUTDAT(1, 2 0 , ' X ' , 0.) ) specifies that X will be the
independent variable and that unit 20 and 21 can be used for the output file. Subsequent
callswith ITASK=2 (e.g.,CALL OUTDAT( 2 , 0 , 'X' ,X))instruct OUTDATto storethe
incoming names and numerical values in a temporary file (with the units from the
ITASK=1 call). The number of combinations of name and value that can be stored
depends solely on free disk space and not on RAM memory. The first call to OUTDAT
below the DO-loop (with ITASK=4, CALL OUTDAT(4, 0, 'X' ,0. )) instructs the
routine to create an output table using the information stored in the temporary file.
Different output formats maybechosen, depending on the value of the task variable.Tabdelimited format (e.g., for the EXCEL® spreadsheet) can be generated by defining
IPFORM in the TIMER.DAT file IPFORM=5, two-column format with ITASK=6. With
anyofthese ITASKvalues,thestringbetween quotesiswritten abovetheoutput.
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The OUTARR call is actually an 'interface' call to OUTDAT. What the routine does
internally is that it generates names (like A(1) and A(2) ) and calls OUTDATrepeatedly
for each of these name-value combinations. The range of array subscripts that should be
generated by OUTARR is specified by the third and the fourth (last) subroutine arguments.
This procedure can be repeated several times. Thefinalcall to OUTDAT(with 99) deletes
thetemporaryfile(i.e.,CALL OUTDAT( 9 9 , 0 , ' \ 0.) ).

8.11 Operation ofthemodel
The model does not require interactive input during execution. The runs have been
specified completely in the data files. During execution, the model will display run
number, year number, and day number on the screen. During execution, errors and
warnings may occur from theweather system and/or from theothermodules of the model.
They, generally, consist of one line of text. If simulation is terminated by an error during
thedynamic section of the run,the outputs generated before theerror in thatparticular run
occurred, are written to the temporary file but are not yet written to the output file
(RESULTS.OUT)until theterminal section of the model. Data canbe recovered from the
temporary file, using the OUTREC program (OUTput RECovery, see next paragraph on
ErrorRecovery).

8.12 Errors and warningsfrom theFSE program
Severalchecksareperformed bythemodel.Allerrorsterminate themodelexecution anda
messagetothateffect isdisplayed onthe screen. Insomecases,theerror is alsowritten to
theoutputfile(RESULTS.OUT).Warnings aredisplayed onthe screen andare sometimes
alsowritten totheoutput file.
The weather system can also generate errors and warnings. Unlike errors from other
sections of the model, the weather system itself never terminates the execution of the
model.ItistheFSEMAINprogram thatsubsequently terminatesthesimulation run. Errors
from the weather system are written to the screen and the log file WEATHER.LOG;
warnings arewritten tothelogfile only.
If arun is terminated by some error from the model, the output file RESULTS.OUTwill
not contain the results of that specific run. But the results until the error occurred are
written tothe temporary file RES.BIN. This file can be converted into an output tableby
running the output recovery program OUTREC.This program requests an integer number
from the user. A standard output table is generated by a '4' (the default); '5' generates a
tab-delimited table(meanttobeimportedinEXCEL®) and '6' generates anoutputofonly
two columns at atime. The output table will be written to the file OUTREC.OUTso that
anyexisting RESULTS.OUT file isnotdeleted.
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9 The FORTRAN Simulation Translator (FST), a simulation
language*)
D.W.G.van Kraalingen1, C.Rappoldt1 &H.H.vanLaar2
1

2

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen,The Netherlands
Department of Theoretical Production Ecology, Wageningen Agricultural University,
P.O.Box430,6700AKWageningen,The Netherlands

9.1 Introduction
TheFST language andthecorresponding FST software feature apowerful andeasy-to-use
simulation language providing clear error messages. The syntax of the FST language was
based onthesyntaxof CSMPI I I (IBM™, 1975).FSTwasdevelopedbecausethere wasa
need for a simple simulation language which, at the same time, allows the user to shift to
themorepowerful and flexible simulation environment that FORTRANprovides.This shift
is made easy because the FST translator translates the FST source file into a clean and
versatile FORTRAN program and also generates corresponding data files. When FST is
used on IBM-compatible computers, an easy-to-use shell is available through which
facilities are available for running the model, and graphical display of the model results
amongothers.
Primarily,FST should be seen asalanguage for education and simple modelling purposes.
The quality of the generated FORTRAN, however, provides an excellent starting point for
users who need flexibility that FST does not provide. How exactly the generated
FORTRAN routines work is outside the scope of this book but more information can be
found in Rappoldt &van Kraalingen (1990), van Kraalingen (1991a), and van Kraalingen
& Rappoldt (1989). FST will be fully documented by van Kraalingen & Rappoldt (in
prep.).InthisChapter, asimplemodel for thesimulation of logisticgrowth ofyeastwillbe
usedtoexplain FST.Further, amoredetaileddescription ofthefeatures of FSTisgiven.
TheFSTisavailable andrequestscanbesenttoD.W.G.van Kraalingen.

9.2 Thestructureofthemodel
A simulation program in FST should start with a TITLE keyword containing a short
identification of the program. In FST, three sections can be distinguished: INITIAL,
DYNAMIC, and TERMINAL. These keywords indicate that the computations must be
performed before, during, and after a simulation run, respectively. Inusing these sections,
*) This Chapter is printed with permission from KluwerAcademic Publishers. Source: J. Goudriaan & H.H.
van Laar, Modelling Crop Growth Processes, 219-230. © 1994 Kluwer Academic Publishers.
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each section keyword closes the former section. The entire program is terminated by the
keyword END (seeListing9.1).
Calculations before the simulation starts aredone in the INITIAL section, the simulation
itself is executed in the DYNAMIC section, some single calculations after the simulation
can be done in the TERMINAL section. If there is no section specified, FST considers the
programtobeintheDYNAMICsection.
In the INITIAL section, computations are executed only once per run. It is advisable to
use the INITIAL section for the input data (initial conditions and parameters) and the
time variables and to define data output and the integration method used in the model.
Furthermore,thecomputation ofresults which areused asinput for the dynamic sectionof
theprogrammaybeexecuted here.Theuseofthe INITIAL section isoptional.
In the DYNAMIC section, the time course of the state variables is calculated. This section
is, therefore, executed many times (roughly the simulation period divided bythe time step
ofintegration).Itisnormallythemostextensive section inamodel.TheDYNAMICsection
contains the complete description of the model dynamics, together with any other
computation required duringthesimulation.
The TERMINAL section canbe used for computations and specific output that can onlybe
obtained at the end of the simulation run. This could be a computation based on thefinal
values of one or more variables. As in the INITIAL section, the computations are
executed only once.TheTERMINAL section isalsooptional.
FST is provided with a sorting algorithm to free the user from the task of correctly
sequencing thestatements.Sorting of the statements andchecking of theintegrity aredone
foreachsection, separately.

9.3 FSTexampleprogram simulating logisticgrowth
The steps to make in building an FST simulation model will be demonstrated by solving
thefollowing differential equation for logisticgrowthofyeast:
dY/dt=RGR• Y•(1-Y/Ym;a)

(9.1)

Inthisexample, Yisthe amount of yeast (state variable) and dY/dttherate of yeast growth
(ratevariable).InFST,thisequationisprogrammed bythefollowing twostatements:
Y

= INTGRL (IY,RY)

RY = RGR*Y*(l.-Y/YMAX)

Thefirstlinedefines the nameof the state variable (Y)and the name of the rate of change
of Y(RY). The second line is the actual calculation of the rate of change of Y. Several
additional values have to be defined to actually be able to do calculations with these two
program lines, such as the value of the relative growth rate (RGR),the initial value of the
quantity Y(IY), and the maximum value that the quantity of Ycan attain (YMAX).The
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quantities RGR and YMAXare called parametersbecause they should be constant during
themodel execution. Thequantity IY iscalled an initialcondition because it specifies the
start value of astate variable.The value of model parameters is defined in aPARAMETER
statement, initial conditions are defined in a INCONstatement. Suppose we want to begin
the simulation with avalue of 1 for the state variable Y,arelative growth rateof 0.2, anda
maximumvalue of Y (YMAX) of20.Themodel willnowbe:
TITLE Logistic growth ofyeast
INITIAL
INCON IY=1.
PARAMETER RGR =0.2,YMAX = 2 0 .
DYNAMIC
Y =INTGRL (IY,RY)
RY =RGR*Y*(l.-Y/YMAX)
END

The next step is to choose a solution scheme such as Euler (with a fixed time step of
integration), or Runge-Kutta (a variable time step of integration) and to specify a start
time,afinish time,and atime step of integration. Suppose we want to simulate from time
equals 0 (STart TIME)totimeequals 40 (FINish TIMe)with atime stepof integration of
0.5 (DELT) using the Runge-Kutta method (DRIVER='RKDRIV')• The model now
becomes:
TITLELogistic growth ofyeast
INITIAL
INCON IY=1.
PARAMETER RGR =0.2,YMAX = 2 0 .
TIMER STTIME=0.,FINTIM=40.,DELT = 0 . 5
TRANSLATION_GENERALDRIVER='RKDRIV'
DYNAMIC
Y =INTGRL (IY,RY)
RY =RGR*Y*(l.-Y/YMAX)
END

The model is now ready to run except that no output has been specified yet. If we would
liketo study the simulated values ofY andRY,weadd a PRINT statement andwe specify
the necessary time interval between different outputs (PRDEL) to the TIMER statement
(e.g.,5).AllthisisshowninListing9.1.
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Listing9.1

Simple FSTprogram demonstrating simulation of logistic growth.

TITLE Logistic growth of yeast
INITIAL
INCON
IY =1.
PARAMETER RGR = 0.2, YMAX = 20.
TIMER STTIME = 0 . , FINTIM = 4 0 . , DELT = 0.5, PRDEL = 5.
PRINT Y, RY
TRANSLATION_GENERAL DRIVER='RKDRIV'
DYNAMIC
Y = INTGRL (IY,RY)
RY = RGR'Y*(1.-Y/YMAX)
END

An important feature of FST is that the statements do not have to be in a computational
order as would have been necessary with an ordinary programming language such as
FORTRAN.Anadvantage ofthisisthat itallows the usertodefine themodel statements in
aconceptual order. FSTtakescareof sortingthestatementsinacomputational orderwhile
checking the integrity of the model.Execution of the model presented inListing 9.1 gives
thefollowing output:
Output tablenumber : 0(-firstoutputtable)
Output tableformat :Tableoutput
Simulationresults
Logisticgrowthofyeast
TIME
0.000000
5.00000
10.0000
15.0000
20.0000
25.0000
30.0000
35.0000
40.0000

Y
1.0000
2.5032
5.6001
10.278
14.837
17.730
19.100
19.659
19.873

RY
0.19000
0.43798
0.80641
0.99923
0.76605
0.40244
0.17182
6.69605E-02
2.51711E-02

Summarising the above process, in FST models the following types of statements can at
leastberecognised:
1 Statementsthat specify themathematical model:
- thestatevariables,
- theinitial conditions (=startvalues ofthestatevariables),
- thedifferential equations specifying theratesofchange ofstatevariables.
2 Statements specifying howtosolvethemodel:
- theintegration algorithm,
- thestart andfinish timeofthesimulation.
3 Statements specifying theoutput ofthemodel:
- thevariablestobeoutput,
- thetimeintervalbetween different outputs.
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9.4 Comment linesand FST statements
Basically twotypes of program lines canbe distinguished in FST,comment lines and FST
statements. Comment linesareuseful for theprogrammer toexplain inwords,e.g., whatis
calculated in aparticular place inthe program. Comment lines should always start withan
asterisk (*) in the first column and they are usually written above the statements they
belong to. FST statements can start in any column between 1and 72. FST statements can
be divided across several lines by putting three dots at the end of each line that is
continued onthe next line (the last dot may appear in column 72).An example is given in
Listing9.2.
Listing 9.2

Anexample showingthesyntaxofcomment linesand statements.

* The differential equation for logistic growth
Y = INTGRL (IY,RY)
RY =RGR*Y*(l.-Y/YMAX)
PARAMETER RGR = 0.2,...
YMAX =20.

<- comment line
<- normal statement
<- normal statement
<- statement tobe continued
<- rest of continued statement

9.5 Rulesfor FSTkeywords,variable names,and values
In FST statements, several types of words can be distinguished such as FST keywords,
variables, and values. Keywords are words that have a special meaning to FST such as
PRINT, TIMER, PARAMETER, etc. and these keywords are reserved names. Variables
arethewords that the user defines torepresent theproblem, such asthe statevariables,the
rates of change,model parameters, etc.There are some restrictions in FST on the spelling
of keywords and variable names. First, all keywords and variable names should be in
uppercase. The variable names are made up of letters and digits up to atotal length of six
characters andthefirstcharacter mustbealetter.Theycanbechosen freely exceptthatthe
names of the keywords cannot be used as variable name. Also some reserved FST
variables exist that the user cannot use for another purpose (e.g., TIME). In case of using
reserved variable names,FSTwill giveanerrormessage.Theformat of thevalues that are
specified within an FST program can be either a floating point format such as: 0.198 or
27.45orascientific format such as2.342E-12.

9.6 Definition ofinput valuesofthemodel
Aswas shownintheexampleinListing 9.1,values of modelparameters arespecified with
a PARAMETERkeyword, and initial values of the state variables are specified withINCON
keyword. (Initial values of state variables can also be defined in a calculation but this is
shown later). Two more keywords exist for specifying values relevant to the model. The
CONSTANTkeyword can beused for physical or mathematical constants (e.g.,theratioof
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the circumference to the diameter of a circle, PI). Often the need exists to have a
parameter which varies intimeorwhich depends onsome other model variable. This can
beachievedbytheFUNCTIONkeyword. BehindtheFUNCTIONkeyword,atableof(x, y)
values can beassigned toavariable name. This name can be used forlinear interpolation
bytheAFGENfunction (Arbitrary Function GENerator).After aFUNCTIONkeyword, only
one variable name can be defined whereas after the PARAMETER, INCON, and
CONSTANT keywords, several variable names canbedefined. Note that theFUNCTION
keyword doesnotspecify thevariable namethatis used tointerpolate from thetable norto
which variable the interpolated result isassigned; itsimply assignsa(x,y) tabletoa name.
(SeeListing9.3).
Listing9.3 Illustration ofthe syntax ofthe PARAMETER, INCON, CONSTANT,and
FUNCTIONkeywords.
PARAMETER A=5.., B=1.E10,,C= =0.51E- -3
INCONA=0 •, H= =1C ).
CONSTANT! PI=3. .141592
FUNCTION' rMTB==0. ,2000., 1. ,3000.,
<-tableoffour (x,y)pairs
2. ,2000., 3. ,1000.
Y =AFGEN
(TMTB, TIME)
<- LinearinterpolationoftableTMTB,
e.g.:ifTIME=1.5,Ywillgetthevalue2500.
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9.7 Operation hierarchy in expressions and FST and FORTRAN
functions
In FST expressions, the same hierarchical rules apply as with FORTRAN expressions. For
convenience they are repeated here. Expressions are evaluated in the order of hierarchy of
the operators, and then from left to right if the operators have the same hierarchy, except
for exponentiation, which is evaluated from right to left (the expression A**B**C is
evaluated as A** (B**C) ). Parentheses can be used to overrule the regular hierarchy of
the operators. The hierarchy of operators is given in Table9.1.
In expressions next to the abovementioned arithmetic operators, functions can be called to
perform specific tasks. As FST is translated to FORTRAN, many of the FORTRAN intrinsic
functions can be used in FST. Some special FST functions also exist that can be used in
expressions. The use of several of such functions is presented in Listing 9.4.
Note that each function has its own number of arguments which must all be present. The
only exceptions to this rule are the functions for taking the minimum or maximum of a set
of variables: MIN and MAX.An argument may be a value or a variable name. A list of FST
and FORTRANfunctions is given in Table 9.2.

Table 9.1 The order of hierarchy of arithmetic operators in FST.
Operator

Function

Order of hierarchy

(

Grouping of operations
Exponentiation
Multiply
Divide
Add
Subtract
Assignment

First
Second
Third
Third
Fourth
Fourth
Fifth

)

Listing 9.4 Use of FST and FORTRAN intrinsic functions.
*FSTintrinsicfunctions
A=LIMIT(B,C,A)
C=INSW(D,Cl,C2)
*FORTRANintrinsicfunction
A=MAXCLO.,B)
F=G*SIN(H)*COS(I)

<-AislimitedbetweenthevaluesofBandC
<-CisCIifD<0elseC2
Aisassigned10orBwhichever isthelargest
<-Fisassignedresultofg*sin(h)*cos(i)

165

Table 9.2 FST and FORTRANintrinsic function lists.
Explanation

FST function
Integrator:
Y =INTGRL(IY,RY)
Y = integrated value =Yt
IY = initial value = y t=0
RY = rate of change = dY/dt

W/dt'dt

Ft = yt=o +
Jt=o

Linear interpolation from (x,y) table:
Y = AFGEN(F,X)
Y = interpolation result
F = (x,y) table specified with
FUNCTION keyword
X = start point of interpolation

F

y

^S/K
X

Input switch:
Y = INSW(X, Y l , Y2)

y =y\
y = y2

ifx<0
ifx>0

Limit between two values
Y = LIMIT(YLOW, YHIGH, X)

y =x

^y\nv,^x<

y = y\ov,
y= >Wh

i f ^<3'iow

Y = NOTNUL(X)

y =x
y=l

ifx^O
ifx = 0

Y = REAAND(XI, X2)

y=\
y= 0

ifxj > 0 a n d x 2 > 0
else

Y = REANOR(XI, X2)

y=\
y= Q

if JCJ < 0 a n d x 2 < 0
else

yhieh

i f * >>Wh

F O R T R A N intrinsic function list:

Restrictions

FORTRAN function

Explanation

Mathematical
notation

ABS(X)
ACOS(X)
ASIN(X)

absolute valueof x

tel

arccosine ofx in range [0,7t]

acos(i)

-\<x

<1

arcsineof xin range

asin(;t)

-\<x

<1

[-n/2, n/2]
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arctangent ofxin range

ATAN(X)

atan(x)

[-7:2,71/2]
cosine ofx,x in radians

cos(x)

COSH(X)

hyperbolic cosine of x

cosh(x)

EXP(X)

exponential function

er

LOG(X)

natural logarithm of x

logeU)

x>0

base 10logarithm of x

logioW

x>0

returns minimum valueof

mm(xux2,. .,*„)

more than one

COS(X)

LOG10(X)
MIN(X1,X2

Xn)

arguments
MAX(XI,

X2,...,Xn)

returns maximum valueof

argument
max(X|,x2,. .,*„)

arguments
MOD(X,Y)

remainder ofxly with same

more than one
argument

x mod y

y*0

sign asx
SIN(X)

sineofx,xinradians

sin(.r)

SINH(X)

hyperbolic sine of x

sinh(Ar)

SQRT(X)

square root ofx

<x

x>0

TAN(X)

tangent ofx,xinradians

tan(;t)

x mod n/2 * TC/4

TANH(X)

hyperbolic tangent ofx

tanh(x)

9.8 FSTkeywordsforoutput
In FST, several possibilities arepresent togetoutput of the model. The first oneis the
TITLE keyword. Anytext that is written behind theTITLE keyword is written to the
output file just above the output table (ifany). Variables behind the PRINT keywordare
written inatabular format tothe output file. Thefirsteight variables are printed together
in thefirstblock; thesecond eight, inthesecond block; etc. Themaximum numberof
variables per PRINT keyword is limited to 100.Different PRINT keywords generate
different tables. This can be useful ifyou want toprint the states inaseparate table from
the rates. Variables behind an OUTPUT keyword areprint-plotted together in thesame
print-plot against TIME using thesame Y-scale. The maximum number of variablesper
OUTPUT keyword is 25, also different OUTPUT keywords can be used to generate
different print-plots. Thetime interval between different model outputs hastobe specified
behind theTIMER keyword bywriting PRDEL='time_interval'. TheTIMER keywordis
discussed inmoredetailinthefollowing section.

9.9 FSTrun control keywords
A model is not complete without information about the integration method (solution
scheme), start time, finish time, time step of integration, andtime interval for model
output. The choice ofthe solution scheme isfirstly determined by thetype oftranslation
167

chosen. The FORTRAN Simulation Translator can generate two different FORTRAN
routines.Amodel routine thatcan run under ageneral simulation driver when thekeyword
TRANSLATlON_GENERAL is used, or a FSE compatible model routine, when the
keyword TRANSLATlON_FSE is used (FSE is a standard method of crop simulation in
FORTRAN, developed at AB-DLO and TPE-WAU in Wageningen, see van Kraalingen
(1991a), see also Chapter 8). When TRANSLATIONSSE is used, the solution scheme
defaults to a fixed time step of the Euler integration. With TRANSLATION_GENERAL,
the solution scheme has to be specified explicitly behind the keyword with
DRIVER='RKDRIV' for a variable time step of the Runge-Kutta integration or
DRIVER='EUDRIV' for afixed time stepoftheEulerintegration. Thetime information
has to be specified behind the TIMER keyword with simple assignments to variable
STTIME for start time, FINTIM for finish time, DELT for time step of integration, and
PRDEL for time interval between outputs. See the example program for logistic growth.
Note:whenaRunge-Kutta solution scheme ischosen, thevalue of thetime step (DELT)is
used asafirstguess at the start of the simulation. The actual time stepiscontrolled byan
errorcriterion.
When TRANSLATION_GENERAL ischosen,the variable TRACEcanbegivenbehind the
TIMER keyword. The value of TRACE determines the amount of integration information
thatislogged toalogfile.Thedefault value of TRACEiszero, avalue of four gives a full
logofeverything.
In some models, the termination of the run should not take place when TIME exceeds
FINTIMbut does occur when a state or rate variable exceeds acertain criterion.This can
be achieved by using the FINISH keyword. Behind this keyword, two expressions are
compared by an '<' or an '>' sign. When this expression is true, the simulation run is
finished (e.g.FINISH A>10. orFINISH A*B<C/E). Several finish conditions canbe
used. Note that the FINISH keyword is usually not very effective to avoid division by
zeros, etc. because the finish expressions are not evaluated before each expression of the
modelisevaluated.

9.10 Weather data inFST programs
Often weatherdata willbe usedin FST programs.Onecould define the weather data with
large FUNCTION tables but this is not a very efficient solution. With the WEATHER
keyword, weather data from the Wageningen-AB/TPE weather data library (see Listing
9.5) can become available to the FST model. Provided the data file(s) are present and
contain no missing data, the variable names in Table 9.3 can be used (reserved variable
names!) within the FSTmodel (Notethattheradiation isalready multiplied by 1000toget
Jrn^d" 1 !!):
Behind the WEATHER keyword, assignments should be written for the directory of the
weather data files (WTRDIR='directory'), the country code (CNTR='country code'), the
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Station number within thecountry (ISTN=number), andtheyear towhich theweather data
pertain (IYEAR=year). Thecountry code, the station number, andthe year are combined
into the file name of the weather data. The call for the weather data file N L D 1 . 9 8 5
present onthedirectory C:\ SYS\WEATHER\ , with data from Wageningen (station no1)
1985, The Netherlands isspecified inFST as:
WEATHER WTRDIR='C:\SYS\WEATHER\',CNTR='NL', ISTN=1, IYEAR=1985
If the WEATHER keyword is used in themodel andtheweather system reports o n eor more
of the weather variables as missing, the run is terminated only when these variables are
actually used in the model. For a full description of the weather data file format, etc.,see
van Kraalingen et al. (1991c).

Table 9.3 Weather variables that canb e used inF S T .
Variable n a m e

Meaning

Unit

RDD

Totaldaily globalradiation
Minimum airtemperature
Maximum airtemperature
Vapourpressureat9a.m.
Averagewindspeed
Totaldaily rainfall
Dayofyear(=time)
Latitudeofthesite

J irr 2d-1
"Celsius
»Celsius
kPa
m s -1
mmd_1
d
degrees

TMMN
TMMX
VP
WN
RAIN
DOY
LAT

9.11 Rerun facility, theENDkeyword
Often the study of the effect of changing a parameter or initial condition is wanted. This
requires the modification of oneor more lines of the program and running the program
again from thebeginning. In FST, anelegant option exists to specify reruns in addition to
the standard run as defined in the FST program. Any variable behind a PARAMETER,
INCON, FUNCTION, TIMER, DRIVER, orWEATHER keyword canbe given a new value
on lines below an END keyword. A newrerun is then carried out automatically with only
those specifications changed. An END keyword below allows thedefinition of yet another
rerun.
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Listing9.5

Exampleofthecontentsofaweather datafile(NLD1.985).

Station name:Wageningen (Haarweg), Netherlands
Year:1985
Author: Peter Uithol
-99.000: NILVALUE
Source: Natuur- enWeerkundeviaNelvanKeulen
Longitude: 540E, latitude: 5158N, altitude: 7m.
Column
1
2
3
4
5
6
7
8
9

Daily value
stat:ion number
year
day
radi.'ation
minimum temperature
maximum temperature
early morning vapour pressure
mean wind speed (height: 2m)
precipitation

5.67 51.97
11985
1
11985
2
11985
3
4
11985
1 1985
5
6
1 1985
7
11985
8
11985
11985
9
1 1985
10
11985
11
11985
12
11985
13
11985
14

7.
660.
2200.
2280.
3310.
4220.
1940.
4040.
2710.
930.
1540.
2380.
2310.
3800.
2880.

11985
11985
1 1985
11985

940.
2000.
900.
3410.

362
363
364
365

0.00 0 .00
5.7
0.2
-2.9
0.7
-5.5
0.2
-18.4 -5.2
-19.5 -7.8
-13.8 -6.2
-21.4 -9.7
-21.3 -6.2
-7.8 -3.8
-11.6 -3.6
-5.3 -3.5
1.7
-7.9
-13.9 -5.5
-12.9 -3.9

-6.2
-3.7
-5.3
-6.2

-3.0
-1.2
-2.4
-3.0

(kJm-2 d-1)
(degrees Celsius)
(degrees Celsius)
(kPa)
(ms-1)
(mmd-1)

0.670
0.490
0.520
0.230
0.210
0.310
0.200
0.240
0.380
0.390
0.430
0.470
0.270
0.310

5.4
2.2
1.6
0.7
0.6
3.9
3.3
2.2
4.1
2.1
2.0
3.3
2.6
2.7

6.8
0.1
0.0
0.4
0.0
1.7
0.0
0.0
0.1
0.6
0.0
1.6
0.0
0.1

0.430
0.460
0.450
0.660

1.1
1.7
2.9
5.4

0.0
0.0
0.0
0.0

9.12 FORTRAN subroutines with FST,theSTOPkeyword
Another powerful aspect of FSTis that FORTRAN subroutines canbe called from within
the INITIAL, DYNAMIC, and TERMINAL sections using a CALL keyword. These
routines canbepart of theFSTprogram itself but they canalso belinked from an object
library. FORTRAN subroutines can be written below a STOP keyword with the usual
FORTRANsyntax(columns 7-72).TheSTOPkeyword itself appearsbelow thelineswhere
reruns can occur. The STOP statement marks an important point in the FST program
because from there, only a syntax check of the SUBROUTINE statement iscarried out by
theFORTRANSimulation Translator.Thisisbecause anylinebelow aSTOPisassumedto
behaving amuch morecomplex FORTRANsyntax. During thetranslation, anyFORTRAN
lineisjust appended tothegenerated modelroutine.
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The rules for a CALL from a FST program to a subroutine are the same as for a call from a
FORTRAN program, i.e., the number and sequence of the arguments must be identical both
in the CALL and in the SUBROUTINE statement. In FST, as we have seen, statements
from I N I T I A L , DYNAMIC, and TERMINAL sections are automatically sorted. A
statement with a CALL, however, does not provide sufficient information for the sorting
process because it is not clear which arguments are input and which are output. To resolve
this lack of information of the sorting process, it is obligatory to define on top of the FST
programs the input/output relations of the CALLS that are used in the program. This is
done with the DEFINE_CALL keyword. Suppose we want to use a subroutine SUBI with
four arguments, the first three being input, the last being output:
SUBROUTINE SUBI (X1,X2,X3,Y)
Y =X1*X2*(1.-X2/X3)
RETURN
END
The CALL from the FST program can be:
CALL SUBI (RGR,Y,YMAX,RY)
The input/output relations of the subroutine are defined on top of the FST program by:
DEFINE_CALL SUBI (INPUT,INPUT,INPUT,OUTPUT)
When a routine comes from a link library, only the FORTRAN subroutine itself should be
omitted, the CALL and the DEFINE_CALL remain necessary.
A sample program of the discussed features of FST is given in Listing 9.6.
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Listing 9.6

Asampleprogram demonstrating theabovementioned features.

DEFINE_CALL SUBI(INPUT,INPUT,INPUT,OUTPUT)
TITLE Logistic growth of yeast
INITIAL
IY = SQRT (4.)-1.
PARAMETER RGR=0.2,YMAX=20.
TIMER STTIME=0.,FINTIM=40.,DELT=0.5,PRDEL =5.
PRINT Y,Y2
PRINT RY
OUTPUT Y
DYNAMIC
Y = INTGRL (IY.RY)
CALL SUBI (RGR,Y,YMAX,RY)
TRANSLATION_GENERAL DRIVER='RKDRIV'
TERMINAL
Y2 = YMAX/(1.+(YMAX-IY)*EXP(-RGR*TIME))
END
PARAMETER YMAX=30., RGR=0.25
END
PARAMETER YMAX=40., RGR=0.30
END
STOP
SUBROUTINE SUBI (X1,X2,X3,Y)
IMPLICIT REAL (A-Z)
Y = X1*X2*(1.-X2/X3)
RETURN
END
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<-Define input/output of
subroutine
<-Title for output file
<-Start initial section
<-calculation ofvalue for
initial condition
<-time information
<-create an output table with
Y and Y2
<-create an output table with
RY
<-create aprintplot of Y
<-Start dynamic section
<-call to subroutine
<-generate general FORTRAN
routine, use Runge Kutta
<-Start section executed at
end of each run
<-Calculation of analytical
solution
<-Start of rerun section
<-Definition rerun 1
<-Definition rerun 2
<-Start section of FORTRAN
subroutine(s)
<-Start of a FORTRAN
subroutine

10 RIGAUS
B.A.M.Bouman1
1

DLO Research Institute for Agrobiology and Soil Fertility (AB-DLO), P.O. Box 14,
6700AAWageningen, TheNetherlands

The description of RIGAUS (Random Input Generator for the Analysis of Uncertainty in
Simulation) in this Chapter is largely the same as that in Chapter 4 from Bouman et al.
(1994b). RIGAUS allows the user to draw random values from uniform, beta and normal
statistical distributions, and from measured data sets for anumber of variables at the same
time. Values for different parameters/variables are drawn independently, i.e., without
taking into account correlation between parameters/variables. RIGAUS has special
provisions for drawing random input data for the soil water balance module SAHEL for
rainfed uplandenvironments,butthesearenotdiscussed here (seeBouman etal., 1994b).
The use of RIGAUS in combination with crop growth models has been integrated in FSU
(see Chapter 3), facilitating a user-friendly access to RIGAUS and its effects on model
results.FSU handles allthecommunication withthe RIGAUS tool; theuser does not need
toknowtheformat oftheinputfileandthenamesofspecial RIGAUSvariables.
In this Chapter, however, a more technical description of RIGAUS is given. Thus, the
information within this Chapter is especially of interest to those users who prefer running
theRIGAUStool stand-alone (outsideFSU).
A separate manual (Bouman & Jansen, 1993) documents the RIGAUS tool in full detail,
completewiththeFORTRANsourcecodelistings.

10.1 Statistical distributions
In RIGAUS, values can be generated randomly from uniform, beta or normal statistical
distributions. Inthecurrent version, amaximum of25variables for auniform distribution,
25 for abeta distribution and 25 for a normal distribution can be selected simultaneously
(hence in total 75 variables/parameters). In principle, there is no limit to the number of
drawsthatcanbemadefor eachvariable.However,there is alimittothenumberof reruns
that can be made with a model in the FSE system. Therefore, the maximum number of
drawsfor rerunsunderFSU issetto999(seealsoparagraph 10.3)

10.1.1 Uniform distribution
Random values for a uniform distribution are generated using the function RUNI. The
algorithm in RUNI originates from L'Ecuyer (1986) as implemented in Bratley et al.
(1983)andPress et al. (1992).Thevalues generated byRUNI arerestricted between 0and
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1, but are rescaled in RIGAUS between upper and lower boundaries as specified by the
user. An example of the frequency distribution of randomly generated values from a
uniform distribution isgiven inFigure10.1.

Relative frequency (-)
0.1
0.09
0.08
0.07
0.06
0.05
0.04 -0.03
0.02
0.01
0

-+0.1

0.2

0.3

-+0.4

0.5

-+0.6

0.7

0.!

0.9
1
Value

Figure 10.1 An example of uniformly distributed random value generation. Relative
frequency distribution (fraction) of randomly drawn values from a uniform distribution
between 0and 1,usingRIGAUS.

The input that has to be supplied by the user for drawing from a uniform distribution is
(per parameter/variable):
• Nameofvariable(s) for which random valueshavetobechosen(VUNI)
• Upperlimit(UNIUP)
• Lowerlimit(UNILO)

10.1.2 Betadistribution
Random valuesfor abeta distribution aregenerated usingthefunction RBET.This random
generator is fully based on the function BETACH(Bratley et al., 1983).Abeta distribution
is characterised by two 'shape' parameters, A and B, that define the shape of the
distribution, e.g., 'bell' shaped, 'triangular', or 'skewed'. The examples given in Figure
10.2 are distributions of randomly generated values using RIGAUS with different AandB
values. The mean of the distribution is A/(A+B) and the variance is
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AB/[(A+B+1)(A+B)(A+B)], as illustrated in Table 10.1.As with the uniform distribution,
the values generated by RBET are restricted between 0 and 1but are rescaled in RIGAUS
between upperandlowerboundaries asspecified bytheuser.
Table 10.1 Beta distribution: the relation between shape parameters and mean and
variance. Mean (J, (upper number, bold) and variance o-^ (lower number) of the beta
distribution between 0and 1 asafunction oftheshapeparametersAandB.
A\ B

1
2
4
6
8
10

1
0.500
0.083
0.667
0.056
0.800
0.027
0.857
0.015
0.889
0.010
0.909
0.007

2
0.333
0.056
0.500
0.050
0.667
0.032
0.750
0.021
0.800
0.015
0.833
0.011

4
0.200
0.027
0.333
0.032
0.500
0.028
0.600
0.022
0.667
0.017
0.714
0.014

6
0.143
0.015
0.250
0.021
0.400
0.022
0.500
0.019
0.571
0.016
0.625
0.014

8
0.111
0.010
0.200
0.015
0.333
0.017
0.429
0.016
0.500
0.015
0.556
0.013

10
0.091
0.007
0.167
0.011
0.286
0.014
0.375
0.014
0.444
0.013
0.500
0.012

The input that has to be supplied by the user for drawing from a beta distribution is (per
parameter/variable):
Nameof variable(s) for whichrandom valueshavetobechosen(VBETA)
ShapeparameterA (ABETA)(inFSU,nocapitalisation isused: a)
Shapeparameter B(BBETA)(inFSU,nocapitalisation isused: b)
Upper limit(BETAUP)
Lowerlimit(BETALO)

10.1.3 Normal distribution
Random values for a normal distribution are generated using the function RGAU. This
random generator is based on the Box-Muller method (Box &Muller, 1958).The normal
distribution generated by RGAUhas amean of 0 and a variance of 1,but in RIGAUS,the
mean and variance of the distribution can be set by the user. Examples of normal
distributions withdifferent means(1 and variancesa^ ,asgenerated byRIGAUS,aregiven
in Figure 10.3. Note that, on average, 95% of the values of a normal distribution lie
between u,-2a^ and(J,+2o^.
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Relative frequency (-)

0.2

0.3

0.4

0.5

(10.2a)

Relativefrequency(-)
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(10.2b)
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0.7

0.8

0.9

1
Value

Relative frequency (-)
0.45
0.4
A= =2; B=l

—
0.35
0.3
0.25
0.2
0.15

o

A= =4; B=l

— • — A= =6; B=l

o

A= =8; B=l

^ ^ A = =10;B=1

0.1
0.05
0
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0

(10.2c)
Figure 10.2 Examples of randomly generated data with beta distributions. Relative
frequency distribution (fraction) of randomly drawn values from a beta distribution
between 0 and 1,using RIGAUS. Different combinations of the Aand Bparameters are
usedinFigs. 10.2a, 10.2b,and 10.2c(seelegends).

Warning: a normal distribution is not bound by preset minimum and maximum values.If
values from anormal-type distribution have tobe contained between fixed boundaries (as
isoften thecase for modelparameter values),abetadistribution withequalAand B values
canbeused (seeparagraph 10.1.2).
Theinputthathastobe suppliedbythe user for drawing from anormal distribution is(per
parameter/variable):
• Nameofvariable(s) for whichrandomvalueshavetobechosen (VNORM)
• Mean(1 ofthedistribution(MEANU)
• VarianceG^ofthedistribution(VARU)
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Relative frequency (-)

(10.3a)

Relative frequency (-)

300
400
Value

(10.3b)
Figure 10.3 Examples of randomly generated values using the normal distribution.
Relative frequency distribution (fraction) of randomly drawn values from a normal
distribution, using RIGAUS.In Figure 10.3a,the variance (VARU)of the distribution was
1,inFigure 10.3b,itwas 100.Themeanof thedistribution (MEANU) was0.
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10.1.4 Seed
The seed of arandom generator controls the starting point of the generator and determines
the reproducibility of the generated values. In RIGAUS, the seed is called ISEED and is
used by the function RUNI for uniform distributions. Because RUNI is also called by the
functions RGAUand RBET,the same ISEED 'controls' the generation of normal and beta
distributions, respectively.
The value for ISEED is read from the input file RIGAUS.IN (see paragraph 10.3.1).
When the supplied ISEED is0,aninteger function TSEEDiscalled inRUNI togeneratea
seed value. TSEEDproduces a seed in the range 1-86412based on the system (computer)
time in seconds from midnight. This generated seed value is written to the output file
RERUNS.DAT(see paragraph 10.3.2).Each time RIGAUS is run with ISEED = 0 in the
input file, a new seed is generated and subsequent runs of RIGAUS produce different
output. If the results of RIGAUS should be reproducible, any value not equal to 0 can be
given for ISEEDintheinputfile RIGAUS.IN.EachrunwithRIGAUSthat usesthesame
ISEEDvalueproduces thesameresults.

10.2 Measured data
Random variables are uniformly drawn from a series of measured data using the RUNI
function. Random values can be drawn simultaneously and independently from five
measurement series (five parameters/variables). Measured values can be randomly drawn
simultaneously andindependently withdrawsfrom thestatistical distributions.
The input that has to be supplied by the user for drawing from measured data is (per
parameter/variable):
• Nameofmeasured variable(s) for whichrandomvalueshavetobechosen(NMVAR)
• Measureddata
Thetotal number of measured values for each parameter/variable may not be greater than
500(seeparagraph 10.3.1)

10.3 Running RIGAUS
Under FSU (previously known as the SARP-shell), the running of RIGAUS is facilitated
with a menu system (see Chapter 3). If RIGAUS is run without FSU, this paragraph
provides some useful information. RIGAUS (developed on an 486 IBM compatible PC)
iswritten intheprogramming language FORTRAN77.Afull listing of the source codecan
be found in Bouman & Jansen (1993). Subroutines and functions are called from the
CABO/TPE library TTUTIL (Rappoldt &van Kraalingen, 1990), which should be linked
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when the user changes the source code. The function TSEED uses compiler-specific
subroutines; the current RIGAUS program uses a Microsoft® compiler subroutine, but a
provision for the use of a VAX compiler subroutine is included in the source code.
The maximum number of draws per variable, of total drawn values (draws per variable
times number of variables), of variables that can be selected from each statistical
distribution type, and of measured data per variable are set in RIGAUS:
NDRAW
= maximum number of draws (=999)
I LPREP = maximum number of total drawn values (=10000)
IMNP
= maximum number of variables per statistical distribution type (=25)
KMNP
= maximum number of measured data per variable (=500)
The maximum number of total drawn, ILPREP, is determined by the total number of
parameter values that can be used in reruns of a crop growth model programmed using the
TTUTIL library. For example, there may be 10000 draws for one single parameter, or 500
draws for 20 parameters each. Note that both the values of NDRAW and ILPREP are
determined by the set of subroutines OPSYS that are to be linked with the model (see also
paragraph 'OPSYS: end-of-season values system' on page 199)
One input file is needed, RIGAUS .IN, and two output files are generated, RERUNS . DAT
and COLUMN.DAT.Examples of these files are given in Appendix 15.

10.3.1 Program input
The number of random draws, the type of statistical distributions, and the measured data
series to choose from are specified in the input file RIGAUS. IN. The format of the
required input is 'real' (R), i.e., with decimal point, 'integer' (I), i.e., without decimal
point, and 'character' (C).The following data have to be supplied:

General
First the switch defining the mode of the program, i.e., whether to include or ignore the
special provisions for the water balance model SAHEL, should be set. If not applicable (see
Bouman et al., 1994b), set it to 0.
ISWI
= 0: special provisions are ignored (I)
ISWI
= 1: special provisions are included (I)
The number of random draws should be set.
TND
= ... (I)
The seed should be supplied.
ISEED
= 0: a seed between 1-86412will be generated RIGAUS itself (I)
= 'any integer value': the supplied value is used as seed.
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UNIFORM distributions
NDU
VUNI
UNILO

=...
='...'
= ...,.

UNIUP

Number of variables (maximum = 25) (I)
,... List of variable names (max. = 25) (C)
.Lower boundary of variable values, in the order of
the variables specified above (max. = 25) (R)
,Upper boundary of variable values, in the order of
the variables specified above (max. = 25) (R)

BETA distributions
NDB
VBETA
ABETA
BBETA
BETALO
BETAUP

= ...
Number of variables (maximum = 25) (I)
= '...', '...',... List of variable names (max. = 25) (C)
= ...,...,...,A-value for beta distribution, in the order of
the variables specified above (max. = 25) (R)
- ...,..., ...,B-value for beta distribution, in the order of
the variables specified above (max. = 25) (R)
= ...,...,...,Lower boundary of variable values, in the order of
the variables specified above (max. = 25) (R)
= ...,...,...,Upper boundary of variable values, in the order of
the variables specified above (max. = 25) (R)

NORMAL distributions
NDN
VNORM
MEANU

=...
= '...','...',
= ...,...,...

VARU

= ..., ..., ...

Number of variables (maximum = 25) (I)
...List of variable names (max. = 25) (C)
Mean of the normal distribution, in the order
of the variables specified above (max. = 25) (R)
Variance of the normal distribution, in the order
of the variables specified above (max. = 25) (R)

MEASURED data
Number of variables (maximum = 5) (I)
NDN
= ...
VNORM
= '...', '...',... List of variable names (max. = 5) (C)
.,...
Measured data first to fifth variable (max. = 500) (R)
MDATAl-5=

10.3.2 Program output
Two output files are generated by RIGAUS: RERUNS.DAT and COLUMN.DAT. A third
file, ERROR.LOG, is only created when a fatal error has occurred and contains messages
on the nature of the error (see paragraph 10.3.3).
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RERUNS.DAT
This file has the right format to serve as a reruns file in the FSE system. Appendix 15,
paragraph 'RERUNS.DAT file created by RIGAUS' illustrates some sample output. All
variable values drawn simultaneously that should serve as one rerun set for the model are
separated with the comment line '* This is rerun set x'. The seed value, ISEED, is given
in the first line of the file for reproducibility of the generated distributions.
All output data (random values) are declared REAL and formatted in exponential notation
E10.3.

COLUMN.DAT
In this file, the randomly drawn values are listed in columns per parameter/variable, as
illustrated in Appendix 15,paragraph 'COLUMN.DAT file created by RIGAUS'. This file
can be used in statistical programs such as GENSTAT or StatGraphics or in spreadsheets
like EXCEL® for checking and evaluating the data, e.g. to check the generated
distributions or the boundary values. If RIGAUS is operated under FSU (the 'Generate
Monte Carlo rerun file' menu option), a plotting facility is available to check the generated
distributions in COLUMN.DAT (the 'View Tables' and 'View Graphs' menu options).
All output data (random values) are declared REAL and formatted in exponential notation
E10.3.

10.3.3 Error and warning messages
A number of consistency checks on the input data are incorporated in RIGAUS. If
inconsistencies are detected, either fatal error messages are given and the program is
aborted, or warning messages are given. In the latter case, the program is still completed
successfully. All error and warning messages are sent to the screen during program
execution, whereas fatal error messages are also sent to a special output file, ERROR.LOG.
If no fatal error messages occurred, ERROR.LOG will not be created (and previous
ERROR.LOG files will be deleted).

What does RIGAUS check automatically?
Input data are checked on the maximum numbers allowed and on consistency. Some of
RIGAUS' error checks are:
•
The number of drawings TNDexceeds 999 (NDRAW)
•
The number of total drawn values (i.e., number of draws times number of variables
selected), TND *(NDU+NDB+NDN+NMV) exceeds 10000 (ILPREP)
•
The number of variables for uniform (NDU), beta (NDB), or normal (NDN)
distributions exceeds 25
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•
•
•

•
•
•
•

Thenumber ofdata for the statistical distributions isinconsistent (e.g.,thenumberof
UNIUPvaluesisnotthesameasthatof UNILOvalues)
Thenumberofdataorthenumberof variables for thestatistical distributions exceeds
25
Thenumberof dataorthenumberof variable names for the statistical distributions is
smaller than the number of variables given for random drawing (e.g., the number of
UNIUPvaluesissmallerthanNDU)
Supplied values of upper boundaries are lower than supplied values of lower
boundaries (e.g.,UNIUP<UNILO)
Thenumberofmeasured variables (NMV) exceeds5
The number of variable names for drawing from measured data is smaller than the
givennumberof measured variables(NMV)
Thenumberof measured dataexceeds 500

Otherchecks that areperformed by RIGAUS arefound inBouman &Jansen (1993).Error
and warning messages can also be generated by the TTUTIL subroutines that are used in
RIGAUS (Rappoldt & van Kraalingen, 1990). The program is aborted and an error
messageisgivenbythe 'read' routines if:
• Format of supplied input does not match the defined format (e.g., 'integer' is given
when 'real' shouldbegivenorviceversa).
Informative messages arealso given if inconsistencies are detected but when RIGAUScan
stillcomplete successfully:
• The number of data or the number of variable names for the statistical distributions
exceedsthenumberofvariables given for randomdrawing (e.g.,thenumberofUNIUP
valuesexceeds NDU).

Whatdoestheuserhavetocheck ?
• Theformat inwhichtheinputdata aregiven shouldmatch therequired format.
• The user has to check carefully the (input) boundary values for drawing from the
uniform and beta statistical distributions. The same applies to the measured input
data. If random draws are made from anormal distribution, there are in principle no
limits to the range of possible values.Therefore, theresults (randomly drawn values)
havetobecarefully checked for unrealisticvalues.
• It is advisable to check the generated distributions (shape and minimum and
maximum values) of the randomly drawn parameter/variable values before actually
using these data for Monte Carlo simulation. Checks can simply be madeby plotting
thegenerated values (option availableunderFSU).
• The standard format of the randomly generated parameter/variable values is REAL
with exponential notation (E10.3). This format is compatible with almost all
variables and input parameters used in the FSE-type of models. However, if this
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format proves not compatible (i.e., INTEGER data are needed), either the output
format in RIGAUS may be adapted or the format in the simulation model should be
converted (e.g., INT and NINT functions to convert REAL data into INTEGER
data).
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APPENDICES

Appendix 1 Technical reference of FSU
The information contained within this Appendix is an extension to paragraph 1.5 'Quick
installation' (page 9) and is meant for users who have more than average knowledge of
computers. Furthermore, this Appendix provides information on how to add input files to
FSU and explains the procedure of setting up FSU to enable printing of graphs to printers.
Note: 'FSU', 'shell' and 'simulation environment' are interchangeable; they refer to the
same entity.

InstallingFSU(firsttime)
Before you proceed with the installation of FSU, make a backup of your original FSU
disks. Please refer to the manuals accompanying your computer for instructions on how to
do this. Ask a local computer expert if you are unsure. Also, if any of the following
instructions appear unclear to you, contact your local computer support staff, or, if they do
not know either, call the authors at the AB-DLO institute, Wageningen, The Netherlands.
Store the original disks at a safe place and use your newly made backup disks to install the
shell.
Follow these steps to perform a first-time installation on your system:
1. Be sure you have plenty of space on your hard disk (about 3 Mb); FSU extracts with
example data and weather files.
2. Disk 1 (of 2) contains a file called INSTALL1.EXE. This file creates its own
directory named FSU in which it places all necessary files and subdirectories. To
install, move to the directory you want the new directory FSU to be created in. For
example:
C:
CD \

A:INSTALL1.EXE
to install the shell in the directory C: \FSU.
D:
CD SARP

A:INSTALL1.EXE
to install the shell in the directory D: \SARP\FSU. Of course, it is assumed that the
directory SARP exists.
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3. After INSTALL1.EXE finishes, put disk 2 (of 2) into the disk-drive and enter the
command

A:INSTALL2.EXE

4.

5.

6.

7.

After INSTALL2.EXE finishes, a directory named FSU has been created. This
directory is the main directory for FSU.
For most users, the above steps shall have successfully completed the installation
of the shell. Go to step 11.
There are, however, configurable options that you can set. These options are listed in
the FSU. CFG file in the main FSU directory. If you wish to change any of the settings
described below, start your editor and load FSU. CFG.
If you do not own a colour monitor or when the default colour display gives
unpredictable results (for instance, on some portables), you might want to work in a
two-colour environment. To facilitate this, change the line DISPLAY=COLOR into
DISPLAY=MONOCHROME (or to DISPLAY=MONO).
Removing the entry USERNAME=FSU U s e r will cause the shell to prompt for a
username. If you like, you can fill in your own name: for example,
USERNAME=Jean-Jack.
The more advanced users can specify the temporary path, meaning the place where
FSU puts its working files that are only needed for a short time. Pointing the
temporary path to a fast device like a RAM disk can speed up execution. About 200
Kb storage space must be available. It is generally not recommended to set the
temporary path to a network drive.

Do not change anything if you are not sure. If you know exactly what temporary paths
mean, then you can remove the exclamation mark before the TEMPDIR label and
enter the path after the equal-sign. Remember to put a backslash 'V after the path as is
shown in the sample configuration file on page 209. The shell will warn you at startup
if the temporary path is not available.
8. It is possible to choose the text viewer of your preference. It must be able to load and
view multiple files. One should be able to rotate through the files that were specified
on the command line. If you are unsure, let it be, because installing a text viewer that
is not capable of these things will hamper the correct working of FSU.
Summarising, the viewer must facilitate the next command line:

<viewer>

<filel> <file2> . . . . <filel0>

All specified <filex>s must be accessible right away within the viewer.
To change to a viewer of your preference, change the VIEWER= field in the
FSU. CFG configuration file. At the right side of the = sign, enter the name of your
viewer. Place the viewer in the main FSU directory. Do not specify a path in the
VIEWER= field. For example:
VIEWER=VIEWME.EXE
and not:
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VIEWER=C:\SYS\UTIL\VIEWME.EXE
9. Save the file (refer to your MS-DOS® or editor manual) youjust edited.
10. You now have completed the additional configuration.
11. To start the FSU simulation environment, enter FSU . BAT.

Partial (renewed) installation ofFSU
It might happen that you inadvertently delete a vital file of the standard FSU configuration
(for example, the graphics utility or the RIGAUS program). In such a case, you can do a
partial installation of the shell:
1. Move to the FSU directory (it is where the FSU.BAT file is situated and all the
needed *.EXE files).
2. Move to the parent directory:
CD . .
3. Insert the FSU installation disk 1in drive A: and enter:
A:INSTALL1
4. During the installation process, the program will notice that several files are already
present (i.e., already installed). It will ask you whether to overwrite this file. Press 'y'
to do so, 'n' to skip the file (= not to install it again).
Files that were deleted (are not present any more in the FSU directory) will be
installed automatically again.
5. Be careful that you do not overwrite data files (by pressing 'y') that you have changed
and want to keep.
6. Do the same with the INSTALL2 .EXE file (disk 2).
7. After these programs are completed, the deleted files are again retrieved.

Addingor modifying input files
Although it is actually discouraged to modify existing input files 26 like crop and soil files,
adding new input files to FSU is no problem at all. When new input files (e.g., crop, soil

26

This isdue totheconsistency of input files asrelated to model output. Suppose that a model has been run
with soil file CLAY.DAT and the output has been stored. If one changes directly in the original
CLAY.DATfile, one will not be able to relate this file anymore to the output previously stored, or even
compare theprevious output with newoutput created by using the modified CLAY.DAT.An exception to
this 'rule' isduring 'developing' and 'fine-tuning' anew input file.
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and weather files) are available, they can be implemented within the simulation
environment by simply copying them totheir directories. For example, .copy weather files
to the \DATA\INPUT\WEATHER directory, crop files to the \DATA\INPUT\CROP
directory, and soil files to \DATA\INPUT\SOIL. That completes making these files
available for use within FSU. Note that other types of input files may require different
directories (see also Appendix 2, paragraph 'Adding new input types to FSU' on page
195).
If a model has been run stand-alone (outside the shell) and is brought under FSU for
convenience, the timer file requires some special attention. The timer file should first be
copied to the \DATA\INPUT\TIMER directory. Then, the timer file must be edited and
all lines should be removed except comment lines and lines referring to parameters
STTIME, FINTIM, MULTIP, ANGAand ANGB.All other parameters are already present
in the RUNCTRL.DTAfile,which is used tobuild an up-to-date timerfilejust prior tothe
model run. If ever the model displays error messages stating that a certain parameter
occurred twice in the same data file, then probably the above procedure has not been
carried out.

Printing graphs
It is possible to make a hard copy (plotting a graph to the printer) of the graphs that the
shell displays. However, to do this some requirements have to be met. First, you should
connect an Epson®-compatible printer to your PC. Second, you must execute the MSDOS® program GRAPHICS.COM (or GRAPHICS.EXE on some computers) prior to
running FSU. To do this, either place an extra line in your AUTOEXEC.BAT file or
remove the 'rem' statement in front of the GRAPHICS.COM line in the FSU.BATfile.If
you use MS-DOS® version 5 and up, it is possible to print on a small selection of other
printers too. However, GRAPHICS.EXErequires some additional parameters then. These
so-called command-line parameters can be found in the MS-DOS® manual, or, if your
MS-DOS® version supports on-line help, it can be found by typing HELP GRAPHICS.
Pleasecontact alocalcomputer expertifyouencounterproblems.
The above instructions only have to be executed once. From then on, you will be able to
press [PrtScr]or [Shift+PrtScr] whiletheshellisdisplaying agraph toprintit.
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Appendix 2

Structuring your model for FSU

The process of adding new models to FSU is relatively easy. This Appendix explains in a
nutshell what criteria should be met before placing a model under the shell and what
actions should be taken to guarantee a correct co-operation between model and FSU. The
assumption is being made that you have some knowledge of FORTRAN and are able to
compile and link new programs. If not, then it is wise to consult a local expert on this
matter.
The following restrictions apply with regard to the models:
1) Models need to be programmed using the FSE 2.0 (or higher) environment. See van
Kraalingen (1995) and Chapter 8. If not, the shell will not be able to properly
communicate with the model.
2) Do not make any changes to the FSE 2.0 code (the controlling part of the model).
The Microsoft FORTRAN Compiler/Linker version 4.1 or higher is required to
successfully create the model executable.
After compiling the model, you need to link the thus created main object file(s) with the
TTUTIL, WEATHER, and FSU libraries. TTUTIL version 3.3 or higher is required in all
cases.. The FSU version 1.3 or higher library is needed in case you implement the OPSYS
or OBSSYS system (see later). All these libraries are supplied with the FSU distribution in
the MODEL.EXE directory. Some options in FSU require additional code to be
implemented in the model. Paragraph 'OBSSYS: simulate/force system' on page 195 and
paragraph 'OPSYS: end-of-season values system' on page 199 describe how to add them
to the models. If you successfully generate a new model executable, copy it to the model
executable directory of FSU (this directory is default called MODEL.EXE). Next, you
need to create a so-called model definition file. Paragraph 'The model definition file' on
page 200 explains the format of this file.

OBSSYS:simulate/force system
The simulate/force system OBSSYS enables a model to switch in a transparent way
between simulating or forcing (using observed data) a state variable. Menu option 'Switch
Simulated/Forced' requires this system to operate.
How is this system working? Well, first the data files are scanned for observed data for
state variables. Data have to be formatted in a special way in the input files. Observed data
must have the same name as the state variable, but with a postfix '_OBS'. Trigger
information has an extension '_TRG' and the master switch for controlling whether to
simulate or to force is appended with '_FRC'. Thus, for a state variable WLVG, the input
file should include two arrays, named WLVG_OBS and WLVG_TRG, and a parameter
WLVG_FRC. The arrays all have three columns, the first two being the year and the day of
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year.The last column represents theobserved value or simulation mode, respectively (see
also paragraph 'Switch Simulated/Forced' on page 47). WLVG_FRC indicates simulate
(=0), force (=2), or use triggering table (=1). In the first two cases, the triggering table is
ignored.
Thefirstthing tochange inthe sourcecode of the model is to include aso-called common
block in the main routine of the FSE driver. In the listing below, the line COMMON
/FSECMl/ YEAR,DOY,IUNITD, IUNITL, TERMNL (printed in bold characters) has
been inserted.
SUBROUTINE FSE
IMPLICIT REAL (A-Z)
*

Standard declarations for simulation and output control
INTEGER ITASK ,INSETS, ISET ,IPFORM, IL, ILEN
LOGICAL OUTPUT ,TERMNL, RDINQR, STRUNF, ENDRNF
CHARACTER COPINF*l, DELTMP*1
INTEGER INPRS ,STRUN ,ENDRUN
INTEGER IMNPRS
PARAMETER (IMNPRS=100)
CHARACTER PRSEL(IMNPRS)*11
-Declarations for time control
INTEGER IDOY, IYEAR
REAL
DELT, DOY, FINTIM, PRDEL, STTIME, TIME, YEAR
-Declarations forweather system
INTEGER IFLAG
,ISTAT1,
REAL
ANGA
,ANGB ,
REAL
TMMN
, TMMX ,
LOGICAL WTRMES
, WTRTER
CHARACTER WTRDIR*80 , CNTR*7,

ISTAT2 ,
ELEV
VP

ISTN
LAT ,LONG,
WN ,RAIN

RDD

WSTAT*6, DUMMY*1

-Declarations for file names and units
INTEGER IUNITR ,IUNITD ,IUNITO ,IUNITL
CHARACTER FILEON*80, FILEOL*80
CHARACTER FILEIC*80, FILEIR*80,FILEIT*80
CHARACTER FILEI1*80, FILEI2*80,FILEI3*80,FILEI4*80,
-Declarations for observation data facility
INTEGER INOD ,IOD
INTEGER IMNOD
PARAMETER (IMNOD=100)
INTEGER IOBSD(IMNOD)
-For communication with OBSSYS routine
COMMON /FSECMl/ YEAR,DOY,IUNITD,IUNITL,TERMNL
-Unit numbers for control file (C),data files(D),
output file (O), log file (L)and rerun file (R).File name for
control file and empty strings for input files 1-5.
WTRMES flags anymessages from theweather system
DATA IUNITC /10/,IUNITD /20/,IUNITO/30/
DATA IUNITL /40/,IUNITR/50/
DATA FILEIC /'CONTROL.DAT'/
DATA FILEI1 /' '/,FILEI2 /' '/,FILEI3 I'
DATA FILEI4 /' '/,FILEI5 /' '/
DATA WTRMES /.FALSE./
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FILEI5*80

To scan the data files, one has to insert two lines in the model source code. The first line
(printed inbold characters) is inthe FSE-part of the model and isjust after the start of the
rerunsloop:

Initialization section

ITASK =1
TERMNL = .FALSE.
WTRTER = .FALSE.
-Read names of timer file and input files 1-5 from control
file (these files canbe used in reruns)
CALL RDINIT (IUNITC,IUNITL,FILEIC)
CALL RDSCHA ('FILEIT', FILEIT)
IF (RDINQR ('FILEI1' )) CALL RDSCHA 'FILEI1' FILEI1)
IF (RDINQR ('FILEI2' )) CALL RDSCHA
'FILEI2' FILEI2)
IF (RDINQR ('FILEI3' )) CALL RDSCHA 'FILEI3' FILEI3)
IF (RDINQR ('FILEI4' )) CALL RDSCHA 'FILEI4' FILEI4)
IF (RDINQR ('FILEI5' )) CALL RDSCHA
'FILEI5' FILEI5)
CLOSE (IUNITC)
-Read time, control andweather variables from timer file
IUNITD
IUNITL, FILEIT)
CALL RDINIT
'STTIME' STTIME)
CALL RDSREA
'FINTIM' FINTIM)
CALL RDSREA
'PRDEL'
PRDEL )
CALL RDSREA
'DELT'
DELT )
CALL RDSREA
'IYEAR'
IYEAR )
CALL RDSINT
'ISTN'
ISTN )
CALL RDSINT
'IPFORM' IPFORM)
CALL RDSINT
'COPINF' COPINF)
CALL RDSCHA
'DELTMP' DELTMP )
CALL RDSCHA
'WTRDIR' WTRDIR)
CALL RDSCHA
'CNTR'
CNTR)
CALL RDSCHA
1
IFLAG'
IFLAG)
CALL RDSINT
-See if observation data variable exists, if so read it
INOD =0
IF (RDINQR('IOBSD')) THEN
CALL RDAINT ('IOBSD' ,IOBSD, IMNOD, INOD)
IF (IOBSD(1).EQ.0) INOD =0
END IF
-See ifvariable with print selection exists, if so read it
INPRS =0
IF (RDINQR('PRSEL')) CALLRDACHA ('PRSEL',PRSEL,IMNPRS,INPRS)
CLOSE (IUNITD)
--Initialize TIMER and OUTDAT routines
CALL TIMER2 (ITASK, STTIME, DELT, PRDEL, FINTIM,
&
IYEAR, TIME ,DOY ,IDOY ,TERMNL, OUTPUT)
YEAR =REAL (IYEAR)
CALL OUTDAT (ITASK, IUNITO, "TIME', TIME)
— O p e n weather file and read station information and return
weather data for start day of simulation.
Check status ofweather system, WTRMES flags ifwarnings or errors
have occurred during thewhole simulation. WTRTER flags if the run
should be terminated because ofmissing weather

&

CALL STINFO (IFLAG ,WTRDIR, ' >,CNTR, ISTN, IYEAR,
ISTAT1,LONG .LAT, ELEV, ANGA, ANGB)
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CALL WEATHR (IDOY ,ISTAT2, RDD, TMMN, TMMX, VP,
IF (ISTATI.NE.0.OR.ISTAT2.NE.0)WTRMES = .TRUE.
WSTAT = '444444'
IF (ABS (ISTAT2).GE.111111) THEN
WRITE (WSTAT,'(16)')ABS (ISTAT2)
ELSE IF (ISTAT2.EQ.0) THEN
WSTAT = '111111'
END IF
*

WN, RAIN)

initialize OBSSYS routine
IF (ITASK.EQ.1)CALL OBSINI
-Conversion of total daily radiation from kJ/m2/d toJ/m2/d
RDD =RDD'1000.
-Call routine that handles the different models
CALL MODELS (ITASK
IUNITD, IUNITO, IUNITL,
&
FILEIT
FILEI1, FILEI2,FILEI3,FILEI4,FILEI5,
&
OUTPUT
TERMNL,
&
DOY
IDOY ,YEAR ,IYEAR ,
&
TIME
STTIME, FINTIM, DELT ,
&
LAT
WSTAT ,WTRTER,
&
RDD
TMMN ,TMMX ,VP
,WN, RAIN)

In the above code section, you entered the line containing the CALL OBSINI statement.
TheOBSINI procedure will initialise andsetuptheobservation system.
The next step is to change all the INTGRL statements into INTGR2 statements.
Furthermore,twoargumentshavetobeadded:thenameoftheinputfile inwhich it should
belocated andthenameof thestatevariableasastring.Forexample:
STATE=INTGR2 (STATE,RATE,DELT,FILEI2,'STATE')
The INTGR2 statementstakecareof whethertosimulateorforce statevariables.
Besides this, a by-product of this development is that you do not have to calculate
observed data in two steps any more (reading AFGEN-tables and then using the function
LINT to interpolate between data points). You can now get the (interpolated) observed
valuebyusingtheGETOBSfunction. Forexample:
XXWCR=GETOBS (FILEI1,'WCR')
in which FILEI I is the name of the data file in which the observed values for the state
variableWCR (WCR_OBS)arelocated..
To use the OBSSYS simulate/force system, you need to link your model with the FSU
library and the 3.3 version (or higher) of the TTUTIL library. The first is included in the
FSU distribution; TTUTIL must be obtained separately from D.W.G. van Kraalingen at
theAB-DLOinstitute.
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OPSYS:end-of-season valuessystem
Models that require communication with the 'Regional Studies' menu must have
implemented the OPSYS end-of-season values system. Basically, this system will output
the value of chosen state variables at the end of a simulation run to a special output file
named OP.DAT. When performing many reruns, like for example, via the 'Generate
Monte Carlo Reruns File' menu option or via zonation studies, the values throughout the
growing season aremostly notinteresting.Onlythelast value for certain state variables are
taken into account in most studies (e.g., final yield, water content of the soil). Some lines
shouldbe added tothe sourcecodeof themodel tomakethis system work (printed inbold
characters):
*
*

See if rerun file ispresent, and if so read the number
of rerun sets from rerun file
CALL RDSETS (IUNITR, IUNITL, FILEIR, INSETS)

*

Initialise logfile for end-of-year state values
CALL OPINIT

Main loop and reruns begin here

DO 10 ISET=0,INSETS
WRITE (*,'(A)') 'Initialize model.

Intheabove sourcecode,thelineCALL OPINIT was inserted.
Andthen,inthetermination section ofyour model (ITASK = 4),you add aline for each
statevariablethatyouwanttooutputinthismanner:
CALL OPSTOR(*VARNAME', VARNAME)
The structure looks a lot like the regular OUTDAT routines of the FSE system. A
maximumof 20variablescanbeoutputed inthisway.
There is one modification (printed in bold characters) left that you should insert at the
veryendofthesubroutineFSE:
*

Close log file (if used)
IF (FILEOL.NE.FILEON) CLOSE (IUNITL)

*

Close log file ofweather system
CLOSE (91)

*

Write end-of-year data tohuman-readable output table
CALL OPWRIT (IUNITO)
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RETURN
END

The line CALL OPWRIT (IUNITO) was inserted in this piece of code. To actually use
this system, you have to compile and then link the model with the FSU library (besides
TTUTIL andWEATHER).

Themodeldefinition file
In the same directory in which you placed your model executable, create a file called
MODEL.DEF (use the name of the model executable instead of 'MODEL'; for example,
ORYZA_X.DEF if you named the model ORYZA_X.EXE) and add the following line to
this file:

[MODELINFO]
At the next lines, enter any information you like the user to see when he/she presses the
[Info] button in the item-selector. Note that lines starting with an exclamation mark (!) are
considered comments (i.e., will not be displayed). An example is listed in Appendix 4, on
page 211.
Some models use so-called switches to activate or deactivate certain parts of the model.
These switches (in FSU, they are called model options) are set by the user at the beginning
of a model run. With these switches, the user can, for example, select for a potential
production level or a water-limited production level. Switches are appended to the timer
file by FSU, just prior to the model run. To communicate correctly with FSU, your model
must thus read these switches from the timer file. If your model uses this kind of switch,
then you must add an additional section to the model definition file:
[MODULES]
The above line signals the beginning of the part of the model definition file that describes
the model options that are present within the model. The lines after [MODULES] have the
following format:
<number>

<DescriptionofSection1>
<DescriptionofSectionn>
#<number><.1>
<Hoduledescription 1> ,<switchname>=<value>
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<Moduledescription 2> ,<switchname>=<value>
#<numberx.2>
<Moduledescription1> ,<switchname>=<value>
<Moduledescription2> ,<switchname>=<value>
If you have a complex model with many parts that can be switched on or off, then you
should make some functional division between the different modules and options. The
correctwaytodothisistodefine sections.Each section defines in afew wordstheoptions
that can be set if one enters that section (see also paragraph 'Select Model Options' on
page55).Themain section isnumbered #1. Forexample,nameasection 'Photosynthesis'
if you have several switches that apply to the way in which photosynthesis-related
processes arecalculated. The actual switches are described in a separate paragraph, which
is numbered according to the place of the section in the section just one higher in the
hierarchy (.1 if it was listed first, .2 if it was listed second, etc.). For example, if the
'Photosynthesis' equals <Section 1>,then theparagraph which deals about photosynthesis
isnumber # 1 . 1 . Inthatparagraph, onedefines theswitches andtheirvalues,forexample:
#1.1
Usemethod 1photosynthesiscalculation ,swipho=l
Usemethod 2photosynthesis calculation ,swipho=2
Theabove linestellthe shell which switch valuecorresponds to adescription that theuser
selects in the 'Select Model Options' window. Note that instead of describing switches,
one can also define new sections. See the example of the model definition file on page
211.
Eachparagraph is sharply defined, starting with # and ending with ablank line. You may
not mix sections and switch definitions in oneparagraph. Paragraphs should alsobe listed
indescending orderof hierarchy, soonestartswith #1,# 1 . 1 , # 1 . 2, # 1 . 1 . 1 , # 1 . 1 . 2 ,
# 1 . 2 . 1 , and soon.
Another issue that needs to be defined is the data requirement. What types of input files
doesthemodel need?You must specify therequired inputfilesin aseparate section inthe
model definition file:
[DATAFILES]
After thisheader,you listtheinputfile typesthatthemodelneeds:
<filetype1>,<filetype2>,<filetypex>
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Valid file types that are predefined by FSU are TIMER, CROP, WEATHER, PEST, and
SOIL.Asampleentrycould look likethis:
[DATAFILES]
CROP,TREE,SOIL,WEATHER,TIMER
The above lines will create buttons for these file types in the 'Set Definition' windows of
the shell. If yourmodel uses file types that are not predefined by FSU (like the TREEfile
type in the above example), you must also enter them in this section. Note, however, that
you must have a matching entry for that specific file type in your FSU.CFG file (see
paragraph 'Adding newinputtypestoFSU' onpage204).
In the event that you would like to use the model in conjunction with the Monte Carlo
rerunfilegeneration option (sensitivity/uncertainty/risk analysis), you must add apart that
defines theparameters that can be used for eachmodel option.Take alook atthe example
modeldefinition file onpage211. Thefirst thingtodoistoincludetheline:
[RIGAUS]
After this label, the shell knows what to expect: definitions for the Monte Carlo rerun
system. For each model switch you can list the parameters that are of importance to that
section ofthemodel inthis format:
<switchname>=<value>
<parametername1>
<parametername2>
<parameternamen>
Forexample,ifswitch SWIWLP = 0denotesanirrigated lowlandproduction system,you
can setupparameters for thissysteminthemodeldefinition file likethis:
! Thesearetheparameters fortheirrigated lowland
!productionsystem
SWIWLP=0
! Soilparameters
PERCS
!Managementparameters
STTIME
DTRP
BUNDHI
WLOM
RIGIFT
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RIPUD
DVSTE
(the above example is part of the FSU configuration of the ORYZA_WZ model). As you
notice,you can put remarks onevery line.Remarks start with anexclamation mark '!'. For
each setting of amodel switch,you cancreate alistliketheoneabove;thelistmay consist
of the same but often also of different parameters (to stick with the example: parameters
that specify characteristics of puddled soil mayonly belisted atthemodel option that uses
them).
However, sometimes the models aremore complex and have more than one model switch
and each switch can have a lot of different values. The shell supports these complex
models in such a way that it is not necessary to supply parameters for each possible
combination of switches and switch-values. The rule is simple: define the most specific
parameter list first, the least specific list at the end. More specific means listing more
switches and their values to define the environment for the following list of parameters.
Forexample:
SWILAI=0
SWINPR=1
SWINPH=1
SWIPJJ=7
STTIME
DTRP
SWILAI=0
SWINPR=1
SWINPH=1
! insertanother listhere
TKPI
SWINPR=1
! listsomegeneralparametershere
NPH
SWINPR=0
! ifthemodeloptionsdonotmatchanyoftheabove
! switchcombinations/values,thenthisoneis
! compared.Sincethereareonlytwovaluesof
! SWINPR,thislist istakenifeverythingelsefails.
NH
NPH
STTIME
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When entering the 'Generate Monte Carlo Reruns File' window, FSU tries to match the
actual model options (switches) with the more specific switches listed at the top of the
model definitions file. If they donot match, the shell tries the next settings of the switches
until apropermatch has been found. Theparameter names directly following the switches
arelisted in the 'Generate Monte Carlo Reruns File' window27. Ifnoproper match occurs,
the shell displays a message that you have not properly set up the system to work with
MonteCarloreruns.Addingentriestotheendofthelistofaswitchthatcanonlyhavetwo
values (like SWINPR in the above example) assures you that you always have a list of
parameters in the 'Generate Monte Carlo Reruns File' window. Of course, use a very
general list of parameters for the least specific list, only those parameters that are always
used in the model whatever option is chosen. For example, STTIME (starting time of the
simulation, whichcoincides withdayoftransplanting ordayof seeding inmostmodels) is
agoodbet.
Itis theresponsibility of themodel developer todocument the model in such away that it
can be used with the shell. As a user, you are however free to alter the definitions in the
[RIGAUS] partasyouseefit.

Addingnewinput typestoFSU
Models that are incorporated within FSU use data files. These data files provide the
required input for the models. In most cases, data are ordered into several data files, for
example, all input related toaparticular cultivar in aso-called cropdata file, soil data ina
soil data file, and soon. The groups into which these datafilesare ordered are called data
typesorfiletypes.For data oncrops,the data typeis CROP,for soil data it is SOIL. Files
for these input types are stored in different directories. The shell has 5 predefined file
types:CROP,SOIL, PEST,WEATHER,andTIMER.Ofcourse,itmayhappen that amodel
uses a file typethat cannot be classified in one of the mentioned file types. In that case,a
newfiletypemustbe defined.

27

There is one other option that can be inserted in the [RIGAUS] section of the model definition file.
However, this option refers to an internal quirk of the RIGAUS program and is only useful for a limited
number of models. It enables, for puddled soils, to either generate random values for some parameters
(referring to conditions in different layers of the soil) in an independent way or to generate these values
by using an overall soil parameter and a predefined correlation matrix. As of now, only the ORYZA_W
model uses these data, so it is probably of no interest to you. But, to becomplete, this is what one should
dotousethe [Correlation] button inthe 'Generate MonteCarlo Reruns File' window.
It boils down to adding a switch (ISWI) to the already defined lists. If ISWI equals 1, correlation is
taken into account; if ISWI equals 0, all soil-layer parameters can be generated independently. Please
refer to the sample model definition file on page 211. This switch is also described in Chapter 10 and in
Bouman &Jansen (1993).
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FSU's main configuration file FSU.CFG is the place to define these new file types.
Include alineinthefollowing format intheFSU.CFGfile:
DATATYPE=<type>,<FSEname>,<path> [,<filemask>]
The<..> denotes required arguments, [..] denotes anoptional argument. All identifiers and
arguments are case-insensitive. 'File mask' can be any valid MS-DOS® file-mask (e.g.
*.*, PU??M*.DA?,etc.).If nomask is specified, *.* (allfiles)is assumed. The <type>
indicates howyou wanttonamethenewfiletype.Amaximum of 8characters is in effect.
Makethetypenameasdescriptiveaspossible -e.g., RICE,WHEAT,PUDSOIL,andsoon.
The default <FSEname> denotes how that particular file is opened within the FSE
structure of your model. Most data files are internally called FILEIx (with x a number
ranging from 1to 6) in FSE. Most SARP ORYZA models have FILEI1 designated for
the CROP data file. The shell needs to know the name of the FSE file handle so it can
create all the control files in acorrect way (see alsoChapter 8and van Kraalingen, 1995).
The<path>points tothedirectory inwhich youplace the new typeof datafiles.The <file
mask> is optional, you can use it to distinguish between file types if they all occupy the
samedirectory.
For example, suppose that your model TREEGROW.EXE requires a file with data about
trees. All your tree data files are stored in the directory D:\MYDATA\TREE. Your model
uses the FILEI4 handle of FSE to open and use that particular data file. To define it for
theshell,addthefollowing linetotheFSU.CFG file:
DATATYPE=TREE,FILEI4,d:\mydata\tree
Ifallyourtreefiles havetheextension *.DAT, youcan specify thatoptionally likethis:
DATATYPE=TREE,FILEI4,d:\mydata\tree,*.DAT
TheabovelinemakesthefiletypeTREE accessible toFSU.Itisnowpossibletorefer toit
in the model definition files. For your TREEGROW.EXEmodel, add or edit the following
lines in the model definition file (see also paragraph 'The model definition file' on page
200):
[DATAFILES]
TREE,WEATHER,TIMER
This signalsFSUtouseinput files oftype TREE,WEATHER,and TIMER.Thelasttwo file
types WEATHER and TIMER should always be present in the [DATAFILES] section;
excludeoneorbothandtheshellwillwarnyou.
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Optionally, you can also overrule the FSEname for acertain input file. Suppose that a file
of type SOIL has been defined in your FSU.CFG file with a FSEname of FILEI2. One
ofyournewmodelshoweverrequires thatthe SOILfileberead/handledbyFILEI4. You
can arrangethisbyeditingthemodel definition file likethis:
[DATAFILES]
CROP, SOIL=FILEI4, WEATHER, TIMER

The additional '=FILEI4' structure is a local ('this model only') override of the default
defined FSEname fortype SOIL.
If you now start the shell, select your TREEGROW.EXEmodel and goright on to create a
new set of input files. You will notice that FSU will ask for three file types: TREE,
TIMER, and WEATHER in the 'Set Definition' window. The setup of these configurable
types of datafilesis quite robust. The shell will warn you if you usefiletypes that arenot
defined, or if you try to load sets of input files that do not belong to the current model
(withregardtotypeof datafilesused).

Usingpredefined rerunfileswithFSU
Setting up your model to use predefined rerun files is easy. Make sure that the directory
\DATA\INPUT\RERUNS exists under the main FSU directory: it should have been
created automatically when you installed FSU. If it is not there, create it manually and
consult localcomputer support staff if youdonotknowhow.
Next, you can add files to this new RERUNS directory. Give the files a descriptive name,
but use the extension of *.DAT.You must structure the content of thefilesin such away
thatavalidreruns file iscreated (seeChapter8).
In FSU, go to the 'Simulation Controls' menu option and check the 'Use pre-defined
RERUNS.DAT file' button: a [X] should appeartoindicate that theoption is active.Next,
goto the 'Create New Set(s) of Input Files' menu option and specify a new set. An entry
for arerunsfileis now alsopresent. Store this set. When you subsequently run themodel,
FSU copies yourpredefined reruns file to thework areajust prior to the model run.When
themodel starts,itusesyourrerunsfile.
You must always specifically turn on the 'Use predefined RERUNS.DAT file' option
before you select a set that contains a reruns entry. If this option is not active when
selecting suchaset,FSUwarnsyou andwillnotusethererunsfile.
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Appendix 3 Problems with FSU
This Appendix lists common problems, their causes and gives possible solutions. These
problems are specific to FSU. For generic problems that can arise with both the
MANAGE-N decision support system and the FSU environment, refer to Appendix 5 on
page219.If anew problem (i.e.,notlistedbelow) occurs,contact theauthorofFSU.

After youactivate menu options 'Retrieve Output!' and'View Graphs', ared window
pops up,displaying a.o.thetext "Cannot And binary output file. Didyou really run
the model?"or"Cannot find file COLUMN.DAT"
Cause:
FSU does not 'remember' which type of
output you stored (single run, parameter
modifications, multiple zoning run, or
Monte Carlo runs). Therefore, it is possible
for the 'View Graphs' option to get
confused.

Solution:
Create thesame type of conditions that were
in effect when youranthemodel and stored
the output. Forexample, choose any model,
a single run set and 'View Graphs' again if
output stored was asinglerun.
Or, for example, select any model, a single
run setand create anyMonte Carlo rerun file
and 'View Graphs' again if you stored
output ofaMonte Carlo multiplerun.

When yourunamodel, a message appears "ERROR inRDDATA: variable namenot
in data file"
Cause:
The model requires a variable that cannot be
located inone ofthe data files.

Solution:
Maybe youselected a wrong data file meant
for another model. Check if the data files
that you selected are indeed meant for the
current model.
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Appendix 4

Standard input files provided with FSU

This Appendix lists standard files that are used by the simulation models and are used or
created by FSU. Most files are examples only and may differ considerably, depending on
dataenteredbytheuser.

TheFSU.CFGfile
The file FSU.CFG specifies options that define the way FSU behaves in different
computer environments. The example file listed below is the default as is distributed with
theinstallationdisks.
Example configuration file of FSU version 2.0 (aka the SARP-SHELL)
This file needs tobe placed in the same directory as FSU.BAT and
SCHIL.EXE
Youmay place remarks after each option by inserting an exclamation
mark. Everything after an exclamation mark will be ignored.

Insert your own username after the equal sign. It can be up to
20characters.
USERNAME=FSU User
Ifyou likemonochrome screen-output instead of color, change the
next line into DISPLAY=MONO or remove it altogether. Defaults to
MONO
DISPLAY=COLOR
Ifyou want to use another temporary area other than the default,
then define it here. Do not forget thebackslash \
(ofcourse thedirectory must exist)
TEMPDIR=D:\TMP\
The default viewer (mustbe in themain FSUdirectory}.
Ifyou like,you can specify another viewer here.Butplease, FIRST
read the conditions that theviewer has to comply with. See Appendix
"Technical Reference of FSU" in theFSUmanual. Defaults tousing LIST.COM.
VIEWER=LIST.COM
enter user-definable additional datafile types and directories here.
Read themanual for additional information (Appendix2 ) .
The lines displayed here are examples only, and will not work
onyour system.
DATATYPE=JJTEST2, FILEI2, C:\USR\JEANJACK\
DATATYPE=LOWSOIL, FILEI2, C:\USR\JEANJACK\FSU\DATA\INPUT\SOIL\, PU*.DAT
DATATYPE=TREE,FILEI2,C:\workshop\FSU\DATA\INPUT\CROP
DATATYPE=SOILAF,FILEI3,C:\workshop\FSU\DATA\INPUT\SOIL\RECAFS
End ofFile.

The FSU.BATfile
This file is used to start FSU. If printing of plots is required, make sure that the
GRAPHICSprogramisexecuted (removetheREMbefore GRAPHICSinthisfile).
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@echo off
rem This batchfile controls the startup of shell and applications.
rem
rem
rem This batchfile executes the shell. If the shell is left, then
rem it checks on the occurrence of a temporary statusfile called
rem PROJECT.TMP. If this file does not exist, then a regular
rem 'Quit Shell' command is given. Else, a large application should
rem be started. The commandline of this application has been defined in
rem APPL_COM.BAT, which will be executed.
rem After execution, control ispassed again to the shell.
rem +•++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++

rem GRAPHICS.COM
rem GRAPHICS.EXE
rem One of the above lineswill enableprinting of graphs on an Epsonrem compatible
rem printer (and others, especially ifyou useMSDOS 5.0 orup. Refer to
rem a local computer expert to set this up) ifyou remove the 'rem'
rem statement.

rem DONOT CHANGE ANYTHING BELOW THIS LINE!
rem
:L00P
SCHIL.EXE
IFNOT EXIST $status$.tmp GOTO THE_END
CALL APPL_COM.BAT
GOTO LOOP
:THE END

The CONTROL.DAT file
TheCONTROL.DATfileisusedbythe FSE (van Kraalingen, 1995andChapter 8)system
in which the models are programmed and specifies which files are to be used during the
simulation. CONTROL.DAT is automatically created by FSU just prior to a model run
from selectionsthattheusermade.
* CONTROL.DAT created by FSU 2.0
FILEON='RESULTS.OUT'
FILEIR='RERUNS.DAT'
FILEOL='RESULTS.LOG'
FILEI1='C:\USR\JEANJACK\DEMO\FSU\DATA\INPUT\CROP\ORYZA_WZ.DAT'
FILEI2='C:\USR\JEANJACK\DEMO\FSU\DATA\INPUT\SOIL\LOAM.DAT'
FILEIT='T_0RYZAW.DAT'

TheRUNCTRL.DTAfile
The RUNCTRL.DTAfileis part of the timer file that the models use. It contains various
options thatarenotreally ofinteresttotheuser.Most options areupdated on-the-fly bythe
shell.Just priortoamodel run,thisfileisjoined withthetimerfilethat theuserchose and
placedintheworkingdirectory ofFSU.
*****************************************************************
* RUNCONTROL FILE for FSU
* THESE DATA SHOULDNOT BE CHANGED BY THE FSU USER
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*
*

EXCEPT FOR MULTIP AND PRDEL

*Weather data specification
WTRDIR = 'C:\USR\FSU\DATA\INPUT\WEATHER\'
CNTR = 'PHIL'
Station number ofweather data
ISTN =1
Indicates where weather error andwarnings go
IFLAG = 1100
(1100means errors and warnings only to log file,
see FSE manual)
* Time variables
IYEAR = 1991
DELT = 1.
* Output options
COPINF = l N'

PRDEL = 5.

IPFORM =4
DELTMP = 'N'

*********

Year ofweather data
Time step of integration

Swich variable denoting what tobe done with
input files:
*N' =do not copy input files into output file
'Y' =copy input files into output file
Time between consecutive outputs to file,
(when PRDEL=0,no output is generated, when PRDEL is
very large (i.e. 10000) only initial and terminal
output is generated).
(0=no output table, 4 =normal table,
5 = tab-delimited (for Excel), 6=TTPLOT format)
Switchvariable what should be donewith the
temporary output file:
(0=do not delete,
1 = delete)
k* * * * * * *

********

k******

*

t* * * * * * * *

*

Themodeldefinition file
A model definition file is used by FSU to acquire knowledge about the models. FSU
cannot 'see' whichkindof datafiles amodelsupports,what itshistory is,andwhatkindof
parameters should be set up for use with the RIGAUS program. The model builder must
make a model definition file to properly 'introduce' the model to the shell. Placed in the
same directory as the model, the model definition file also has the same name as the
model, except for the extension. The extension of a model definition file is *.DEF. For
example, if a model is called MYMODEL.EXE, then the model definition file should be
namedMYMODEL.DEF.
If the definition file is not available, then FSU will not be able to run the model. An
example of such a definition file is found below. For a treatise on the options that make
part of this file, the user is referred to Appendix 2,paragraph 'The model definition file'
onpage200.
[MODELINFO]

*
*
*

*
ORYZA-W (2.1)
A Model for Irrigated and Rainfed Rice Production

*
*

*
* This version especially adapted from theFST-Version 1.3 of ORYZA1
* (April 1994) for use under FSU (aka the SARP-shell)

*
*
*
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Authors: SARP staff (this version:
Version: FSE-2.1
Date: May 1994

Reference: Bouman, B.A.M., M.S.C.Wopereis StJ.J. Riethoven, 1994.
Crop growth modelling in agro-ecological zonation of rice,
SARP Research Proceedings, AB-DLO, Wageningen,
The Netherlands.
Info: B.A.M. Bouman, DLO Research Institute forAgrobiology and
Soil Fertility, PO Box 14, 6700AA, Wageningen,
The Netherlands, e-mail: bouman@ab.agro.nl.

[MODULES]
#1
Irrigated Lowland
Rainfed Lowland
Rainfed Upland (non-puddled)

,swiwlp=0
,swiwlp=l
,swiwlp=2

[DATAFILES]
TIMER, SOIL,CROP, WEATHER
[RIGAUS]
! RIGAUS DEFINITION FILE
! Parameters tobe used for random drawing in RIGAUS
! Selection defined by switches forproduction environment
! (SWIWLP) and for the correlation between soil moisture
! characteristics (ISWI)
! 1. Irrigated lowland
SWIWLP=0
! 1.1. Soil parameters
SPSOIL
! 1.2 management parameters
STTIME
DTRP
NH
NPLH
NPLSB
NPLDS
WLOMXI
RIPUD
DVSIE

! 2. Rainfed lowland
SWIWLP=1
! 2.1. Soil parameters
SPSOIL
SHRINK
WCSTP
WCCRAC
DDR
! 2.2 Management parameters
STTIME
DTRP
NH
NPLH
NPLSB
NPLDS
WLOMXI
TKLPI
! 3.Rainfed uplandwithout soil correlations taken into account
SWIWLP =2
ISWI =0
! 3.1 Soil parameters
TKL1
TKL2
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TKL3
WCST1
WCST2
WCST3
WCFC1
WCFC2
WCFC3
WCWP1
WCWP2
WCWP3
FWCLI1
FWCLI2
FWCLI3
FRNOF
ZRTMS
EES
13.2 Management parameters
STTIME
NPLDS
! 4. Rainfed upland with soil correlations taken into account
SWIWLP =2
ISWI =1
! 4.1 Soil parameters
WCFC
FWCLI
FRNOF
ZRTMS
EES
! 4.2 Management parameters
STTIME
NPLDS

Examplecropfile
The crop file listed here is part of the standard FSU distribution, and is used by the
ORYZA_WZ 2 . 1 model.

**************************************************************
*
ORYZA_Wz.DAT
* Crop andmanagement data forrice;models 0RYZA1 (version 1.31)
*
* and ORYZA_W (version 2.1) [FORTRAN-FSE].
* Experimental data: Parameters and Functions from: IRRI/APPA, 1992 *
* Oryza sativa cv.IR72, IRRI, Dry Season (MIO)at 225 kgN
*
*plus data fromWopereis drought stress experiments at IRRI.
*
* This data file is for zonation (extrapolation) purposes.
*

*
*

************************************************************

***************************************************************
* 1.Management parameters

*

***************************************************************
NPLH
NH
NPLSB
NPLDS
DTRP

=5.
=25.
=1000.
=75.
= 12.

number ofplants per hill
number of hills
number ofplants in seed-bed
number ofplants/m2 direct-seeded
days in seed-bed (between sowing-transplanting)

************************************************************
* 2. Crop data

*

****************************************************************
****************************************************************
* 2a.Crop data for both ORYZAl and ORYZA_W (potential prod. *
****************************************************************
* Initial data
LAPE -0.0001 !initial leaf area per plant at emergence
DVSI = 0 .
!initial development stage
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WLVGI
WSTI
WRTI
WSOI
ZERO

=O
=O
=O
=O
=0

initial leaf weight
initial stem weight
initial stem weight
initial weight storage organs
zero condition for integrals

* Model parameters
parameter indicating relation between seedlingSHCKL : :0.25
age and delay in leaf area development
parameter indicating relation between seedlingSHCKD = 0.4
age and delay inphenological development
relative growth rate of leaf area
RGRL
= 0.00800
FSTR
= 0.20 ! fraction carbohydrates allocated to stems that
is stored as reserves
! scattering coefficient of leaves for PAR
SCP
= 0.2
! base temperature for development (oC)
TBD
= 8.
TBLV
! base temperature for juvenile leaf area growth
= 8.
! maximum temperature for development
TMD
= 42.
TOD
! optimum temperature for development
= 30.
C02REF = 340.
! Reference level of atmospheric C02
C02
= 340. ! Ambient C02 concentration
TREF
! reference temperature
= 25.
! factor accounting for increase of maintenance
Q10
= 2.
respiration with a 10 oC rise in temperature
DVRJ
development rate during juvenile phase
= 0.000773
DVRI
= 0.000758 development rate during photoperiodsensitive phase
= 0.000784
DVRP
development rate during panicle development
DVRR
= 0.001784 development rate inreproductive phase
MOPP
= 11.30 ! maximum optimum photoperiod
PPSE
! photoperiod sensitivity
= 0.0
SPGF
= 64900.000 ! spikelet growth factor
WGRMX = 0.0000249 !maximum individual garin weight
* table for GCM (General Circulation Model) temperature correction
TMCTB = 0.,0.,366.,0.
* table of extinction coefficient of leaves (KDF)as function of development
stage
KDFTB
= 0..0.4, 0.65,0.4, 1.,0.6, 2.1,0.6
* table of extinction coefficeint of nitrogen profile in the canopy (KNF) as
* function of development stage (DVS)
KNFTB
= 0.,0.4, 2.1,0.4
* tables of 'fraction of total dry matter allocated to shoot'
* (FSH) and of 'fraction of total drymatter allocated to roots'
* (FRT) as function of development stage
FSHTB = 0.0,0.50, 0.43,0.75, 1.0,1.0 ,2.1,1.
FRTTB = 0.0,0.50, 0.43,0.25, 1.0,0.0, 2.1, 0.
* table of specific leaf area as function of development stage
SLATB = 0., 0.0047, 0.152, 0.0047, 0.336, 0.0033, 0.653,0.0028,
0.787,0.0021, 1.011,0.0019, 1.431,0.0017, 2.10, 0.0017
* table s ofpartitioning factors for leaves (FLVTB), stems (FSTTB),
torage organs (FSOTB) as function of development stage.
* and
FLVTB
0.0 00, 0.545,
0.0 0, 0.545,
0.2 45, 0.559,
0.4 90, 0.542,
0.' 20, 0.422,
0. 95, 0.053,
1. 30, 0.000,
1.' 30, 0.,
2. ,0
FSTTB
0.0 00, 0.455,
0.0 80, 0.455,
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0.245,
0.490,
0.720,
0.895,
1.230,
1.730,
2.1, 0
FSOTB =
0.000,
0.720,
0.895,
1.230,
1.730,
2.1, 1

0
0
0
0
0
0

441,
458,
578,
517,
000,

0
0
0
1
1

000,
000,
430,
000,
0,

,

* table of initial light use efficiency as function of temperature
EFFTB = 10.,0.54, 40.,0.36
* table of factor accounting for effect of temperature onAMAX
REDFTT = -10.,0., 10.,0., 20.,1., 37.,1., 43.,0.
* table of specific green stem area as function of development stage
SSGATB = 0.,0.0003, 0.9,0.0003, 2.1,0.
* table of nitrogen fraction in the leaves as function of
* development stage
NFLVTB=
0.00, 0.54,
0.16, 0.54,
0.33, 1.53,
0.65, 1.22,
0.79, 1.56,
1.00, 1.29,
1.46, 1.37,
2.04, 0.83,
2.10, 0.83
MAINLV
MAINST
MAINSO
MAINRT

0.02
0.015
0.003
0.01

maintenance respiration coefficient of leaves
maintenace respiration coefficient of stems
maintenace respiration coefficient of storage organs
maintenace respiration coefficient of roots

CRGLV
CRGST
CRGSO
CRGRT
CRGSTR

1.326
1.326
1.462
1.326
1.11

carbohydrate requirement for leaf dry matter production
carbohydrate requirement for stem dry matter production
carbohydrate requirement for storage organ "
carbohydrate requirement for root
" "
carbohydrate requirement for stem reserves production

FCSTR
FCLV
FCST
FCRT
FCSO

0.444
419
431
431
= 0.487

LRSTR

0.947

TCLSTR

mass fraction carbon in the stem reserves
mass fraction carbon in the leaves
mass fraction carbon in the stems
mass fraction carbon in the roots
mass fraction carbon in the storage organs
fraction of allocated stem reserves that is
available for growth
time coefficient for loss of stem reserves

* table for leaf death coefficient as function of development stage
DRLVT = 0.,0., 0.6,0., 1.,0.015, 1.6,0.025, 2.1,0.05

********
********* **********************
***********************************************************
* 2b.Crop data for only ORYZA_W (water-limited production.
ZRTI =0.0001
ZRTMC = 0.7
GZRT = 0 . 0 2

initial rooting depth
maximum rooting depth of crop
growth rate roots

* stress factors for drought before and at transplanting
ULLGTR = 1 . 1
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LLLGTR
ULLSTR
LLLSTR
ULDLTR
LLDLTR
ULRTTR
LLRTTR

=1
=0
=0
=0
=0
=0
=0

1
51
26
31
14
63
0

* stress factors for drought after transplanting
ULLGTF = 0.94
LLLGTF = 0 94
ULLSTF = 0 77
LLLSTF = 0 34
ULDLTF = 0 43
LLDLTF = 0 14
ULRTTF = 0 77
LLRTTF = 0 14

***************************************************************
* 3. Switch parameters
* Note: DONOT CHANGE SWINLV and SWILAI!!!

*
*

***************************************************************

SWINLV = -1.!switch touse NFLV as function of DVS or daynumber
! - 1 :versus DVS; 1:versus DOY
SWITMP = -1. !switch touse GCM temperature correction
! - 1 :do not use; 1: do use
SWILAI = 1. !switch to usemeasured or simulated LAI (LAI leaves)
! - 1 :measured LAI; 1: simulated LAI
SWICOV = -1. !switch touse plastic cover over seed-bed
! -1:do not use; 1: do use

***************************************************************
* 4.Measured data

*

***************************************************************
* Switches that indicate whether variables have been measured
* or not: 'Y'means measured and given; 'N'means not measured.
* Note: 'Y' and ( N'should be given in capital letters!

MLAI
MNFLV
MWTDM
MWST
MWLVG
MWLVD
MWPA

=
=
=
=
=
=
=

'N'
'N'
<N'
'N'
'N'
-N'
>N'

measured leaf area index LAIL
measured N-content leaves NFLV
measured weight total drymatter WTDM
measured weight stems WST
measured weight green leaves WLVG
measured weight dead leaves WLVD
measured weight panicle WPA

* Measured data values:No data for zonation

***************************************************************
* Fabricated measured DVS data, used as an example only for
* FSU (aka the SARP-shell)

*
*

***************************************************************
DVS_OBS = 1992., 150.,0.,
1992., 256.,1.,
1992., 282.,2.

DVS_TRG = 1900.,1.,0.,
2000., 1-, 0.

Exampletimer file
The file below is the part of the timer file the user can select or edit. This part is merged
with the RUNCTRL.DTAfile prior to the model run and placed in the work area of FSU.
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The resulting merged file is used by ORYZA_WZ 2 . 1 , the example model that is
distributed together with FSU.

******************************************
*
TORYZ_Wz.DAT
* Timer file tobe used with model ORYZA_Wz
* Note:Angstrom parameters for humid tropical climate

*
*

*****************************************************************
ANGA = 0 . 2 9
ANGB = 0 . 4 2

!Angstrom parameters: dry tropical A=0.25 B=0.45
!
humid tropical A=0.29 B=0.42
!
cold and temperate A=0.18 B=0.55

* Time variables
STTIME = 150.
!Start time (day) of simulation (sowing)
FINTIM = 1000.
!Finish time of simulation

*****************************************************************

Example soil file
The crop file listed here is a part of the standard FSU distribution and is used by the
ORYZA_WZ 2 . 1 model.

*******************************************************************
* LOAM.DAT; Soil characteristics for a standard loam soil
* data from Penning de Vries et., 1989,page 152;soil no 13
* Soil data for SAHEL water balance
* DATA FOR MODELS ORYZA_Wz (UPLAND!)ANDWHEAT_Wz

*
*
*
*

*******************************************************************

* Thicknesses of the soil compartments (m)
TKL1 = 0.2; TKL2 = 0.3; TKL3 = 0 . 5
*Water contents at field capacity (WCFC), wilting point (WCWP),
* air-dryness (WCAD) and saturation (WCST) for the three soil
* compartments (cm3/cm3):
WCFC1 = 0.355; WCWP1 = 0.108
WCAD1 = 0.007; WCST1 =0.503
WCFC2 = 0.355; WCWP2 = 0.108
WCAD2 = 0.007; WCST2 =0.503
WCFC3 = 0.355; WCWP3 = 0.108
WCAD3 = 0.007; WCST3 =0.503
* Initial water content as fraction ofWCFC, per layer:
FWCLI1 = 1.0; FWCLI2 = 1.0; FWCLI3 = 1.0
**SURFACE AND OTHER SOIL CHARACTERISTICS
* Fraction runoff:
FRNOF = 0 . 0
*Maximum rooting depth of soil (m)
ZRTMS = 0 . 9
* Evaporation extinction coefficient (1/m):
EES = 2 0 .
SOILUP = 'Upland, non-puddled soil type'

Example weatherfile
Weather files in the FSU system should be formatted like the example weather file that is
listed here. That includes the header with information! An exact description of the format
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of the weather files used by the models can be found in van Kraalingen et al. (1991c) and
Stol(1994).
Station name: IRRIwet station site
Year: 1979
Author: Daniel van Kraalingen
Source: Agroclimate Service Unit of IRRI
Comments:Original name of data used in IRRI: ORWET
Longitude: 121 15''E, latitude: 14 11''N, altitude:

* Column
*1
*2
* 34
*
*5
*6
* 78
*
*9

21m.

Daily value
station number
year
day
irradiation
(kJm-2 d-1)
minimum temperature
(degrees Celsius)
maximum temperature
(degrees Celsius)
early morning vapour pressure
(kPa)
mean wind speed(
height: 2 m) (ms-1)
precipitation
(mmd-1)

121.25 14.18
1
1 1979
2
1 1979
1 1979
3
4
1 1979
5
1 1979
6
1 1979
7
1 1979
8
1 1979
9
1 1979
10
1 1979
1 1979
11
12
1 1979
13
1 1979
14
1 1979
1 1979
15
16
1 1979
17
1 1979
<continued>
1 1979 361
1 1979 362
1 1979 363
1 1979 364
1 1979 365
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-99.000: NIL VALUE

21.
10656.
7740.
11700.
14004.
17316.
16092.
9396.
13356.
9180.
16920.
16920.
16704.
17748.
12312.
11700.
10440.
11268.

0.00 0.00
22.1 28.0
21.5 27.0
23.0 28.5
21.5 28.5
18.5 29.0
18.7 29.0
19.0 28.5
21.0 29.5
19.7 26.0
21.0 29.0
20.1 28.5
19.5 29.3
20.8 27.5
18.0 27.0
21.5 26.5
21.0 26.7
20.2 27.5

2..640
2..430
2..660
2..530
2..180
2..400
2..480
2..870
2..230
2..760
2..400
2 .480
2 .420
2 .040
2 .600
2 .400
2 .400

1.4
1.4
0.9
0.8
0.7
0.6
0.5
0.3
0.7
0.6
0.6
0.5
1.2
0.5
0.7
1.1
0.4

1.3
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.5
0.0
0.0
0.0
0.0
1.8
0.2
0.0
0.0

8352.
12528.
19224.
13572.
18180.

20.6
21.6
21.8
20.1
20.3

2 .790
2 .740
2 .840
2 .910
2 .680

0.2
0.5
0.7
0.2
0.2

1.3
0.8
0.0
0.0
0.0

27.2
28.9
30.0
29.8
29.5

Appendix 5 Problems that mayoccur with MANAGE-N or
FSU
This Appendix lists common problems, their causes, and their possible solutions. These
problems can arise both with MANAGE-N and FSU. If the problem is not listed, try the
specific Appendix dealing with problems in eitherMANAGE-N orFSU. If anewproblem
occurs (i.e.,notlistedhere),pleasecontacttheauthorofMANAGE-N andFSU.

MANAGE-N orFSUrefuses tostart (orfunction properly) anddisplays the message
'Too many files open'
Cause:
There are too few available file handles.
This isaMS-DOS® problem.

Solution:
Edit the file CONFIG.SYS (located in the
root directory of your hard disk) and enter
the following line:
FILES=40
If the line already existed, increase the
number atthe right side ofthe equal sign.
Reboot your computer (press [Ctrl+Alt+Del]
or turn the computer off and on).Nowtry
again tostart MANAGE-N orFSU.

At startup, MANAGE-N orFSUgives a warning that (some) data directories donot
exist.
Cause:
Installation was notcompleted successfully

You (or someone else) deleted the
directories
A backup orarchiving program that doesnot
handle empty directories removed them

Solution:
Refer to Appendix 6 (MANAGE-N) or
Appendix 1(FSU) andinstall anew or create
the indicated directories manually.
Do not delete them in the future. Create the
directories again byhand.
Check if the backup software hasan option
that archives empty directories. Use that
option. If not, do not use that particular
program anymore.Itisnotworthit.
Create thedirectories manually.
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At startup, MANAGE-N or FSU warns you that needed program files are missing.
Cause:
Incomplete installation

Solution:
Refer to paragraph 'Partial (renewed)
installation of MANAGE-N' on page 225
(MANAGE-N) or paragraph 'Partial
(renewed) installation of FSU' on page 193
(FSU) and install the needed files anew.

You deleted them (unintentionally)

Make sure you do not delete them again.
Refer to paragraph 'Partial (renewed)
installation of MANAGE-N' on page 225
(MANAGE-N) or paragraph 'Partial
(renewed) installation of FSU' on page 193
(FSU) and do a partial installation.

At startup, MANAGE-N or FSU warns you that the TEMPDIR directory is not
present
Cause:
You configured an invalid directory in the
MANAGE-N.CFG
(MANAGE-N)
or
FSU.CFG (FSU) file after the TEMPDIR
flag

Solution:
1)Create the directory.

2) Edit MANAGE-N.CFG (MANAGE-N) or
FSU.CFG (FSU) and put the remark '!'
back in front of the TEMPDIR flag.

A red window pops up, displaying a.o. the text "WINDOW NOT DEFINED"
Cause:
A bug in Microsoft® FoxPro®, the
language in which MANAGE-N and FSU
are programmed. Occurs when you try (too
fast) to move from one window item to
another with the mouse.
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Solution:
None. However, these red windows are not
fatal, only moderately annoying. FSU and
MANAGE-N recover correctly from these
mishaps and you can continue without
problems (press the button in the red
window).

Aredwindow popsup,displayinga.o.thetext"OUTOFMEMORY"
Cause:
Solution:
There is not enough memory available to
1) Free up more memory for MANAGE-N
orFSU (ask alocal computer expert).When
successfully executetherequested operation.
you start MANAGE-N or FSU, the 'About'
window should display 80Kb or more free
memory.
2) If this error occurred when you tried to
select input data files (weather files, crop
files, etc.),thenyouhavetoomany datafiles
present at the same time. Try to move some
ofthedatafilestoanotherdirectory for safekeepingandtry again.
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Appendix 6

Technical reference of MANAGE-N

The information contained in this Chapter is mainly meant as a reference for users who
like a more in-depth understanding of the workings of the MANAGE-N tool. The first
section deals withinstalling and configuring MANAGE-N: it is anextension of paragraph
4.5 'Quick installation' (page 84) and is meant for users who have a more than average
knowledge ofcomputers.

InstallingMANAGE-N(firsttime)
Before you proceed with the installation of MANAGE-N, make abackup of your original
MANAGE-N disks. Please refer to the manuals accompanying your computer on how to
do this. Ask a local computer wizard if you are unsure. Also, if any of the following
instructions appear unclear to you, contact the local computer support staff or, if they do
notknoweither,calltheauthors attheAB-DLOinstitute,Wageningen,TheNetherlands.
Store the original disks at a safe place and use your newly made backup disks to install
MANAGE-N. Follow these stepstoperform afirst-time installation onyour system:
1. Be sure you have plenty of space on your hard disk (about 3 Mb), MANAGE-N
extractswithexampledata-andweather files!
2. Disk 1 (of 2) contains a file called INSTALL1.EXE. This file creates its own
directory named MANAGE-N inwhich itplaces allnecessaryfilesand subdirectories.
To install, move to the directory you want the new directory MANAGE-N to be
created in.Forexample:
C:

CD \
A:INSTALL1.EXE
toinstall theMANAGE-N toolinthedirectory C : \MANAGE-N.
D:
CD SARP
A:INSTALL1.EXE
to install theMANAGE-N tool in the directory D:\SARP\MANAGE-N.Of course,it
isassumedthatthedirectory SARPexists.
3. After INSTALL1.EXE finishes, put disk 2 (of 2) into the disk-drive and enter the
command
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A:INSTALL2.EXE

4.

5.

6.

7.

After INSTALL2.EXE finishes, a directory named MANAGE-N has been created.
This directory is the main directory for MANAGE-N tool.
For most users the above steps have successfully completed the installation of the
MANAGE-N tool. Go to step 10.
There are, however, configurable options that you can set. These options are listed in
the MANAGE-N.CFG file in the main directory. If you wish to change any of the
below settings, start your editor and load MANAGE-N.CFG.
If you do not own a colour monitor, or when the default colour display gives
unpredictable results (for instance on some portables), you might want to work in a
two-colour environment. To facilitate this, change the line DISPLAY=COLOR into
DISPLAY=MONOCHROME
The more advanced users can specify the temporary path, meaning the place where
MANAGE-N puts its working files that are only needed for a short time. Pointing the
temporary to a fast device like a RAM disk can speed up execution. About 200 Kb
storage space must be available. It is generally not recommended to set the temporary
path to a network drive.
Do not change anything if you are not sure. If you know exactly what temporary paths
mean, then you can remove the exclamation mark before the TEMPDIR label and
enter the path after the equal sign. Remember to put a backslash 'V after the path as is
shown in the example configuration file on page 232. The shell will warn you at
startup if the temporary path is not available.
It is possible to choose the text viewer of your preference. It must be able to load and
view multiple files. One should be able to rotate through the files that were specified
on the command line. If you are unsure, let it be, because installing a text viewer that
is not capable of these things will hamper the correct working of the MANAGE-N
tool.
Summarising, the viewer must facilitate the next command line:

<viewer>

<filel> <file2> . . . . <filel0>

All specified <filex>s must be accessible right away within the viewer.
To change to a viewer of your preference, change the VIEWER= field in the
MANAGE-N.CFG configuration file. At the right side of the = sign, enter the name of
your viewer. Place the viewer in the main MANAGE-N directory. Do not specify a path
in the VIEWER= field. For example:
VIEWER=VIEWME.EXE
and not:
VIEWER=C:\SYS\UTIL\VIEWME.EXE
8. Save the file (refer to your MS-DOS® or editor-manual) youjust edited.
9. You now have completed the additional configuration.
10. To start the MANAGE-N simulation environment, enter MANAGE-N.BAT
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Partial (renewed) installation ofMANAGE-N
It might happen that you unintentionally delete a vital file of the standard MANAGE-N
configuration (for example the graphics utility or the optimisation module). In such a case,
you can do apartial installation of MANAGE-N:
1. Move to the MANAGE-N directory (that is the directory where the MANAGE-N.BAT
file is situated, and all the needed *.EXE files).
2. Move to the parent directory:
CD . .
3. Insert the MANAGE-N installation disk 1(of 2) in drive A: and enter:
A:INSTALL1
4. During the installation process, the program will notice that several files are already
present (i.e., already installed). It will ask you whether to overwrite this file. Press 'y'
to do so, 'n' to skip the file (= not to install it again).
Files that were deleted (are not present any more in the MANAGE-N directory) will be
installed automatically again.
5. Be careful that you do not overwrite (when pressed 'y') data files that you have
changed and want to keep.
6. Do the same with the INSTALL2 .EXE file (disk 2 of 2).
7. After these programs finish, the deleted files are again retrieved.

Printing Graphs
It is possible to make a hard copy (plotting a graph to the printer) of the graphs that
MANAGE-N displays. However, to do this some requirements have to be met. First of all,
you should connect an Epson®-compatible printer to your computer, and second, you must
execute the MS-DOS® program GRAPHICS.COM (or GRAPHICS.EXE on some
computers) prior to running the MANAGE-N tool. To do this, either place an extra line in
your AUTOEXEC.BATfile or remove the 'rem' statement in front of the GRAPHICS . COM
line in the MANAGE-N.BAT file. If you use MS-DOS® version 5 and up, it is possible to
print on a small selection of other printers too. However, GRAPHICS .EXE requires some
additional parameters then. Please either contact a local computer expert or us if you
encounter problems.
The above instructions only have to be done once. From then on, you will be able to press
[PrtScr] or [Shift+PrtScr] while the shell is displaying a graph to print it.
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Appendix 7

Problems with MANAGE-N

This Appendix lists common problems, their causes, and gives possible solutions. These
problems are specific to the MANAGE-N tool. For problems that can arise with both the
MANAGE-N tool and the FSU environment, refer to Appendix 5 on page 219. If a new
problem occurs (i.e., not listed here), please contact the author of the MANAGE-N tool
(see paragraph 4.6 on page 85).

After you ran the 'Fit to Match' menu option, MANAGE-N warns you that the result
file is incomplete.
Cause:
1)There is not enough disk space.

Solution:
Exit MANAGE-N and free up you hard
disk. The 'Fit to Match' menu option
requires at least 2 Mb of free disk space.

2) The model runs were abnormally aborted.
Maybe you manually stopped the execution,
or the computer was turned off.

Activate the 'Fit to Match' menu option
again.

After the optimisation of a first N input level, MANAGE-N warns you that it cannot
find the 'PAR_TERM.DAT' and 'CONFTERM.DAT' files.
Cause:
1)There is not enough disk space.

2) The optimisation runs were abnormally
aborted. Maybe you manually stopped the
execution, or the computer was turned off.

Solution:
After each optimisation for a specific N
input level, MANAGE-N copies the result
files to a new directory. If your hard disk is
low on space, this may not succeed. Exit
MANAGE-N and free up you hard disk.
Activate the 'Optimise N-curve' menu
option again.
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You use the so-called validity check on biomass (WCRO, WCRSLP, DATCR) when
performing an optimisation. Results of the optimisation are erroneous and the values
ofA,B, CandMinthe 'Optimisation Results'window arethesamefor every Ninput
level.
Cause:
Solution:
You set a too rigid check on biomass.
Loosen up the validity check or increase the
Together with the number of initial runs that
numberofinitialruns.
may be too small, this causes that all initial
runs are rejected with regard to potential
yield level. Rejected runs are defined as
having a yield of -99. When all initial runs
are rejected, the 'tolerance level' of the
optimisation is met (no difference between
runs), and no further runs are done (i.e., no
iteration runs are performed for N input
levelshigherthan0kg).
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Appendix 8

Sample input files used by MANAGE-N

This Appendix lists examples of files used by ORYZA_0 (and derivatives) and files used
or created by MANAGE-N. Most files listed are created by MANAGE-N. All files are
examples only,thenumerical valuescontained within thosefiles havenoinherent validity.

Exampleofacrop/soilfile
Thefilebelow isanexampleofacrop/soilfileascreated byMANAGE-N. Only the actual
data (numerical values) and the header comments are provided by the user. Specific
comments anddivision intosections arehandledby MANAGE-N.
***************************************************************
* R. Torres, IRRI, The Philippines
* 1991
* variety: IR72
* treatment: 110 KG/HA

**************************************************************
************************************************************
* Observations orparameters derived from an observation in this
* individual treatment.

* Treatment identifier
TREATM = 'IRRI, 1991, IR72, 110 kg/ha N'
DATH = 9 4 .
!Final harvest indays after transplanting [d]
DATFF = 6 0 .
!Days after transplanting onwhich first flowering occurs [d]
WCRI = 1 6 . 0
!Initial weight of the crop [kg/ha]
ANCRI = 0 . 4
!Initial amount of nitrogen in the crop [kg/ha]
* Observed weights of the total leaves [kg/ha]
WLV_OBS = 1991.,180.,8.5,
1991.,194.,8.5,
1991.,202.,16.8,
1991.,211.,133.8,
1991.,219.,342.5,
1991.,240.,1503.3,
1991.,254.,1935.3,
1991.,261.,2028.5,
1991.,273.,1564.8,
1991.,288.,892.8

* Observed weights of the crop [kg/ha]
* Only shoot hasbeenmeasured asweight of the crop.
WCR_OBS= 1991.,1830.,16.0,
1991. ,194 ,16.0,
1991. ,202 ,26.8,
1991. ,211 ,222.3,
1991. ,219 ,618.3,
1991. ,240 ,2961.5,
1991. ,254 ,5439.0,
1991. ,261 ,7503.0,
1991. ,273 ,9322.5,
1991. ,288 ,11534.5

* Observed fractions (in%) ofN in the leaves [-]
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FNLV__OBS= 1991.,180.,3.02
1991 ,194. ,3.02,
1991 ,202. ,4.35,
1991 ,211. ,4.02,
1991 ,219. ,3.91,
1991 ,240. ,2.69,
1991 ,254. ,2.09,
1991 ,261. ,2.09,
1991 ,273. ,1.79,
1991 ,288. ,1.26

* Switch: 0= roots not included inWCR_OBS, 1= roots included [-]
RTINCL =0
DATFSV =60.
FSV1 = 0 . 8 8
FSV2 = 0 . 8 8

************************************************************
* Parameters selected from various treatments for generic use.
* Specific for variety/site/season.

************************************************************
FNCLV = 0 . 5 0
FNSO = 0 . 0 1
ANLVMX =100.

Fraction of total N croppresent in leaves {pre-flowering) [-]
Fraction ofN in the storage organs [-]
Maximum amount of N in the leaves [kg/ha]

*Maximum absolute N uptake rate [kg/(ha*d)]vs. DAT
MXUP1T = 0.,5.,
800.,5.
RUR = 0 . 2
NUPCO = 0 . 0 3
HI5 = 0.551

Relative nitrogen uptake rate [1/d]
Maximum ratio ofN uptake rate to growth rate [g/g]
Intercept of harvest index (HI) onWCRFF/RDDSUM = 5 [-]

* Slope of the relation between HI and WCRFF/RDDSUM [-]
HISLOP = 0.00767
* Daily nitrogen soil supply vs.DAT [kg/(ha*d)]
SST = 0.,0.6,
800.,0.6

*Maximum N concentration in crop vs.DAT [g/g]
FNMAXT = 0.,0.03,
40., 0.017,
60., 0.015,
80., 0.01,
130., 0.07

* Fertiliser N recovery vs.DAT [g/g]
RECT = 0.,0.0,
60., 0.8,
65., 0.4,
70., 0.0,
150., 0.

* Root-shoot ratio vs.DAT [-]
RSRT = 0.,0.4,
1.2, 0.15
SDLAGE = 1 0 . !Seedling age at transplanting [d]

***********************************************************
Parameters defining continuous fertiliser application curve and
discrete split dressings.The parameters A, B, C andM can be
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* optimised fformaximum grain yield) for given FERTMX by
*MANAGE-N, but values may also be user-defined. Values of split* dressings can only be user-defined.

Maximum fertiliser input [kg/ha]
Symmetry parameter of cumulative N application curve [-]
Slope parameter of cumulative N application curve [1/d]
Asymptotic level of cumulative N application curve [kg/ha]
Time shift parameter of cumulative N application curve [d]

FERTMX = 200.
A =1.
B = 0.1
C =300.
M =30.

* Days after transplanting at which critical crop mass check takes place [d]
DATCR = 35.
* Intercept on Y-axis of theWCRCR vs.WRR relation [-]
WCR0 = 999999999.
WCRSLP = 0 .
!Slopeparameter of theWCRCR vs.WRR relation [-]

************************************************************
* Dummy values.

************************************************************
APCUMI = 0 .

!Initial N appl. dummy value (should always be zero)

************************************************************

Example ofatimer file
Thefilebelow is anexample of the part of the timer file that the user can select and edit.
Thispart is automatically merged withthe RUNCTRL.DTAfileprior tothe model run and
placed in the working directory of MANAGE-N. The resulting merged file is used by
ORYZA_0.
*****************************************************************
* Timer file tobe used by model ORYZA_0

*

*****************************************************************
l

* Experiment 91, IRRI, 0kg
STTIME = 194.
FINTIM = 600.

!start time (day) of simulation (transplanting)
!finish time of simulation

*****************************************************************

Example ofaweather file
Weather files in the MANAGE-N system should be formatted like the example weather
file listed here. That includes the header with information! An exact description of the
format of the weather files used by the WEATHR system in the ORYZA_0 model can be
found invan Kraalingen etal.(1991c)andStol(1994).
Station name:Wageningen (Haarweg), Netherlands
Year: 1985
Author: Peter Uithol
-99.000: NIL VALUE
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Source: Natuur- enWeerkunde via Nel van Keulen
Longitude: 540 E, latitude: 51 58N, altitude: 7
Column
1
2
3
4
5
6
7
8
9

Daily value
station number
year
day
irradiation
minimum temperature
maximum temperature
early morning vapour pressure
mean wind speed (height: 2m)
precipitation

5.67 51.97
7. 0.00 0.00
660.
0.
1 1985
5.
2200.
-2.
1 1985
0.
2280. -5.
1 1985
0.
3310. -18.
1 1985
-5.
4220. -19.
1 1985
-7.
1940. -13.
1 1985
-6.
4040. -21.
1 1985
-9.
2710. -21.
1 1985
-6.
930. -7.
1 1985
-3.8
1 1985 10 1540. -11.6
-3.6
<continued>
1 1985 362 940.
1 1985 363 2000.
1 1985 364 900.
1 1985 365 3410.

6.2
3.7
5.3
6.2

-3
-1
-2
-3

0
2
4
0

(kJm-2 d-1)
(degrees Celsius)
(degrees Celsius)
(kPa)
(ms-1)
(mm d-1)

0.670
0.490
0.520
0.230
0.210
0.310
0.200
0.240
0.380
0.390

2.1

6.8
0.1
0.0
0.4
0.0
1.7
0.0
0.0
0.1
0.6

0
0
0
0

1
1
2
5

0.0
0.0
0.0
0.0

430
460
450
660

1
7
9
4

Note:MANAGE-N onlyrequires radiation data.Theotherweather variables maybelisted
asdummies,if notavailable.

TheMANAGE-N.CFGfile
The file MANAGE-N.CFG specifies some options that can define the way MANAGE-N
behaves in different computer environments. The example file listed below is the default
asdistributedwiththeinstallation disks.
! If you likemonochrome screen-output instead of colour, change the
! next line into DISPLAY=MONO or remove it altogether.
DISPLAY=COLOR
! Ifyouwant touse another temporary area other than the default
! SYSPATH, then define ithere.Don't forget thebackslash \
! (of course the directory must exist)
! TEMPDIR=C:\TMP\

The default viewer (mustbe in themainMANAGE-N directory).
Ifyou like,you can specify another viewer here. But please, FIRST
read the conditions that theviewer must comply to. See Appendix
"Technical reference ofMANAGE-N" in theMANAGE-N manual.
VIEWER=LIST.COM
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TheMANAGE-N.BAT file
This file is used to start the MANAGE-N tool. If printing of plots is required, make sure
that the GRAPHICS file is executed (remove the REMbefore GRAPHICS in this file).
©echo off
rem This batchfile controls the startup ofMANAGE-N and applications.
rem
rem
rem This batchfile executes the shell. If the shell is left, then
rem it checks on the occurrence of a temporary statusfile called
rem PROJECT.TMP. If this file does not exist, then a regular
rem 'Quit Shell' command is given. Else, a large application should
rem be started. The commandline of this application has been defined in
remAPPL_COM.BAT,which will be executed.
remAfter execution, control ispassed again to the shell.
rem +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
rem GRAPHICS
rem The above line will enableprinting of graphs on an Epson-compatible
rem printer (andmaybe others, especially ifyou useMSD0S 5.0. Refer to
rem a local computer expert to set this up) ifyou remove the *rem'
rem statement.
:LOOP
MANX-N.EXE
IFNOT EXIST $StatuS$.$C$ GOTO THE_END
CALL APPL_COM.BAT
GOTO LOOP
:THE END

TheCONTROL.DATfile
This is the file used by the FSE system (in which the ORYZA_0 model is programmed)
that specifies which files are to be used during the simulation. CONTROL.DAT is
automatically created by MANAGE-N just prior to a model run, from selections that the
usermade.
* CONTROL.DAT created byMANAGE-N 1.0
FILEON='RESULTS.OUT'
FILEIR='RERUNS.DAT'
FILEOL='RESULTS.LOG'
FILEI1='C:\USR\JEANJACK\DEMO\MANAGE-N\DATA\CROP\91IR110K.ALL'
FILEIT='T_91IR72.DAT'

TheRUNCTRL.DTAfile
This file is part of the timer file that ORYZA_0 uses. It contains various options that are
not really of interest to the user. Most options are updated by MANAGE-N on-the-fly. Just
priorto a model run,this file isjoined with the timer file the user chose, and placed in the
working directory of MANAGE-N.
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*********

RUNCONTROL FILE forMANAGE-N
THESE DATA SHOULD NOT BE CHANGED BYTHEMANAGE-N USER
EXCEPT FOR PRDEL IN SOME CASES

*Weather data specification
WTRDIR = 'C:\USR\FSU\DATA\INPUT\WEATHER\'
CNTR = 'PHIL'
ISTN =1
Station number ofweather data
Indicates where weather error and warnings go
IFLAG = 1100
(1100means errors andwarnings only to log file,
seeFSE manual)
* Time variables
IYEAR = 1991
DELT = 1.
* Output options
COPINF = 'N'

PRDEL = 5.

IPFORM =4
DELTMP = 'N'

Year ofweather data
Time step of integration

Switchvariable denoting what tobe done with
input files:
'N' = do not copy input files into output file
'Y' = copy input files into output file
Time between consecutive outputs to file,
(when PRDEL=0,no output is generated, when PRDEL is
very large (i.e. 10000) only initial and terminal
output is generated).
(0=no output table, 4 =normal table,
5 = tab-delimited (for Excel), 6=TTPLOT format)
Switch variable what should be done with the
temporary output file:
(0= do not delete,
1 = delete)

********************

TheOPTIM.DEF file
Used during the optimisation procedure, the OPTIM.DEF file lists control variables that
define how many initial and iteration runs must be made. Furthermore, it specifies the
tolerance level and whether parameter values should be set to boundaries or discarded
when values fall outside the range defined in the PARAM.DEF file. This file is generated
byMANAGE-N andisonly listed herefor thesakeofcompleteness.
IBOUND
INPS
INT
FTOL
IOUT
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=0
= 40
= 300
= 1.0E-9
= 1, 1, 1

ThePARAM.DEFfile
Like the OPTIM.DEF file, this file is also generated by MANAGE-N just prior to an
optimisation run. It lists the parameters for which optimisation should commence,
together with the valid ranges for these parameters. In this case, the parameters defining
thecontinuous fertiliser Napplication curve arelisted.
A
B
C
M

=
=
=
=

0.01
0.1
10.
10.

,
,
,
,

10.
1.
500.
80.

235

Appendix 9

Acronyms used in ORYZA_0

The following table lists all variables used in the ORYZA_0 model in alphabetical order.
MANAGE-N uses different 'derivatives' or 'forms' of ORYZA_0, depending on the
selected method (task). Some of the parameters and variables are only used in the source
code as intermediate variables and cannot be found in the output files. However, they are
listedtoo.
TableA9.1 AcronymsusedinallORYZA_0 sourcesunderMANAGE-N.
Acronym

Explanation

A
ACTREC
AFFLOW
ANCR
ANLV(I)
ANLVCH
ANLVMX
ANSOCH
APCUM(I)
APSLOP
B
C
CUMNSS
DAT
DATCR
DATEH
DATFF
DATFSV

symmetry parameter of cumulative application curve
fraction actual Nrecovery (total simulation period)
switch indicating that flowering stage has been passed
amount of Ninthecrop (live and dead material)
amount of Nin theleaves (initial)
rateof Nallocation to the leaves
maximum amount ofNinthe leaves
rate of Nallocation to grains
cumulative Napplication curve (initial)
daily fertiliser N application
slope parameter of cumulative Napplication curve
asymptote level ofcumulative Napplication curve
cumulative native soil N supply
days after transplanting
days after transplanting at which critical cropmass check takes place
harvest date indaysof year (DOY)
date offirst flowering indays after transplanting (DAT)
date (indays after transplanting, DAT)at which FSV shifts from
FSV1 to FSV2
harvest date indays after transplanting (DAT)
time stepfor integration
total cropNdemand
day of year=Julian date
initial radiation use coefficient
total fertiliser Ninput
simulated shoot or total crop weight, depending on field observations
made (i.e. no roots measured, then FITWCR equals shoot weight).
Forcomparison with WCR_OBS.
simulated whole-crop nitrogen fraction
fraction oftotal cropNpresent in leaves (preflowering)
fraction of Nin leaves
table of observed fraction (in %) of N in the leaves versus year and
day of year^. Used as forcing function in 'Fit to Match' and 'Single

DATH
DELT
DEMAND
DOY
EPSIL
FERTMX
FITWCR

FNACT
FNCLV
FNLV
FNLVJ3BS

kg ha"
kg ha"
kg ha -1 d"
kgha"
kgha -1 d"
kg ha"
kgha -1 d"
d"
kgha"
kgha"
d
d
d
d
d
d
d
kg ha-' d"1
d
gMr1
kg ha -1

kg ha - 1
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FNMAX
FNMAXT
FNSO
FSV
FSV1
FSV2
GCR
GRUC
Hl
HI5
HISLOP
IDOY
KI
K2
K2T
KNRAT
KURQMN
LARGE
LAT
LNUC
M
M12345
MAXDAT
MAXNCR
MAXUPO
MAXUP1
MAXUP2

Run', or as comparison with simulated fractions in 'Single Run' and
'Split Evaluation'.
maximum overall fraction ofN intotal crop biomass
table of FNMAX versus days after transplanting (DAT)
fraction of Ningrains and panicles
site-variety match factor
site-variety match factor before flowering
site-variety match factor after flowering
cropgrowth rate (dry matter)
growth per unit incident radiation
harvest index (based on total biomass, including roots)
value of harvest index where theratio of biomass atfirst flowering to
post-flowering cumulative radiation equals 5kgh a - ' / (MJ m - ^)
slope oftherelation between theharvest index and
WCRFF/RDDSUM
integer value of DOY
Proportionality factor relating Npool size topotential uptake rate'
Proportionality factor relating Npool size to loss rate'
table of K2versus days after transplanting (DAT) '
ratio of potassium to nitrogen inthecrop (optional)
minimum amount of potassium uptake required (optional)
dummy variable
latitude (south of equator negative values)
growth perday per unit leaf N
time shift parameter of cumulative application curve
crop Ndemand, equals the minimum value of all limitations
number ofdays inexponential Nuptakephase (DAT)
maximum amount ofN incropduring exponential Nuptake phase
maximum N uptakerateduring exponential growth phase
maximum Nuptakerate
Nuptake rate aslimited by the maximum Nfraction in new dry matter

gg
gg~

kg ha-'d-'
g(MJ)-'
kg kg - 1
kgkgMJm-2/(kgha-l)
d
d-'
d-'
d-'
gg '
kg ha -1
degree

gg"1 (H
d
kgha"1 d"1
kgha -1 d
kg ha"1 d"1
kgha"1 d"1
kg ha"1 d"1

MAXUP3
MAXUP4
MAXUP5
MXUP1T
NAPPLD
NAVAIL
NHRVST
NL
NLOSS
NLOST
NPOOL
NUPCO
NUPT
P
PNRAT
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N uptake rate as limited by maximum overall fraction of N in total
biomass
Nuptakerate aslimited bythe maximum bulk amount leafN
Nuptake rate aslimited by nearing maturity stage
table of MAXUP1 versus days after transplanting (DAT)
total amount ofN applied
total Navailability (soil and fertiliser)
total Nuptake at harvest
leaf N, as ANLV, but expressed ing m - 2
daily loss of Nfrom the nitrogen pool'
total amount of nitrogen lost from the pool'
pool of nitrogen inthe soil'
maximum ratio ofdaily Nuptaketo growth
Nuptake rate
initial leaf nitrogen use coefficient
ratio of phosphorus to nitrogen in thecrop (optional)

kg ha"1 d"1
kg ha"1 d"1
kgha"1 d"l
kgha"1 d"1
kg ha -1
kg ha"1 d"1
kg ha -1
gm" 2
kgha"' d~'
kg ha - '
kg ha -1
gg" 1
kgha^1 d-'
gg - 1 d"1

PURQMN
RADTOT
RDD
RDDSUM
RDM
RECOV
RECT
RELTME
RNEFF
RSR
RSRT

RTINCL
RUR
SDLAGE

SOLSUP
SPLIT
SPLDAT
SST
STPDAT
STTIME
SWIEXP
SWINLV
TMN
TMX
TREATM
WCR (I)
WCRFF
WCRSLP
WCRO
WCR_OBS

WLV
WLV_OBS

WRR
WRT

minimum amount ofphosphorus uptakerequired (optional)
cumulative radiation
radiation, daily total global, measured
sum of daily total global radiation from first flowering to end of
simulation
radiation, daily total global, measured
best attainable recovery
table ofRECOV versusdays after transplanting (DAT)
relative time,equals0 atseeding,equals 1 atDATFF.Required for
interpolation ofRSRTtable
growth per unitradiation and unit leaf N
root:shoot ratio
table of RSR versus relativetime (RELTME),required to calculate
simulated shoot from simulated total crop weight for comparison
with observed crop weight if roots were notincluded inWCR_OBS.
switch toindicatewhetherroot biomasswasincluded in measured
cropbiomass WCR_OBS
relativenitrogen uptakerate
seedling age at transplanting, required to calculate simulated shoot
from simulated total crop weight for comparison with observed crop
weight ifroots were not included in WCR_OBS.
native soil N supply
table of sizes ofdiscreteN split applications
tableofdays at whichdiscreteNsplitsareapplied (in DAT)
tableof SOLSUPversusdays after transplanting (DAT)
contingency cut-off date ofNapplication (DAT)
starting time of simulation (day of year)
switch tosignal end of exponential growth phase
switch for choosing measured orsimulated amount of leaf N
minimum night temperature
maximum day temperature
character stringsent totheoutput file, containing thetitleof the
experiment and treatment
weight of thecrop (shoot plus storage organs,roots) (initial)
weight ofthecrop atfirst flowering
slopeparameter oftheWCRCR versus WRR relation
intercept on Y-axis of theWCRCR versus WRR relation
table ofmeasured weight of crop versus year andday ofyear^,
aboveground (ifRTINCL =0) ortotal (ifRTINCL = 1).Used for
comparisons withsimulated values,and for FSV calculation ('Fit to
Match').
weight of the leaves
table of observed weight of the leaves versus year and day of year2.
Used as forcing function in 'Fit toMatch' and 'Single Run', oras
comparison with simulated leafmass in 'Single Run' and 'Split
Evaluation',
weightrough rice
weight oftheroots (liveand dead)

kgha '

MJm" 2
J ITT2 d~'

MJm" 2
MJ m"2d~'
kg kg" 1
kg kg" 1

2
g g - ' ( M J m --2y-l
)

kg ha-' d-1
kg ha- 1
d
kgha"1 d"1
d
d

°C
°C

kgha '
kg ha -1
kg ha - 1

kgha '
kg ha -1

kg ha~'
kg ha - 1
kg ha -1
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WSHT
X
XXWCR
1

weight of the shoots
derivative of logistic Napplication curve plus soil N
measured weightofcrop, aboveground (if RTINCL =0)or total (if
RTINCL= 1).Dummy name.

kg ha -1
kgha"1 d"1
kg ha"1

Used in 'Split Evaluation' method only.

2 See paragraph 'Description of the input for MANAGE-N' on page 269 for an example of the required
format ofthese observations.
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Appendix 10 Required input for the MANAGE-N system
Three separate data files are required to run the ORYZA_0 modules that are part of
MANAGE-N: a weather, a crop/soil data, and a timer file. This section lists input
parameters and variables contained in those files. Other inputs to MANAGE-N, not used
by ORYZA_0, are not listed here. Across-reference of parameters and variables required
per method is listed in Table A10.1. Table A10.2 provides a full list of all input
parameters and variables, along with their description and unit. Examples of the datafiles
canbefound inAppendix 8.
TableA10.1 Acronyms ofrequired MANAGE-N input,arrangedby method..

Acronym

Default

A
ANCRI
ANLVMX
B
C

[100.]

•

DATCR [ 999. ]
DATFF
DATFSV
DATH
FERTMX
FNCLV
FNLV_OBS
FNMAXT

•

FNSO [ 0.012 ]
FSV I
FSV2

•

H I 5 ƒ 0.55 J
HISLOP [ 0.008 ]
K2T

•
•
•

Single Run

Fit to Match

X
X
X
X
X
X
X
X
X
X
X»
X
X
X
X
X
X

X
X3
X

Optimise N-curve
X4
X
X
X4
X4
X
X
X
X
X5
X

X9

X3
X3
X>
X?

X
X
X
X
X
X

Split
Evaluation
X

X
X
X
X
X
X8
X
X
X
X
X
X
X

[0., 0.1,999., 0.1]
KNRAT
M
MXUP1T
NUPCO I 0.05 ]
PNRAT
RECT
RSRT

•

X6
X
X
X
X6
X

X6
X4
X
X
X6
X

•

xi

X»

X
X

X

•

x'

X1

X6
X
X
X6
X
X'

[0., 0.4, 1.2,0.15]
RTINCL
RUR/0.2 ƒ
SDLAGE
SPLIT
SPLDAT
SST
STPDAT
TREATM
WCRI

X

xi
X

X
X
X

X
X

X
X

•
X
X2
X
X

X
X

X
X
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WCRSLP10. J
WCRO [999999. ]

WCR_OBS
WLV_OBS

•

X

•

X

X8
X8

X9
X9

X8
X8

' Only needed to calculate simulated shoot from simulated total crop weight for comparison with observed
crop weight ifroots were not included (i.e., roots are not included inWCR_OBS).
2No value should be specified, except when contingency cut-off of Napplication should be simulated.
3Not required to enter values under this method: MANAGE-N will automatically change or add the value
during FSV computation.
* MANAGE-N will optimise thisparameter. Notrequired for user toenter values.
' FERTMXwill be updated by MANAGE-N automatically, depending on the N levels that have been chosen
by the user.
6This is anoptional parameter. Only required when minimum potassium and phosphorus requirements of the
cropshould beprinted inthe output.
' Value is irrelevant toperform the 'Fit toMatch' but must be supplied.
8
Observed values are only relevant for comparing 'Single Run' and 'Split Evaluation' simulated values with
observed values.
9
Observed values arecrucial in 'Fit toMatch'.
• For these parameters, default values have been implemented in MANAGE-N. When the user does not have
datatoderive values for theseparameters, the user isadvised to usethe defaults. The default values are listed
with theparameter names insquare brackets.
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Table A10.2 Acronymsof required input variables andparameters forMANAGE-N.
Acronym

Explanation

Weatherdata file
latitude
altitude
daily total global radiation during year
Crop/soildata file
A
ANCRI
ANLVMX
B
C
DATCR
DATFF
DATFSV
DATH
FERTMX
FNCLV
FNLVJDBS
FNMAXT
FNSO
FSV1
FSV2
HI5
HISLOP
K2T
KNRAT
M
MXUP1T
NUPCO
PNRAT
RECT
RSRT
RTINCL
RUR
SDLAGE
SPLIT
SPLDAT

degree
m
sunshine hor kJ m - 2 d _1

symmetry parameter of cumulative application curve
initial amount of Nin the crop
maximum amount ofNin leaves
slope parameter ofcumulative Napplication curve
asymptote level ofcumulative Napplication curve
days after transplanting at which critical cropmass check takes place
date of first flowering in daysafter transplanting (DAT)
date (in days after transplanting, DAT) at which FSV shifts from
FSV1to FSV2
harvest date indays after transplanting (DAT)
total fertiliser N input
fraction of total cropNpresent in leaves (preflowering)
table of observed fraction (in %)of Nin leaves versus year and day of
year'
table of maximum crop N concentration FNMAX versus days after
transplanting (DAT)
fraction of Ningrains and panicles
site-variety matchfactor before flowering
site-variety match factor after flowering
value of harvest index whereWCRFF/RDDSUM =5
slope of therelation between theharvest index and
WCRFF/RDDSUM
table of Nlosscoefficient K2versus days after transplanting (DAT)
ratio of potassium to nitrogen inthecrop
time shift parameter ofcumulative application curve
table of maximum N uptake rate MAXUP1 versus days after
transplanting (DAT)
maximum ratio of daily Nuptake togrowth
ratio of phosphorus to nitrogen in thecrop
table of potential recovery RECOV versus days after transplanting
(DAT)
table of root:shoot ratio RSR versus relative time (RELTME)
switch to indicate whether root biomass was included in measured
cropbiomass WCR_OBS
relative nitrogen uptake rate
seedling ageat transplanting
tableof sizes of discrete Nsplit applications
table of days at which discreteNsplits are applied (in DAT)

kgha '
kg ha~'
d"1
kg ha -1
d
d

kgha

kgkg"
MJ m" 2 / (kg ha
c
g{

kgha ' d

kgkg"
gg"

kgha"
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SST
STPDAT
TREATM
WCRI
WCRSLP
WCRO
WCR_OBS
WLV_OBS
Timer file
STTIME
FINTIM

SWINLV
1

table of native soil N supply SOLSUP versus days after transplanting
(DAT)
contingency cut-off date ofNapplication in daysafter transplanting
(DAT)
treatment identifier
initial weight of thecrop
slope parameter oftheWCRCR versus WRR relation
intercept on Y-axis of theWCRCR versus WRR relation
table ofmeasured weight ofcrop versus year and day of year1,
aboveground (if RTINCL =0) or total (if RTINCL = 1)
table of observed weight of the leaves versus year and day of year'

kg ha"1 d"1

Start time of simulation inday of year (DOY)
Finish time: when the internal control variable TIME exceeds
FINTIM, model simulation stops. TIME is initialised with value
STTIME, then increases with every time step. Note: for cases that
cross the year boundary, and stop on day x of the new year, FINTIM
equals (365 +x)or (366+ x),depending whether the starting year isa
normal or aleap year.
switch for choosing measured or simulated amount ofNinthe leaves

See paragraph 'Description of the input for MANAGE-N' on page 269 for an example on the required

format ofthese observations.
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d
kg ha _I
kgha~'
kg ha -1
kg ha -1

Appendix 11 MANAGE-N
parameter
EXCEL® sheet

derivation

and

The following pages describe in detail how input parameters can be derived for the
ORYZA_0 model. Parameters are listed in the order that they appear in the MANAGE-N
editing windows. Where applicable, pointers to a special input and parameter-deriving
EXCEL® sheet have been incorporated (see section 'The EXCEL® sheet for ORYZAJ)'
on page 253). This sheet can be found on the installation disks of MANAGE-N, in a
separatedirectorycalledSHEET.
The ORYZA_0 'derivatives' used in MANAGE-N differ slightly from the ORYZA_0
version described in Drenth et al. (1994). This also applies to some of the parameters.
Differences between thetwo versions canbe found inAppendix 13.To use MANAGE-N,
theparameters listed below must be known or the recommended default values should be
used.
Note:The units of input parameters in the model description (Drenth et al., 1994) maybe
different from thoseinmodelinput files.
Cropandsoilparameters
symbol

acronym

description

/N

fraction oftotalcropnitrogen present inleaves
(pre-flowering)
FNMAXT maximumoverallfraction ofNintotalcrop
biomasstableversusdaysafter transplanting
(DAT)
RUR
relativenitrogen uptakerate
NUPCO
maximumratioofdailyNuptaketogrowth
ANLVMX maximumamountofnitrogeninleaves
fraction ofnitrogeningrain(incl.panicle)
FNSO
SST
tableofnative soilNsupplyversustime
RECT
fertiliser Nrecoverytableversustime
MXUP1T maximumnitrogen uptaketableversustime

unit

(inMANAGE-N)

''max''/

'N

IN
''L.max
"D

SN(t)
9(t)
uN(t)

FNCLV

-l

u-l

d-1
gg~'
kgha~'
gg" 1
kgha-1d-1
gg" 1
kgha-'d~'

/ N (FNCLV)
To determine this parameter, all pre-flowering observations of total leaf nitrogen
(kgNha~'ground surface; Y-axis) are plotted versus total crop nitrogen uptake Nc
(kgNha~'ground surface; alongX-axis).Theaverage slope of theensuing relation is/ N . It
is important to exclude post-flowering data because the relation leaf N: crop N vanishes
after flowering. The plot is prepared automatically with the help of the ORYZA_0.XLS
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sheet. AllNapplication levelscanbeused,preferably both low andhigh Ntreatments (see
Figure Al 1.1).

MANAGE-N inputparameters (cvar)

Nin leaves
[kgN/ ha]

20

40

60

80

100

total crop Nuptake [kgN/ ha]
FigureA11.1 Derivation oftheFNCLVparameter.
cmax(f) (FNMAXT)
The maximum N concentration (in the mean crop biomass) is calculated as total crop
nitrogen uptakeNc(kgNha -1 ) dividedbytotalcropbiomass (including roots) W(kg ha-1)
(not as the mean value of the distinguished organ tissue concentrations!). It is plotted
versustime.cmaxisafunction oftimeandisdefined inthemodelasatable,wherethe first
valueofeachpairistime(indaysafter transplanting DAT)andthesecondiscmax:
FNMAXT= 0 . , 0 . 0 3 0 , 7 0 . , 0 . 0 2 0 , 1 0 0 . , 0 . 0 1 5 , 130.,0.010
The model obtains the daily values of cmax by linear interpolation between these values
with the help of the LINT function. Probably, this variable differs among varieties.Note:
Since values aretabulated versus time -not development stage -these tables are different
for varieties of different growth duration. The values can be derived from the
ORYZA_0.XLS sheet by examining the graph of ANCR/WCR (Y-axis) versus time (Xaxis). FNMAXTis defined as theboundary curve connecting all upper points in this graph
(Figure A11.2). The graph has no significance if not derived from a treatment with very
highNinput.

246

MANAGE-N input parameters (cvar)
0.05
0.04'

FNMAXT(t)

max 0.03•
crop N
concn. 0.02 • •
0.01'
0
0

20

40

60

80

100

days after transplanting

Figure A11.2 Derivation of the FNMAXTtable.
rN (RUR)
The relative nitrogen uptake rate is determined by plotting the natural logarithm of total
crop N uptake, \n(Nc), versus time. The first part of this relation, covering 2-3 weeks, is
usually a straight line. The slope of this linear section is r N . This is done only for
treatments where the crop had ample nitrogen available from transplanting onward. Values
up to 0.2 d _1 have been found so far. This parameter is derived from the ORYZA_0 .XLS
sheet by examining the graph of ln(ANCR) (Y-axis) versus time (X-axis). It is the slope of
this graph over the first 20 days after transplanting. The graph has no significance if not
derived from a treatment with very high N input.
qN (NUPCO)
This maximum ratio of daily N uptake to growth is calculated again as a mean value over a
sampling interval At. It is found by dividing the corresponding increment of crop N uptake,
ANC, by the crop biomass (including roots!) increment AW. A default value of 0.05 can be
used.
^L.max (ANLVMX)
The total amount of leaf N is probably bound to a maximum. The highest values found so
far are roughly 100kg N ha - 1 . This value can be used as a default.
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nP (FNSO)
This parameter is directly found by analysing panicle plus grains for nitrogen. If no
information is available, a default value of 0.012 can be used. It should be noted that nP
appliestothewholepanicleandistherefore alwayslowerthanthegrainNconcentration.
SN(t) (SST)
The native supply of Nby the soil is assessed from plots which received no fertiliser N.It
must be specified as a function of time (Figure A11.3), but it can often be taken as a
constant. As a first approximation, we suggest to take total crop N uptake Nc (kgNha^1)
dividedbythenumberoffield days.ThisgivesthemeandailyNsupplyrate.

MANAGE-N input parameters (soil)

N uptake

20
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FigureAl1.3 Derivation ofthe SSTnativesoil supplytable.
Forexample,inthenexttable,thefirst valueistime (in daysafter transplanting, DAT),the
secondis5, N0.,
0.6,
9 9 9 . , 0.6
p(0 (RECT)
Fertiliser N recovery is the fraction of applied fertiliser absorbed by the crop. We correct
for soil Nsupply by subtracting the amount of Ntaken upbyan unfertilised crop from the
total crop uptake, Nc. ORYZA_0 needs the recovery as a function of time, p(0- A first
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approximation of p(r) can be obtained from particular experiments. Several examples of
such experiments are now available in SARP. A requirement is that the experiment
includes two treatments differing only in one of the split dose applications. All other
applications should be identical for the two treatments. For example, in treatment T l ,
fertiliser is given at times tl, t2, and t3. In T2, the same amounts are given at tl and t2 as
in T l , but at t3 a different amount is given —for example, zero or any other amount
different from what was applied at t3 in T l . At the end of the season, total uptake Nc is
determined for both Tl and T2. The extra uptake in the treatment which received most N
(applied) is then divided by the extra amount applied in that treatment. The resulting ratio
is the apparent recovery corresponding to t3. The best information is obtained when the
application levels are not too high. Excessive N application obviously leads to low
recovery, which then has no meaning at more reasonable input levels.
Another way of recovery analysis is possible: if treatments differ in more than one split
dose application, but are identical up to a given time fx, the difference in N uptake
resulting from a treatment difference imposed atfxmay be assessed from sampling shortly
after fx — i.e., still before the second different treatment event is imposed. This is only a
reliable procedure if the amount applied at txis not excessive, and enough time is allowed
after txto take up most of the 'recoverable' N from that application event, before sampling.
ORYZA_0 interprets 'recovery' in a special way: it does not 'convert' a fraction p(tx) of N
applied at txinto uptake directly. Instead, a fraction (l-p(? x ) ) is considered as unavoidable
loss. So, p(0 is a potential recovery. Some part of potentially recoverable N may be lost if
the crop cannot absorb the whole fraction p(r) at the time of application.
The information obtained in the manner described above (Figure Al 1.4) is then combined
into a table (the first value equals time in days after transplanting DAT, the second value is
p, and so on):
RECT= 0 . , 0 . 0 , 4 0 . , 0 . 7 , 7 0 . , 0 . 8 , 7 5 . , 0 . 8 , 8 5 . , 0 . 0 1 , 1 3 5 . , 0 .
This table is linearly interpolated with the help of the LINT function. A good default is to
start with a value of 0 at transplanting (on the first day, no applied N would be taken up);
then have a linear increase up to PI stage where a peak value is reached (e.g., a fraction
p = 0.7 is potentially absorbed from a small amount of N applied at PI stage, provided the
crop is not N saturated). Then, depending on soil and climate, p may be maintained at this
high level for a while — e.g., up to flowering — and then quickly decrease to zero again at
10-20 days after flowering.
The p(r) curve determines to a large extent the outcome of the optimisation procedure.
Erroneous assumptions in p(r) definitely lead to erroneous recommendations. This is
unpleasant, but unavoidable: p(r) varies in reality and has a strong effect on N uptake.
An important feature of p(r) is the time when the peak value is reached and the length of
the period during which a high p level is maintained. This pattern is more relevant to
optimising fertiliser timing than the absolute level of p(f).

249

MANAGE-N input parameters (soil)
0.8 T
0.7'
0.6'

potential
recovery 0.5'
[kgN
0.4'
uptake/
0.3'
kg N applied l 0 . 2 '
0.1 '
0'

20

40

60

80

100

days after transplanting
FigureAl1.4 Derivation ofthenitrogen recovery tableRECT.
In composing the table, note MANAGE-N interpolates linearly between tabulated values.
For example, if inreality no Ncan be taken up after flowering, the table should include a
value 0.0 right after flowering, not two weeks later. Recovery would otherwise decrease
gradually during the two weeks following flowering, and the (simulated) crop would
(erroneously) absorbaconsiderable amountof 'extra' Ninthatperiod. Although muchcan
be said against this approach of defining and utilising p(f), the main advantage (its
empirical nature allows taking into account site peculiarities) seems to outweigh possible
disadvantages.
Although the ORYZA_0.XLSsheet calculatescropNuptake,it does not deliver potential
recovery. Potential recovery must be assessed from application and uptake in especially
designed experiments with split applications asexplained above. (Note:actual,as opposed
topotential recovery,isanoutput ofMANAGE-N.)
uN(t) (MXUP1T)
The time course of maximum nitrogen uptake rate uN(t)is determined by calculating the
mean rate of uptake over time intervals. This is done by dividing ANC (the total crop N
increment between two sampling dates, in kgNha-1) by the duration of the sampling
interval — i.e., the time Ar between the two sampling dates. (The symbol A denotes a
difference between twovalues.)
Climate and soil may have a strong influence on uN, as well as crop development stage,
although relations have not yet been established. Values as high as 8kgNha -1 d"1 are
rarely found. Values of 3-5 kgNha-1 d_1 are found more commonly. The ORYZA_0
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Simulation studies made on the basis of experimentally determined coefficients indicate
that uN(t)is,in many cases, the most important limitation to Nuptake during amajor part
ofthegrowthcycle.
Thisparameter isplotted bythe ORYZA_0.XLSsheet in the graph of DANCR/DTIME(Yaxis) versus time (X-axis). See Figure All.5. Values must be derived for cases where
ampleNwasavailable foruptake.
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FigureAll.5 Derivation oftheMXUPlTvalues.

Forexample,inthenext table,the first value istime (in daysafter transplanting, DAT),the
second is«N:
0.,
5.0,
999., 5.0

Fertiliserapplication parameters
Four parameters (A, B, C, and M) define the fertiliser application curve A(t). A fifth
parameter Atot determines the absolute N input level which may cut off the A(i) curve.
Together, these parameters express N fertiliser management in the form of a continuous
application curve. The curve parameters are not determined experimentally but are
computedbyMANAGE-N.
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symbol acronym description
a
b
c
m
A tot
WQ
Ws

A
B
C
M
FERTMX
WCRO

affects symmetry of logistic function
affects slope at inflection point
asymptote level of logistic function
affects t at inflection point
absolute total N input level
intercept on Y-axis of critical crop weight versus
crop yield relation
WCRSLP slope parameter of the critical crop weight versus
crop yield relation

unit
(in MANAGE-N)
d_1
kg ha - 1
d
kg ha - 1

Optimum values of the first four parameters are computed by MANAGE-N under the
'Optimise N-curve' method (see also paragraph 5.5.4 on page 93). FERTMX is the userdefined total N input for which the 'Single Run' and 'Optimise N-curve' model runs are
made.
The domain of valid (A, B, C, and M)points can be restricted for certain applications, by
assigning limiting values to WCRO and WCRSLP. This validity check in the optimisation
module of ORYZA_0 (ORY0OPT.EXE) is optional and is not used here. The check is
based on the reasoning that the crop weight (WCR) should have reached a minimum value
before a user-specified date (DATCR) in order to reach at least a given grain yield. For a
final yield WRR, this minimum required weight equals (WRR - W0) / Ws. The solid line in
Figure A11.6 depicts the relation between this minimum required weight (X-axis) and
WRR.
Since no experimental values for WQand Ws are available at the moment, the validity check
is inactivated by using default values of W0=999999999 and Ws= 0. It is unlikely that this
check will turn out to be necessary, but the option is included in the model in case future
work would indicate so. Basically, this procedure ensures that sufficient 'sink capacity' is
formed at early growth, to enable late growth and grain filling as dictated by the 'source'
component (leaf N and radiation).
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FigureAl1.6 Derivation of the parameters that define the APCUMvalidity check. This
Figure shows the weight of the crop biomass at a user-defined critical date (WCRCR)
versus rough rice yield (WRR)as could be observed over a range of (here hypothetical)
experiments. The solid line represents a minimum required crop biomass at DATCR to
reach agiven grain yield level.Using the intercept (W0)and slope (Ws)parameters of this
line, a validity check of the APCUM curve can be performed by MANAGE-N during
optimisation. Solutions leadingtogrowth curvesthat would correspond tothedomain left
ofthelinearethen discarded.

TheEXCEL® sheetfor ORYZAJ)
On the distribution disks of MANAGE-N, an EXCEL® sheet called ORYZA_0.XLS is
located in directory SHEET. This sheet can be used to arrange experimental data, to plot
graphs, and to derive parameter values for ORYZA_0.The ORYZA_0.XLS sheet consists
of shaded and normal columns. Only inthe shaded columns are values tobe entered. The
values that can be derived from these basic inputs are computed automatically and
displayed inthenon-shaded columns.After entering sampling dates andthe corresponding
observed dry weights and nitrogen contents of plant organs (leaves, stems, roots, and
panicles), a few graphs appear automatically in the sheet. These can be used to derive
some of the other required parameters. Examples are shown below (Figures A11.7 and
All.8).
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FigureA11.7 Examples of input-derivation graphs created by the ORYZA_0.XLS
EXCEL®sheet.
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Figure Al1.8 Examples ofothergraphscreatedbytheORYZA_0.XLSEXCEL® sheet.
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Appendix 12 Description ofMANAGE-N input per method
All inputs required for MANAGE-N are listed below, per method. The parameters,
observations and other variables are listed in the order in which they appear in the input
windows (see 'Edit A Crop/Soil File' in Chapter 7), together with corresponding
explanation andremarks.
The input is divided into three different types of input files: the crop/soil file, the weather
file, and thetimer file. Every method requires all types of input files. Only thecontent of
thecrop/soilfilemaydiffer per method because theinput requirement isnot the same for
each method. Note that the crop/soil file for the 'Optimise N-curve' and the 'Split
Evaluation' methods are more general regarding values of the crop and soil parameters,
andthusthesefilesareappended with anextension *.ALLtoindicatethis.
This Appendix starts with a section on generic inputs that are always required, no matter
what method isused.Following that areconcise listings of input specifications for 'Fit to
Match' (page 260), 'Single Run' (page 262), 'Optimise N-curve' (page 265), and 'Split
Evaluation' (page 267). The detailed descriptions and remarks of input parameters and
variablescanbefound attheendofthisAppendix (page269).

A12.1 Genericinput(allmethods)
The generic inputs arelocated only inthe weather andthe timerfile.The model uses only
onedailyweathervariable,R:

symbol

acronym description

R

RDT

theincidentdailyglobalradiation

unit
MJm~2d -1

(symbol asused inten Bergeet al., 1994c)

Radiation (Figure A12.1) is the main driving variable for dry matter production. Daily
global radiation data arecontained inthe standardWEATHRdatafilesand areinserted into
the model with the help of the WEATHR system. Within the model, the unit is converted
from kJm~2d_1 to MJm~2<H. (If no measured global radiation data are available, daily
sunshine duration (h) can be used. WEATHR takes care of the conversion to kJm~2d_1
when the values of the radiation conversion parameters a and b are supplied.) For more
detailsontheWEATHRsystem,thereaderisreferred tovanKraalingen etal.(1991c).
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FigureA12.1 Anexample oftherequired incidentdaily globalradiationRDT.

Other required inputs, all related to run control and simulation outputs, are situated in the
timer file. Under MANAGE-N, the timer file is physically split into two parts: one part
that contains control variables regulated by MANAGE-N (a file called RUNCTRL.DTA)
and one that contains twoparameters dealing with the start and the end of the simulation.
Thefirstpart ishidden from the user, is maintained byMANAGE-N, and should neverbe
modified bythe user.The lattercanbe directly modified bythe user viathe 'Edit ATimer
File' menu.
Table A12.1lists all the inputs contained in the timer file. Most parameters are indirectly
influenced bytheuserwhenaweatherfileischosen, orwhenthe 'Toggle SWINLV' menu
option is used. Only two parameters are directly modifiable by the user: STTIME and
FINTIM. STTIME defines the day of the year on which the rice crop is transplanted
(starting time of the simulation run). The FINTIM parameter defines the absolute
maximum time (date) on which a simulation run should terminate. This parameter should
be set sufficiently high, like for example 999.Normally, a simulation run ends when the
dayof harvest (DATH)ispassed. FINTIM is asecurity measureincase the simulation will
notstopattheharvestdatefor onereasonoranother.
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TableA12.1 Genericinputfor MANAGE-N,relatedtoruncontrol andoutput.
symbol

»TP

acronym

description

COPINF switch thatdenotes whether input files shouldbe
copied intotheresult files ornot
CNTR
country code(weather)
DELT
timestepusedinintegration
DELTMP switchthatspecifies whethertemporary files
shouldbedeleted ornot
FINTIM maximumendtimeof thesimulation
IFLAG output mediumoferrors andwarnings
IPFORM format ofresult files
ISTN
station number (weather)
IYEAR startingyear
PRDEL step(indays)onwhichoutputshouldbe
generated
STTIME calendardayofplanting (start ofthesimulation)
SWINLV switchthatdenotes simulation orforcing
(observed values)ofleaf nitrogen
WTRDIR directory inwhich weatherfiles arelocated

input handled
by:
MANAGE-N
User1
MANAGE-N
MANAGE-N
User
MANAGE-N
MANAGE-N
User1
User1
MANAGE-N
User
User2
User1

1

Indirectly setbythe user

when choosing aweatherfile.

2

Indirectly setby the user

in the 'Single Run' method when the 'Toggle SWINLV' menu option is used.
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A12.2 Input for the 'Fit toMatch' method
The main purpose of the 'Fit to Match' method is to find accurate values for / s v and
DATFSV. The 'Fit to Match' method requires less input than other methods: it uses
observed values of the fraction of nitrogen in the leaves and hence avoids calculations
related to nitrogen uptake and distribution. All parameters listed in the first section of the
following table can be found in the first inputscreen of the 'Edit A Crop/Soil File' menu
option; all parameters grouped in the second section can be found in the second input
screen. Note that the order of presentation in the table is identical with that in the input
screens. The detailed description of the input can be found in paragraph 'Description of the
input for MANAGE-N' on page 269.
Data for the 'Fit to Match' method should be stored in a file with extension *.DAT (see
paragraph Edit A Crop/Soil File on page 121).
Table A12.2 Required input for the 'Fit to Match' method in MANAGE-N.
symbol acronym

description

TREATM

tH
tpp

/sv
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character string sent to the output file, containing
the title of the experiment and treatment
DATH
harvest date in days after transplanting (DAT)
DATFF
date of first flowering in days after transplanting
(DAT)
WCRI
initial weight of the crop (shoot plus storage
organs, roots)
SDLAGE
seedling age at transplanting, required to
calculate simulated shoot from simulated total
crop weight for comparison with observed crop
weight if roots were not included in WCR_OBS.
DATFSV
date (in days after transplanting, DAT) at which
FSV shifts from FSVI to FSV2
FSVI
site-variety match factor (before flowering)
FSV2
site-variety match factor (after flowering)
WCR_OBS table of measured weight of crop versus year and
day of year2, aboveground (if RTINCL =0) or
total (if RTINCL= l) 1
WLV_OBS table of observed weight of the leaves versus year
and day of year1
FNLV_OBS table of measured fraction (in %) of nitrogen in
the leaves versus year and day of year1
RTINCL
switch to indicate whether root biomass was
included in measured crop biomass WCR_OBS

unit

d
d
kg ha - 1

kg ha - 1

kg ha - 1

RSRT

HI5

HISLOP

table of RSR versus relative time (RELTME),
required to calculate simulated shoot from
simulated total crop weight for comparison with
observed crop weight if roots were not included
in WCR_OBS
value 2 of harvest index where the ratio of
biomass at first flowering to post-flowering
cumulative radiation equals 5 kg ha - 1 / (MJ m~2)
slope 2 of the relation between harvest index and
the ratio of biomass at first flowering to postflowering cumulative radiation

gg~'

kg kg - 1

MJ m~2 / (kg
ha - 1 )

(unit =as used in MANAGE-N)
(symbols asused inten Bergeet al., 1994c)
1

See paragraph 'Description of the input for MANAGE-N' on page 269 for an example on the required

format of these observations.
2

Values must besupplied but are not used inthis method.
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A12.3 Input for the 'SingleRun' method
The following table is divided into three sections, corresponding to the three input screens
of the 'Edit A Crop/Soil File' menu option. The order of the parameters and variables
corresponds also to the exact order in the input screens. 'Single Run' is used for detailed
study of model behaviour.
Table A12.3 Required input for the 'Single Run' method in MANAGE-N.
symbol acronym

description

character string sent to the output file, containing
the title of the experiment and treatment
DATH
harvest date in days after transplanting (DAT)
DATFF
date of first flowering in days after transplanting
(DAT)
WCRI
initial weight of the crop (shoot plus storage
organs, roots)
ANCRI
initial amount of N in the crop (live and dead
material)
SDLAGE
seedling age at transplanting, required to calculate
simulated shoot from simulated total crop weight
for comparison with observed crop weight if
roots were not included inWCR_OBS
DATFSV
date (in days after transplanting, DAT) at which
FSV shifts from FSVl to FSV2
FS
VI
site-variety match factor (before flowering)
FSV2
site-variety match factor (after flowering)
WCR OBS
table of observed weight of the total crop (shoot
plus roots) versus year and day of year1,
aboveground (if RTINCL = 0) or total (if
RTINCL = 1). Used for comparisons with
simulated values.
WLV_OBS table of observed weight of the leaves versus year
and day of year1. Used as forcing function in
'Single Run', or as comparison with simulated
leafmass.
FNLV_OBS table of measured fraction (in %) of nitrogen in
the leaves versus year and day of year1. Used as
forcing function in 'Single Run', or as comparison
with simulated fractions.

unit

TREATM

'FF

/sv
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d
d
kg ha - 1
kg ha - 1
d

kg ha - 1

kg ha - 1

RTINCL
RSRT

/N
c

FNCLV

m a x W FNMAXT

RUR
NUPCO
?N
'*L.max ÄNLVMX
FNSO
"D
HI5
r

N

HISLOP

sN(t)

SST

p(t)

RECT

uN(t)

MXUP1T

a

STPDAT
FERTMX
A

b
c
m

B
C
M

K

KNRAT

^tot

Xdi

switch to indicate whether root biomass was
included in measured crop biomass WCR_OBS
table of RSR (root:shoot ratio) versus relative time
(RELTME), required to calculate simulated shoot
from simulated total crop weight for comparison
with observed crop weight if roots were not
included in WCR_OBS.
fraction of total crop nitrogen present in leaves
(pre-flowering)
table of FNMAX(maximum fraction of N in total
crop biomass) versus days after transplanting
(DAT)
relative nitrogen uptake rate
maximum ratio of daily N uptake to growth
maximum amount of nitrogen in leaves
fraction of nitrogen in grains and panicles
value of harvest index where the ratio of biomass
at first flowering to post-flowering cumulative
radiation equals 5 kg ha - 1 / (MJ m~2)
slope of the relation between harvest index and
the ratio of biomass at first flowering to postflowering cumulative radiation
table of native soil N supply versus days after
transplanting (DAT)
table of fertiliser N recovery versus days after
transplanting (DAT)
table of maximum nitrogen uptake versus days
after transplanting (DAT)
contingency cut-off date of N application (DAT)
total fertiliser N input
symmetry parameter of cumulative application
curve
slope parameter of cumulative N application curve
asymptote level of cumulative N application curve
time shift parameter of cumulative application
curve
ratio of potassium to nitrogen in the crop
(optional)

d"1
gg-1
kg ha - 1
gg"1
kg kg- 1

MJ n r 2 / (kg
ha- 1 )
kg ha"1 d- 1

kg ha"1 d"1

kg N ha"1

d"1
kg N ha"1
d
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Pnl

PNRAT

ratioofphosphorus tonitrogen inthecrop
(optional)

gg -1

(unit =as used in MANAGE-N).
(symbols as used inten Berge et al., 1994c).
1

See paragraph 'Description of the input for MANAGE-N' on page 269 for an example on the required

format ofthese observations.

264

A12.4 Inputforthe 'OptimiseN-curve' method
The following table isdivided into three sections, corresponding tothe three input screens
of the 'Edit A Crop/Soil File' menu option. Theorder of theparameters and variables
corresponds totheexact order inthe input screens.
The main purpose of the 'Optimise-N curve' method isto find optimum values for the
fertiliser N application curve-determining factors A, B, C, andM. This is executed for
several user-defined N-input levels (FERTMX).
Table A12.4 Required input forthe 'Optimise N-curve' method
symbol acronym description

in M A N A G E - N .
unit

TREATM character string sent totheoutput file, containing the
title ofthe experiment and treatment
fH
DATH
harvest date indays after transplanting (DAT)
d
r FF
DATFF date offirst flowering indays after transplanting
d
(DAT)
WCRI
initial weight ofthe crop (shoot plus storage organs,
kg h a - 1
roots)
ANCRI initial amount ofNin thecrop
kg h a - 1
DATFSV date (indays after transplanting, DAT) atwhich FSV d
shifts from FSV I to FSV2
/"sv
F S V 1 site-variety match factor (before flowering)
FSV2
site-variety match factor (after flowering)
fN
FNCLV fraction oftotal crop nitrogen present inleaves (pregg - 1
flowering)
IT—1
cmax(Y) FNMAXT table ofFNMAX (maximum fraction ofN in total
crop biomass) versus days after transplanting (DAT)
rN
RUR
relative nitrogen uptake rate
d-1
<?N
NUPCO maximum ratio ofdaily Nuptake to growth
gg _ 1
^L.max ANLVMX maximum amount ofnitrogen in leaves
kgha-1 1
n0
FNSO
fraction nitrogen ingrains and panicles
gg-1
HI5
valueofharvest indexwheretheratioofbiomassat
kgkg- i
firstflowering topost-flowering cumulative
radiationequals 5kgha -1 / (MJ m~~2)
HISLOP slopeoftherelationbetween harvest indexandthe
MJm~;2 / ( k |
ratioofbiomass atfirstflowering to post-flowering
ha"1)
cumulative radiation
Sfi(t) SST
tableofnative soilNsupply versusdays after
kgha -1 d transplanting(DAT)
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p(t)

RECT

table offertiliser Nrecovery versusdays after
transplanting(DAT)
uN(t) MXUP1T table ofmaximum nitrogen uptakeversusdaysafter
transplanting (DAT)
fCR
DATCR daysafter transplanting atwhich criticalcropmass
checktakesplace
W0 WCRO intercept onY-axis ofcropweight atDATCR
(WCRCR)versuscropyield(WRR) relation
Ws WCRSLP slopeparameter ofcriticalcropweight atDATCR
(WCRCR)versuscropyield (WRR) relation
Atot
FERTMX total fertiliser Ninput
a
A
symmetry parameter ofcumulative application curve
b
B
slopeparameter ofcumulative Napplication curve
c
C
asymptotelevelofcumulativeNapplication curve
m
M
timeshift parameter ofcumulative application curve
Kral KNRAT ratioofpotassium tonitrogen inthecrop (optional)
Pra,
PNRAT ratioofphosphorus tonitrogeninthecrop (optional)
(unit =asused in MANAGE-N).
(symbols as used in ten Berge et al., 1994c).
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gg -1
kgha -1 d"
d
kgha -1

kgNha -1
d~'
kgNha-1
d
gg -1
g g~'

A12.5 Input for the 'Split Evaluation' method
The table below is divided into three sections, corresponding to the three input screens of
the 'Edit ACrop/Soil File' menu option. The order of the parameters and variables in the
table corresponds totheexact order inthe input screens.Thepurpose of thismethod isto
evaluatediscrete split dressings andtheireffect onyield.
Table A12.5 Required input forthe 'SplitEvaluation' method inMANAGE-N.
symbol acronym
TREATM

l

FF

DATH
DATFF
WCRI
ANCRI
SDLAGE

DATFSV

fsv

FS
VI
FSV2
WCR_OBS

WLVOBS

FNLVOBS

RTINCL

description

unit

character stringsenttotheoutputfile,containing
thetitleoftheexperiment andtreatment
harvestdateindaysafter transplanting (DAT)
d
dateoffirstflowering indaysafter transplanting
d
(DAT)
initial weightof the crop(shoot plusstorage
kg ha -1
organs,roots)
initial amountof N inthecrop(liveanddead
kgha -1
material)
seedling ageattransplanting, required tocalculate
d
simulated shootfrom simulated totalcropweight
for comparison withobservedcropweightif roots
werenotincludedinWCR_OBS
date (indaysafter transplanting, DAT)atwhich
d
FSVshifts from FSVI toFSV2
site-variety matchfactor (before flowering)
site-varietymatch factor (after flowering)
tableofobserved weightofthetotalcrop(shoot
kgha -1
1
plusroots)versusyearanddayofyear ,
aboveground (if RTINCL = 0)ortotal(if
RTINCL = 1).Used for comparisons with
simulatedvalues.
tableofobservedweight ofthe leaves versusyear
kgha -1
1
anddayofyear .Usedfor comparison with
simulated leafmass.
tableof measured fraction (in %)of nitrogen inthe gg -1
leavesversusyearanddayofyear1.Used for
comparison with simulated fractions.
switchtoindicatewhether rootbiomasswas
included inmeasured cropbiomassWCR_OBS
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/N

RSRT

table of RSR (root:shoot ratio) versus relative time
(RELTME),required to calculate simulated shoot
from simulated total crop weight for comparison
with observed crop weight if roots were not
included in WCR_OBS.

gg-1

FNCLV

fraction of total crop nitrogen present in leaves
(pre-flowering)
table of FNMAX(maximum fraction of N in total
crop biomass) versus days after transplanting
(DAT)
relative nitrogen uptake rate
maximum ratio of daily N uptake to growth
fraction nitrogen in grains and panicles
value of harvest index where the ratio of biomass
at first flowering to post-flowering cumulative
radiation equals 5 kg ha - 1 / (MJ m - 2 )
slope of the relation between harvest index and the
ratio of biomass at first flowering to postflowering cumulative radiation
table of K2 (proportionality factor relating N pool
size to loss rate) versus days after transplanting
(DAT)
table of native soil N supply versus days after
transplanting (DAT)
table of fertiliser N recovery versus days after
transplanting (DAT)
table of maximum nitrogen uptake versus days
after transplanting (DAT)
total fertiliser N input
ratio of potassium to nitrogen in the crop
(optional)
ratio of phosphorus to nitrogen in the crop
(optional)
table of sizes of discrete N split applications
table of days at which discrete N splits are applied
(in DAT)

gg-1

c

maxW FNMAXT

r

N

RUR

<7N

NUPCO

«D

FNSO
HI5

HISLOP

K2T

SN(t)

SST

p(t)

RECT

"NW

MXUPlT

^tot

FERTMX

^rat

KNRAT

°rat

PNRAT
SPLIT
SPLDAT

gg-1

d _1
gg-1
gg-1
kg kg - 1

MJ m~2 / (kg
ha - 1 )
d _1

kg ha - 1 d"1
gg-1
kg ha - 1 d"1
kg N ha"1

gg~'
kg ha - 1
d

(unit =asused in MANAGE-N).
(symbols as used inten Berge et al., 1994c).
' See paragraph 'Description of the input for MANAGE-N' on page 269 for an example on the required
format ofthese observations.
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A12.6 Description oftheinputfor MANAGE-N
TREATM
Thepurpose ofthisparameter istoinclude acomment inthecrop/soilfileaswell asinthe
result files of the simulation runs. This one-line comment typically lists basic
characteristics of atreatment.Forexample:
TREATM = 'IRRI, 1991,wet site, IR72, 125kg/ha'

DATH,DATFF
Harvest date (DATH) is a key date in MANAGE-N: crop growth simulation terminates
when that date has passed. Another important date is first flowering (DATFF): in
ORYZA_0 it signals the start of the remobilisation of nitrogen from the leaves to the
panicles.DATH andDATFFareexpressed innumberof daysafter transplanting.

WCRI,ANCRI
WCRIisthe weight of therice crop at transplanting. The value cannot be zero. Ifthecrop
is not transplanted but sown, the simulation should start at 2- 3weeks after germination.
SDLAGEandWCRIarethenageandbiomassofthecropatthestart ofthesimulation.
Theinitialamountof nitrogen inthericecropisspecified asANCRI.

SDLAGE
This parameter denotes the age (in days after germination) of the seedlings at the time of
transplanting. SDLAGE is only required when no roots have been measured as part of the
cropbiomass. Itis then used tointerpolate the RSRTtable (expressed versus relative crop
age) in calculating simulated shoot weight from simulated total crop weight, for
comparison withobserved shootweight.

DATFSV,FSV1,FSV2
The site-variety factors FSV1 and FSV2 serve as matching factors accounting for local
conditions andareobtained bycalibration using the 'Fit toMatch' method (seeparagraph
5.4 on page 90).Although these parameters should have avalue before the 'Fit to Match'
method isexecuted, the user can enter default values (set DATFSVto 99.,and both FSV
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values to 1.0). MANAGE-N will compute appropriate values for these parameters during
the 'Fit toMatch' method for these parameters andwill enterthese automatically intothe
crop/soil file.

WCR_OBS,WLV_OBS,FNLV_OBS
Observed weight of the crop (WCR_OBS),observed weight of the leaves (WLV_OBS),and
the observed fraction (in %) of nitrogen in the leaves (FNLV_OBS) are very important to
theexecution of the 'Fit toMatch' method. Thesimulated weight of thecropiscompared
with the observed weight of the crop. This is done for different FSV values, and the best
fitting value isselected (advisedonscreenbyMANAGE-N).
For other methods (except 'Optimise N-curve'), the observed values can be used to
provide measured values for comparison with simulated output. Also, in the 'Single Run'
method, if the menu option 'Toggle SWrNLV' has been used to put MANAGE-N in the
'use measured leaf nitrogen' mode, both WLV_OBS and FNLV_OBS will be used to
replace simulated leaf nitrogen bymeasured leaf nitrogen (i.e.,WLV_OBSandFNLV_OBS
areused asforcing functions).
The following format must be used when entering observed values for these state
variables:
WCR_OBS

= 1991. ,180.
1991. ,194.
1991. ,202.
1991. ,219.
1991. ,273.
1991. ,288.

16.0,
16.0,
49.3,
394.0,
6176.0
7609.0

Theuser should make surethat there is aninitial value that coincides with the startingday
of the simulation. Inalltables,thefirstcolumn istheyear,the secondcolumn specifies the
exact day (day of year, DOY)of the observation, and the third value is the observed value
(hereofthecropbiomass)itself.

RTINCL,RSRT
TheRTINCL switch signalstoORYZA_0whether (= 1)ornot(=0)rootswereincludedin
the measured weight of the crop (WCR_OBS). This parameter is 'hidden' in the input
screens of MANAGE-N: a check button must be turned on or off, setting these values
internally.
Theroot-shoot ratio table is an array with relative time (= 0 at seeding, = 1at DATFF)in
thefirstcolumn andtheratioofrootstoshootsinthesecondcolumn.Itisusedtocalculate
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simulated shoot weight from simulated crop weight for comparison with observed crop
weight if no roots were included (i.e., roots are not included in WCR_OBS). An example of
RSRT input is:
RSRT =

0.,
1.2,

0.4,
0.15

FNCLV, FNMAXT
The fraction of total crop nitrogen in the leaves in the pre-flowering phase (FNCLV) can be
derived from observations as explained in Appendix 11.
Maximum N concentration in the mean crop biomass (FNMAXT) is entered as a table of
values versus time. See also Appendix 11. For example, first column is number of days
after transplanting DAT,the second column is the FNMAXvalue:
FNMAXT = 0 . ,
0.02 5,
25.,
0.04
70.,
0.020,
100., 0.015,
1 3 0 . , 0.010

RUR, NUPCO, ANLVMX
During the exponential growth phase, actual nitrogen uptake by the crop is limited by the
relative nitrogen uptake rate r N . Values up to 0.2 d _1 have been found so far.
The maximum ratio of daily N uptake to growth, qN, is used to limit nitrogen uptake.
Nitrogen cannot be absorbed at an infinite rate because N is assimilated into structures
requiring carbon. So the rate of carbon assimilation is likely to have a limiting effect on
potential N uptake. Values for NUPCO are often around 0.035 kg N kg - 1 dry matter, but
values up to 0.05 kg N kg - 1 have been observed. The default value for this parameter in
MANAGE-N equals to 0.05 kg N kg-'.
The total amount of leaf nitrogen NL max (ANLVMX) usually does not exceed 100kg N ha - 1
(default value).
All these parameters need to be derived from actual field experiments (see Appendix 11).

FNSO
The fraction of nitrogen in the grain (including the panicle) varies among N application
levels and cultivars. If no value is known (see also Appendix 11), MANAGE-N's default
value of 0.012 can be used.
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HI5,HISLOP
Harvest index (7H) is defined as final grain yield (0% moisture) divided by the total crop
biomass (including roots). The harvest index can be obtained in two ways: it is computed
dynamically by MANAGE-N using a regression relation between observed harvest index
and weight of the crop at first flowering (WCRFF) divided by the sum of radiation after
first flowering (RDDSUM); oritissetatafixed value.
Inthefirst method which uses setsofexisting data,thelinearrelation between observed /H
andWCRFFdividedbyRDDSUM isexpressed by twoparameters:HI5 and HISLOP. HI5
is the value of /H atWCRFF/ RDDSUM= 5 (kg ha"1 / (MJ irr 2 )). HISLOP is the slopeof
therelationbetween/ H andWCRFF /RDDSUM.
Defaults based on observed data from several sites inthe Philippines, India, and China are
HI5 =0.55 andHISLOP =0.008 MJirr 2/(kgha"1)inMANAGE-N.
After asimulationrun,the7Hiscalculated usingthefollowing formula:
HI =HI5 -HISLOP * (-5. +WCRFF/RDDSUM)

The second method enables afixed setting ofthe harvest index. HISLOP must be set to0,
andHI5 mustbesettotheappropriate valueof/H forthegivengenotype andlocation.
The results obtained in SARP so far have shown that / H is always about 0.50 for shortduration cultivars. Lower values (0.4 and below) may occur in long-duration cultivars;
underconditions of lowpostflowering radiation; andunderextremeNapplication patterns.
/H can be analysed easily for each experiment and this should be done as a standard
practice. If problems occur during grain filling (cold, pests, low spikelet viability, low
spikeletnumbers),theoccurrence of alow/H servesasafirst signal.
HI5 and HISLOP arenot used during the 'Fit toMatch' method. However, it is required
toenter somevalues.

K2T
The parameter K2 represents the relative loss rate (d_1) of N from the fertiliser Npool in
the soil. It is expressed as a function of days after transplanting (DAT). Unless specified
otherwise,MANAGE-N usesadefault of0.1throughout thewholesimulation period:
K2T = 0 . ,
0.1,
999., 0.1
This parameter is used to calculate the size of the available N pool, and, from it, actual
uptake.Itisusedonlyunderthe 'SplitEvaluation' method.

272

First, the fertiliser N recovery at time t p(t) is calculated via the RECT table. Then, the
parameter Kl (proportionality factor relating N pool size to potential uptake) is calculated
from the following relation:
Kl
P(t)
K2 + K 1
The actual uptake is the minimum of N demand and (Kl * N pool).

SST, RECT, MXUP1T
During the season, the native soil N supply SST can vary. SST is therefore specified as a
table of native soil N supply versus time (in days after transplanting, DAT). Usually it is
sufficient to maintain a fixed value throughout the season (first column is days after
transplanting, second column is the native soil N supply value):
SST

0. ,
999. ,

0.6,
0.6

Fertiliser-N recovery p(t) is defined versus time in the table RECT. ORYZA_0 does not
'convert' a fraction p(t) of N applied directly into uptake. Instead, a fraction (l-p(t)) is
considered as unavoidable loss. So, p(t) is a potential recovery. Some part of potentially
recoverable N may be lost if the crop cannot absorb the whole fraction p(t) at the time of
application. An example of such a potential recovery table RECT (first column is time in
days after transplanting DAT,second column is the value of fertiliser N recovery):
RECT :

0. ,

0 0,

40.

0 7,

70.

0 8,

75.

0 8,

85.
135

0 01

, o

The maximum nitrogen uptake uN is strongly influenced by climate and soil. Also, during
the growing season this variable may change. Like RECT and SST, maximum nitrogen
uptake is defined as a time-coursed table MXUPlT. All the above parameters must be
derived from actual field experiments (see Appendix 11).
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DATCR, WCRO, WCRSLP
These optional parameters are used to check the validity of a newly found N-application
curve, by inspecting whether the biomass reached at a certain critical date (DATCR) would
allow to realise the calculated final yield. This check is based on the reasoning that the
crop should have reached a certain minimum weight before a specified date, to allow a
particular grain yield later on (at the end of the simulation). See also Appendix 11. By
default this option is not enabled.

STPDAT
This parameter is optional: it defines a contingency stop of the N application at a certain
date after transplanting. Using this stop, one can immediately cut off the fertiliser N supply
in case of, for example, pest and diseases and study the effects this will have on final yield.
No value should be supplied for STPDAT when a normal simulation run is required, i.e.,
with no such contingency stop in the N application. The STPDAT parameter may only be
used during the 'Single Run' method.

FERTMX
The fertiliser N level is defined byA tot (FERTMX). This parameter is the total N input level
in the treatment. During the 'Optimise N-curve' method, there is no need to set this value
specifically in the crop/soil data file. The user is referred to the menu option 'Set
Optimisation Parameters' to choose a range of N levels for which optimisation should be
run. MANAGE-N inserts the FERTMX values automatically into the data files.
When selecting N input levels, note that local conditions strongly determine the absolute
maximum amount of fertiliser that is still beneficial to the crop. Negative effects due to too
high N input (e.g., sterility, lodging, pest and diseases) are not taken into account in the
optimisation procedure and must be accounted for apriori by the user in defining FERTMX
(crop/soil file) and the 'N-levels to optimise' field in the 'Set Optimisation Parameters'
window.

A, B, C, M
The shape of the continuous N application curve is determined by the parameters A, B, C,
and M. Whenever the 'Single Run' method is issued to study model behaviour under
optimised conditions, the values for these four parameters should first be determined by
optimisation ('Optimise N-curve' method) for that particular case and FERTMX. There is
no need to enter any real values for these parameters in the 'Optimise N-curve' method
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because MANAGE-N computes them. Output values of these parameters are stored in a
file that can be displayed using the 'View Optimisation Results' menu option.

KNRAT, PNRAT
These optional parameters are used to give an estimate of the minimum uptake
requirement of potassium and phosphorus. KNRAT is defined as the minimum ratio of K
uptake to N uptake. PNRAT is defined as the minimum ratio of P uptake to N uptake. With
these parameters and the total amount of nitrogen in the crop at the end of the simulation,
KURQMN (minimum potassium uptake required per season) and PURQMN (minimum
phosphorus uptake required per season) are calculated.

SPLIT, SPLDAT
The size of the discrete splits and the time on which they are applied are determined by,
respectively, SPLIT and SPLDAT. The first is a vector of split sizes, the second is a
vector of days after transplanting on which those splits are applied. The number of splits
must equal the number of application days. For example:
SPLIT = 5 0 . , 7 5 . , 7 5 .
SPLDAT = 20, 4 0 , 65
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Appendix 13 ORYZA_0 differences
This Appendix describes the differences between the versions of ORYZA_0 that arebeing
used in the MANAGE-N tool and the one described in the SARP Research Proceedings
booklet 'ORYZA simulation modules for potential and nitrogen limited rice production'
(Drenthetal, 1994).
Changes between the 'old' version and the versions used by MANAGE-N are treated per
module in the same order as that printed in Drenth et al. (1994). Only the significant
modifications are outlined; small changes or beautifications to the source code are not
discussed. Furthermore, special provisions for MANAGE-N (e.g., source code to
communicate with optimisation routines) arenot treated, for these fall outside the scopeof
this booklet.

Timeand environment (TIMENV)
All equations related totemperature and temperature sums have been removed. Heat units
are no longer calculated and total radiation has been deleted. This module only computes
stoptime(viaDATH)andoutputsdailyglobalradiationnow.

Biomassaccumulation bythecrop(BIOMS2)
Changed names of the variables FNLVandWLV, which are measured data, toFNLV_OBS
andWLV_OBSrespectively. Inthe 'old' version, when measured leaf nitrogen isused asa
forcing function, ORYZA_0 still goes through the whole process of calculating nitrogen
application (NAPO), crop N demand (DEMO), crop N uptake (NUPO), and nitrogen
allocation (NALO). Of course, this.procedure is completely obsolete. In the new version,
all these modules are skipped when observed leaf nitrogen is used as a forcing function,
thusspeeding upthecalculationprocess.

Drymatteraccumulation(GROWO)
Harvest index (HI) is now calculated using the relation between observed HI and the
observed weight of the crop at first flowering (WCRFF) divided by the observed postflowering radiation (RDDSUM).Theparameter HI5 (value of harvest indexwhere theratio
ofbiomass atfirstflowering topost-flowering cumulative radiation equals 5kgha -1 /(MJ
m~2)) and HISLOP (the slope of the relation) areread from the crop/soil file to calculate
HI from the simulated WCRFF and RDDSUM.Observed harvest index can be used when
HISLOP is settozero:supply theobserved harvest index asHI5.
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Inthe 'old' version of ORYZA_0,DATEFwas usedasthedate (indaysafter transplanting)
when flowering commenced. This parameter has been renamed into DATFF: first
flowering indaysafter transplanting.
The parameter SDLAGE (seedling age) is read from the crop/soil file when roots are not
included in the observed weight of the crop (used to calculate simulated shoot from
simulated totalcropweightfor comparison withobserved crop=shootweight).
XXWCRhas been renamed in the output file to WCR_OBS (observed weight of the crop,
withorwithoutrootsdepending onthevalueofRTINCL).

Nuptake:thefertiliser application curve,recovery andsoilNsupply(NAPO)
Native soil Nsupply isoften notconstant through thegrowing season. Hence,itmust now
besupplied asatableversus time(inDAT).Everyday,ORYZA_0 interpolates between the
existing measured (or derived) values to get an actual native soil N supply value for that
day.The table is called SST (soil supply table), the interpolated value is called SOLSUP.
In the new version, it is possible to cut off the nitrogen application (in case of a
contingency): supply a value (in DAT) for STPDAT and after that date, no fertiliser
nitrogen will be applied any more (i.e., APSLOP=0). If normal application (i.e., no
contingency cut-off) is preferred, then no STPDAT must be specified in the crop/soil file.
A number of new output variables have been added for better information regarding
nitrogen dynamics. One of them is the actual N recovery (ACTREC). Another additional
output is the cumulative native soil N supply CUMNSS,a variable that was introduced to
helpcalculateactualrecovery:
ACTREC = (ANCR-CUMNSS) /NAPPLD

ANCR is the total amount of nitrogen in the crop and NAPPLD is the total amount of
fertiliser nitrogen that has been applied. At the end'of the simulation, CUMNSS is the
amount of nitrogen that the soil has supplied until seven days prior to harvest (there is no
nitrogenuptakeduringthelastweek).

Nitrogenuptake:demand(DEMO)
Themaximum daily Nuptake rate (MAXUP1)is now computed using atime-coursed table
(MXUP1T), since these uptake rates might change during phenological stages. Demand
during the exponential growth phase has been redefined to also take the uptake limitation
MAXUP1 into account. Minimum uptake requirements for potassium (KUMNRQ) and
phosphorus (PUMNRQ) are computed at the end of the simulation, using the ratio of
potassium (PNRAT) and phosphorus (PNRAT) to nitrogen in the crop. Both are optional
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Outputs: if the ratios are not available in the crop/soil file, then the minimum uptake
requirements for theseelementsarenotcalculated.

Actual nitrogenuptake(NUPO)
The actual fraction of weight of the crop that consists of nitrogen (FNACT) is now
calculated every dayandwritten totheresult file:
FNACT =ANCR /WCR

Allocation andredistributionofnitrogen(NALO)
Nochangesinthismodule.

Support ofdiscreteN-splits(NAPOSP)
A special provision made for MANAGE-N that is worth mentioning here is the
modification of the nitrogen application module (NAPO) to use discrete N dressings
(NAPOSP) instead of acontinuous fertiliser N-application.MANAGE-N uses aversion of
ORYZA_0 with this module for the 'Split Evaluation' method. Because it is so
completely different from the module described in Drenth et al. (1994), it is listed here in
full. Paragraph 5.6 on page 97 describes the theoretical background of 'Split Evaluation'.
When thismodule is used,BIOMS2alsohastobechanged tocall the correct new module
(NAPOSP). Note that the NAPOSP module does not require, as opposed to NAPO, the
intermediate variable Xbut does require NUPT in the argument list. The complete FST
source code of the ORYZA_0 version that supports split-dose fertiliser N applications is
listed inAppendix 14.
* SUBROUTINE NAPOSP
Author
Date
Version

*

SARP
May 1995
1.0

Research Institute for Agrobiology and Soil Fertility (AB-DLO),
P.O.Box 14, 6700AA Wageningen, The Netherlands
International Rice Research Institute, P.O. Box 933,
1099 Manila, The Philippines and
Department of Theoretical Production Ecology, P.O. Box430,
6700 AK Wageningen, The Netherlands.

* Purpose:Applies discrete quantities ofN at set times to the
*
rice-crop system.
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FORMAL PARAMETERS:(I=input,O=output,C=control,IN-init,T-time)
name type meaning
units class
ITASK
IUNITD
IUNITL
FILEI1
OUTPUT
DELT
DAT
NUPT
ANCR
APSLOP
RECOV
NAVAIL
APCUM
NAPPLD

14
14
14
C*
L4
R4
R4
R4
R4
R4
R4
R4
R4
R4

Task that subroutine should perform
Unit that canbe used for input files
Unit used for log file
Name of input file no.1
Flag to indicate if output should be done
Time step of integration
Day after transplanting
N uptake rate
Amount ofN in the crop
Daily fertilizer N application
Best attainable recovery
Total N availibility (soil and fertilizer)
Cumulative N application curve
Total amount ofN applied

Warnings
Subprograms called
File usage
Libraries used

&
&

none
none
IUNITD, IUNITL
TTUTIL

SUBROUTINE NAPOSP (ITASK ,IUNITD, IUNITL,FILEI1,
OUTPUT, DELT ,
DAT,NUPT ,ANCR,
APSLOP, RECOV, NAVAIL, APCUM, NAPPLD)

IMPLICIT REAL (A-Z)
Formal parameters
INTEGER ITASK ,IUNITD, IUNITL
LOGICAL OUTPUT
CHARACTER*;*) FILEI1
REAL DELT
REAL DAT, NUPT
Statevariables, initial values and rates
REAL APCUM ,APCUMI, APSLOP,NPOOL, NLOSS, NLOS
Model parameter
REAL FERTMX, SUMSPL, K2, Kl, DATH
Auxiliary variables
REAL NAVAIL, RECOV ,NAPPLD, NLOST, SOLSUP, CUMNSS, ACTREC
INTEGER ICNT, IDCNT
AFGEN functions
-N-recovery table
REAL RECT
INTEGER IMRECT, ILRECT
PARAMETER (IMRECT = 40)
DIMENSION RECT (IMRECT)
-Table ofN-split quantities [kg N/ha]
INTEGER IMNRST, ILNRST
REAL SPLIT
PARAMETER (IMNRST = 15)
DIMENSION SPLIT (IMNRST)
-Table of Days After Transplanting (DAT's)on which
discrete N-applianceoccurs.
INTEGER SPLDAT, ILDAST
DIMENSION SPLDAT(IMNRST)
-Table of DAT vs.proportional N-loss
REAL K2T
INTEGER IMK2T, ILK2T
PARAMETER (IMK2T = 50)
DIMENSION K2T
(IMK2T)
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d
d
kg/ha/d
kg/ha
kg/ha/d
kg/kg
kg/ha/d
kg/ha
kg/ha

-TableofDATvs.native nitrogen soil supply
REALSST
INTEGER IMSST, ILSST
PARAMETER (IMSST =40)
DIMENSION SST (IMSST)

Used functions
REAL LINT, INTGR2
SAVE
IF (ITASK.EQ.1) THEN

Initialization section
Open input file
CALL RDINIT (IUNITD, IUNITL, FILEI1)
Read initial states
CALL RDSREA ('APCUMI',APCUMI)
Read model parameters
CALL RDSREA ('FERTMX',FERTMX)
CALL RDSREA ('DATH ',DATH )
Read AFGEN functions
CALL RDAREA ('RECT ',RECT ,IMRECT,ILRECT)
CALL RDAREA ('SST -,SST ,IMSST ,ILSST)
CALL RDAREA ('SPLIT '.SPLIT ,IMNRST,ILNRST)
CALL RDAINT ('SPLDAT',SPLDAT,IMNRST,ILDAST)
CALL RDAREA ('K2T' ,K2T ,IMK2T ,ILK2T)
CLOSE (IUNITD)
initially known variables tooutput
CALL OUTDAT (2,0,'FERTMX',FERTMX)
Initialize state variables
NPOOL =0.
NLOS =0.
APCUM =APCUMI
CUMNSS=0.
Initialise rate variables
NUPT =0.
NLOSS =0.
Initialise auxilary variables
SUMSPL =0.
K2 =0.
IDCNT=1

&

Check consistency ofarrays
IF (ILNRST .NE. ILDAST) CALL ERROR('NAP0S',
'Number ofN-gifts doesnotequal number ofdays.')

DO 10ICNT=1,ILNRST
SUMSPL =SUMSPL +SPLIT(ICNT)
CONTINUE

10
&

WRITE (*, '(A,F9.2,A)') 'Sumofsplits = ',SUMSPL,
'Nkg/ha'
IF (SUMSPL .EQ. FERTMX) THEN
WRITE (*, '(A,F9.2)') 'This equals FERTMX = ',FERTMX
ELSE
WRITE (*, '(A,F9.2)')
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&
&

'This is not equal to FERTMX. Difference =
(FERTMX -SUMSPL)
ENDIF
ELSE IF (ITASK.EQ.2) THEN

Rate calculation section
-Fertilizer N gift (kgN ha-1)
IF (SPLDAT(IDCNT) .EQ.INT(DAT))THEN
APSLOP = SPLIT(IDCNT)
IF (IDCNT .LT. ILDAST) IDCNT = IDCNT +1
ELSE
APSLOP = 0.
ENDIF
-Best attainable recovery (kguptake/kg applied)
RECOV = LINT(RECT,ILRECT,DAT)
-Potential proportional N-losswith regard touptake.
K2 =LINT(K2T, ILK2T, DAT)
Kl = (RECOV / (1.-RECOV)) *K2
-Native N soil supply
SOLSUP =LINT(SST ,ILSST ,DAT)
-Total N availibility (kgN ha-1 d-1)
NAVAIL = SOLSUP +MAX(0., (Kl *NPOOL))
-N-loss from thenitrogen pool (kgN d-1)
NLOSS =MAX(0., K2 *NPOOL)

***************************************************************
-Output section
IF (OUTPUT) THEN
CALL OUTDAT (2,0,'SOLSUP
CALL OUTDAT (2,0,'CUMNSS
CALL OUTDAT (2,0,'APSLOP
CALL OUTDAT (2,0,'RECOV
CALL OUTDAT (2,0,'NAVAIL
CALL OUTDAT (2,0,'APCUM
CALL OUTDAT (2,0,'NPOOL
CALL OUTDAT (2,0,'NLOSS
CALL OUTDAT (2,0,'Kl
CALL OUTDAT (2,0,'K2

,SOLSUP )
,CUMNSS )
,APSLOP )
,RECOV )
,NAVAIL )
,APCUM )
,NPOOL )
,NLOSS )
,K1
)
,K2
)

END IF

*****************************************************************
ELSE IF (ITASK.EQ.3) THEN

Integration section
-CumulativeN application
APCUM = INTGR2 (APCUM, APSLOP, DELT, FILEI1, 'APCUM')
-Nitrogen pool and nitrogen loss
NPOOL = INTGR2 (NPOOL, (APSLOP -MAX(0., (NUPT -SOLSUP)) -

282

Sc
NLOS
k

NLOSS), DELT, FILEI1, 'NPOOL')
= INTGR2 (NLOS ,NLOSS, DELT, FILEI1, 'NLOS')

Cumulative N soil supply (last 7 days no N-uptake)

Se

IF (DATH -DAT -7.0 .GE. 0.)
CUMNSS = INTGR2 (CUMNSS,SOLSUP,DELT, FILEI1, 'CUMNSS')

*********************************************************************
ELSE IF (ITASK.EQ.4) THEN
*

Terminal section

*

*=====-=================-=-============================================*
*

Total amount N applied (kgN ha-1)
NAPPLD =APCUM

*

Total amount of fertiliser lost (kgN ha-1)
NLOST = NLOS

*
*

Actual recovery during the season (- ), only if
nitrogen was applied.
IF (NAPPLD .NE. 0.) THEN
ACTREC = (ANCR -CUMNSS) /NAPPLD
ELSE
ACTREC = 0.
ENDIF

*

Terminal output
CALL OUTDAT (2,0,'NAPPLD', NAPPLD)
CALL OUTDAT (2,0,'NLOST', NLOST)
CALL OUTDAT (2,0,'ACTREC', ACTREC)

************************************************************************
END IF
RETURN
END
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Appendix 14 FST source of the ORYZA_0 model
On the distribution disks of MANAGE-N, a directory ORYZA_0.FST exists. In this
directory,the usercan find the FST version of ORYZA_0 (file nameORYZA_0.FST) that
isused inMANAGE-N. Furthermore, the FST version of the split-dose ORYZA_0 version
(file name ORYOSPL.FST) is provided. Sample data files are also provided, in this case
for the210kgNtreatment of anexperiment performed inJinhua, China, 1993(Zhiminget
al., 1995). The FST versions of ORYZA_0 are not automatically installed when you
execute the installation procedure of MANAGE-N: the user must manually copy all the
files from theORYZA_0.FSTdirectory toanewlocationbefore running ormodifying it.
The first section of this Appendix lists the FST source code of the ORYZA_0 model
proper (continuous fertiliser N application); the second section lists the FST source code
ofthesplit-doseversion ofORYZA_0.

TheFSTsourceofORYZA_0:continuousfertiliser Napplication
DEFINE_CALL RDDCAL(INPUT,INPUT,INPUT,INPUT,INPUT,OUTPUT,OUTPUT)

*
*

*
*

*

ORYZAO (FST)

*

*
*
*
*
*
*

*
SARP
November 1995
Version: 3.0
Research Institute for Agrobiology and Soil Fertility (AB-DLO),
P.O.Box 14,6700 AA Wageningen, The Netherlands

*
*
*
*
*

*
*
*

*
International Rice Research Institute, P.O. Box 933,
1099 Manila, The Philippines and

*
*

*
*
*

*
Department of Theoretical Production Ecology, P.O. Box 430,
6700AK Wageningen, TheNetherlands.

*
*

*
*

*
*

* Purpose:Module for simulation of rice production under different
*
*
N application levels and patterns. This FST version equals *
*
theversion of ORYZA_0 that isused inMANAGE-N, with two *
*
exceptions:a contingency cut-off of thenitrogen
*
*
application (via STPDAT) has not been build in, and there *
*
isno provision that indicates whether measured biomass
*
*
includes roots or not (via RTINCL). Actions taken linked to*
*
the RTINCL switch are of course also not implemented in this*
*
FST version.
*
For full documentation of parameters and variables, refer *
*
to the documentation of MANAGE-N (see References).
*

*

*

*

* References: Riethoven, J.J.M.,H.F.M, ten Berge &H. Drenth (Eds), *
*
1995. Software developments in the SARP project: a guide*
*
to applications and tools. SARP Research Proceedings.
*
*
AB-DLO/Wageningen, WAU-TPE/Wageningen, IRRI/Los Banos:
*
320pp.

*
* Libraries used
*

:TTUTIL,WEATHER, DRIVERS

TITLE ORYZA_0 FOR N LIMITED PRODUCTION
INITIAL

*

*
*

*
*
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*************************************************************
************ initial state variables ************************
*************************************************************
INCONWCRI = 405.1
INCONANCRI = 6.28
INCON APCUMI= 0.
INCON RADTOI= 0.
INCON CMNSSI= 0.
ANLVI
=FNCLV*ANCRI

*************************************************************
*************** time parameters *****************************

*************************************************************
PARAMETER DATFF =40.
PARAMETER DATH =91.
PARAMETER DATFSV= 49.

*************************************************************
*************** site-season-variety match factor ************

*************************************************************
PARAMETER FSV1 = 0 . 8 7
PARAMETER FSV2 = 0.67

*************************************************************
************** crop parameters ******************************

*************************************************************
PARAMETER P
=10.
PARAMETER EPSIL = 2 . 5
PARAMETER MAXNCR =35.
PARAMETER MAXDAT =20.
PARAMETER FNSO =0.0159
PARAMETER FNCLV =0.473
PARAMETER ANLVMX= 100.
PARAMETER RUR = 0.149
PARAMETER NUPCO = 0.03
PARAMETER HI5 = 0.55
PARAMETER HISLOP= 0.008
FUNCTION FNMAXT = 0. ,0.0156,...
21., 0.026,...
49., 0.021,...
70., 0.017,...
91., 0.0152

*************************************************************
************** soilparameters ******************************

*************************************************************
FUNCTION SST

= 0 . ,0.980,...
999., 0.980

FUNCTION RECT

= 0.,0.2,...
25.,0.85,...
50.,0.85,...
75.,0
91.,0.

FUNCTION MXUP1T = 0. ,7.9,...
999., 7.9

*************************************************************
************* jgapplication parameters **********************

*************************************************************
PARAMETER FERTMX =210.
PARAMETER A
=1.
PARAMETER B
=0.1
PARAMETER C
=300.
PARAMETER M
=30.
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h* *****

"** K and P fertiliser parameters

*
When computation ofminimum potassium and phosporus
*
fertiliser requirements are not needed, then supply
*
dummy value of-99.
*
Otherwise, supply ratio ofpotassium <K) orphosporus (P)
*
tonitrogen in the crop [g/g]
PARAMETER KNRAT =-99.
PARAMETER PNRAT = -99.

************** run control **********************************

*************************************************************
TRANSLATION_FSE
TIMER STTIME =206., FINTIM=400., DELT = 1., PRDEL = 1.
FINISH TIME > DATEH
PRINT
DAT,WCR, XXWCR, P, GCR, ANLV, ANCR, LNUC, GRUC,...
RNEFF, RADTOT, APCUM, CUMNSS, RDDSUM, HI,WRR,...
NAPPLD, NHRVST, FNMAX, FERTMX,RECOV, NAVAIL,NUPT,...
DEMAND,MAXUP0,MAXUP1,MAXUP2,MAXUP3,MAXUP4,MAXUP5,...
ANSOCH, ANLVCH,...
FNACT, ACTREC, PURQMN, KURQMN, FSV
PARAMETER TINY = 0.001, LARGE =100.
* OPTION: set SWINLV to zero for simulated leaf N; to 1 for
* observed N% and leaf mass values as forcing function NL
PARAMETER SWINLV =0.

*************************************************************
************** weather variables ****************************

*************************************************************
WEATHER WTRDIR='C:\SYS\WEATHER\',CNTR='JINHUA', IYEAR=1993,ISTN=1

*************************************************************
*************************************************************
DYNAMIC

*************************************************************
*************************************************************
*************************************************************
*********** time ********************************************
*************************************************************
DAT =TIME - STTIME
DATEH = STTIME +DATH - 1.

*************************************************************
*********** radiation (MJm-2 d-1) and **********************
*********** radiation use efficiency (gdrymatter MJ-1) ****

*************************************************************
*
radiation RDT inMJ m-2 d-1
RDT
=RDD*l.E-06
*
cumulative radiation
RADTOT = INTGRLfRADTOI, RDT}

*************************************************************
********************** crop qrowth *************************
*************************************************************
*
*
NL1
*
NL2
*
NL
*
*

leaf nitrogen (gNper m2 ground surface)
measured leaf N
=MAX(0., ANLV/10.)
simulated leaf N
=MAX(0., (AFGEN(XNLVT,DAT)/100.)*AFGEN(XWLVT,DAT)/10.)
leaf N as used in this model
= INSW(0.5-SWINLV, NL2, NLl)
FSV valuemay change at flowering: FSV1 forpre-,
FSV2 for post-flowering
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FSV

= INSW(DAT-DATFSV, FSV1,FSV2)

*
Growth per unit rad and unit leaf N (gg-1/(MJm-2))
RNEFF =FSV*((P/(RDD*1.E-06))*(1.-EXP(-EPSIL*(RDD*l.E-06)/(P*NL+TINY))))
*
Output only: overall leaf N use efficiency (gg-1 d-1)
LNUC =RNEFF*(RDD*1.E-06)
*
Output only: overall radiation use efficiency (gMJ-1)
GRUC =RNEFF*NL
*
GCR
WCR

Crop growth rate (with conversion to kg ha-1 d-1)
= 10.*RNEFF * (RDD*l.E-06) *NL
= INTGRMWCRI, GCR)

*
Observed crop biomass, for comparison only.
XXWCR =AFGEN(XWCRT, DAT)
CALL RDDCAL(WCR, RDT,DAT,DATFF, DELT,WCRFF, RDDSUM)

*************************************************************
******* N supply per day (kgN/ha.d) ************************
*** derivative of logistic application curve plus soil N ****

*************************************************************
*
*
X

N supply per day (kg N/ha.d),
derivative of logistic application curveplus soil N
=EXP(-B*(DAT-M))

*
Daily fertiliser N application (kgN ha-1 d-1)
APSLOP =MIN(FERTMX-APCUM, B*C*X*(1.+ A*X)**(-1.-1./A))
*
Best attainable recovery (kguptake/kg applied)
RECOV = AFGEN(RECT,DAT)
*
Native N soil supply (kgN ha-1 d-1)
SOLSUP =AFGEN(SST.DAT)
*
Total N availibility (kgN ha-1 d-1)
NAVAIL =RECOV*APSLOP + SOLSUP
*
Cumulative applied amount of nitrogen (kg ha-1)
APCUM = INTGRL(APCUMI, APSLOP)
*
Cumulative native soilN supply upto oneweek before harvest
NSS
= INSW(DATH-DAT-7.0, 0., SOLSUP)
CUMNSS = INTGRL(CMNSSI, NSS)

*************************************************************
******* uptake limitations MAXUP due to limited demand ******
******************** ail înkaN/(ha d) *********************

*************************************************************
*
maxuptake during exponential phase
SWIEXP =REAAND(MAXNCR-ANCR, MAXDAT-DAT)
MAXUPO = RUR*ANCR
*
Maximum absolute uptake rate
MAXUP1 =AFGEN(MXUP1T, DAT)
*
Uptake as limited bymax fraction N per unit new dry
MAXUP2 =NUPCO *GCR
*
Uptake as limited by max overall fraction ofN in total
*
existing biomass
FNMAX = AFGEN(FNMAXT,DAT)
MAXUP3 = ((WCR+GCR*DELT)»FNMAX -ANCR)/DELT
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*
Limitation due tomax leaf N amount reached
MAXUP4 = INSW(ANLVMX-ANLV,0..LARGE)
*
Limitation due tonearing maturity stage
MAXUP5 = INSW(DATH-DAT-7.,0..LARGE)
*
Actual demand isminimum value of all limitations
M12345 =MIN{MAXUP1,MAXUP2,MAXUP3,MAXUP4,MAXUP5)
DEMAND = INSW(0.5-SWIEXP, MIN(MAXUP0, MAXUPI), M12345)

*************************************************************
*************************************************************
******* actual N uptake, demand vs supply *******************

*
NUPT

N uptake rate (kgN ha-1 d-1)
=MAX(0., MIN(DEMAND ,NAVAIL))

*
Actual fractionweight of the crop that consists of nitrogen (-)
FNACT =ANCR/NOTNUL(WCR)
*
ANCR

Amount of nitrogen in the crop [kgN ha-1 d-1]
= INTGRL(ANCRI,NUPT)

*************************************************************
********* N allocation to leaves and grains *****************
*************************************************************
*
N allocation to grains (kgN ha-1 d-1)
ANSOCH = INSW(DAT-DATFF,0.,GCR*FNSO)
*
N allocation to leaves (kgN ha-1 d-1)
ANLVCH = INSW(DAT-DATFF,NUPT*FNCLV,(NUPT-ANSOCH)*FNCLV)
ANLV = INTGRL(ANLVI,ANLVCH)

*************************************************************
*************************************************************

TERMINAL
*
*
*
HI

Harvest Index (HI)estimated fromweight of crop at heading
and total radiation after heading. Note: dimension of WCRFF/RDDSUM
is (kgha-1) / (MJm-2)
=HI5 -HISLOP * (-5. +WCRFF /RDDSUM)

*
WRR

rough riceyield (kg ha-1)
=HI*WCR

*
total amount N applied (kgN ha-1)
NAPPLD =APCUM
*
total N uptake at harvest (kgN ha-1)
NHRVST =ANCR
*
Actual recovery during the season (- ),only if
*
nitrogen was applied. 0 if no nitrogen applied.
ACTREC = INSW(-NAPPLD, 1., 0.) * (ANCR -CUMNSS) /NOTNUL(NAPPLD)
*
Calculate and output minimum Phosporus (P)requirements [kg ha-1]
*
based on P/N ratio.
PURQMN = INSW(PNRAT, -99.,PNRAT *ANCR)
*
Calculate and output minimum Potassium (K) requirements
*
[kgha-1] based onK/N ratio.
KURQMN = INSWIKNRAT, -99.,KNRAT *ANCR)

*************************************************************
* these functions are used only if SWITCH = 1:
*NL asmeasured forcing function
* these specific values are tobe filled out per treatment !!!
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leaf nitrogen frac
*
FUN CTIONXNLVT = 0., 2.35,.
1 . , 2.58,.

14.,2.83,.
21.,2.97,.
28.,2.77,.
35.,2.67,..
42.,2.60,..
49.,2.40,.
56.,2.35,.
63.,2.22,.
70.,1.91,.
77.,1.68,.
84.,1.55,.
91.,1.45

*
total leafmass (k
FUN CTIONXWLVT = 0 . ,149.2,
7., 322.1,
14.,777.7,
21.,1522.8,
28.,2476.6,
35.,2621.5,
42.,2886.3,
49.,2770.1,
56.,2667.4,
63.,2600.9,
70.,2485.1,
77.,2421.1,
84.,2388.5,
91.,2388.1
*
total crop biomass
FUNCTION XWCRT = 0.,405.1,
7., 331.4,.
14. ,1790.,
21. ,3449.,
28. ,5411.,
35. ,6529.,
42. ,8257.,
49. ,9916.,
56. ,10793.
63. ,12364.
70.,14014.
77.,15225.
84.,15618.
91.,15615.

ha-1)vs DAT

(kgha-1) vs DAT, for comparison only.

*
For reruns, supply modified sets of input parameters here.
END
PARAMETER A= 10.,B=0.1,C=300.,M=30.
END

it* * * * * *

« r * * * * * * * *

*****************

RDDCAL computes intermediate variables that are required *
for the calculation of harvest index from the
*
relation between observed harvest index and the
*
ratio of biomass at first flowering topost*
flowering cumulative radiation.

*

*
IN
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WCR
-weight of the crop,biomass (kgha-1}
*
RDT
-daily global radiation
(MJm-2 d-1)*
DAT
-days after transplanting
*
DATFF - first flowering indays after
*
transplanting

*

BELT
INOUT WCRFF

- timestep of integration
*
-weight of the crop at first
*
flowering
(kgha-1)
*
RDDSUM -post-flowering cumulative radiation

************************************************************
SUBROUTINE RDDCAL (WCR, RDT, DAT, DATFF, DELT, WCRFF, RDDSUM)
REAL WCR, RDT, DAT,DATFF, WCRFF, RDDSUM, DELT
LOGICAL AFFLOW
REAL INTGRL
IF (DAT.EQ.0.) THEN
RDDSUM = 0.
AFFLOW = .FALSE.
ENDIF

-Cropweight at first flowering (kg ha-1)
IF ((DAT.GE.DATFF).AND.(.NOT.AFFLOW)) THEN
AFFLOW = .TRUE.
WCRFF =WCR
ENDIF
-Radiation sum upto flowering
IF (AFFLOW) RDDSUM = INTGRL(RDDSUM, RDT, DELT)

RETURN
END

TheFSTsourceofORY0SPL:split-dosefertiliser Napplication
DEFINE_CALL RDDCAL(INPUT,INPUT,INPUT,INPUT,INPUT,OUTPUT,OUTPUT)
DEFINE_CALL SPLDOS(INPUT, OUTPUT)

ORY0SPL (FST)
SARP
November 1995
Version: 3.0

Research Institute forAgrobiology and Soil Fertility (AB-DLO),
P.O.Box 14, 6700 AA Wageningen, The Netherlands
International Rice Research Institute, P.O. Box 933,
1099Manila, The Philippines and
Department of Theoretical Production Ecology, P.O. Box430,
6700AK Wageningen, TheNetherlands.

Purpose:Module for simulation of rice production under different
discrete N split-dose schemes.This FST version equals
theversion of ORYZA_0 that is used inMANAGE-N under the
'Split Evaluation' method, with one exception: there
isno provision that indicates whether measured biomass
includes roots or not (via RTINCL). Actions taken linked to
the RTINCL switch are of course also implemented in this
FST version.
For full documentation of parameters and variables, refer
to thedocumentation ofMANAGE-N (see References).
References: Riethoven, J.J.M., H.F.M, ten Berge &H. Drenth (Eds),
1995. Software developments in the SARP project: a guide
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*
*
*

to applications and tools. SARP Research Proceedings.
AB-DLO/Wageningen, WAU-TPE/Wageningen, IRRI/Los Banos:
320pp.

* Libraries used

:TTUTIL, WEATHER, DRIVERS

*
TITLE ORYZA_0 FOR N LIMITED PRODUCTION, DISCRETE N SPLIT-DOSE VERSION
INITIAL
************ initial state variables *********************

**********************************************************
INCON WCRI = 405.1
INCON ANCRI = 6.28
INCON APCUMI= 0.
INCON RADTOI= 0.
INCON CMNSSI= 0.
INCON NPOOLI= 0.
INCON NLOSI = 0.
ANLVI
= FNCLV*ANCRI

**********************************************************
*************** timeParameters **************************
**********************************************************
PARAMETER DATFF =40.
PARAMETER DATH =91.
PARAMETER DATFSV= 49.

**********************************************************
*********
**********************************************************

*************** site-season-variety match factor
PARAMETER FSV1 = 0.87
PARAMETER FSV2 = 0.67

************** crop parameters ******************************

*************************************************************
PARAMETER P
=10.
PARAMETER EPSIL = 2 . 5
PARAMETER MAXNCR = 3 5 .
PARAMETER MAXDAT = 2 0 .
PARAMETER FNSO = 0.0159
PARAMETER FNCLV =0.473
PARAMETER ANLVMX= 100.
PARAMETER RUR =0.149
PARAMETER NUPCO = 0.03
PARAMETER HI5
=0.55
PARAMETER HISLOP= 0.008
FUNCTION FNMAXT = 0. ,0.0156,...
21., 0.026,...
49., 0.021,...
70., 0.017,...
91., 0.0152

*************************************************************
*************************************************************
FUNCTION SST

= 0 . , 0.980,...
999., 0.980

FUNCTION RECT

= 0.,0.2,...
25.,0.85
50.,0.85,...
75.,0.....
91.,0.

FUNCTION MXUP1T = 0 . ,7.9,...
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FUNCTION K2T

= 0. ,0.1,
999., 0.1

************* N application parameters

**********************

*************************************************************
PARAMETER FERTMX =210.
*
*

Split-dose fertiliser N application is defined in
subroutine SPLDOS. See at the end of this program.

*************************************************************
************* K an<3p fertiliser parameters *****************

*************************************************************
*
When computation ofminimum potassium and phosporus
*
fertiliser requirements arenot needed, then supply
*
dummy value of-99.
*
Otherwise, supply ratio of potassium (K)or phosporus (P)
*
to nitrogen in the crop [g/g]
PARAMETER KNRAT = -99.
PARAMETER PNRAT =-99.

*************************************************************
************** run control **********************************

*************************************************************
TRANSLATION_FSE
TIMER STTIME =206., FINTIM=400., DELT = 1 . , PRDEL = 1.
FINISH TIME > DATEH
PRINT
DAT,WCR, XXWCR, P, GCR, ANLV, ANCR, LNUC, GRUC,...
RNEFF, RADTOT, APCUM, CUMNSS, RDDSUM, HI,WRR,...
NAPPLD, NHRVST, FNMAX, FERTMX,RECOV, NAVAIL,NUPT,...
DEMAND,MAXUP0,MAXUP1,MAXUP2,MAXUP3,MAXUP4,MAXUP5,...
ANSOCH, ANLVCH, NPOOL, NLOS, NLOST, K2, Kl,...
FNACT, ACTREC, PURQMN, KURQMN, FSV
PARAMETER TINY = 0.001, LARGE =100.
* OPTION: set SWINLV to zero for simulated leaf N; to 1 for
* observed N% and leaf mass values as forcing function NL
PARAMETER SWINLV - 0.

*************************************************************
************** weather variables ****************************

*************************************************************
WEATHER WTRDIR='C:\SYS\WEATHER\',CNTR='JINHUA', IYEAR=1993,ISTN=1

*************************************************************
*************************************************************
DYNAMIC

*************************************************************
*************************************************************
*************************************************************
*********** (-ime ********************************************

*************************************************************
DAT =TIME - STTIME
DATEH = STTIME +DATH -1.

*************************************************************
*********** radiation (MJm-2 d-1) and **********************
*********** radiation use efficiency (gdrymatter MJ-1) ****

*************************************************************
*
radiation RDT inMJ m-2 d-1
RDT
= RDD*l.E-06
*
cumulative radiation
RADTOT = INTGRLfRADTOI, RDT)
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********************** crop growth ************************

************************************************************
*
*
NL1
*
NL2
*
NL

leaf nitrogen (gN per m2 ground surface)
measured leaf N
=MAX(0., ANLV/10.)
simulated leaf N
=MAX(0., (AFGEN(XNLVT.DAT)/100.)*AFGEN(XWLVT,DAT)/10.
leaf N as used in this model
= INSW(0.5-SWINLV, NL2, NL1)

*
*
FSV

FSV valuemay change at flowering: FSV1 forpre-,
FSV2 for post-flowering
= INSW(DAT-DATFSV, FSV1, FSV2)

*
Growth per unit rad and unit leaf N (gg-l/{MJ m-2))
RNEFF =FSV*((P/(RDD*l.E-06))*(1.-EXP(-EPSIL*(RDD*l.E-06)/(P*NL+TINY)
*
Output only: overall leaf N use efficiency (gg-1d-1)
LNUC = RNEFF*(RDD*l.E-06)
*
Output only: overall radiation use efficiency (gMJ-1)
GRUC = RNEFF*NL
*

Crop growth rate (with conversion to kg ha-1 d-1)

GCR

= 1 0 . * RNEFF * (RDD*l.E-06) *NL

WCR

= INTGRL(WCRI, GCR)

*
Observed crop biomass, for comparison only.
XXWCR =AFGEN(XWCRT, DAT)
CALL RDDCAL(WCR, RDT, DAT, DATFF, DELT,WCRFF, RDDSUM)

*************************************************************
******* N supply per day (kgN/ha.d) ************************
*************************************************************
*
Apply split-dose fertiliser N
CALL SPLDOS(DAT, APSLOP)
*
Best attainable recovery (kguptake/kg applied)
RECOV = AFGEN(RECT,DAT)
*
K2
Kl

Potential proportional N-loss with regard touptake.
=AFGEN(K2T, DAT)
= (RECOV / (1.-RECOV)) *K2

*
Native N soil supply (kgN ha-1 d-1)
SOLSUP = AFGEN(SST,DAT)
*
Total N availibility (kgN ha-1 d-1)
NAVAIL = SOLSUP +MAX(0., (Kl *NPOOL))
*
N-loss from thenitrogen pool (kgN d-1)
NLOSS =MAX(0., K2 *NPOOL)
*
Cumulative applied amount of nitrogen (kg ha-1)
APCUM = INTGRLIAPCUMI, APSLOP)
*
Nitrogen pool and nitrogen loss
DNPOOL =APSLOP -MAX(0., (NUPT -SOLSUP)) -NLOSS
NPOOL = INTGRL (NPOOLI, DNPOOL)
NLOS = INTGRL (NLOSI ,NLOSS)
*
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Cumulative native soil N supply upto one week before harvest

NSS
= INSW(DATH-DAT-7.0, 0., SOLSUP)
CUMNSS = INTGRL(CMNSSI, NSS)

*************************************************************
******* uptake limitations MAXUP due to limited demand ******
******************** a n inkgN/(ha.d) *********************

*************************************************************
*
m a x uptake during exponential phase
SWIEXP =REAAND(MAXNCR-ANCR, MAXDAT-DAT)
MAXUPO =RDR*ANCR
*
Maximum absolute uptake rate
MAXUP1 =AFGENIMXUP1T, DAT)
*
Uptake as limited bymax fraction N per unit new dry
MAXUP2 =NUPCO *GCR
*
Uptake as limited by max overall fraction ofN in total
*
existing biomass
FNMAX =AFGEN(FNMAXT.DAT)
MAXUP3 = ((WCR+GCR*DELT)*FNMAX -ANCR)/DELT
*
Limitation due tomax leaf N amount reached
MAXUP4 = INSW(ANLVMX-ANLV,0..LARGE)
*
Limitation due tonearing maturity stage
MAXUP5 = INSW(DATH-DAT-7.,0..LARGE)
*
Actual demand isminimum value of all limitations
M12345 =MIN(MAXUP1,MAXUP2,MAXUP3,MAXUP4,MAXUP5)
DEMAND = INSW(0.5-SWIEXP, MIN(MAXUPO, MAXUPI), M12345)

*************************************************************
******* actual N uptake, demand vs supply *******************
*************************************************************
*
NUPT

u uptake rate (kgN ha-1d-1)
=MAX(0., MIN(DEMAND ,NAVAIL))

*
Actual fraction weight of the crop that consists of nitrogen (-)
FNACT =ANCR/NOTNUL(WCR)
*
ANCR

Amount of nitrogen in the crop [kgN ha-1 d-1]
= INTGRL(ANCRI,NUPT)

*************************************************************
*************************************************************

********* N allocation to leaves and grains *****************
*
N allocation to grains (kgN ha-1 d-1)
ANSOCH = INSW(DAT-DATFF,0.,GCR*FNSO)
*
N allocation to leaves (kgN ha-1 d-1)
ANLVCH = INSW(DAT-DATFF,NUPT*FNCLV,(NUPT-ANSOCH)*FNCLV)
ANLV = INTGRL(ANLVI,ANLVCH)

*************************************************************
*************************************************************

TERMINAL
*
*
*
HI

Harvest Index (HI)estimated fromweight of crop at heading
and total radiation after heading. Note: dimension of WCRFF/RDDSUM
is (kgha-1) / (MJm-2)
=HI5 -HISLOP * (-5. +WCRFF /RDDSUM)

*
WRR

rough riceyield (kg ha-1)
= HI*WCR

*

total amount N applied (kgN ha-1)
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NAPPLD =APCUM
*
Total amount of fertiliser lost (kgN ha-1)
NLOST =NLOS
*
total N uptake at harvest (kgN ha-1)
NHRVST =ANCR
*
Actual recovery during the season ( - ),only if
*
nitrogen was applied. 0 ifno nitrogen applied.
ACTREC = INSW(-NAPPLD, 1., 0.) * (ANCR -CUMNSS) /NOTNUL(NAPPLD)
*
Calculate and output minimum Phosporus (P)requirements [kg ha-1]
*
based on P/N ratio.
PURQMN = INSW(PNRAT, -99.,PNRAT *ANCR)
*
Calculate and output minimum Potassium (K) requirements
*
[kgha-1] based onK/N ratio.
KURQMN = INSW(KNRAT, -99.,KNRAT *ANCR)

*************************************************************
* these functions are used only if SWITCH = 1:
* NL asmeasured forcing function
* these specific values are tobe filled out per treatment !!!

************

-leaf n i t r o g e n f r a c t i o n (kg k g - 1 ) in p e r c e n t v s D A T
FUNCTION XNLVT
0., 2.35,
7., 2.58,
14. , 2 . 8 3 ,
21. , 2 . 9 7 ,
28. , 2 . 7 7 ,
35. , 2 . 6 7 ,
42. , 2 . 6 0 ,
49. , 2 . 4 0 ,
56. ,2.35,
63. , 2 . 2 2 ,
70. , 1 . 9 1 ,
77. ,1.68,

84. ,1.55,
91. ,1.45

FUNCTION XWLVT

eaf mass (kg
( ha-1) vs DAT
0., 149.2
7., 322.1
14. ,777.7
21. ,1522. 8
28. ,2476. 6
35. ,2621. 5
42. ,2886. 3
49. ,2770. 1
56. ,2667 4
63. ,2600. 9
70. ,2485 1
77. ,2421 1
84. ,2388 5
91. ,2388 1

total crop
ropbiomass
biomas(kgha-1) vs DAT, for comparison only.
0., 405.1,
7., 831.4
14. ,1790 ,
21. ,3449 ,
28. ,5411 ,
35. ,6529 ,
42. ,8257 ,
49 ,9916 ,
56. ,1079: .
63. ,12364.
70 ,14014.

FUNCTION XWCRT
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77.,15225
84.,15618.,...
91.,15615.
-For reruns, supply modified sets of input parameters here.

SPLDOSE applies split-dose fertiliser N applications.
*
for the calculation of harvest index from the
*
relation between observed harvest index and the *
ratio of biomass at first flowering topost*
flowering cumulative radiation.

*

*
IN

DAT

-days after transplanting

INOUT APSLOP - fertiliser N application on day DAT

*
*

************************************************************
SUBROUTINE SPLDOS (DAT,APSLOP)

-Formal parameters
REAL DAT, APSLOP

-Auxiliary variables
INTEGER IDCNT, IMXSPL
PARAMETER (IMXSPL = 5)
-Model parameters
SPLIT -array with SORTED dates (inDAT) onwhich to apply
a split-dose.
SPLDAT -array with sizes of the split-doses (in kg/ha)
NRSPL - the actual number of splits
REAL SPLIT, SPLDAT
DIMENSION SPLIT(IMXSPL), SPLDAT(IMXSPL)

-Supply the sizes and dates of splits in the below
variables. Use dummy values of -99.to fillup the array until
the 10th element.
Number of sizes in SPLIT and number of dates (inDAT) in SPLDAT
must be equal to one another.
No safety checks have been built-in, somake sure you supply the correct
values and numbers.
DATA SPLIT /50.,50.,50.,-99.,-99./
DATA SPLDAT /20.,40.,60.,-99.,-99./

*

Initialisation
IF (DAT.EQ.0) THEN
APSLOP = 0.
IDCNT =1
ENDIF
IF ((SPLDAT(IDCNT).EQ.INT(DAT)).AND.(SPLIT(IDCNT).NE.-99.)) THEN
APSLOP = SPLIT(IDCNT)
IF (IDCNT.LT.IMXSPL) IDCNT = IDCNT +1
ELSE
APSLOP = 0.
ENDIF
RETURN
END

*************************************************************
297

RDDCAL computes intermediate variables that are required
for the calculation of harvest index from the
relation between observed harvest index and the
ratio of biomass at first flowering topostflowering cumulative radiation.
IN

WCR
RDT
DAT
DATFF

INOUT

-weight of the crop, biomass (kgha-1)
*
-daily global radiation
(MJm-2 d-1)*
-days after transplanting
*
- first flowering indays after
*
transplanting
*
DELT
timestep of integration
*
WCRFF
weight of the crop at first
*
flowering
(kgha-1)
*
RDDSUM - post-flowering cumulative radiation
*

*****************************************************
SUBROUTINE RDDCAL (WCR, RDT,DAT,DATFF, DELT,WCRFF, RDDSUM)
REAL WCR, RDT, DAT, DATFF, WCRFF, RDDSUM, DELT
LOGICAL AFFLOW
REAL INTGRL
IF (DAT.EQ.0.) THEN
RDDSUM = 0.
AFFLOW = .FALSE.
ENDIF

-Cropweight at first flowering (kg ha-1)
IF ((DAT.GE.DATFF).AND.(.NOT.AFFLOW)) THEN
AFFLOW = .TRUE.
WCRFF =WCR
ENDIF
-Radiation sum upto flowering
IF (AFFLOW) RDDSUM = INTGRL(RDDSUM, RDT, DELT)

RETURN
END
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Appendix 15 Examples of input and output of the RIGAUS
program
This Appendix lists example input and output files that are used by RIGAUS program.
These files can be created and handled by FSU if the user activates the 'Generate Monte
Carlo Reruns File' menu option in the FSU environment. Otherwise, input files must be
created manually. All files are examples only and may differ considerably, depending on
dataenteredbytheuser.

TheRIGAUSconfiguration andinputfileRIGAUS.IN
************************************************************
*
*
*

RIGAUS.IN: file contains input data for theprogram
RIGAUS to draw at random variables from statistical
and measured distributions (December-1993)

*
*
*

************************************************************

* First, choose if the special provisions for the soil water
*balance model SAHEL have tobe taken into account:
ISWI = 0
!0=do not take into acount; l=take into acount
TND = 5

!Number of Draws

ISEED = 27426 !Seed for random drawing
********** UNIFORM ***************************
NDU = 1
!Number ofvariables for drawing from UNIFORM
! distribution {MAXIMUM = 10)
*Names ofvariables for UNIFORM distribution
VUNI = V S1'
*Give lower and upper boundary, in sequence of the
*variables specified above.
UNILO =5.
UNIUP =10.
*********** BETA ***************************************
NDB = 0
!Number of variables for drawing from BETA
! distribution (MAXIMUM = 10)
*Names of variables for BETA distribution
VBETA = *BETA1', l BETA2', xBETA3', 'BETA4', l BETA5',
1
BETA6'
* Give A and Bparameters for BETA distribution, in sequence
* of thevariables specified above.
ABETA = 1.0, 2.0, 4.0, 6.0, 8.0, 10.0
BBETA = 1.0, 1.0, 1.0, 1.0, 1.0, 1.0
*Give lower and upper boundary, in sequence of the
*variables specified above.
BETALO = 0.0, 0.0, 0.0, 0.0, 0.0, 0.0
BETAUP = 1.0, 1.0, 1.0, 1.0, 1.0, 1.0
*********** NORMAL *****************************************
NDN = 0
INumber of variables for drawing from NORMAL
! distribution (MAXIMUM = 10)
* Names of variables forNORMAL distribution
VNORM = l STTIME', lDTRP', *NORM3', 'NORM4', 'NORM5'
*Give mean and variance for theNORMAL distribution,
* in sequence'of thevariables specified above.
MEANU = 150.,12.0,0.0, 30.0, 60.0
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VARU = 10.,2.0, 100.0, 10.0, 10.0
************* MEASURED DATA ********************************
NMV - 1
!Number of measured variables (MAXIMUM -3)
*Names ofmeasured variables
NMVAR = 'YEAR'
* Givemeasured data of the above variables (MAX = 500)
MDATA1 = 1980., 1981., 1982., 1983., 1984., 1985., 1986., 1987., 198

RERUNS.DATfilecreated byRIGAUS
* ISEED = 83299
* This is rerun set
RIGIFT= .5442E+03
DTRP = .2807E+02
STTIME= .1189E+03

1

* This is rerun set
RIGIFT= .8243E+03
DTRP = .1178E+02
STTIME= .1432E+03

2

* This is rerun set
RIGIFT= .3382E+03
DTRP = .2746E+02
STTIME= .9997E+02

3

* This isrerun set
RIGIFT= .1474E+04
DTRP = .1286E+02
STTIME= .1567E+03

4

*This is rerun set
RIGIFT= .1281E+04
DTRP = .1436E+02
STTIME= .1548E+03

5

* This is rerun set
RIGIFT= .1404E+04
DTRP = .8504E+01
STTIME= .1667E+03

6

* This is rerun set
RIGIFT= .1395E+03
DTRP = .2097E+02
STTIME= .1584E+03

7

* This is rerun set
RIGIFT= .7231E+03
DTRP = .2126E+02
STTIME= .1270E+03

8

*This isrerun set
RIGIFT= .9895E+03
DTRP = .1767E+02
STTIME= .1717E+03

9

*This is rerun set
RIGIFT= .7552E+03
DTRP = .1681E+02
STTIME= .1439E+03
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10

COLUMN.DATfilecreated by RIGAUS
RIGIFT
DTRP
STTIME
.5442E+03 .2807E+02 .1189E+03
.8243E+03 .1178E+02 .1432E+03
.3382E+03 .2746E+02 .9997E+02
.1474E+04 .1286E+02 .1567E+03
.1281E+04 .1436E+02 .1548E+03
.1404E+04 .8504E+01 .1667E+03
.1395E+03 .2097E+02 .1584E+03
.7231E+03 .2126E+02 .1270E+03
.9895E+03 .1767E+02 .1717E+03
.7552E+03 .1681E+02 .1439E+03
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