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1 OPTIMISATION SYSTEM

1.1 BACKGROUND

Two separate projects, supported by the Water Research Commission were completed at the

end of 1992; one at the Rand Afrikaans University on an optimisation system for minimizing

distribution losses on irrigation schemes (Benade, Engeibrecht and Annandale, 1990) and the

other at the University of the Orange Free State aimed at maximizing irrigation efficiency

on irrigation schemes (Mottram and de Jager, 1994).

The research at the Rand Afrikaans University focused on water delivery and the main tools

developed were:

• A computer program, PROCAN, that simulates unsteady flow of water in any canal

or river and

• a water administration system, RAUDB/WAS, that handles all water requests by

fanners and is currently running on all major irrigation schemes throughout

South Africa.

The water administration system never queries the amount of water requested by a farmer

and the only limitation on the water delivered is the capacity of the canal system. There is

only so much that can be done to minimise water losses in the canal system and discussions

with water administrators on the Loskop irrigation scheme identified the need to query the

amount of water that is requested by farmers to further optimise the water usage on the

irrigation scheme.

We knew that a lot of research had already been done on irrigation scheduling and the main

aim of this research project was to identify a suitable scheduling model and integrate it into

the water administration system.

Once an irrigation scheduling program is integrated into the optimisation system it would be

possible to compare the volume of water requested by the farmers with the actual water

needed for all the crops on an irrigation scheme. This will give a complete picture of water
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utilization on an irrigation scheme and the integrated system will be a useful tool in the hands

of water administrators who may decide to initiate scheduling services should it become

apparent that water is not managed efficiently.

Irrigation farmers would also benefit from a management tool which integrates a mechanistic

scheduling model and a water administration system. Not only will crop water requirements

be accurately determined, but water orders (discharge rate and duration) can automatically

be calculated and printed.

1.2 AIMS

The aims of this research project were

a) To integrate a mechanistic crop irrigation scheduling program such as that developed

by the Department of Agrometeorology at the University of the Orange Free State

into a water administration system developed at the Rand Afrikaans University;

b) To collect climate, soil and crop data at Loskop irrigation scheme for testing the

irrigation scheduling program;

c) To implement the irrigation scheduling program in the Loskop irrigation scheme as

part of an optimisation system to minimize water losses;

d) To generalise the results to an optimisation system that could be used on all major

irrigation schemes in South Africa.

1.3 OPTIMISATION SYSTEM COMPONENTS

The optimisation system consists of an unsteady canal flow simulation model PROCAN,

(Benade et al, 1990) a water administration system, WAS, and a soil water balance model,

SWB.

SWB, the new irrigation scheduling program developed during this research project and



described in more detail in Chapter 2, is an upgraded version of NewSWB that was written

in Turbo Pascal by Prof. Gaylon Campbell of Washington State University, Pullman,

Washington USA. NewSWB is based on the simple Soil water balance model of Campbell

and Diaz (1988). The crop growth component of NewSWB is more mechanistic than that

found in Campbell and Diaz (1988).

PROCAN and WAS have been implemented (partially or fully) on various irrigation schemes

throughout South Africa. The water administration system is used at the Loskop, Sandvet,

Hartbeespoort, Pongola, Riet river, Vaalharts and Mooi river irrigation schemes. PROCAN

has been successfully calibrated on the first 45 km of the left bank canal of the Loskop

irrigation scheme.

A short description of each component of the optimisation system follows.

1.3.1 Unsteady canal flow model (PROCAN)

The aim of the unsteady canal flow model is to simulate unsteady flow in canals and rivers.

The original development of PROCAN (then called RAUCAN) was funded by the Water

Research Commission (Benade et al, 1990),

PROCAN can be used for:

• calculating lag times;

• calculating evaporation and seepage losses;

• calculating hydrographs;

• evaluating different water distribution scenarios;

• training canal operators;

• designing new canals;

• analyzing existing canals.

Detailed information on PROCAN is provided in thesis written by Dr. Benade

(Benade, 1994).



1.3.2 Water administration system (WAS or RAUDB)

WAS/RAUDB was originally developed as a data input utility for PROCAN, but it later

developed into a fully computerised water administration system that can be used for:

• calculating water balance statements;

• calculating and printing water reports;

• calculating water releases into all canals, taking lag times and water losses into

account;

• printing distribution sheets ("leikaarte");

• printing water bailiff instruction sheets ("kanaalwagopdragte");

• printing water releases.

Detailed information on WAS/RAUDB can be obtained from the irrigation schemes that is

currently using it, or in Benade (1994). WAS is implemented at the Loskop irrigation

scheme and RAUDB at Hartbeespoort, Vaalharts, Sandvet, Riet river, Mooi river, Groot

Marico, Tzaneen and Pongola.

The main aim of this research project was to integrate an irrigation scheduling model into

the WAS. The following chapter will describe this in more detail.

1.4 Hardware requirements

SWB requires an IBM compatible computer running PC-DOS or MS-DOS version 3.00 or

later. The program requires a hard disk to make full use of its capabilities. A numeric

coprocessor is not required but if one is available, it will greatly improve calculation speed.

If a graphics adapter is available, the program will use it to display graphics information.

The CGA, MCGA, EGA, VGA, Hercules and 3270 PC graphic adapters are supported, but

colour will only be used on EGA and VGA adapters. If EMS memory is available, it will

be used to load overlay files, resulting in faster overlay swapping. The EMS driver must

conform to the Lotus/Intel/Microsoft Extended Memory Specification.



2 IRRIGATION SCHEDULING MODEL

2.1 INTRODUCTION

Acting on advice of the WRC it was originally envisaged that the irrigation scheduling

program from the PUTU family of models would be integrated into WAS. PUTU was

developed by the Department of Agrometeorology at the University of the Orange Free State,

After PUTU was purchased and evaluated the following conclusions were arrived at:

• The different modules of PUTU are written in Basic with a shell in Turbo Pascal

(using Turbo Vision) from where the modules are executed. This made PUTU very

difficult to integrate into WAS. The irrigation scheduling procedures would have to

be rewritten in Turbo Pascal to ensure an elegant and effective integration.

• PUTU input data (climate, soil and crop data) is stored in ASCII files. This would

have to be improved by making use of a data base like the Paradox engine that is

currently being used in WAS.

After the assessment that PUTU could not be used in its current form, a decision was made

to use NewSWB which is written in Turbo Pascal and therefore much easier to integrate into

WAS. NewSWB was presented in detail by Prof Campbell (Washington State University)

at a WRC supported workshop "Modelling the field water balance" held at Pretoria

University in July 1993. NewSWB is similar to PUT-ANYCROP in that they are both

mechanistic, generic crop growth models that simulate a supply and demand limited water

balance for several soil layers. Their water balances can be driven by Penman-Monteith

reference crop evaporation, making them ideal for real-time scheduling using automatic

weather station data.

2.2 SOIL WATER BALANCE MODEL (SWB)

The program is called SWB, which is an abbreviation for Soil Water Balance. The program



is written in Borland Pascal 7.0 and the Paradox Engine 3.1 is used for the underlying data

base. The program uses the Penman-Monteith or a modified Priestley Taylor equation for

its Potential Evapotranspiration (PET) estimation. It grows a generic canopy and root

system, based on dry matter production (related to transpiration corrected for VPD) and the

distribution of assimilates (Annandale, van der Westhuizen & Olivier, 1995), Soil water use

is calculated with a dimentionless water uptake solution which allows either supply or

demand to limit the process. The model is described in more detail in (Annandale et al,

1995).

What makes SWB unique is that it is based on Paradox a fully relational data base. This

makes it possible to simulate the soil water balance on any number of fields in one run. All

necessary data are saved into a few files that simplifies the management of large amounts of

data. The data base Paradox can also be used to manipulate data files and even draw graphs

of data and results. A utility program TUTILITY.EXE, supplied by Borland, is available

to correct corrupted data files if necessary.

The irrigation scheduling model, SWB, can be used on a single farm, a group of farms or

all farms on an irrigation scheme. The advantage of calculating the water required by all the

crops on an irrigation scheme is that the water requested by the farmers can be compared to

the actual crop water requirements. If there is a large difference between the water required

and the water requested, steps can be taken to improve irrigation management on a specific

irrigation scheme.

SWB is versatile for the following reasons:

• Simulated soil water content can be brought in line with measured water content

during the growing season;

• The soil water balance can be calculated for any number of fields sequentially and

displayed graphically;

• The program is user friendly and therefore easy to use;

• Maximum and minimum temperatures can be used to estimate PET if Penman-

Monteith reference ET is unavailable;



• Password protection, error checking and on line help is provided;

• Water order forms are automatically completed;

• Measured data can easily be compared with simulated values;

• Extensive use is made of graphical output;

• The data files are compatible with the Paradox data base and therefore Paradox can

be used to manipulate the data;

• Records of irrigation management are stored;

• Next irrigation date is forecast.

The mechanistic approach is more universally valid than empirical methods:

• Thermal time is used to predict crop development;

• Water use and evaporation are supply and demand limited;

• Soil water conditions influence canopy growth;

The source code of SWB is listed in Appendix C.

2.3 INPUT DATA REQUIREMENTS

2.3.1 Field data

Every field to be scheduled must be entered in the field table. The program provides a link

to the type of crop planted in each field as well as a link to the weather station data base.

It is possible to use only one crop and one weather station data base for all fields on an

irrigation scheme that need to be simulated. A single field, or group of fields, can be

simulated in one run. Fields can also be disabled if scheduling is not required.

The following field data is required:

• Field identification;

• Crop identification number;



Planting date;

Simulation starting date;

Field size in ha (used for calculating required water volumes);

Weather station identification number;

Permanent wilting point (kPa);

Field capacity (kPa).

2.3.2 Soil data

Initial data for 11 soil layers are needed. Even if the soil type is identical throughout the soil

profile, it must be divided into 11 different layers and entered into the soil data table. This

gives a much more realistic simulation of the infiltration process and crop water uptake than

do the traditional single layer irrigation scheduling models.

The following information is needed for every field:

• Runoff curve number;

• Soil layer depth to the end of the layer (m);

• Soil layer initial water content at the start of the simulation (mm"1);

• Soil layer field capacity (mm'1);

• Soil layer permanent wilting point (mm*1).

2.3.3 Crop data

All the different crop types with their corresponding model parameters are listed in the crop

type table and can be accessed by the different fields. The parameters in the crop type table

are only accessible by means of a password. This is to prevent the user from accidently

changing or deleting a crop record. These parameters should only be adjusted by crop

scientists that have experience in crop modelling.



The following data is required for each crop:

• Crop identification reference number;

• Crop type description in words;

• Average daily radiation transmission coefficient;

• Dry matter water ratio (corrected for VPD) (Pa);

• Radiation conversion efficiency, (kg MJ"1);

• Base temperature (°C) for thermal time calculations;

• Temperature for optimum light-limited growth (°C);

• Cutoff temperature for growing degree days in (°C);

• Emergence growing degree days;

• Growing degree days at the end of vegetative growth;

• Maturity growing degree days;

• Transition period (degree days) from vegetative to reproductive growth;

• Leaf senescence (degree days);

• Maximum rooting depth, (m);

• Fraction of shoot dry matter translocated to heads during grain fill;

• Leaf water potential at maximum transpiration, (J kg"1);

• Maximum possible transpiration rate, (mm/day);

• Specific leaf area (m'2 kg'1);

• Leaf-stem partition parameter;

• Canopy dry matter at emergence (kg m'1);

• Fraction of dry matter partitioned to roots;

• Potential grain production as fraction of shoot dry matter at anthesis;

• Root growth rate (m root [ yjkg m 2 ]"1);

• Stress index;

• Percentage allowable depletion at emergence;

• Percentage allowable depletion during the vegetative stage;

• Percentage allowable depletion during the reproductive stage;

• Canopy interception (mm).



2.3.4 Weather data

The following daily weather data are needed for SWB to run successfully:

For each field:

• Irrigation (mm);

• Precipitation (mm).

For each weather station:

• Maximum temperature (°C);

• Minimum temperature (°C);

• Solar radiation (MJ.m'2 day"1);

• Potential evapotranspiration (PET) (mm day'1);

• Vapour pressure deficit (VPD) (kPa).

It is preferable to enter the measured values for these weather parameters if they are

available. Maximum and minimum temperatures must be entered but the other three

parameters will be estimated if measured data is unavailable.

The user can enter the data before starting a simulation or start the simulation and let the

program prompt the user for the required data.

2.4 MODEL OUTPUT

2.4.1 Text output

Figure 2.1 shows sample text output for a simulation of field 1 on farm Al . The following

abbreviations are used in Figure 2.1.

DAP - Days after planting

DOY - Day of year
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2.4,2 Graphical output

Figure 2.2 shows the soil water balance graph. Line A is the recommended allowable

depletion based on the percentages selected for the various growth stages in the crop data

base.

The end of simulation deficit to field capacity is displayed in the top left hand corner. The

seasonal components of the soil water balance are summarized below the graph. An

indication is also given of crop stress, rooting depth and the estimated time till the next

irrigation. Mass balance error should be zero unless simulated water contents were updated

with measured values during the season. The simulated soil water content line turns red on

a colour screen if the specified crop stress index is not reached.

Field A2 Water Balance
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4 7 3
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4 1 3
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m i

nn
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ne ERMM:
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B

1 . 1

T

—IE. 2

n
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Figure 2.2 Soil water balance
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LAI - Leaf area index (nr leaf m"2 soil)

RD - Root depth (m)

TDM - Total dry matter (t ha"')

HDM - Harvestable dry matter (t ha"1)

Precip - Precipitation (mm)

Irrig - Irrigation (mm)

Evap - Evaporation (mm)

Trans - Transpiration (mm)

Drain - Drainage (mm)

Inter - Interception (mm)

PET - Potential evapotranspiration (mm day1)

SI - Stress index

MBError- Water mass balance error (mm)

Farm: Ai

Field number; 1

Crop ID: 1

Plant dace;

Start date:

PHP:

FC:

Field size:

weather ID:

Schedule:

28.04.93

25.04.9]

-1500

-10

10.00 ha

1

Yes

Description: GEEEBLTB 1

DATE DAP DOV LAI

25.04.93

26.04.93

27.04.93

28.04.93

17.08.93

1S.0B.93

19.08.93

20.0S.93

Cumulative

Cumulative

Cumulative

Cumulative

Cumulative

Cumulative

Cumulative

Cumulative

Number o£

Effective

0 us a. a
0 115 0.0
o in o.o
a no o.o

111 229 0.0

112 230 O.O

113 231 0.0

114 232 0.0

precipitation:

irrigation s

evaporation:

transpiration:

drainage;

interception:

runo££:

ETD:

stress days:

rain:

RD

0.DD

0.00

O.GD

0.OD

2.02

2.02

2.02

2.02

11B

0

IDE

277

0

15

0

3B4

9

118

TDM

0.OOD

0.000

0,000

0.000

1.146

1.146

1.146

1.146

ran
ran

™
men
nn

mn

m
ran

days

Iran

HDM DEFICIT

0.000

0.D00

D.000

0.000

0.753

0.753

0.753

0.753

30

35

37

3B

311

312

312

312

Precip

0

0

0

a

0

0

a
a

.0

.0

.0

.a

.0

.0

.0

.0

Irrig

a.a
0.0

0.0

0.0

a.a
a.a
0 . 0

a.o

Evap

0.0

4.2

1.9

1.2

0.2

0.2

0.1

0.1

Trans

a.a
0.0

D.D

0.0

0.2

0.0

0.0

0.0

Drain

0.0

0.0

0.0

0.0

0.0

0.0

o.o
0.0

Inter

0.0

0.0

0.0

O.O

0.0

0.0

0.0

0.0

Runoff

0.0

a.o
0.0

a.o

o.a
0.0

0.0

o.a

PET

a.a
4.2

1.9

1.2

7.2

7.3

5.4

s.o

SI

0

0

0

0

1

1

1

0

HHError

0.D

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Figure 2.1 Sample text output
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Figure 2.7 Daily Potential evapotranspiration (mm day1)
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3 CONCLUSIONS

The successfull completion of any the project depends on how well the aims were met or not.

Once again the aims of this research project were:

a) To integrate a crop irrigation scheduling program such as that developed by the

Department of Agrometeorology at the University of the Orange Free State into a

water office data base developed at the Rand Afrikaans University;

b) To collect climate, soil and crop data at Loskop irrigation scheme for testing the

irrigation scheduling program;

c) To implement the irrigation scheduling program at Loskop irrigation scheme as part

of an optimisation system to minimize water losses on irrigation schemes;

d) To generalise the results to an optimisation system that could be used on all major

irrigation schemes in South Africa.

The test site was changed from Loskop Irrigation Scheme to Brits because;

• it had to be visited regularly and it was much closer;

• of the availability of suitable personnel to look after the weather stations;

• the availability of suitable crops.

According to the aims of the project it was successful for the following reasons:

• The Soil Water Balance program, SWB, was successfully integrated into the Water

Administration System, WAS;

• The Soil Water Balance program runs successfully with climate, soil and crop data

that were collected at Brits;

• An irrigation scheduling model is now part of an optimisation system that can be

implemented incrementally depending on the requirements of the user;

• Water requested by farmers without the help of an irrigation scheduling program can

be compared with volumes calculated by the scheduling program. Comparison
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between requested and calculated volumes for a total irrigation scheme are now

possible;

Considerable time can be saved and the possibility of errors reduced as tedious and

repetitive calculations are automated;

Better water loss control that will lead to savings in water will be possible.

Optimum yields and water savings by farmers are now possible.

3.1 FUTURE DEVELOPMENT

Although the Soil Water Balance program, SWB, was successfully integrated into the Water

Administration System, WAS, its usability is hampered by a lack of crop parameters for a

range of different crops. Crop parameters are currently only available for peas, maize and

tobacco. A follow up research project has fortunately been approved to rectify this

shortcoming and to refine the model into an even more useful tool that could be used by

irrigators, advisors, researchers and managers.

The follow up project will attempt to determine parameters for the following crops:

Agronomic: Small grains, maize, paprika, ground nuts, tobacco, sugar cane, cotton and dry

beans.

Pasture: Rye grass, lucerne, fodder sorghum and kikuyu.

Vegetable: Potatoes, factory and table tomatoes, green peas, sweet potatoes, onions, garlic,

cruciferae, carrots and cucurbits.

Fruit: Deciduous, citrus, tropical, subtropical and nuts.

Where possible, existing data from researchers country wide will be used to develop the

required parameters. This task would be a lot easier if the WRC could standardize their data

archiving requirements for their research projects in a fully relational data base.
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1 INTRODUCTION

The program, SWB is a soil water balance model developed to improve irrigation scheduling
on farms. SWB is part of an optimisation system that is specifically developed for irrigation
schemes. The aims of the optimisation system are to

improve water management
improve productivity
improve crop yields
provide a better service to farmers
save water
save money

The optimisation system consists of a simulation model (PROCAN), a water administration
model (WAS or RAUDB), a water release calculation model (SigmaQ) and a soil water
balance model (SWB).

1.1 Unsteady canal flow model (PROCAN)

The aim of the unsteady canal flow model is to simulate unsteady flow in canals and rivers.

PROCAN can be used for:
calculating lag times;
calculating evaporation and seepage losses;
calculating hydrographs;
evaluating different water distribution scenarios;
training canal operators;
designing new canals;
analyzing existing canals.

Detailed information on PROCAN is given hi the PROCAN user's manual. Dr. N. Benade
at Fischer & Associates can be contacted for any information.

1.2 Water administration system (WAS)

WAS was originally developed as a data input utility for PROCAN, but it later developed
into a fully computerised water administration system that can be used for
• calculating water balance statements;
• calculating water reports;

calculating water releases into all canals, taking lag times and water losses into
account;

• printing distribution sheets ("leikaarte");
• printing water bailiff instruction sheets ("kanaalwagopdragte");
• printing water releases.

Detailed information on WAS is provided hi the WAS User's manual. Dr. N. Benade at

l a



Fischer & Associates can be contacted for any information.

1.3 Irrigation scheduling model (SWB)

The irrigation scheduling model, SWB, can be used on a single farm, a group of farms or
all farms on an irrigation scheme. The advantage of calculating the water required for all
the crops on an irrigation scheme is that the water requested by the fanners can be compared
to the actual water required. If there is a big difference between the water required and the
water requested, steps can be taken to improve irrigation scheduling on a specific irrigation
scheme.

SWB is versatile for the following reasons:

• The soil water content can be updated during the growing season;
• The soil water balance can be calculated for any number of fields sequentially and

displayed graphically;
• The program is user friendly and therefore easy to use;
• Maximum and minimum temperatures can be used to estimate PET if Penman-

Monteith reference ET is unavailable;
• Password protection, error checking and on line help is available;
• Water order forms are automatically completed;
• Measured data can easily be compared with simulated values;
• Extensive use is made of graphical output;
• The data files are compatible with the Paradox data base and therefore Paradox can

be used to manipulate the data;
• Records for irrigation management are stored;
• Next irrigation date is forecast.

1.4 Hardware requirements

SWB requires an IBM compatible computer running PC-DOS or MS-DOS version 3.00 or
later. The program requires a hard disk to make full use of its capabilities. A numeric
coprocessor is not required but if one is available, it will greatly improve calculation speed.
If a graphics adapter is available, the program will use it to display graphics information.
The CGA, MCGA, EGA, VGA, Hercules and 3270 PC graphic adapters are supported, but
colour will only be used on EGA and VGA adapters. If EMS memory is available, it will
be used to load overlay files, resulting in faster overlay swapping. The EMS driver must
conform to the Lotus/Intel/Microsoft Extended Memory Specification.



2 USING THE PROGRAM

2.1 Installing the program

The program is distributed on a single floppy disk. Before the program can be used, it must
be installed on the computer on which it will be used. Please keep the distribution disk in
a safe place after installing the program.

Due to the size of the program and the disk space required for simulations, the program can
only effectively be used on hard disk systems. The following procedure can be used to
install the program on hard disk systems.

A subdirectory must first be created off the root directory. At the DOS prompt on the
selected hard disk, type the commands

CD\
MDSWB
CD SWB

Insert the SWB distribution disk into drive A and type the command

COPY A:*.*

The program is now installed for use on a hard disk system.

2.2 Loading the program

The program can be loaded by entering the following command at the DOS prompt on the
correct drive and directory

SWB

The following command line parameter can be used: /BW. Command line parameters are
typed after SWB, separated by a space.

/BW forces the program to use a black and white display. This may be necessary if a LCD
screen is used or if a colour graphics adapter is used with a composite monitor. The
program will also use a black and white display if the command

MODE BW80

was typed at the system prompt before loading the program. To force the program to use
a colour display, type the command

MODE CO80
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at the system prompt before loading the program.

Note: The MODE BW80 and MODE CO80 commands cannot be used on systems with a
monochrome or Hercules display adapter.

2.3 Files

SWB is developed using Borland Pascal 7.0 and the Paradox Engine 3.1. The only file that
is needed when starting for the first time is SWB.EXE. All the data and index files, that is
files with the extension *.DB and *.PX, can be created by SWB.EXE. To manipulate (ie.
to add data from one table to another table) the Paradox data files, the standard Paradox
database version 4.0 can be used.

The program uses different files. A short description of each file is given.

Irrigation scheduling files
SWB.EXE SWB executable file.
CROP.DB Crop parameters Paradox data file.
FIELD.DB Field data Paradox data file.
MEASURED.DB Measured data Paradox data file.
PRECIP.DB Precipitation and irrigation Paradox data file.
RESULT.DB Simulation results Paradox data file.
SOIL.DB Soil parameters Paradox data file.
WCORR.DB Soil water content correction Paradox data file.
WDAY.DB Daily weather parameters Paradox data file.
WEATHID.DB Weather station identification data Paradox data file.

Water management files
AANKOOP.DB Water sales data file.
AANVR.DB Water requests data file.
BALANS.DB Water balances data file.
INLYS.DB Field sizes data file.
LOSS.DB System losses data file.
METER.DB Water meters data file.
OORPL.DB Water transfers data file.

*.CFG Program configuration files.
*.PX Paradox primary index files.
*.BGI Borland graphics device driver files.

TUTILITY.EXE Utility program that is used to fix corrupted Paradox data files.

Primary index files
For SWB to work satisfactory all *.DB files need a corresponding *.PX file. Data can be
transferred from one computer to another by only copying the *.DB files that contain all the
data. To recreate the index files on the other computer the build index procedure must be
executed as described in section 3.
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It is also possible to get a corrupted index file due to a power failure or by switching off the
computer while you are still in SWB. In such a case the index files must be deleted and
rebuilt again. In the unfortunate case where the data was also effected use the
TUTILITY.EXE program to rectify the problem.

2.4 Main screen display

After loading the program, the title screen will be displayed as shown below. Pressing a key
will prompt the user to verify the computers current date. The Screen consists of three parts:
the main menu at the top, the status line on the second line and the message line at the
bottom of the screen.

Run Setup Info Quit

Soil Water Balance

Irrigation Scheduling Program
Version 1.Q0

Developed by N. BenadS S J.G. Annandale
Baaed on the NEHSHB model of G.S. Campbell

Funding: Water Research Commission

aaswwmwiwcmwwww.
Press any key to continue

Figure 2.1 Introductory screen

Main menu
The main menu is the key to the operation of the program, as all functions are selected from
the main menu or from one of its sub-menus.

Status line
The status line displays the current date or information about the current Paradox data file.

Field 15 of 100: Indicates that there is 100 records in the Field table and that
you are at record number 15.

Message line
The message line displays messages to the user. During normal operations the line displays
the keys that can be pressed with their associated functions. During execution of some
procedures, the message line displays a description of the function.
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2.5 Using the environment

An environment consisting of a menu system and dialogue boxes is implemented in the
program. The aim is to make the program as easy as possible to operate.

Menu system
A menu system consisting of horizontal, pull-down and pop-up menus is used. Pull-down
menus are accessed from horizontal menus, while pop-up menus are in turn accessed from
pull-down menus. The following basic actions are used to navigate through the menu
system:

• Use the highlighted letter to choose a menu item or use the arrow keys to move to
die item and press the Enter key.

• Press die Esc key to leave a menu.
• Use the Right and Left arrow keys to move from one pull-down menu to another.

Dialogue boxes
The program uses dialogue boxes to communicate with the user. There are three kinds of
dialogue boxes: input boxes, verify boxes and error boxes.

Input boxes
The user must supply input in die box on die screen. There are three types of input: integer
values, floating point values and text strings. Integer values must be entered in the usual
format: 123 or -13. Floating point values can be entered in normal or scientific notation:
25.15 or 6.7E5. Text strings can be entered directly. Pressing die Esc key at any time will
abort the input operation.

Verify boxes
The user is asked to verify a certain operation. Pressing the Y key will signal yes and
pressing the N key will signal no. Pressing the Esc key will abort the operation.

Error boxes
If an error occurs, an error message is displayed in an error box. The user must then
respond to the instructions given to return from die error situation. Appendix A contains a
list of all possible error messages with possible solutions.

3 FILE MANAGEMENT

File The file pull down menu offers choices regarding displaying
directories, building and emptying a database.

Directory
Build database
Empty database
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3.1 Directory

Displays the directory and files specified.

3.2 Build database

Creates non existing Paradox *.DB and *.PX files.

3.3 Empty database

Deletes all data from *.DB files. If you want to delete specific data files you can delete the
corresponding *.DB and *.PX files and build the database again. Empty *.DB and *.PX
files will then be created in the places of the ones deleted.

Note: If you want to delete a massive amount of data, say for example the historical records
of a specific weather station, it is better to use the Paradox database it self rather than
deleting records one by one using the SWB program. This option is only for people who
own Paradox version 4.0 and knows how to use it,

4 EDITING

4.1 IRRIGATION SCHEDULING

Edit
The Edit Schedule menu allows the user to edit and display

„ , , , ^ weather, field, soil, crop and measured data. All input and
Field data

Weather data

Soil i
Crop parameters
Measured data

output is done from this menu.

The keys that are used for editing any table in SWB are the
following:

Insert: Inserts a new record. Save the new record by
pressing the F2 key.
Delete: Deletes a record. The password to delete records from certain tables is Delete

with a capital letter D.
F2: Saves a newly inserted record, a record that has been changed or initiate the

find procedure.
F3: Changes a record. The password to change records in certain tables is

Change with a capital letter C. Save the changed record by pressing the F2
key.

F4: Finds a record. Initiate the find by pressing the F2 key.
F7: Outputs the data in table format to the screen or printer. Tables that cannot

be printed or viewed in table format are the Crop, Soil, Water content update
and Measured data table.
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PgUp: Moves one record forward.
PgDn: Moves one record backward.

4.1.1 Weather data input

Weather data

Irrig & Precip
Weather data
Stations

This menu allows the user to edit daily irrigation,
precipitation and weather data. Irrigation, precipitation or
weather data can only be inserted for weather stations that
exist in the weather station data file. To insert a new
weather station refer to section 4.1.1.3.

4.1.1.1 Irrig & Precip

For a simulation to run successfully it needs the daily irrigation and precipitation, even if it
is zero. The user can enter the data before starting a simulation or start the simulation and
let the program prompt the user to enter the missing data. The second option is
recommended.

File Output Edit Run Setup Info Quit
PreclplofJSO 12.05.94

Farm: Al
Field No: 1

Date (DD.HM.YYI: 01.01.93 (DOY: 1 I
Irrigation: 0.0 ram

Precipitation: IS.3 mm

F3-Change F*-Find Ina-Add D«l-Delete F7-View

Figure 4.1 Daily irrigation and precipitation data
Eac-Abort

Farm: Farm identification.
Field No: Field number on the specific farm.
Date (DD.MM.YY): Date of irrigation and/or precipitation.
Irrigation: Irrigation in mm.
Precipitation: Precipitation in mm.

4.1.1.2 Weather data

For a simulation to run successfully it needs daily weather data. If the PET and VPD are

Sa



zero the program uses the maximum, minimum temperature and solar radiation to calculate
an estimation. On the other hand, if PET and VPD has non zero values the program will
use it and ignore the rest. The user can enter the data before starting a simulation or start
the simulation and let the program prompt the user for the missing data. The second option
is recommended.

Pile output Edit
Day Heather 1 of 4SO

Run Setup Info Quit
12.05.94

Heather ID:
•ace:

Max. terop:
Min. temp:

Solar radiation:
PET:
VPD:

01.01.93
-2.9 "C

-IS.3 °C
6.1 MJ/m2/day
0.0 mm/day
0.0 kPa

F3-Change P4-Find In»-Add D«l-Delete F7-View Bac-Abort

Figure 4.2 Daily weather data

Weather ID:
Date:
Max. temp:
Min. temp:
Solar radiation:
PET:
VPD:

Weather station identification as specified in the weather station table.
Date for weather data.
Maximum temperature in degrees Celsius.
Minimum temperature in degrees Celsius.
Solar radiation in MJ m~2 day"1.
Potential evapotranspiration in mm day"1

Vapour pressure deficit in kPa.

4.1.1.3 Stations

Daily weather data for a specific weather station can only be entered in the weather data table
if die weadier station is listed in die weather station table. The data needed to enter a
weather station is described below.

A weather station is linked to a specific field via the Weather ID of the specific weather
station. This link is described in section 4.1.2.
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File Output Edit Run Setup Info
Heather ID 1 of 2

5 3 | GcSSc ' S I S

^ S j | H S ^ 5 i 5 i 5

H 3 i j 5 5 i S j 5

1 i ' ' i % ' i ' 9

73-Change

n U n 1 Weather ID: 1

S i l l I Description; DAVENP0R1

S & ! ! ! I i | I KjR ; S ; S S \ \ \ \ ^ m S

0 6 • • • • 5 S > O E S ( < < C < < < i s ! 9 S

F4-Find Ina-Add D«l-Delete 71

Quit
12.05.94

i S 3 1 1 1 ' t S i 5 5B Sc i 5 '
5 fi 5 i i i \ £ S i SE So ' i i

7 S ? • ccff S | | 9 i ^ 3 ! i !

s \m \m m
• ONE 1 : i m 1 m tm
A W M W M U J W , | ; i jjsjjjS | ^ » ^ff l

® ffi | ! ; ^ » | SOT S O T

5j ^s 2 i j j SSSoSSŜ nSS jjjjjfijjj

-View E«d

II i 11 :

1 |
I ^

1 111 ̂
a ; a ^S

i

Figure 4.3 Weather stations table

Weather ID:
Latitude:
Description:

Weather station identification.
Latitude in degrees south.
A 15 character description of the weather station.

4.1.2 Field data input

Every field that the user wants to simulate must be entered in the field table. There must
be a link to the type of crop planted on the specific field as well as a link to the weather
station that measures the weather parameters. A field which scheduled flag (see the input
form in Figure 4.4) is set to No, will be ignored when simulations for a group of fields or
simulations for all fields is done.

File output Edit
Field 1 of 2

Run Setup Info Quit
12.OS.94

® ^
Farm: Al

Fie ld no: 1
Crop I D : 1

(DD.MM.YY): 2 3 . 0 4 . 9 3 (DOY: 113)
(DD.MM.YY): 2 5 . 0 4 . 9 3 (DOY: 115)

1 0 . 0 ha
Weather ID:

PWP:
FC:

Schedule: Yes
Group: 0

Description: GEDEELTE 1

f l l v v l l l l l l l l l v l f V V I 1 f i i * l T T ' r T T r r T r p * ' F r r 1 1 1 1 1 1 > 1 * < < I I I I V * I V I I I 1 a l V1 r • rpp«B«B««p»«B«BBB««««««BBB«««"ppppprrrrri r • • > • • > > > aw TTTTTTi l l » m • • p-» • w • • • • • • • •

-Change F4-Find Ina-ftdd Dai-Delete F7-View FB-Results F9-Graph Ssc-Abort

Figure 4.4 Field data

Farm:
Field no:

Farm identification.
Field number on the specific farm.
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Crop ID:

Plant date:
Start date:
Field size:
Weather ID:

PWP:
FC:
Schedule:
Group:
Description:

Crop identification number as specified in the crop table described in
section 4.1.4.
Crop plant date in DD/MM/YY.
Simulation starting date in DD/MM/YY.
Field size in ha. Is used for calculating water volumes.
Weather station identification number as specified in the weather
station table described in section 4.1.1.3.
Permanent wilting point in kPa.
Field capacity in kPa.
Flag set Yes/No to schedule or not.
A group number to simulate a group of fields.
Description of the specific field.

To view a graphical representation of the simulation results of a specific field, first find the
field by using the PgUp, PgDn or F4 keys and second press the F9 key to display a list, as
shown below, of graphs that can be displayed. The last option on the list will specify if the
output will be send to the screen or printer.

The size of the graphic output to the printer can be controlled with the Setup menu.

Pile Output
Field 2 of 2

Hdit Run Setup Info Quit
12.OS.94

A Water balance
B Canopy
C Precip & Irrig
D Evap, Transp, Drain, Run
E Cumulative waterlosses
F PET

Plant dat
Start dat

G Measured LAI
H Measured RD
I Measured TDK
J Measured HDH
K Measured Water balance

K Destination

B«c-Abort

Figure 4.5 Graphic output list

4.1.3 Soil data input

S o i l

Initial data
Water content

This option allows the user to edit the soil parameters and to
update the soil water content of a specific field.
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4.1.3.1 Initial data

Initial data for 11 soil layers is needed. Even if the soil type is identical throughout the soil
profile, it must be divided into 11 different layers and entered into the soil data table as
shown in Figure 4.6.

File Output
Sail l o f 2

Edit Run Setup Info Quit
12.OS.94

Farm: Al
Field No: 1

Runoff No: 1000

Depth
from (m)

Initial
WC Ira/ra)

Bulk dens
(g/cm3|

0.000
0.100
0.190

290
0.390
0.490
0.530
0.B9O

290
690

0.100
0.190
0.290
0.390
0.490
0.690

B90
290
S90
090

F3-Clwnge F4-Find Ina-Add Dol-Delete Bsc-Abort

Figure 4.6 Initial soil data

Farm:
Field No:

Runoff No:
Depth to:
Initial WC:
FC:
PWP:
Bulk dens:

Farm identification.
Field number on the specific farm. A farm and field number that is
not listed in the field table, will not be excepted.
Runoff curve number.
Soil layer depth to the end of the layer in m.
Initial soil water content at the start of the simulation in m/m.
Field capacity in m/m.
Permanent wilting point in (m/m).
Bulk density in g/cm3

4.1.3.2 Water content

If the water content of the soil profile is measured during the growing season, it can be
updated by entering the correct water content into the water content correction table as shown
in Figure 4.7.

12 a



File Output Bdit Run Setup Info Quit
HCorr 0 of 0

1!
1

s ffl§ \ I \H
IIlisi111
I llssi i i I

5 5 5 iQww 5
5 5 5 M M M i 1

HI
SS88888SS8SS88S

Farm:
Field No: 1

Date (DD.MM.YY): DO.OQ.DD (DOY: 0 J

Layer

1

I
4
5

e
7
8
9
10
11

WC Update
(ra/ra)

0.10
0.10
0.10
0.10
0,10
0.10
0.10
0.10
0.10
0.10
0.10

F3-Change F4-Find IM-Add D«l-Delete

12.05.94

H»c-Abort

Figure 4.7 Water content correction data

Farm:
Field No:

Date:
WC Update:

Farm identification.
Field number on the specific farm. A farm and field number that is
not listed in the field table, will not be excepted.
Date of update, DD/MM/YY.
Update of water content of layers 1 to 11, m/m.

4.1.4 Crop parameters

All the different crop types and their corresponding parameters are listed in the crop type
table. The parameters in the crop type table are only accessible by means of a password.
A password is used to protect the user from accidently changing or deleting a crop record.
The password to change crop type parameters is the word Change with a capital letter C.
The password to delete a crop type record is the word Delete with a capital letter D.

File Output Bdit Run
Crog 1 of 2

I
Crop ID: 1

Crop type: WHEAT

kc
dwr
Conv. efficiency
Base temp
Temp opt. light
Cutoff temp
Emergence
Flowering
Maturity
Transition
Leaf senescence
Max. root depth
Trans1
Canopy storage

F3-Change F4-Find

0.60

s.so
0.DD1S

D
10
30

100
9B0

1B00
10
BOO

2.00
0.50

0

Ins-Add

Setup Info Quit
25.05.95

Fa
kg/MJ
DC
°C
°C
day deg
day deg
day deg
day deg
day deg
ro

mm

Psilm
Max. transp.
Spec, leaf area
Leaf-stem part.
TDM at emergence
Root fraction
Stem translocat.
Root growth rate
Stress index

Depletion allowed
Emergence
Vegetative
Reproductive

Del-Delete

-2000
15.0
17.0
4.00

0.0019
0.20
1.000
7.00
0.95

50
50
50

kPa
mm/day
mJ/kg
iWkg
kg/m-

V
V

1

Esc-Abort

Figure 4.8 Crop type parameters

Crop ID: Crop identification reference number.
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Crop type:
kc:
dwr:
Conv. efficiency:
Base temp:
Temp opt. light:
Cutoff temp:
Emergence:
Flowering;
Maturity:
Transition:
Leaf senescence:
Max. root depth:
Transl:
Psilm:
Max. transp.:
Spec, leaf area:
Leaf-stem part:
TDM at emergence:
Root fraction:
Stem translocat.:
Root growth rate:
Stress index:
Emerge, depl.:
Vegetate, depl,:
Repro. depl.:
Canopy intercept.:

Crop type description in words.
Average daily transmission coefficient.
Dry matter water ratio in Pascals.
Radiation conversion efficiency, kg/MJ.
Base temperature in degrees Celsius.
Temperature for optimum light-limited growth in degrees Celsius.
Cutoff temperature for growing day degrees in degrees celsius.
Emergence day degrees.
Day degrees at the end of the vegetative growth.
Maturity day degrees.
Transition period (day degrees) from vegetative to reproductive growth.
Leaf senescence day degrees.
Maximum rooting depth, m.
Fraction of SDM transl. to heads during grain fill.
Leaf water potential at maximum transpiration.
Maximum possible transpiration rate, mm/day.
Specific leaf area, m2/kg.
Leaf-stem partition parameter.
Canopy dry matter at emergence.
Fraction of dry matter partitioned to roots.
Potential grain production as fraction of SDM at anthesis.
Root growth rate.
Stress index.
Percentage depletion at emergence.
Percentage depletion at the vegetation stage.
Percentage depletion at the reproductive stage.
Canopy interception, mm.
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4.1.5 Measured data

Measured data can easily be compared to the corresponding simulated values by entering it
into the measured data table. A graph of the comparison can be viewed as described in
section 4.2.

File Output
Measured 1 of 5

Edit Run Setup Info Quit
12.05.94

Farm:
Field No:

(DD.MM.YY):
LAI:

Root depth:
Total dry matter:

Harveacable dry matter:
Profile water content:

m
kg/m2
fcg/m2
nun

Layer 4 WC:
Layer S WC:
Layer S WC:

Layer 1 WC:
Layer 2 WC:
Layer 3 WC:

H-Change M-Find Xn»-Add D«l-Delete P7-View Eac-Abort

Figure 4.9 Measured data

Farm:
Field No:
Date:
LAI:
Root depth:
Total dry matter:
Harvestable dry matter:
Profile water content:
Layer 1 to 6 WC:

Farm identification.
Field number on the specific farm.
Date of measurement, DD/MM/YY.
Leaf area index.
Root depth, m.
Total dry matter, kg/m2.
Harvestable dry matter, kg/m2

Profile water content, mm.
Water content of layers 1 to 6, m.

4.2 WATER MANAGEMENT

Water

A
B
C
D
E
F

G

Requests
Transfers
Loss parameters
Measured volumes
Water sales
Water balances

Quota awords

The Edit Water menu allows the user to edit and
display water requests (Figure 4.10), water transfers
between fields, field loss parameters, measured
volumes, water sales, water balances for each field and
quotas can be awarded to each field.

The keys that are used for editing any table in the
Water menu is the same as in the Schedule menu.
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Pile Output Bdit Run Setup Info Ouit
Request 1 of 7 Field 25.05.95

Field: Al
Week: 1

Request type: AANVuX
Hater type: QUOTA

Stream A: 34 m3/h
Stream B: 0 m3/h
Stream C: 0 m3/h

Quota volume: 451748
Extra volume: 36B

Surplus volume: -224
Flexi volume: 1DDD0

SU Ho Tu
D N D N O N

244 B m3
72 hours

F3-Change F4-Find Ina-Add D«l-Delete Esc-Abort

Figure 4.10 Water request form

5 RUN SIMULATION

Run

Single field
Group of fields
All fields

The Run menu allows the user to do simulations for a single
field, a group of fields or for all the fields in its database. A
simulation will be terminated if there is a lack of data, if the
current date equals the specified end date or when the crop
reached maturity.

5.1 Single field

This option calculates the soil water balance for a single field. The program prompts the
user for the farm number, the field number, the starting date and the end date. The starting
date is by default the starting date that is specified in the Field table. The end date is by
default the current date on the computer. Both dates can be modified by the user. The
program will prompt the user for the relevant irrigation, precipitation and weather data inputs
if necessary.

If the was run successfully the soil water balance graph of the specific field will be displayed
on the screen.

5.2 Group of fields

This option calculates the soil water balance for a group of fields. The program will prompt
the user for the group number that identifies a specific group. The program also prompts
the user for the starting date and the end date. The starting date is by default the starting
date that is specified hi the Field table. The end date is by default the current date on the
computer. Both dates can be modified by the user. The program will prompt the user for
the relevant irrigation, precipitation and weather data inputs if necessary.
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If the simulation was run successfully the results for every field can be viewed in text or
graphics format under the Field data option under the Edit menu, as described in
paragraph 4.1.2.

5.3 All fields

This option calculates the soil water balance for all fields. The program prompts the user
for the starting date and the end date. The starting date is by default the starting date that
is specified in the Field table. The end date is by default the current date on the computer.
Both dates can be modified by the user. The program will prompt the user for the relevant
irrigation, precipitation and weather data inputs if necessary.

If the simulation was run successfully the results for every field can be viewed hi text or
graphics format under the Field data option under the Edit menu, as described in
paragraph 4.1.2.

6 SETTING UP THE PROGRAM

Setup The Setup pull-down menu allows the user to configure the
program for his printer.

Printer

Load setup
Save setup

6.1 Printer

Allows the user to configure the program for his printer in text or graphics mode. The
default is adequate for most printers, but special features of printers can be utilized by using
the printer setup option.

Text mode
Configures the printer in text mode.

Page length
The number of lines on a page.

Top margin
The number of lines to leave blank at the top of each page.

Bottom margin
The number of lines to leave blank at the bottom of each page.

Left margin
The number of columns to leave open at the left side of each page.
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Wait after page
Determines whether the program must wait after each page has been printed. This is useful
when manually inserting single sheets of paper.

Setup string
Specifies the string to be sent to the printer before each page is printed. Control characters
and other unprintable characters are indicated by precedmg the three digit decimal character
code by the # character. The # character is indicated by ##. The string #015 is used to
select compressed print on most printers. The printer manual can be consulted for further
information regarding control codes.

Reset string
Specifies the string to be sent to the printer after the printing is completed. The reset string
must have the same format as the set-up string. The string #027@ can be used to reset most
printers.

Graphics mode
Configures the printer in graphics mode.

Top margin
The number of lines to leave blank at the top of each page.

Left margin
The number of columns to leave open at the left side of each page.

Graphics mode
Allows the user to select different graphics modes in dots per inch.

Printer
With this selection the user can toggle between an Epson and HP laserjet printer. The Epson
selection will be suitable for most printers.

6.2 Load setup

Loads a program configuration from disk.

6.3 Save setup

Saves the current configuration to disk. If a configuration file with the same name as was
specified exists, the action must be verified. If the configuration file is named SWB.CFG,
it will automatically be loaded when the program is started.
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7 PROGRAM INFORMATION

The Info menu gives information about the version number and the memory that is current
available.

8 QUITTING THE PROGRAM

The last option on the main menu is used to quit the program.
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9 ERROR MESSAGES

9.1 Graphics errors

Graphics errors are reported if an error occurs during a graphics operation.

(BGI) graphics not installed
The graphics system is not installed.

Device driver file not found
The device driver file cannot be found in the current directory. Copy all the .BGI files on
the PROGRAM DISK to the current directory.

Graphics error
A general graphics error occurred.

Graphics hardware not detected
No graphics adapter is detected in the computer.

Graphics I/O error occurred
A graphics input/output error occurred.

Invalid device driver file
The device driver file is invalid. Replace all the .BGI files in the current directory with the
.BGI files on the PROGRAM DISK.

Invalid graphics mode for selected driver
The graphics driver cannot handle the selected graphics mode.

Not enough memory to load driver
There is not enough memory available to load the device driver file.

9.2 Critical errors

A critical error occurs when DOS cannot complete an operation. The user is given the
opportunity to retry or abort the operation. See the DOS Reference Manual for further
information about the following critical errors:

Bad request structure length
CRC error in data
Device/Disk is write-protected
Device/Disk not ready
General failure
Printer out of paper
Read fault
Sector not found
Seek error
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Unknown command
Unknown media type
Unknown unit
Write fault

9.3 Fatal errors

Fatal errors immediately terminate the program.

Division by zero
An attempt was made to divide by zero.

Floating point overflow
A floating point operation produced an overflow.

Floating point underflow
A floating point operation produced an underflow.

Heap overflow error
There is not enough free space on the heap to allocate a block of the required size.

Invalid pointer operation
An error occurred in the dynamic memory management.

Overlay manager not installed
The program is attempting to call an overlay, but the overlay manager is not installed.

Overlay file read error
An error occurred when the overlay manager tried to read an overlay.

Range check error
This error is reported when an attempt was made to assign an out of range value to a
variable.

Stack overflow error
There is not enough stack space available to allocate a subprogram's variables.

9.4 Other errors

The following additional errors can occur during the execution of the program. It includes
critical errors described in Appendix 9.2.

Disk read error
An attempt is made to read past the end of a file.
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Disk write error
The disk being written to is full.

File access denied
This error is reported if an attempt is made to write to a read-only file, LO read from a file
not open for reading or to write to a file not open for writing.

File not assigned
A name has not been assigned to the file.

File not found
The file name does not specify an existing file.

File not open
An attempt is being made to perform an operation on a file that is not open.

File not open for input
The file is not open for input.

File not open for output
The file is not open for output.

Illegal format code
The numeric format code is invalid. See Section 2 for the correct format.

Illegal printer code string
The printer code string is invalid. See Section 6 for the correct format.

Invalid drive number
The specified drive number is invalid.

Invalid file access code
The file mode value of a file is invalid.

Invalid file handle
An invalid file handle was passed to a DOS system call.

Invalid numeric format
A numerical value read from a file does not conform to the proper numeric format.

Path not found
The path name is invalid or specifies an non existing subdirectory.

Too many open files
The program has too many open files. Change the FILES =xx entry in the CONFIG.SYS
file to a greater number, for instance 20.
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10 SAMPLE OUTPUT

FIELD A2 MATER BALANCE
DEFICIT = 13 nn

O.O

WEATHER STATION: 2
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• 60.0
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DATE <DD.MM>

RUNOFF:
INTERCEPTION I
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ROOT DEPTH:
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Figure 10.1 Soil water balance graph
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Figure 10.2 Canopy parameters graph
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0.0
0.0
0.0
0.0
0.0
0.0

13.0
8.9
0.0
D.O

o.o
6.1
2.5
6.9
0.5
8.6
1.5
0.0
o.o
o.o
o.o
2.3
0.0
0.0
0.0
0.0
0.0
4.B
0.0
0.0
0.0
0.5
0.0

o.e
0.0
0.0
5.1
1.5
0.0
7.0
0.0
0.0
0.0
D.O

0.0
0.0
O.D
0.0

o.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o.o
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

o.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
O.D
D.O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
G.O

o.o
0.0
0.0
0.0
0.0
0.0
O.D
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
4.2
1.9
1.2
2.7
2.9
1.1
1.5
0.4
0.2
0.2
1.5
2,3
2.S
2.1
2.6
4.5
2,1
0.4
0.1
4.6
0.5
3.1
3.1
0.4
0.3
0.2
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
O.D
O.D
0.0
1.1
1.3
0.7
D.3
0.2
0.1
0.1
D.I
0,0
1.4
0.9
1.3
0.5
1.2
0.9
0.4
0.4
0.2
0.2
0.1
0.1
D.3
1.0
1.5
1.1
O.B
1.5
0.4
1.0
0.3
0.7
1.3
1.4
1.4
0.9
0.9
0.5
D.S
1.0
1.0
0.5
0.2
0.7
0.6
0.7
1.0
1.3
1.2
0.3
0.7
0.9
1.2
0.3
1.2
0.7
0.3
0.6
0.7
1.2

0.0
0.0
0.0
O.D
0.0
D.D

0,0
0.0
0.0
0.0
D.O
0.0
0.0
0.0
0.1

1
1
1

D.4
0.7
o.a
1.0
I.I
1.4
1.6
1.7
2.3
2.1
2.4
2.3
2.1
0.9
2.0
2.7
2.B
3.7
3.(
4.2
3.7
0.9
2.1
2.3
3.7
3.4
2.9
4.1
2.9
4.5
3.3
3.5
2.9
3.E

o.a
3.1
4.7
3.9
3.0
5. B
1.4
4.0
1.3
2.9
5.7
6.6
6.a
4.5
4.3
2.5
4.3
5.4
5.0
2.B
0.9
3.6
3.3
3.5
5.2
6.7
5.B
4.5
3.2
4.3
5.9
1.3
5.5
3.1
1.2
2.6
3.D
4.6

0.0
0.0
0.0
0.0
O.D
D.O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
D.O
0.0
0.0
0.0
0.0
D.O
0.0
0.0
0.0
O.D
D.O
0.0
0,0
0.0
0.0
0.0
D.D
0.0
0.0
O.D
O.D
O.D
0.0

o.o
0.0
0.0
o.o
o.o
0.0
D.O
O.D
0.0
O.D
0.0
D.O
0.0
0.0
0.0

o.o
0.0
0.0
0.0
D.D
0.0
0.0
O.G
0.0
0.0
0.0
0.0
D.O
D.D
0.0
0.0

o.o
0.0
0.0
0.0
0.0
0,0
0.0
0.0

o.o
0.0
D.O
0.0
O.D
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
O.D
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
O.D

o.o

0.0
O.D
0.0
0.0

0.0
0.0

o.o
D.D

0.0
0.0
0.0
D.D

0.1

a, a
0.0
o.c
0.0
0.0
D.D
0.0
0.0
0.0
D.O
0.0
0.0
0.0
D.O
0.4
0.0
D.D
0.0
0.0
D.O
0.0
0.0
0.6
0.6
0.0
0.6
0.0
0.7
0.0
0.0
0.0

o.o
0.0
0.0
0.0

o.e
O.B
0.0
0.0
0.0
O.B
0.8
o.a
o.s
o.a
o.a
o.o
o.o
0.0
0.0
O.B
D.D
D.D
D.O
0.0
0.0
O.B
0.0
0.0
D.D
0.5
0.0
O.B
0.0
0.0
O.B

o.e
D.D
O.B
0.0
0.0
0.0
0.0

0.0
0.0
0.0

o.o
0.0
0.0
0.0
D.O
D.D
0.0
0.0
D.O
0.0
D.D
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
O.D
D.O
0.0
D.O
0.0
0.0
0.0
0,0
0.0
0.0
D.O
0.0
O.D
0.0
0.0
O.D
0.0
D.D
0.0
0.0
O.D
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
D.O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
o.o
0.0
O.D
0.0
0.0
D.a
0.0

0.0
0.0
0.0
0.0
0.0
O.D
0.0
D.D
0.0
0.0
0.0
D.O
0.0
D.O
0.0
0.0
0.0
0.0
0.0
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0.0
4.2
1.3
1.2
2.7
2.9
1.4
3.3
2.4
2.2
2.7
1.5
2.3 .
2.6'
2,1
2.9
4.6
5.0
5.2
3.0
4.8
2.7
3.3
4.2
4.3
5.6
7.6
7.0
8.2
7.9
8.4
8.9
a.5

1
.3
4

9.3
5.9
2.4
5.1
6.5
6.3
7.7
7.3
7.9
6,7
1.5
3.5
3.3
S.O
5.4
4.4
6.0
4.2
6.4
4.S
4.9
3.9
4.9
1.0
4.1
6.2
5.1
3.a
7.2
1.7
5.0
1.6
3.5
7.0
B.I
B.2
5.5
5.2
3.0
S.I
6.S
6.1
3.4
1.1
4.4
4.1
4.4
6.5
9.4
7.4
5.B
4.2
5.6
7.9
l.B
7.5
4.3
l.B
3.9
4.5
7.5

0.0
0.0
0.0
-0.0
-0.0
O.D
0.0
0.0
O.C

-0.0
-D.O
0,0
0.0
0.0

-0.0
-0.0
0.0
0.0
0.0
-0.0
0.0
D.O
0.0
O.D
0.0
0.0
0.0
-0.0
0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
•0,0
-0.0
-0.0
0.0

-0.0
-0.0
-0.0
-0.0
0.0
0.0
o.o
-0.0
-0.0
o.o

-0.0
0.0
-0.0
0.0

-0.0
0.0
-0.0
D.O
0.0
0.0
-O.D
-0.0
-0.0
-0.0
-D.O
-D.O
-0.0
-0.0
-0.0
-0.0
-0.0
-o.o
-0.0
-D.O
-0.0
-0.0
-0,0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0

-o.o
-0.0
-0.0
-0.0
•O.D
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DATE DAP DOY LAI KD TDM HDH DEFICIT Preeip Irris Evap Trans Drain Inter RuttOft PET SI MBError

31.07.53 94 212 1.5 3.03 1.046 D.653 260 0.0 0.0 1.4 5.B 0.0 0.0 0.0 9.2 a -0.0
01.08.91 95 213 1.1 2.02 1.051 0.66B 266 0.0 0.0 1.3 5.0 0,0 0.D 0.0 B.2 0 -0.0
02.09.93 96 214 1,2 3.03 1.073 0.S79 272 0.0 0.0 1.2 4.S 0.0 0.0 0.0 7.B 0 -0.1
03.08.93 97 215 1.2 2.02 1.035 0.5S2 27B 0.0 0.0 1.3 4.3 0.0 0.0 0.0 8.1 0 -0.1
04.OB.93 96 216 1.0 2.03 1.091 0.699 231 0.0 0.0 O.B 2.B 0.0 0.0 0.0 5.4 0 -0.1
05.08.93 99 217 0.9 2.02 1.102 0.70B 287 0.0 0.0 1.2 1.9 0.0 0.0 0.0 7.5 0 -0.1
06.OB.93 100 21B O.S 2.02 i,109 0.715 291 0.0 O.O 1.2 3.5 0.0 0.0 0.0 7,7 0 -0.1
07.OB.93 101 219 D.7 3,02 .114 0.721 296 0.0 0.0 1.1 1.0 0,0 0.0 0.0 B.4 1 -0.1
08.OB.93 102 220 O.S 2.02 1.113 0.725 3S8 0.0 0.0 0.7 1.7 0.0 0.0 0.0 4.6 0 -0.1
09.OB.93 101 221 0.4 2,02 1.123 0.730 101 0.0 0.0 O.B 1.7 0.0 0.0 0.0 5.2 0 -0.1
10.OB.93 104 222 0.3 2.02 1.123 0.735 304 0.0 0.0 1.1 1.3 0.0 0.0 0.0 3.7 1 -0.1
11.OB.93 105 221 D.I 2.02 1.112 O.73B 109 l.B 0.0 0.9 1.5 0.0 0.8 0.0 6.B a -0.1
12.OB.93 106 224 0.1 2.02 1.137 0.74] 307 0.0 0.0 0.5 1.1 0.0 0.0 0.0 5.6 0 -0.1
13.08.33 107 335 0.3 3.03 1.141 0.747 30B 0.0 0.0 0.4 1.0 0.0 0.0 0.0 S.5 0 -0.1
14.08.93 106 226 0.1 2.02 1.141 0.750 309 0.0 0.0 0.4 0.9 0.0 0,0 0.0 7.1 1 -0.1
15.OB.93 109 227 0.1 2.02 1.145 0.752 310 0.0 0.0 0.1 0.7 0.0 0.0 0.0 7.8 I -0.1
16.OB.33 11D 323 0.0 2.03 1.146 0.753 311 0.0 0.0 0.2 0.4 0.0 0.0 0.0 7.8 1 -0.1
17.08.93 111 229 0.0 2.02 1.146 0.751 311 0.0 0.0 0.2 0.2 0.0 0.0 0.0 7.2 1 -0.1
IB.OB.93 112 210 0.0 2.02 1.146 0.753 312 0.0 0.0 0.2 0.0 0.0 0.0 0.0 7.3 1 -0.1
19.OB.93 3.13 211 0.0 2.02 1.146 0.753 312 0.0 0.0 0.1 0.0 D.D 0.0 0.0 6.4 1 -0.1
20.08.93 114 232 0.0 2.02 1.146 0.751 112 0.0 0.0 0.1 0.0 0.0 0,0 0.0 £.0 0 -0.1

Cumulative precipitation; 118 wa
Cumulative irrigation: 0 nm
Cumulative evaporation; 1OB nm
Cumulative transpiration: 277 am
Cumulative drainage: Q no
Cumulative interception: 15 tro
Cumulative runoff: 0 m
Cumulative ETD: 3B4 mm
Number o£ stress days; 9
ECCective rain: 118 nsn
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APPENDIX B PROGRAM FLOW DIAGRAMS



LIST OF SYMBOLS

Adwc

bd

CDM

CDMmax

CDMstart

coneff

cumETD

DAP

DailyLAI

DOY

dwr

dz

Eac

Ea

Eraax

emdd

ETP

fcwc

fdd

FI

Flevap

fldd

froot

GDD

gpdd

HDM

Irrig

kc

LAI

Lni

MaxLAI

air dry water content

bulk density

canopy dry matter

canopy dry matter at maximum LAI

canopy dry matter at emergence

radiation conversion efficiency

cumulative evaporation, transpiration and drainage

day(s) after planting

daily leaf area index

day of year

dry matter water ratio

soil layers depth

atmospheric emmissivity

clear sky emmissivity

maximum dimensionless transpiration rate

emergence day degrees

potential evapotranspiration

field capacity water content

flowering day degrees

fractional interception

fractional interception (solar radiation) evaporation

day degrees at end of vegetative growth

fraction of dry matter partitioned to roots

growing degree days

transition period (ddeg) from vegetative to reproductive growth

harvestable dry matter

irrigation

average daily transmission coefficient

leaf area index

net isothermal long wave radiation

maximum leaf area index

ib



MaxLeafAge

mtdd

Part

Pgf

Precip

Psilm

PSR

pwpwc

Rd

RDmax

rgr

RH

Rni

Rop

SLA

Solar

SVP

Ta

tdm

tdml

tdmr

tdms

Tbase

Tcutoff

TDMstart

Tlo

Tr

Transl

u

VP

VPD

we

day degrees for leaf senescence

maturity day degrees

leaf-stem partition parameter

potential grain production, as fraction of SDM at anthesis

precipitation

leaf water potential at maximum transpiration

potential solar radiation

permanent wilting point water content

root depth

maximum rooting depth

root growth rate

relative humidity

net isothermal radiation

runoff parameter

specific leaf area

solar radiation

saturation vapour pressure

air temperature

top dry matter

top dry matter leaves

top dry matter roots

top dry matter stems

base temperature for GDD

cutoff temperature for GDD

canopy dry matter at emergence

temperature for optimum light-limited growth

atmospheric transmissivity

fraction of dry matter partitioned to roots

wind speed

vapour pressure

vapour pressure deficit

water content

iib



I.Run

DOYDate =

Fieid.Plantdate

DOYDate
> Plantdate

lb



1LSoil I
Calculate

Interception
Runoff

Infiltration
Evaporation

Transpiration

f

END

2b



Calclnterception

NO

YES

InterDOY = Crop.FIevap*CanopyStorage

Precip.Precip = Precip.Precip - InterDOY

'recip.Precip < 0
NO

YES

InterDoy = InterDoy +

Precip.Precip

Precip.Precip = 0

Sumlnt = Sumlnt + InitLoss

END

3b



CalcRunOff|

N O

RunOffDOY = 0

recip.Precip <=*

2*SoilData.Rop

YES

RunOffDOY = 0

NO

RunOffDOY =

(Precip.Precip - 0.2*SoilData.Rop)

(Precip.Precip + 0.8*SoilData.Rop)

Precip.Precip = Precip.Precip - RunOffDOY

END

4b



Calclnfiltration

•, = -j

N O

YES

Precrp.Precip

> 0 and i <=

NrOfLayers

Precip.Precip >

(SoilData.fcwc[i]-SoilData.wc[i
NO

Precip.Precip=Precip.Precip -

(SoilData.fcwc[i]-SoilData.wc[i])

*Rho_w*dz[i]

Soil Data.wc[i] = SoilData.fcwc[i]

SoilData.wc[i]=(Soi!Data.wc[i] +

Precip.Precip)/(Rho_w*dz[i]

Precip.Precip = 0

me i

NO

YES

DrainDOY = Precip.Precip

Precip.Precip = 0

END

5b



CalcTranspiration

i
Soil.Spsr[1] = 0

Soil.ActualTrsp = 0

AvePsi = 0

z = dz[2]

i = 2

NO

YES

Soil.Spsi[i] = -Soil.a[i]*

exp(-Soi!.b[i]*ln(SoilData.wc[i

fpl = dz[i]*(2*fCroo.RD -

Crop.RD

,—'

z)
2

J Y E S

+ dzfil)

N O

=fcr
V

r

OD.RD -

Crop

z +

.RD

dzfilV
)

I
AvePsi = AvePsi + f[i]*Soil.Spsi[i]

NO

(TY E S

Continue on next page

6b



i
AvePstar = AvePsi/CropData.Psilm

ust = 1 - 0.67*AvePstar

est = Pet/CropData.MaxTrans

Psix = CropData.Psilm*(AvePstar + 0.67*estar)

Continue on next page

7b



N O

Loss = (Crop.Fltransp*CropData.MaxTrans*f[i]*

(Psix - 5oil.5psi[i])/(0.67*CropData.Psilm))/ (Rho_w*dz[i])

N OoilData.wc[i] - Loss

<SoilData.pwpwc[i

Loss = SoilData.wc[i] - Soil Data.pwpwcp]

Soii.ActualTrsp = Soil.ActualTrsp + Loss*Rho_w*d2[i]

5oiiData.wc[i| = So'ilData.wcfil - Loss

Inc i

TransDOY = Soil.ActualTrsp

N O

jii.SI =/5oiLActualTrsp \

(Crop.Fitransp*PET/

SorLSI = 0

E N D

8b



CalcEvaporation |

(

PotentiaiEvap = (1 - Crop.Flevap) * PET

>oilData.wc[1]

SoilData.pwpwc[1 ]
N O

YES

PotentiaiEvap = Potential Evapyf Soil Data. wc[11 - Soii.Adwc) V

((SoilData.pwpwc[1 ] - Soii.Adwc})

nwc = SoilData.wdii - /PotentialEvapi]

\Rho_w*dz[l],

<
nwc <

oil. Ad we

[ Y E

Y
s

nwc = Soii.Adwc

i

EvapDOY = (SoilData.wc[ 1 ] - nwc

SoilData.wc[1] = nwc

f

E N D

NC>

)*Rho_w*dz[1]

9b



Calculate rooting depth
and dry matter

rop.Emerged

and not Crop.Mature

Crop.RD = CropData.RGR*Sqrt(Crop.RDM)

gddi >=

CropData.TIo -

ropData.Tbase

CropData.TIo - CropData.Tbase

dmiw = Soil.ActuaiTrsp *C rop Data. DWR

Weather. VPD

dmis = tfactCropData.ConvEff*

Crop.Fltransp*WeatherData.Solar

dmis <

dmi =

Idmi

dmiv
^ ^

Y E S

dmis

NO

dmi =

r

= 0

dmiw

JContinue on next page

10b



N O

Crop.gpf = Crop.fdd - CropData.FIdd

CropData.gpdd

N O

N O

YES

Crop.HDM = CropData.Transl*Crop.SDM

Crop.PHDM = CropData.pgPCrop.SDM

hdmi = Crop.gpf *dmi

dmi = dmi - hdmi

fleaf = 1

CropData.part*Crop.TDM)

Crop.gpf = 0

NO

Continue on next page

l i b



i
tdmi = (1 -fr)*dmi
Crop.RDM = Crop.RDM + fr*dmi
Crop.TDM = Crop.TDM + tdmi
Idmi = fleaf*tdmi
Crop.SDM = Crop.SDM +

(1 -fleaf)*tdmi

Crop.RDM = Crop.RDM + ldmi/2
Crop.SDM = Crop.SDM + ldmi/2
Crop.TDM = Crop.TDM - ldmi/2
Idmi = 0

Crop.TDM = Crop.TDM + hdmi
Crop.HDM = Crop.HDM + hdmi
Crop.LAI = CanopyLAI(GDDI,idmi,Soil.SI)

Crop.LAI >
Crop.MaxLAI

N O

Crop.RD = CropData.rgr*sqrt(Crop.RDM)

END

12b



InitSoil

Soil.Psipwp = -

Soil.ActualTrsp = 0

= SoilData.z[1]

2 =< j <= NrOfLayers NO

dz[i] = Soil Data.

Soil Data.;

1
Inc i

NO

ln(Soil.Psipwp/Soil.Psifc)

!n(SoilData.fcwc[i]/SoilData.pwpwc[i])

il.a[i] = Exp(ln(-Soil.Psipwp)

*ln(Soil Data.pwpwc[i]

Soil Data.pwpwc[i] =

Exp f-lnf-3*CropData.Psilm/f2*Soii.afil))

Soil.bp]

^

^

Inc i

1
Soil.Adwc = 0.3*SoilData.pwpwc[1 ]

InitStorage = SoiIStoredWater(SoilData.WC,dz))

END

13b



ISoilStoredWater

i
StoredWater = 0

^< j <= NrOfLayers
——-
YES

StoredWater = StoredWater +

WC[i]*dz[i]*Rho_w

Inc i

SoiiStoredWater = StoredWater

END

14b



I. Weather

IrrigDOY = Prcip.lrrig

PrecipDOY = Precip.Predp

PSR = PotSolar(DOY)

dt = MaxTemp - MinTemp

Continue on next page

15b



N O

Tr = WeatherData.Solar

PotSolar(k)

Tr = 0.7* 1- Exp -0.329*dt 2

PotSolar(k)

WeatherData.Solar = PSR*Tr

MeanTemp = (MaxTemp - MinTemp)/2

Slope = ((0.00223*MeanTemp + 0.0549)*

(MeanTemp + 2.97))*MeanTemp + 45.3

Lni = (HalfDay/Pl)*(0.96 - 1/(1 + 0.048*Exp{7.1*Tr)))

*(0.026*MeanTemp-9.2)

Weather.VPD = 0.7*Slope*dt

END

16b



Crop.Crop.Pianted

MeanTemp >

CropData.Tbase

gddi = MeanTemp - CropData.TBase

gddi >

CropData.Tcutoff - \ N O

CropData.TBase

gddi = CropData.Tcutoff- CropData.TBase

Crop.CDD = Crop.GDD + gddi

Crop.Mature = Crop.fdd > CropData.mtdd

Crop.Flowered = Crop.fdd > CropData.fldd

Continue on next page

17b



not Crop.Emerged

and Crop.GDD >
CropData.emdd

N O

YES

Crop.Emerged = True

Crop.LA! = CropData.SLA*Crop.TDM

Crop.Fltransp = 1 - Exp(-CropData.kc*Crop.LAi)

Crop.Flevap = 1 - Exp(-CropData.kc*(Crop.LAI + Crop.yLAI})

Calculate root depth
and dry matter

END
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CanopyLAI I

Crop.DaysFromEmergence =

Crop.DaysFromEmergence + 1

Crop.Dailyl_AI[Crop.DaysFromEmergence] -

ldmi*CropData.SLA

Crop.DailyLAIagefCropDaysFromEmergence] = gddi

c = 0

wsf = 1

N O

Continue on next page
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Crop.DaysFromEmergence -

NO

Crop.Dai!yLAIAge[k] =

Crop. Daily LAI Age[k] + wsf*gddi

.rop.Dailyi_A!Age[l<]

Crop Data. MaxLeafAge
NO

YES

Crop.yLAI = Crop.yLAI + Crop.DailyLAI[k]

Crop. Daily LAI [k] = 0

Crop.LeavesDead = k

c = c + Crop.DailyLAI[k]

Inck

c = c + Crop.DailyLAI[Crop. DaysFromEmergence]

CanopyLAl = c

END
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APPENDIX C SOURCE CODE



unit _IEun;

interface

uses
Crt,
PXEngine,
PXKsg,

_InOut,
Jfenus,
Jnv,
Jtrings,
Jystea,
JEnv,
JPXEng,
IGlob,
-Mil,
JWeathr,
JSoil,
ICrop,

JldTbl,
^CropTbl,
JoilTbl,
_DayWTbl,
JCorTbl,
JesTbl,
_PrcpTbl,
JIDTbl,

_IOutpl,
_IOutp5;

procedure RunProc;

inplenentation

var
DOYDate: DateStr;

procedure initVars;

begin {procedure InitVars|
FillChar(Crop,SizeOf(Crop),iQ);
FillChar(SoilData,SizeOf(SoilData),10);
FillChar(EesultData,SizeOf(EesultData),»0);
DAP
DOT
PrecipDOY
irrigDOY
EvapDOY
TransDOY
DrainDOY
InterDOY
SunOffDOY
PET

= 0;
= 0;
= 0;
= 0;
= 0;
= 0;
- 0;
= 0;
= 0;
= 0;

end; (procedure InitVars)

procedure FillResultBuff?

begin (procedure FillResultBuff}

lc



EesuItData.DAP
ResultData.DOY
ResultData. LAI
ResultData.RD
JtesultData.TDH
ResultData.HDM
ResultData.WC
BesuitData.Precip
ResultData.Irrig
ResultData.Evap
ResultData.Trans
ResultData.Drain
ResultData.Inter
ResultData.Runoff
ResultData.PET

= DAP;
= DOY;
= Crop.UI;
= Crop.RD;
= Crop.TDH;
= Crop.HDH;
= SoilData.«C;
= PrecipDOY;
= IrrigDOY;
= EvapDOY;
= TransDOY;
= DrainDOY;
= InterDOY;
= RunOffDOY;
= PET;

ResultData.ProfileWC : = SoilStoredKater(SoilData.WC,dz,SoilData. zfHrOfLayersr] {CropData.RDiax |);
ResultData.AllowDepl := UlowableDepletionProc(SoilData.FCWC,SoilData.PWP«C,dz(ResultData.RD,PercentDepletion);
ResultData.Deficit := KesultData.ProfileWC - ProfileFC;
ResultData.StressDay := StressDay;

end; (procedure FillResultBuff]

procedure CheckHCt]pdateTbl(PerseelID: PerseelStr;
DOYDate: DateStr);

var
PxErr: Integer;

begin (procedure CheckWCUpdateTbl}
PxErr := FindWCorr(PerseellD,DOYDate);
if PxErr = Pxsuccess then
SoilData.WC := KCorr.HCorr?

end; {procedure CheckWCUpdateTbl]

function Run (PerseellD: PerseelStr;
StartDate,
EndDate: DateStr): Integer;

var
PxErr: Integer;
DOYDateEnc,
PlantDateEnc,
StartDateEnc,
EndDateEnc: TDate;

begin (function Run}
InitVars;
DisplayNe«HessageLine(HessageLine,' Calculate . . .',[]);
DateEncode(Field.PlantDate,PlantDateEnc);
DateEncode(EndDate,EndDateEnc);
if StartDate <> " tben
begin
DateEncode(StartDate,StartDateEnc);
if StartDateEnc > PlantDateEnc then
DOYDate := Field.PlantDate

else
DOYDate := StartDate;

end
else

DOYDate := Field.PlantDate;
DOY := DayOfYearFronDate(DOYDate) 4 DAP;
PxErr := FindHeathrlDfField.WeatberlD);
if PxErr = PxSuccess tben
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PxErr := FindSoilfField.PsrseellDi;
if PxErr = PxSuccess then
PxErr := FindCrop)Field.Crop i;

if PxErr = PxSuccess then
begin
ChecktOpdateTbl(J'ield.PerseelID,DOYDate);
InitCrop;
InitSoil;
InitHeather;

end; {if}

if PxErr = PxSuccess then
begin
DateEncode(DO¥Date,D0YDateEnc);
FillResultBuff;
PxErr := InsertResult(Field.PerseellD,DOYDate);

end; (if)

if (PxErr = PxSuccess) and (DOYDateEnc < EndDateEnc) then
repeat
ChangeHessageLine(HessageLine,' Field: '+Field.PerseelID+' Date: '+DOYDate,[]);
if DOYDate = Field.PlantDate then
PlantCrop;

DOYDate := IncDate(DOYDate,l);
DOY := DayOfYearFroiDate(DOYDate);
DateEncode{DOYDate,DOYDateEnc);
if DOYDateEnc > PlantDateEnc then

Inc(DAP);

if Crop.CropPlanted and not Crop.Eaerged then )Emerged)
PercentDepletion := CropData.EmergeDepl

else if Crop.Eierged and not Crop.Flowered then {Vegetative}
PercentDepletion := CropData.VegetateDepl

else if Crop.Flowered then (Reproductive)
PercentDepletion := CropData.KeproDepl

else
PercentDepletion := 0;

if PxErr = PxSuccess then
PxErr := WeatherDayStep(WeatherID,DOYDate,DOY);

if PxErr = PxSuccess then
begin

CheckWCUpdate&l( Field. PerseelID,DOYDate) ;
SoilDaystep;
OropDayStep;
FillEesultBuff;
PxErr := InsertSesult(Field.PerseellD,DOYDate);

end; {if)
until Crop.Hature or (DOYDateEnc >= EndDateEnc) or (PxErr <> PxSuccess);

DisplayPrevHessageLine(MessageLine);
Eun := PxErr;

end; {function Run)

function SingleFromStart: Integer;

var
RunFrouDate,
RunToDate: DateStr;
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PxErr: Integer;
EscPressed: Boolean;

begin {function SingleFronStart\
PxErr := PxTblEiptyiResultTblUanei;
if PxErr = PxSuccess then
PxErr : = OpenTbl (ResultTbltiasae, ResultTblHandle, ResultltecHandle, 0, False I;

if PxErr = PxSuccess then
begin
ResultTblOpened := True;
InitField;
Field.PerseellD := ToDpper(AutoGetString('Field ID',20,"));
if Field.PerseellD <> #0 then
begin
PxErr := FindField(Field.PerseellD);
if PxErr = PxSuccess then
begin
RunFromDate := AutoGetDate('Ftoin Date (DD.HH.YY)',24,Field.StartDate);
if RunFroiDate <> 10 then
begin
RunToDate := AutoGetDate('To Date (DD.HH.Yy)',24,GlobDate);
if RunToDate <> 10 then
begin

PxErr := Run(Field.PerseellD,RunFroiDate,RunToDate);
if PxErr = PxSuccess then
PxErr := DrawGraphProcfl,Field.PerseelID,VarArray);

end; {if}
end; {if)

end; {if}
end; (if)

end; (if)
CloseTbl(ResultRecBandle,ResultTblHandle};
JtesultTblOpened := False;
SingleFronStart := PxErr;

end? (function SingleFroiStart)

function GroupFronStart: Integer;

var
TermCh: Char;
RunFroraDate,
RunToDate: DateStr;
PxErr: Integer;
EscPressed: Boolean;
GroupNr: Word;

begin {function GroupFromStart}
PxErr := PxTblEipty(ResultTblHame);
if PxErr = PxSuccess then
PXErr := OpenTbl(ResultTblName,ResultTblHandle,ResultRecHandle,0,False);

if PxErr = PxSuccess then
PxErr := OpenTbl(FieldTblHane,F ieldTblHandle,Fi eldRecHandle,0,False);

if PxErr = PxSuccess then
begin
ResultTblOpened := True;
FieldTblOpened := True;
GroupNr := AutoGetInt('Group number',1,1,10000,EscPressed);
if not EscPressed then
begin
PxErr := PXKecFirst(FieldTblHandle);
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if PxEfr = PxSuccess then
repeat
PiErr := GetFieldF.ee;
if iPxErr = PxSuccessi and fField.Group = GroupNri and Field.SunedFlac then
PxErr := RunlField.PerseellD,Field.StartData,GlobDatei;

if (PxErr = PXERR.TABLEEHFTYl or (PxErr = PXERRJ.ECNOTFOUND I or lP>:Err = PXEM_FJWFTABLE) then
PxErr := PxSuccess;

PxErr := PXRecHextt FieldTblflandle);
if KeyPressed then
TemCh := ReadKey;

until (TermCh = EscCh) or (PxErr <> PxSuccess);
end; (if)

end; (if}
if PxErr = PXERRJHDOFTABLE then
PxErr := PxSuccess;

CloseTbl(EesultfiecHandle,EesultTblHandle);
CloseTblfFieldlecHandle,FieldTblHandle);
ResultTblOpened := False;
FieldTblOpened := False;
GroupFromStart := PxErr;

end; (function GroupFromStart)

function AllFroiStart: Integer;

var
TeriCh: Char;
RunFronDate,
RunToDate: DateStr;
PxErr: Integer;
EscPressed: Boolean;

begin |function AllFromStart)
PxErr := PxTblEmpty(SesultTblMane);
if PxErr = PxSuccess then
PxErr := OpenTbl(ResultTblNane,ResultTblHandle,KesultEecHandle,0,False);

if PxErr = PxSuccess then
PxErr := OpenTbl(FieldTblHane,FieldTblHandle,FieldSecHandle,0,False);

if PxErr = PxSuccess then
begin
ResultTblOpened := True?
FieldTblOpened := True;
PxErr := PXRecFirst(FieldTblHandle);
if PxErr = PxSuccess then
repeat

PxErr := GetFieldRec;
if (PxErr = PxSuccess) and Field.SchedFlag then
PxErr := Run(Field.PerseellD,Field.StartDate,GlobDate|;

if (PxErr = PXERRJABLEEMPTY) or (PxErr = PXERK_RECNOTFOUND) or (PxErr = PXEM_ENDOFTABLE) then
PxErr := PxSuccess;

PxErr := PXRecHext(FieldTblflandle);
if KeyPressed then

TermCh := ReadKey;
until (TeriCh = EscCh) or (PxErr o PxSuccess);

end; {if}
if PxErr = PXERR_EHDOFTABLE then
PxErr := PxSuccess;

Clos eTbl(ResultRecHandle,ResultTblflandle);
CloseTbl(FieldRecflandle,FieldTblBandle);
ResultTblOpened := False;
FieldTblOpened := False;
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AllFronStart- :=-"PxErr;
end; (function AllFronStart!

procedure KunProc;

var
PxErr: Integer;

begin (procedure SunProc)
PxErr := PxSuccess;
OutputDest := TheScreen;
UpdateEnviroment;
FillChar(VarArray,SizeOf(VarArray) ,0) ;
VarArray[l] := 5; {WC}
VarArray[2] := 6; {precip+irrig}
VarArray[3] := 13; {field capacity)
VarArray[4] := 14; [wilting point}
case CurrentHenu'.CurrentlteiNo of
1; PxErr := SingleFroitStart;
2: PxErr := GroupFroiStartr
3: PxErr := AllFroiStart;

end; {case}
if PxErr <> PxSuccess then
OutputErrorKsg(PxErrHsg(PxErr),Nil);

end; {procedure EunProc}

end. (unit _l3tun)

Vrae:
1. Plant crop is volgens ny op die verkeerde plek.
2. Gaan die Inc(DOY) en Inc(DAP) na. Wanneer moet hulle geinkreinenteer word?
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unit _ICrop; icrop unit *ith dry nattsr to roots I

interface

uses
JGlob,
JPsathr,
_CropTbl,
_DayWTfal;

type
CropRecord = record

TDH,
SDH,
HDH,
PHDH,
LAI,
yui,
GDD,
FItransp,
Flevap,
ED,
EDK,
qpf,

HaxLAI,
fdd:
DaysFromEmergence
LeavesDaad:
DailyLAI,
DailyLAIAge:
CropPlanted,
Hature,
Flowered,
Vegetative,
Emerged:

end; jCropRecord)

var
Crop: CropRecord;

procedure InitCrop?
procedure Planterop;
procedure CropDayStep

implenentation

uses
JSoil;

procedure InitCrop;

(canopy dry matter at emergence)

(havestable dry natter}

(leaf area index]

(growing day degrees)

(fractional inteception (solar i
{root depth)

(naxinum leaf area index}
Real;

r
Integer;

Array(0..400] of Real;

Boolean;

var
i: Integer;

begin {procedure InitCrop)
Crop.TDH
Crop.LAI
Crop.RB

= 0;
= 0?
= 0;
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Crop.yLAI
Crop.FIsvap
Crop.Fltransp
Crop.PHDH
Crop.HDH
Crop.GDD
crop.fdd
Crop.SDH

•- 0;
:= 0;
= 0;
•= 0;
= 0;
= 0;
= 0;
•= 0;

FillChar(Crop.DailyLAI,SizeOf(Crop.DailyLAI),?0);
FillChar (Crop. DailyUIAge
Crop.CropPlanted
Crop .Days FronEisergence
Crop.LeavesDead
Crop.EBercfed
Crop. Flowered
Crop.Vegetative
Crop.Mature
Crop.HaxLAI

=
-

•r

=

=

=

=

end; {procedure InitCrop)

procedure PlantCrop;

begin {procedure PlantCrop}
Crop.CropPlanted
Crop.GDD
Crop.fdd
Crop.HDH
Crop.TDH
Crop.PDH
Crop.Fltransp
Crop.SDH
Crop.DailyLAIfO]
Crop.DaysFromEmergence
Crop.LeavesDead
Crop.Emerged
crop.Flowered
Crop.Hature
Crop.MaxLAI

=

=

=

=

=

=

=

=

=

=

end; (procedure PlantCrop|

procedure CropDayStep;

var

,SizeOf{Crop.DailyLAIAga),rO);
False;
0;
0;
False;
False;
Crop.Eiaerged and not Crop.Flowered;
False;
0;

True?
0;
0;
0;
CropData.TDHstart;
CropData.froot*Crop.TDH/(1-CropDa ta.froot);
0;
0;
CropData.SLA*Crop.TDH; -
o;
0;
False;
False;
False;
0;

i: Integer;
gddi,tfact,dniw,
dnis,dni,ldni,tdni,
bdni,fleaf,fr: Seal

function CanopyLAI(gddi,Idnifusi: Seal): teal;

var
k,l,n: Integer;
wsf.c: Peal;

begin {function CanopyLAII
Inc(Crop.DaysFroiEnergence);
Crop. Daily LAI [ Crop. Da ys FroiaEnergence J
Crop.DailyLAIAge[Crop.DaysFroraEmerqence]
c := 0;

:= ldni*CropData.SLA;
:= gddi;
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wsf :=T;
if (wsi < CropData.StressIndex) and (wsi > 0) then (,M
wsf := 1/wsi;

if wsf > 2 then
wsf := 2;

for k := Crop.LeavesDead to Crop.DaysFroisEnergence-1 do
begin
Crop.DailyLAIAge[k] := Crop.DailyLAIAge[k] + wsf*gddi?
if Crop.DailyLUAge[k] > CropData.HaxLeafAge then
begin

Crop.yLAI = Crop.yLAI + Crop.DailyLAI[k];
Crop.DailyLAI(k] := 0;
Crop.LeavesDead := k;

end? (if)
c := c + crop.DailyLAI[k];

end; {for}
c := c + Crop. DailyLAI [Crop.DaysFronEnergence];
canopyLAI := c;

end; (function CanopyLAI}

begin (procedure CropDayStepJ
StressDay := 0; {t}
if Crop.CropPlanted then
begin

{CALCULATION OF GROWIKG DAY DEGREES, Tb = 0 C AND PHYS. TIME}
if KeanTemp > CropData.Tbase then
gddi := HeanTenp-cropData.TBase

else
gddi := 0;

if gddi > CropData.Tcutoff(-CropData.TBase} then {})
gddi := CropData.Tcutoff-CropData.TBase;

crop.GDD := Crop.GDD + gddi;
{

if (DOY > 31) and (DOY < 343) then
Crop.fdd := Crop.fdd + gddi

else
Crop.fdd := 0;

}
end; {if CropPlanted}

Crop.Mature := Crop.gdd > CropData.Etdd; (/}
Crop.Flowered := Crop.gdd > CropData.fldd? {/) {fdd instead of gdd for vernalization)

if not Crop.Eierged and (Crop.GDD > CropData.eiadd) then
begin
Crop.Energed := Truer
Crop.LAI := CropData.SLA*Crop.TDH;

end; {if)

Crop.FItransp := 1 - Exp(-CropData.kc*Crop.LAI);
Crop.FIevap := 1 - Exp{-CropData.kc*(Crop.LAI+Crop.yLAI));

(rooting depth and dry natter calculation}
if Crop.Eierged and not Crop.Mature then
begin

if gddi >= (CropData.Tlo-CropData.Tbase) then
tfact := 1

else
tfact := gddi/(CropData.Tlo-CropData.Tbase);
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r="SblEA«^lSp*Cropta;i3ra/Beatherteta\™; jdn is in kg/n2 1*10 to get to t'/hai", at is in nn)
dnis := tfact*CropData.ConvEff*Crop.FItransp*WeatherData.Solar;
if dnis < dniw then

dm := dnis
else

dni := dniw;
ldni := 0;
if Crop.Flowered then

begin
Crop.gpf := (Crop.gdd-CropData.fldd)/CropData.gpdd? (/}
if Crop.gpf > 1 then

Crop.gpf := 1;
if Crop.HDH = 0 then

begin
Crop.HDH
Crop.PHDH

end; (if)
end {if}

else
Crop.gpf := 0;

hdni := Crop.gpf*did;
did := dai - hdni; (subtract reproductive growth first)
fleaf := l/sqr(l+CropData.part*Crop.TDH);
if Crop.KD < CropData.EDnax then

fr := CropData.froot(/(l+2*SDH)}
else

fr := 0?
tdni := (l-fr)*dai;

(initiate grain fill first day flowering}
:= CropData.Transl*Crop.SDH;
: = CropDatavpgf*Crop-;SD«r "

Crop.RDH :=
Crop.TDH :=
ldni :=
Crop.SDH :=
if Soil.si <
begin

if fr >
begin

Crop
Crop
Crop

end
else

Crop.
Crop.

RDM + fr*dni;
FDM i tdiii;

fleaf*tdmi;
Crop..5DH + (1-fleaf)*tdii;
CropData.Stressindex then

3 then

fiDH
.SDH
TDK

Crop.SDH :=

(partition nore to roots if stressed

it)

= Crop.RDH + ldmi/2;
:= Crop.SDH + ldmi/2;
= crop.TDH - ldmi/2;

Crop.SDH + ldni; {/)

ldni := 0;
StressDay := 1; [f]

end; (if}
Crop.TDH := Crop.TDH + hdni;
Crop.HDH := Crop.HDH + hdni;
Crop.LAI := {SLA*TDH/(l+part*TDH)}CanopyLU(GDDI/ldni,Soil.SI);
if Crop.LAI > Crop.HaxLAI then

Crop.HaxLAI := Crop.LAI;
Crop.KD := CropData.RGR*Sqrt(Crop.EDH);(2.07*RDH/(0.0427+SDH);H)iDax/(l+48*Exp{-S.5*GDD/fldd));]

end; (if}
end; (procedure CropDayStep)

end. (unit jcrop}
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unit J S o i l ;

interface

uses
PXEngine,
PXHsg,

_InOut,
JGlob,
.Strings,
JWeathr,
.FldSbl,

• _CropTbl,
JoilTbl,
JJayBTbl,
_PrcpTbl,
JCrop;

type
SoilJtecord = record

ActualTrsp,
Adwc,
SI: Real;
a,
b,
Spsi: SoilArray;

end; {SoilRecord}

{air dry water content}

var
{ Initstorage: Real;}

dz: SoilArray? (soil layers}
Soil: SoilRecord;

procedure CalcSoildzfz: SoilArray;
var dz: SoilArray);

procedure InitSoil;
procedure SoilDayStep;
function SoilStoredWater(KC,dz: SoilArray;

M): Real): Real?
function AllowableDepletionProcfFCHC,PWPWC,dz: SoilArray;

RD: Real;
PercentDepletion: Eeal): Real;

inplenentation

procedure CalcSoildzfz: SoilArray;
var iz: SoilArray);

var
i: Integer?

begin (procedure CalcSoildz)
dz[l] := z[l];
for i := 2 to NrOfLayers do
dz[i] := z[i] - z[i-l];

end; (procedure CalcSoildz}

procedure InitSoil;

var

lie



i: Integer;

begin (procedure InitSoil}
CalcSoildz(SoilData.z,dz);
for i := 1 to NrofLayers do
begin

Soil.bfij := ln(Field.PsiPWP/Field.PsiFC)/ln(SoilData.fcwc[i]/SoilData.pwptfc[i]);
Soil.afi] := Exp(In(-Field.PsiPWP) + Soil.b[ij*ln(SoilData.pwpwc[i]));
SoilData.pwpwc[i] := Exp(-ln(-3*CropData.Psiln/(2*Soil.a[i]))/Soil.b[i]); {plant lower limit)
if SoilData.wcji] > SoilData.fcwcfi] then
begin

SoilData.wc[ij := SoilData.fcwc[i];
OutputErrorHsg(Field.PerseelUH': Initial HC['+IntToStr(i)

+'] exceeds field capacity',Hil);
end; (if)

end; (for)
Soil.Adwc := 0.3*SoilData.pwpwc[l]; {air dry water content)
ProfileFC := SoilstoredHater(SoilData.FCHC,dz,SoilData.z[HrofLayers](CropData.EDnax j);

end; {procedure InitSoilJ

procedure Calclnterception; {calculate interception by canopy)

begin {procedure Calclnterception}
InterDOY := 0;
if Precip.Precip > o then
begin

InterDOY := Crop.FIevap;
Precip.Precip := Precip.Precip - InterDOY; {1 mi interception for all cover)
if Precip.Precip < o then
begin
InterDOY := InterDOY + Precip.Precip?
Precip.Precip := 0;

end; (if)
end; {if}

end; {procedure Calclnterception}

procedure calcRunoff;

begin {procedure CalcRunoff]
KunOffDOY := 0;
if Precip.Precip > 0 then
begin

if Precip.Precip <= 0.2*SoilData.Rop then
EunOffDOY := 0

else
RunOffDOY := Sqr(Precip.Precip - 0.2*SoilData.Eop)/(Precip.Precip + O.8*SoilData.Bop);

Precip.Precip := Precip.Precip - RunOffDOY;
end; {if}

end; {procedure CalcEunOff}

procedure Calclnfiltration;

var
i: Integer;

begin {procedure Calclnfiltration}
i := 1;
DrainDOY := 0;
while (Precip.Precip > 0) and (i <= NrOfLayers) do
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begin
if Precip.Precip >= (SoilData.fcwcfij-SoilData.uTc[i])*Khoj!*dj[i] then

begin
Precip.Precip := Precip.Precip - (SoilData.fcHc[i]-soilData.wc(i])*Rho_w*d2[i];
SoilData.wc[i] := SoilData.fcwc[i];

end
else
begin

SoilData.wcfi] := SoilData.wc[i] + Precip.Precip/(Rho_w*dz[i]);
Precip.Precip := 0;

end;
Inc(i);

end; {while}
if Precip.Precip > o then
begin

DrainDOY := Precip.Precip;
Precip.Precip := 0;

end; {if}
end; [procedure Calclnfiltration)

procedure CalcEvaporation;

var
nwc,
PotentialEvap: Seal;

begin (procedure CalcEvaporation}
EvapDOY := 0? {/}
PotentialEvap := (l-Crop.FIevap)*PET;
if SoilData.wc[l] < SoilData.pwpwc[l] then
PotentialEvap := PotentialEvap*Sqr((SoilBata.we[1J-Soil.Adwc)/(SoilBata.pwpwc[1]-Soil.Adwc));

nwc := SoilBata.wcflj - PotentialEvap/(Rho_w*dz[l]);
if nwc < Soil.Adwc then

nuc := Soil.Adwc;
EvapDOY := (SoilData.wc[l] - nwc)±fiho_w*dz[l];
SoilData.wc[l] := nuc;

end; {procedure CalcEvaporation)

procedure

var
i,n:

ust,
est,
estar,
Psix,
Loss,
AvePstar
AvePsi:
f:

CalcTranspiration;

Integer;

Real;
SoiiArray;

begin {procedure CalcTranspiration)
TransDOY := 0; [I]
Soil.Spsi[l] := 0;
Soil.ActualTrsp := 0;
AvePsi := 0;
i := dz[2]f {z:=0;}
i := 2; (rdd:=Crop.ED/4.6;)
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if (Crop.ED > 0) and (Crop.FItransp > Oi then
begin
repeat (transpiration calculation)

soil.spsi[ij := -Soil.a[i3*E5fp)-soil.b-i)*lmSoilData.wciil|i;
if i <= Crop.ED then

f[i] := dz[i]*(2*(Crop.PJ) - z) * dz[i])/sqr(Crop.RD>
else
fflj := Sqr((crop.KD - z + dzfijj/Crop.JD); (f[i] := Exp(-z/rdd)*(l-Expi-dzfi]/rdd)K!

AvePsi := AvePsi + f[i]*Soil.Spsi[i];
Inc(i);
if i <= HrOfLayers then

i := z + dz[i];
until (i > HrOfLayers) or (z - dzfi] > Crop.ED);
AvePstar := AvePsi/CropData.Psiln;
if AvePstar < 1.5 then
ust := 1 - 0.67*AvePstar

else
ust := 0;

est := PET/CropData.KaxTrans; (if est < 0 then est := 0;}
if est < ust then
estar := est

else
estar := ust?

if estar < 0 then
estar := 0;

Psix := CropData.Psili*(AvePstar + 0.67*estar);
n := i - 1;
for i := 2 to H do

begin
Loss := (Crop.FItransp*CropData.HaxTrans*f[i]*(Psix - Soil.Spsi[i])/(0.67*CropData.PsilH))/(2ho_w*d:[i]);
if SoilData.wc[i] - Loss < SoilData.pwpwc[i] then
Loss := SoilData.wc[i] - SoilData.pwpwc[ij;

Soil.ActualTrsp := Soil.ActualTrsp + Loss*Bho_w*dz[i];
SoilData.wcfi] := SoilData.wc[i] - Loss;

end; (for)
TransDOY := Soil.ActualTrsp;

end; (if)
if Crop.FItransp > 0 then

Soil.SI := Soil.ActualTrsp/(Crop.FItransp*PET)
else

Soil.si := 0?
end; (procedure CalcTranspiration)

procedure SoilDayStep;

begin {procedure SoilDayStepJ
CalcEvaporation;
CalcTranspiration;
Calclnterception;
calcRunOff;
Calclnfiltration;

end; { procedure SoilDayStep}

function SoilStoredWater(WC,dz: SoilArray;
RD: Eeal): Seal;

var
i,

StoredWater; Seal;
i: Integer;
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begin {function SoilStoredKater)
i := 0;
z := 0;
StoredWater := 0;
repeat

Inc(i);
StoredWater := StoredWater + WC[i]*dz[i]*Eho_w;
z := z + dz[i];

until (i >= HrOfLayers) or (z >= ED);
SoilStoredWater := StoredWater;

end; (function SoilStoredWater}

function AllowableDepletionProc(FC»C,PWPWC,dz: SoiUrray;
ED: Real;

- PercentDepletionrReal): Real;
var

Depletion: Real;
i: Integer;

begin (function AllowableDepletionProc}
z := 0;
i := 0;
Depletion := 0;
repeat

Inc(i);
Depletion := Depletion + (FCWC[i]-PWPWC[i])*dz[i]*Rho_w;
z := z + dz[i];
if z > ED then
Depletion := Depletion - (z - ED)*(FCWC[i]-PffPBC[i])*Rho_w;

until (i >= KrOfLayers) or (z >= ED);
AllowableDepletionProc := -Depletion*PercentDepletion/100;

end; {function AllowableDepletionProc}

end. {unit _ISoil)
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unit JEWeathr?

interface

uses
Dos,
PXEngine,
PXHsg,

.IPXEng,
Jath,
JnOut,
JGlob,
IPET,

JldTbl,
JIDTbl,
JayWTbl,
JTcpTbl,
JInpWJtD;

type
WeatherKecord = record

Eni,
SVP,
VP,
Eac,
Ea,
Ta,
Tw,
Latitude: Double;

end? (WeatherRecord)

var
PET,
HeanTemp,
Lni,
Slope: Real;
Weather: KeatherRecord?

{Net isothermal radiation W/n2)
(saturation vapour pressure kPa}
{vapour pressure kPa}
(Einissivity Atnosphere)
{Clear sky emissivity)
(Air temperature C)
{Wet bulb temperature C)

(net isotherial long wave rad

procedure InitWeather;
function PotSolar(DOY: Integer): Eeal;
function WeatherDayStepfWeatherlD: Integer;

DOYDate: DateStr;
DOY: Integer): Integer;

iiaplenentation

uses
_IInpPr?

var
HalfDay: Real; {half day length}

procedure InitWeather;

begin (procedure InitWeather)
FillChar(Weather,Sizeof(Weather),iO);

end; [procedure InitWeather)

function PotSolarfDOY: Integer): Real;
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var

Lat,Dec,RelDist,flrAngle,
SinDec,CosDec,Sinhs,Coshs,
SinLatSinDec,CosLatCosDec: Seal;

begin (function PotSolar}

Lat
Dec
SinDec
CosDec
EelDist
HrAngle

x
HalfDay

= -SeathrID.Latitude*Pi/180; (Latitude in radians}
= -0.4093*Sin(2*Pi*(284 + DOY)/365); {Southern hemisphere)
= Sin(Dec);
= Cos(Dec);
= 1 + 0.033*Cos(2*Pi*DOY/365);
= ArcCos(-Tan(Lat)*Tan(Dec)); (SunsetHourAngle)

= -Sin(Lat)*SinDec/(Cos(Lat)*CosDec); {1)
= Pi/2 - ArcTan(x/Sqrt(l-j£*x)); (/}

(*
PotSolar := 118.08*J!elDist/Pi*(BrAjigle*Sin(Lat)*sinDec + HrAngie*Cos(Lat)*CosDec);

Lat
SinDec
CosDec
SinLatSinDec
CosLatCosDec
Coshs
Sinhs
HalfDay
PotSolar

= WeathrID.Latitude*Pi/18O; {convert latitude to radians}
= 0.39785*Sin(4.869 + 0.0172*DOY + 0.03345*Sin(6.224 + 0.0172*DOY));
= Sqrtfl - Sqr(SinDec));
= Sin(Lat)*sinDec;
= Cos(Lat)*cosDec?
= -SinLatSinDec/CosLatCosDec;
= Sqrt(l - Sqr(Coshs));
= Pi/2 - ArcTan(Coshs/Sintis); {/}
= 117.5*(HalfDay*SinLatSinDec + CosLatCosDec*Sinhs)/pi;

end; (function PotSolar)

function HeatherDayStep(WeatherID: Integer;
DOYDate: DateStr;
DOY: Integer): Integer;

var

PxErr: Integer;
dt,
Tr, (atnospheric transmissivity)
PSE: Real;

begin (function WeatherDayStep}
IrrigDOY := 0; {I)
PrecipDOY := 0; [I)
PxErr := FindWeather(WeatherID,DOYDate);
if PxErr = PXEROECNOTFOUHD then
begin
InputWeatherProc(WeatherlD,DOYDate);
PxErr := FindHeather(WeatherlD,DOYDate);

end; {if}
if PxErr = Pxsuccess then
begin

PxErr := FindPrecip(Field.PerseellD,DOYDate);
if PxErr = PXEBOECNOTFOUND then
begin

InputPrecipProc(Field.PerseellD,DOVDate);
PxEn := FindPrecip(Field.PerseelID,DOYDate);
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end; {if}
end; (if)

if PxErr = PxSuccess then
begin
IrrigDOlf := Precip.Irrig;
PrecipDOY := Precip.Precip;
Precip.Precip := Precip.Precip + Precip.Irrig; {})
PSK := PotSolar(DOY);
dt := WeatherData.HaxTeip - WeatherData.HinTeap;
if dt < 2 then
dt := 2;

k := DOY - 30;
if k < 1 then
k := k + 365;

if WeatherData.Solar = 0 then
begin.
Tr := 0.7*{l -.Exp(-0.329*sgr{dt)/PotSolar(k)));
WeatherData.Solar-:= PSE*Tr;

end
else
Tr := WeatherData.Solar/Potsolar(k);

HeanTenp := (WeatherData.HaxTenp + WeatherData.HinTemp)/2;
Slope := ((0.00223*KeajiTemp f 0.0549)*HeanTeiip + 2.97)*HeanTenp + 45.3? (gives Slope in Pa}
Lni := (HalfDay/pi)*(0.96 - 1/(1 + 0.04S*Exp(7.1*Tr)})*(0.026*HeanTeEip - 9.2);

if WeatherData.VPD = 0 then
WeatherData.VPD := 0,7*Slope*dt

else
WeatherData.VPD := WeatherData.VPD*1000; (to convert kPa to Pa)

end; {if)
if PxErr = PxSuccess then

if WeatherData.PET = 0 then
PET := CalcPriestlyPET

else
PET := WeatherData.PET;

WeatherDayStep := PxErr;
end; (function WeatherDayStep)

end. (unit JWeathr)
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unit _IPET;

interface

uses
Crt,
PXEngine,
PXHsg, '

JPXEng,
JnOut,
.IGlob,
JJayfiTbl,
JrfiTbl,
J ldTb l ;

function CalcPriestlyPET: Real;

inplesientation

uses
_IBeathr;

function CalcPriestlyPET: Real; (potential ET in mm or kg/n2/day)

var
Rni: Real;

begin (function CalcPriestlyPET\
Rni := 0.8*WeatherData.Solar r Lni;
CalcPriestlyPET := 0.9*((l + O.OOO3*Weather0ata.VPD)*Slope*Rni/(66 + Slope))/2.43; (G=O.l*Rnif

end; (function CalcPriestlyPET)

end. (unit _IPET)
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