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EXECUTIVE SUMMARY

Introduction

The development of an integrated information system using the Water Administration System (WAS),
Soil Water Balance model (SWB) and RiskMan computer models is about further development and
implementation of research from three different research projects (WRC Report no's 531/1/95,
753/1/99 and 894/1/02) All three models make extensive use of databases and the idea of this project
was to consolicate the information into an integrated information system that links to a geographical
information system.  This will provide a tool that can be used by indiwvidual farmers, the wrigation

scheme management and agncultural advisors 10 minimize water losses and maximize efficient water
use on scheme and farm level.
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The WAS model is used by irngation schemes for the admenistration of water and for the calculation of
water releases into canals to satisfy a certain demand. WAS keeps an archive on crops planted. yields
and water usage for an irrigation scheme that can be imported into the RiskMan model

The SWB model is used by agricultural advisors that provide a service to farmers for irngation
scheduling. If weather stations are installed on an irmgation scheme, SWB will be able to calculate
irrigation schedules for every farmer on the wngation scheme provided that all the soil and crop data
are available SWB can be used to caiculate crop ywelds for different water application scenanos that
can be accessed directly by the RiskMan model. SWB can also automatically create a water order that
can be changead if necessary and used by farmers to order water on a weekly basis

The RiskMan maode! can be used by imgation schemes to provide a service that all farmers can use to
do on farm planning to make the best economical decisions. The RiskMan model can directly access
relevant information from the SWB maode!, the WAS model or both

The geographic information system (GIS) can be used by irmgaton schemes to extract data from the
three different databases and display t in a useful format on @ map of the specific scheme  This
information s very usefu! for planning and management purposes  Information that can be displayed
are canal networks, sluices, pipes. canal structures, plot sizes, crops planted and total planted areas

Referring to the previous figure irngation scheduling data from SWB such as water use and crop yields
can be accessed and used by RiskMan (link 1). In the same way can histoncal yields and water use
records saved in WAS be used by Riskman (link 2). Once a crop has been decided upon using the
RiskMan model, the day-to-day ingation scheduling of that crop can be done using SWB (knk 3)
Recommendations from SWB can be converted into a water order that can be used in the WAS model
(link 4)




Two irrigation schemes were identified at the start of the project for the implementation and testing of
the integrated information system. The first scheme was Loskop imgation board and the second one
was Orange-Riet Government imgaton scheme. Two automatic weather stations were funded by the
project that were installed at each scheme to collect weather data that could be used with the Soil
Water Balance (SWB) model for irngation scheduling services

Aims

1. The main aim of this project is to integrate the Water Administration System (WAS), the Soil Water
Balance (SWB) model and the RiskMan model in such a way that they can be used as tools on an

irngation scheme 1o

e Minimize water distribution losses
e Maximize efficient water use on farm level by means of irngation scheduling
e Incorporate nsk in crop and cash flow planning

2. Develop a geographical information system that can be used on an imgation scheme with WAS,
SWB and RiskMan

3 Investigate suitable modifications to WAS and SWB to comphkment RiskMan as a planning tool and
pending the outcome make necessary modifications.

4 Investigate the implementation of WAS, SWB and RiskMan models on a suitable irngation scheme
where it can be tested as an integrated system

5 Implement and refine WAS, SWB and RiskMan as an integrated system on a suitable irrigation
scheme.

Results

The integration of WAS, SWB and RiskMan was successful Modifications were made to WAS, SWB
and RiskMan to make the integration possible. The different models can be used alone or where
necessary read information directly from the other models WAS saves crop survey data that can be
accessed by RiskMan. SWB can create simulated crop yield records that can be accessed by
RiskMan. SWB can generate water request forms that can be used by WAS Once a farmer has used
RiskMan to decide on the best crops to plant, SWB can be used for the day-to-day irmigation
scheduling.

The geographic information system was developed and is implemented at Loskop and Orange-Riet
successfully The canal networks of both schemes are captured and it is possible to query the different
databases and display the information on the GIS map

The GIS map consists of different layers that can be enabled or disabled depending on the amount of
detail the user wants to see. The layers that were created for both schemes are a canal network layer,
a farms layer and a river layer. The user can add additional layers and edit the objects on any layer
such as lines, areas and points. The GIS program has a built in help file that gives the basic
information on how to operate the program

Modifications were made to WAS and SWB to compliment RiskMan as a planning tool. The
modifications can be summarnzed as follows:

¢ Itis now possible lo generate a water request form with SWB that is compatible with WAS On
farm water losses such as storage and conveyance losses are calculated by SWB and added
to the total volume needed for imgation.  Although SWB will calculate the values of the water
order form, the farmer will still be able to modify these values.




« Historical crop and yield records can be captured in WAS and these can be accessed by
RiskMan.

Long-term simulations can be run with SWB that will produce yields for different water applications.
These yields generated by SWB in scenario mode are accessible by RiskMan.

The implementation of WAS at Loskop and Orange-Riet was very successful. Both schemes use WAS
exiensively for accounting and water distribution purposes. A complete database of all irrigators with
relevant information exists on both schemes. Canal network data were captured for both schemes.
The necessary modifications were made 1o the databases that make histonical crop survey records
available 1o the RiskMan model.

The implementation of SWB atl Loskop was very successful. Farmers and advisors in the area are
actively scheduling with SWB. Valuable feedback was received from the Loskop area that was used to
debug and improve the SWB model. The implementation of SWB at Orange-Riet is however still
ongoing because the project team could not manage to find suitable farmers or advisers that were
prepare to use SWB for the duration of the project. This could be because of the current user base of
other imigation scheduling services and the lack of manpower to give support should a farmer decide to
use SWB.

The implementation of the RiskMan model at Orange-Riet was very successful and a few farmers
cooperated with the project team to make real data available that was used to test the RiskMan model.
The implementation of the RiskMan model at Loskop was however unsuccessful. Although a group of
farmers were prepared to work with the project team a working solution did not realize during the
research period. This is a problem that is not easily overcome as it must be realized that the imigation
scheme personnel and the farmers first priority is not the research project but the work at hand.

The implementation of the GIS program at Loskop and Orange-Riet was very successful. The GIS

maps of Loskop and Orange-Riet have been completed and the personnel are able 10 do their own
‘ editing of the maps with the GIS program. The data querying facility of the GIS program is currently
| very basic, but that is something that will definitely improve once the users get to know more about the
, new technology and define their own needs.

Automatic weather stations have been installed successfully at Loskop and Orange-Riet and are fully
operational. Both weather stations can be accessed remotely using cell phone communication. SWB
has been installed at both schemes where weather data can be imported into the separate databases.
The management at both schemes has committed themselves (o make weather data available to
farmers and advisors in the best possible way.

Conclusions

Although the project team did not implement all the modules of the integrated information system on
both irrigation schemes successfully, it managed 1o transfer new technology to both of the schemes
that will definitely grow and make a difference in there daily operations. Some of the technologies are
new and it will take some time before the majorty of farmers will accept it. This project has definitely
proved that a visual tool such as the GIS program is easily accepted by imigation schemes and has
great potential in managing imgation schemes and communicating information. The GIS program was
the only program that was used without much persuasion by both irrigation schemes.

The current project has shown that the implementation of the integrated system at two very similar
imgation schemes produced different outcomes. What is important to one scheme is not necessary
important to the other. An irrigation scheme might just not be ready to implement the complete system
but can take advantage of the parts that it can use. The integrated information system cannotl be
forced onto an irmgation scheme. It is therefore important to do the implementation in stages and in
manageable pieces. Factors that have an effect on the success rate are available resources such as
hardware and personnel. Experience has shown that once a user started using a model successfully
they seldom go back to the old methods.

e




Recommendations

It is recommended that the integrated information system should be introduced to other irrigation
schemes and water management offices in South Africa. Further implementation will help to identify
shoricomings that can be comrected 1o ensure a product that is actually used in the fieid.

The use of the two weather stations currently installed at Loskop and Orange-Riet should be
expanded. A possibility is to make the data available on the Internet.
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Introduction

The development of an integrated information system using the WAS, SWB and RiskMan computer
models is about further development and implementation of research from three different research
projects (WRC Report no's 367/1/93, 347/1/96 and 476/1/98). All three models make extensive use of
databases and the idea of this project is to consolidate the information into an integrated information
system that is linked to a geographical information system. This will provide a tool that can be used by
individual farmers, imgation scheme management and agricultural advisors to minimize water losses
and maximize water use efficiency on imgation scheme and farm level.

The WAS model can be used by imgation schemes for the administration of water and for the
calculation of water releases into canals to salisfy a certain demand. WAS can keep an archive on

crops planted, yields and water usage for an imgation scheme that can be imported into the RiskMan
model.

The SWB model can be used by an imgation scheme to provide a service to farmers for irmigation
scheduling. If weather stations are instalied on an imgation scheme, SWB will be able 1o calculate
irrigation schedules for every farmer on the imgation scheme provided that all the soil and crop data
are available. SWB can be used to calculate crop yields for different water application scenarios that
can be accessed directly by the RiskMan model. SWB can also automatically create a water request
that can be changed if necessary and used by farmers 10 order water on a weekly basis,

The RiskMan model can be used by irmigation schemes to provide a service that all farmers can use 10
do on farm planning of different crop combinations at specified risk levels to make the best economical
decisions, The RiskMan model can directly access relevant information from the SWB model, the
WAS model or both.

The geographic information system (GIS) can be used by imrigation schemes to extract data from the
three different databases and display it in a useful format on a map of the specific scheme. This
information is very useful for planning and management purposes. Information that can be displayed is
canal networks, sluices, pipes, canal structures, plot sizes, crops planted and planted areas.

The WAS, SWB and RiskMan models originated at universities where they have also been used as
teaching aids. WAS is also used as part of the water distribution course that is given by the
- Department of Water Affairs and Forestry. The integrated system will therefore be a good teaching aid
for people that are employed in this field.

The figure below displays schematic representation of the data flow between the different models.
Imigation scheduling data from SWB such as water use and crop yields can be accessed and used by
RiskMan (link 1). In the same way can historical yields and water use records saved in WAS be used
by Riskman (link 2). Once a crop has been decided upon using the RiskMan model, the day-to-day
imigation scheduling of that crop can be done using SWB (link 3). Recommendations from SWB can
be converted into a water order that can be used in the WAS model (link 4).
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Figure 1 Data flow diagram

The following are the aims of this project:

1

11

The main aim of this project is to integrate the Water Administration System (WAS), the Soil
Water Balance (SWB) model and the RiskMan model in such a way that it can be used as a
tool on an irrigation scheme 10:

o Minimize water distribution losses.
o Maximize water use efficiency at farm level by means of imigation scheduling.
o Do on farm planning of cash flow at specified risk levels to make the best economical

Develop a geographical information system that can be used on an imigation scheme with
WAS, SWB and RiskMan.

Investigate suitable modifications to WAS and SWB to compliment RiskMan as a planning tool
and pending the outcome make the necessary modifications.

Investigate the implementation of WAS, SWB and RiskMan models on a suitable irmigation
scheme where they can be tested as an integrated system.

Implement and refine WAS, SWB and RiskMan as an integrated system on a suitable irrigation
scheme.

Soil Water Balance (SWB)

Purpose

Soil Water Balance (SWB) is a real-time, imigation scheduling computer model (Annandale et al,,
1999a). It is based on the improved generic crop version of the soll water balance model described by
Campbell and Diaz (1988). The purpose of SWB and ils main features can be summarized as follows:

SWE was developed as an imgation-scheduling tool that should help crop producers in saving
water, energy and fertilizer.




* SWB simulates the crop growth and soil water balance at field scale, with the purpose of giving
recommendations on irigation timing and amounts. The model can also calculate the salt
balance. This feature is, however, recommended only for research purposes.

« SWB is mainly used as a real-time imigation-scheduling tool. For this purpose, weather and
imigation data need to be entered in the model on a daily basis. However, SWB can also be
used for scenano modelling and as a planning tool.

« SWB is a daily time step model. Weather and irmigation data need therefore to be entered on a
daily basis to get a real-ime recommendation on irmigation timing and amount.

« SWB is a mechanistic model giving a detailed description of the soil-plant-atmosphere
continuum. The mechanistic nature makes it universally valid and deficit irmigation strategies,
where water use is supply limited, can also be more accurately described.

« SWB can run in three modes (levels of operation):

o Imgation mode is the most basic mode of SWB. The irrigation mode is meant to be
used real-time by farmers whose management (field) and soil input data have been
previously set up by irrigation consultants.

o Consultant mode is the second level (mode) of SWB. The consultant mode is meant to
be used by irrigation consultants, and farmers who run SWB independently.

o Researcher mode is the most complex mode of SWB. The researcher mode is meant
to be used only for research purposes and, due to its complexity, it is not
recommended to be used by irigation consultants and farmers.

The SWB model can be set to run the following procedures:

+ One-dimensional canopy radiation interception and cascading water redistribution procedure
for field crops.

 Two-dimensional cascading water redistribution procedure for hedgerow tree crops irrigated
with localized irrigation.

* One-dimensional finite-difference water movement procedure for field crops. This procedure is
recommended only for research purposes.

« Two-dimensional canopy light interception and finite-difference water movement procedure for
hedgerow tree crops irrigated with localized imgation. This procedure is recommended only for
research purposes,

Two types of models can be run 10 simulate the above ground part of the soil-plant-atmosphere
system:

e A mechanistic crop growth model simulating dry matter accumulation and leaf area
development. This is then used to calculate canopy cover.

* A FAO-based model that calculates canopy cover from the FAO crop factor,

When using the two-dimensional canopy radiation imerception and finite-difference water movement
procedure for hedgerow tree crops, leaf area density needs to be entered as input.

SWB is a generic crop model and simulates the soil water balance of any crop provided that either
specific crop growth parameters or FAO crop factors are known. Specific crop growth parameters and
FAO crop factors are already included in the database of SWB for a wide range of species (Annandale
et al, 1999a).




The SWB model uses a multi-layer soil water balance by splitting the soil profile info 11 layers. This
allows more accurate predictions of water redistribution and crop water uptake, and variations in soil
properties can also be taken into account,

Mechanistic models have been out of reach of imgators in the past, due 10 the specialist knowledge
required to run these models. This high management cost was drastically reduced by packaging the
SWB model in an extremely user-friendly format, eliminating the need for a detailed understanding of
the intricacies of the soil-plant-atmosphere continuum.

SWB performs the calculation of the water balance and crop growth using three units, namely weather,
soil and crop.

The weather unit of SWB calculates the Penman-Monteith grass reference daily evapotranspiration
according to the recommendations of the Food and Agriculture Organization (FAO) of the United
Nations (Allen et al., 1998).

In the soil unit of SWB, potential evapotranspiration is divided into potential evaporation and potential
transpiration by calculating canopy radiant interception from simulated leaf area (Ritchie, 1972), from
FAO crop factors or from leaf area densily, depending on the type of aboveground model used.
Potential evaporation and polential transpiration represemt the upper limits of evaporation and
transpiration and these processes will only proceed at these rates if almospheric demand is limiting.
Supply of water 1o the soll surface or plant root system may, however, be limiting. This is simulated in
the case of soil water evaporation, by relating evaporation rate 1o the water content of the surface soil
layer. In the case of transpiration, a dimensionless solution to the water potential based water uptake
equation is used. This procedure comes up with a root density-weighted average soil water potential
which characterizes the water supply capabilities of the soil-root system. This solution has been shown
1o work extremely well by Annandale et al. (2000). If actual transpiration is less than potential
transpiration, the crop has undergone stress and leaf area development will be reduced in the
mechanistic crop growth model. The multi-layer soil component of the model ensures a realistic
simulation of the infiltration and crop water uptake processes. A cascading or finite-difference soil
water balance is used once canopy interception and surface runoff have been accounted for.

Crop unit.

If the mechanistic crop growth model is used, SWB calculates crop dry matter accumulation in direct
proportion to transpiration corrected for vapour pressure deficit (Tanner and Sinclair, 1983). It also
calculates radiation-limited growth (Monteith, 1977) and takes the lower of the two. This dry matter is
partitioned 1o roots, stems, leaves and grain or fruits. Partitioning depends on phenology calculated
with thermal time and modified by water stress,

The crop growth model of SWB requires specific crop growth parameters. These can be determined
using weather, soil and growth analysis data. In the absence of such time consuming and therefore
expensive growth analysis data, a simpler modeling approach is required. An FAO-based crop factor
procedure was developed and combined with the mechanistic SWB model, thereby still allowing
evaporation and transpiration 1o be modeled separately as supply- and demand-limited processes
(Jovanovic and Annandale, 1999). The FAO model was mainly developed in order to include more
crops in the SWB crop database by making use of the database of basal crop coefficients, growth
periods, root depths, crop heights, stress factors and potential yields available in FAO publications
(Allen et al., 1998). The crop factor model does not grow the canopy mechanistically and therefore the
effect of water stress on canopy size is not simulated. The simpler crop factor model should, however,
still perform satisfactodily if the estimated canopy cover closely resembles that found in the field. The
FAO model estimates crop yield under water stress conditions as a function of the stress factor for the

specific crop stage and potential yield.
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If the two-dimensional canopy radiation interception and finite-difference water movement procedure is
used, the partitioning of polential evapotranspiration at the soil surface into potential evaporation and
potential transpiration is calculated as a function of solar orientation. Some input parameters describing
the canopy of hedgerow trees are also required. These parameters are row direction and canopy size,
shape and leaf area density.

1.2  Application areas

The SWB model was mainly developed for imgation scheduling under full and deficit irrigation. In
particular, deficit imgation strategies can be accurately simulated with the mechanistic crop growth
model. The main target group includes farmers as well as imigation officers and consultants. Several
commercial farmers and imgation officers are already using or are planning to use SWB for real-time
imigation scheduling. Small-scale commercial farmers are also potential users, as well as small-scale
subsistence farmers, provided imgation officers advise them.

Several other applications of SWB are possible.

Crop growth and water use under saline soil conditions can be simulated using the cascading, one-
dimensional water movement procedure. Salt movement is simulated assuming complete mixing of
rainfall and/or irigation water with the soil solution. Chemical precipitation/dissolution of lime and
gypsum is calculated on a daily time step per soil layer, using the model published by Robbins (1991).
No toxic ion effect is included in the model. SWB can be used to investigate crop response to soil
salinity under different weather and management conditions (Jovanovic and Annandale, 1998).

The SWB model can be used for long-term simulation of soil water and salt balance with generated
weather data. The model can be set up to simulate the succession of crops for a user-specified
cropping system. Weather data are generated with CLIMGEN, a weather generator developed by G .S,
Campbell (Washington State University) and based on the work of Richardson and Wright (1984).
SWB can be used to predict the sustainability of imgation with saline water. In particular, it was used 1o
assess the long-term (many decades) environmental impact of irrigation with gypsiferous mine effluent
on soil and water resources (Annandale et al., 1999b). SWB is currently being used to schedule pivot
irrigations for several crops, in the Water Research Commission project entitied *Modeling and

monitoring crop production, soll properties and drainage water under centre pivol irrigation with
gypsiferous mine water”,

Although it was mainly developed for real-time imgation management, the SWB model can also be
used for planning and design of imgation systems If historic weather data are entered in the model.
The Paradox database makes it easy to store and handle long series of weather data.

The SWB model can be used as a teaching tool. In particular, the model was demonsirated to students
with diverse academic backgrounds and career orentations at the Department of Plant Production and
Soil Saence, University of Pretoria. The aims of the classroom demonstrations were 10 familiarize the
students with crop and soil water balance modeling, to strengthen their understanding of some of the
theoretical principles explained during the course, and to help them in developing problem solving
skills. The classroom demonstration of the SWB model was easy 10 set up, required only a computer
and data projector, and it can be easily used in other environments. SWB can be used for theoretical
lessons, as well as to create homework assignments. The method can also be beneficial for model
developers 1o test the user-friendliness of models. The classroom demonstration of the SWB model
was well received by the students. The model proved 1o be a useful tool for providing instruction to
university students (Jovanovic and Annandale, 2000; Jovanovic et al., 2000).

The SWB model can be used as a tool to improve the use of energy and water resources in hedgerow
orchards. This can be done by performing sensitivity analyses on the following input factors used in the
two-dimensional canopy radiation interception and finite-difference water movement simulation: row
width, row orientation, canopy height, canopy width, stem height, leaf area density, emitter spacing,
wetted diameter of emitters, as well as the fraction of roots in the wetted and non-wetted portions of the
ground. The results of the sensitivity analyses should indicate the best practices for establishment of
the orchard (row width and row onentation), pruning (canopy height and width, stem height and leaf




area density) and imgation water management (emitter spacing and wetted diameter of emitters), in
order to maximize canopy radiation interception as well as rainfall and imgation water use efficiency.

1.3 Benefits

The major benefit in the use of the SWB model lies in the accuracy of estimation of crop water
requirements (amount and timing of irmigation). In large areas of South Africa, irrigation is required in
order to achieve optimal yields. Optimization of imigation water management is necessary for structural
(irrigation system design), economic (saving of water and energy), and environmental reasons (risks of
salinization, fertilizer and nutrient leaching). Crop water requirements need 10 be accurately quantified
to improve the efficiency of imigation water management. It is recognized that the best estimates of
crop water use result from direct measurements, but this is not always feasible on large scale. The
next most accurate approach would be one that integrates our understanding of the soil-plant-
atmosphere continuum as mechanistically as possible. Taking the supply of water from the soil-root
system, and the demand from the canopy-almosphere system into account is essential to properly
describe crop water use. The FAO Penman-Monteith reference crop evaporation (Allen et al., 1998)
together with a mechanistic crop growth model, which uses soil water and grows a realistic canopy and
root system provides the best possible estimate of the soil water balance. This was evaluated in a
previous Water Research Commission project for a wide range of species (Annandale et al., 1999a).

The user-friendliness, matched to accuracy, makes SWB an ideal computer tool for technology
application as the user generally does not need a detailed understanding of the soil-plant-atmosphere
continuum in order to operate the model. Several other crop growth and soil water balance models are
available. These have been developed with different levels of complexity depending on the specific
requirements. Most of the existing models, however, either are crop specific or do not simulate daily
crop water use. Some models are relatively simple to use for planning purposes, but do not allow real-
time scheduling. Other models describe accurately the complexity of natural processes. This makes
them suitable for research purposes, but they are not applicable in practice due to the large amount of
input data required and lack of a user-friendly interface. A user-iriendly model like SWB can make
accurate, high technology approaches to irmgation scheduling feasible on farm. This approach can both
reduce the costs and increase the benefits of irrigation scheduling. The grower, however, needs to be
convinced that it is important to manage irmgations.

A mechanistic, and therefore universally valid, approach 1o estimating crop water use, like in SWB, has
several advantages over the more empirical methods often used. Using thermal time to describe crop
development removes the need 1o use different crop factors for different planting dates and regions.
Spilitting evaporation and transpiration solves the problem of taking imgation frequency into account.
Deficit irrigation strategies, where water use is supply limited, can also be more accurately described.

In practice, the SWB model is not meant to completely replace field measurements of soil waler
content. It should, however, facilitate management by making field visits less frequent. SWB, as any
other model, is very unlikely to simulate a value for a parameter that is exactly equal 1o the
measurement, For this reason, the update simulation feature was included in the model. Simulated
values of fractional interception and volumetric soil water content can be updated real-time with
measured data.

The recommendations feature of SWB facilitates real-time decisions on irrigation timing and amounts
on farm level. SWB can, however, aiso be used for strategic planning at the farm level. The large
number of crops included in SWB makes it suitable for planning cropping systems and target yields
This, matched to accurate predictions of crop waler requirements, could be used to establish optimal
seasonal and short-term (one week) imgation strategies. For this purpose, however, the model needs
to be linked to an economic model like RiskMan and a water supply management model like WAS,

The SWB model is suitable for water management under micro-imgation. Distribution of water and
energy is not uniform in widely spaced, micro-imigated crops. This is particularly true for hedgerow fruit
crops, where radiant energy may limit evaporation in the shaded row, whilst dry soil may limit the
process between the rows. This is taken into account in the two-dimensional procedure of SWB. It was
also essential to take into account the limited volume of soil wetted under micro-imigation or its capacity




will easily be exceeded with a standard one-dimensional approach, leading to undesirable over-
irmigation in the wetted zone, and possibly crop stress due 10 a 100 long imigation interval.

Another benefit of SWB is that it uses a crop parameter, weather, field, irmigation water and soil
database in Paradox, which negates the need to make several ASCII files in a text editor to handle
each simulation. This, together with the fact that several fields can be simulated simultaneously, makes
it an ideal tool for the large-scale farmer or irmgation consultant.

14 Features

The SWB model is written in Deiphi 5 (Inprise Corp.) and uses a Paradox database, Version 1.0 is
available for use with Windows 95 on an IBM-PC or compatible computer. The minimum requirement is
16 Mb RAM. The time required to complete a seasonal simulation is 3 to 5 s on a Pentium 166,

SWB makes extensive use of graphics with the soil waler balance presented at the end of the
simulation, SWB also generates printable graphs on which the components of the soil water balance
and crop growth parameters are plotted for the simulated period.

SWB displays hints with ranges for input data, checks the ranges of input data, and generates emror
messages and wamings when operational errors are committed (e.g. input data out of range are
entered). This should prevent accidental typing errors and errors in units.

Help files can be called by clicking on the help option or icon in the main menu. The help topics are
written in HelpScribble and they describe how 1o operate the model (enter input data, run simulations,
and generate results and recommendations), They also describe most of the technical procedures
used by SWB to estimate crop growth and caiculate the soil water balance, as well as recommended
ranges for input data and general information. The help file makes extensive use of links and bitmaps
with hotspots in order to access related topics. This should facilitate the operational and technical
understanding of SWB. Context sensitive help can be accessed from any menu of SWB by pressing F1
on the keyboard.

The following special features are included in the model.

¢ A stand-alone ETo calculator that allows one to calculate the FAO Penman-Monteith grass
reference evapotranspiration without running SWB.

« Soil water deficit can be calculated from measurements with the neutron water meter using the
neutron probe scheduler as a stand-alone tool, Data from the soil database of SWB can also
be imported into the neutron probe scheduler form. Water content calculated in this form can
be sent 1o the measured values database, or can be used to update simulations. Volumetric
soil water content calculated from neutron waler meter measurements can also be displayed

graphically.

e Soil water deficit can be calculated from measurements with tensiometers using the
tensiometer scheduler as a stand-alone tool. Water content calculated in this form can be sent
to the measured values database, or can be used to update simulations. Volumetric soil water

content and soill matrix potential can be graphically displayed. The assumptions used to
calculate soil water deficit from tensiometer measurements are explained in the help file.

« Soil water deficit can be calculated from measurements of gravimelric soil water content using
the gravimetric scheduler as a stand-alone tool. Water content calculated in this form can be
sent 10 the measured values database, or can be used to update simulations. Volumetric soil
water content calculated from gravimetric measurements of soil water content can be

displayed graphically.




« Volumetric soil water content at field capacity and permanent wilting point can be calculated
from the percentage silt and clay, using the field capacity and wilting point calculator. This
calculator uses empirical equations calibrated for soils in the Free State (Bennie et al., 1988).

« Simulated values of fractional interception of radiation and volumetric soil water content can be
updated real-lime with measured data. In order to facilitate the estimation and update of
fractional interception of radiation (canopy cover), a database of photos of crops at different
phenological stages was included in the help file.

« Recommendations for irmigation scheduling are generated and can be printed in SWB.

e A database of specific crop growth parameters and FAO crop factors is included in SWB
(Annandale et al., 1999a). If parameters for particular crops and cultivars are, however, not
available, these need to be determined in the field.

e An address database can be used to keep record of the users of SWB.

e Weather data can be imported into SWB from comma delimited, tab delimited or space
delimited files. The order in which the data appear in the imported file can be specified, so
standardization of data files is not important. The user can also set up ranges of the imported
weather data. While importing weather data, the program checks for data out of range.

« SWB calculates parameters of the statistical analysis between measured and simulated data.
This should allow quick, efficient and quantitative evaluation of the model's accuracy. Standard
emors of measured data can also be entered in the model and error bars displayed in the
output graphs.

1.5 Links with RiskMan and WAS
The link from SWB to RiskMan is through a yield summary that is generated by SWB for different water

application scenarios. This summary is saved in a Paradox table that is directly accessible from
RiskMan. An example of a crop yield summary is shown in the following figure.
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Figure 1 Crop yield summary

The link from SWE to WAS is through a water order form that can be generated by SWB and then
captured in WAS. The waler request is generated using the recommendation calculated by SWB and
is shown in the figure below. This water order form can be printed and used by a farmer to order

waler on a weekly basis.

Every field in SWB can be linked to a sluice number that is used on the water order form. The user
needs to specify the current water year. The water order form defaults to an onginal water request but
the user has the option to change this to an additional water request or a cancellation of water. The
water type defaults to quota water but the user can change it to extra, surplus or flexi water. The
discharges calculated by SWB are not fixed and can be changed by the user if necessary.
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Figure 2 Water request form

2 RiskMan

21 Purpose

The RISKMAN model can be used by irrigation schemes to provide a service to assist farmers to do on
farm planning, by means of supporting risk management at enterprise as well as whole farm level, in
order to make the best economical decisions possible. To assist with data input into RISKMAN,
relevant information can directly be accessed from the SWB model, the WAS model or both.

Risk is regarded to be present in every situation where the results of decisions are not yet known
dunng the decision-making proecess. Risk management comprises choices between alternative actions
that may reduce the exposure to unfavorable financial outcomes as a result of uncertain farming
results.

From a nsk-management point of wview, computer models that treat irrigation requirements,
yield/production and product prices as constant values have limited application potential. The main
aim with the development of RISKMAN is to provide risk-management information to bridge the gap
between theory and practice at whole farm level, and to provide reliable and relevant information on
which decisions can be based. In addition to this, the system is user friendly, practically oriented and
flexible, which should ensure wide applicability

The purposes of RISKMAN can be summanzed as follows:
o To provide support for nsk management at enterprise as well as whole farm level

* As a decision support system this model will faciitate and improve risk management and would
make it possible to take risk into consideration

e Serves as an aid in decision analyses, which s meant to support and not to replace the decision-
maker in risk management.
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Serves as a planning aid by enabling the farmer to simulate the effect of price and production risk
on the performance of his farming operation, in advance, in order to evaluate alternative farm or
production plans. Therefore, farm plans may be adjusted or other alternatives may be considered.
Take production, price, imgation quantities, interest rate variability as well as hail damage into
account separately or jointly,

Production, price and imigation quantities can have up to 5 types of data inputs according to the
type of data available, namely constant (fixed), single values, cumulative, triangular or normal
distributions.

Take the user’s attitude toward risk into account, namely risk-seeking, risk-neutral or risk-averse,

Simulated nisk for any three-production systems with the purpose to help the farmer decide what
the best production system is according 10 his circumstances, and also provides recommendations

as output.

22 Application areas

The flexibility of RISKMAN guarantees various fields of application regarding short-term risk analyses.

Although the end beneficiary is the farmer, various users can benefit by the type of results offered by
the analyses in RISKMAN. Some of the application areas include:

Consultants, to advise farmers according to their circumstances and needs.
On imrigation schemes in conjunction with the SWB and WAS models.

Various agribusinesses. All the firms that provide farm inputs, from financial institutions to co-
operations, have interest in the welfare of the farming community, especially regarding the risk
associated with vanous activities or enterprises. Therefore, RISKMAN will aid in their analyses,
from repayment of loans to the affordability of inputs.

Small-scale producers are not excluded from the benefits of RISKMAN. Due to the flexibility built
into the program small-scale farming operations can also be simulated.

Utilized as a research tool by institutions and people with interest in economic variables at whole
farm level, policy evaluation like interest rates, as well as the effect of contract prices on
production.

Used as a teaching tool. In particular 1o demonstrate risk to strengthen understanding of some of
the theoretical principals explained during a course, and to help them in developing problem
solving skills,

Several other applications of RISKMAN regarding farm planning are possible, namely:

At whole farm level, by simulating price and production risk, various types of farmers can use
RISKMAN to evaluate alternative production plans. Not only is variability due to price and
production fluctuations taken into account, but also irmgation cost deviations as a result of different
water applications are calculated.

Whether or not 1o fixed on price, for instance a harvest time day price as opposed 10 a contracted
price.

Used 1o recommend the best production system according 10 the decision-makers attitude toward
risk, and whether or not the FARM need will be satisfied,

n




» Financial nsk. What if the interest rate increases, for example the risk of financing an imigation
system with a loan can be estimated.

Whether or not the user must insure against hail damages.

2.3 Benefits

The RISKMAN model makes theoretical and time-consuming risk analyses of short-term farm plans
something of the past. Although some calculations are complicated to assure an economic well-
founded program the data requirements is simple.

The main benefits of RISKMAN can be summarized as follows:

« The simulation of risk and definition of variables as different distributions.

e Sels of simulated imgation quantities and yield levels, imported from SWB, can be used in the
model to take production risk into account. The reliability of these simulated values is vested in the
accuracy of the inputs and assumptions made in the model.

e By making use of inter alia time-senes analyses and subjective probabilities, cumulative probability
distributions can be compiled and used to reflect price risk.

« The consequences of day to day changes in economic parameters on economic results like product
prices, can immediately be calculated by decision-makers. This will assist everyone involved in the
fast changing and dynamic farming sector,

« The influence of variable interest rates on economic performance can also be evaluated.

* Altemative production plans, including altemative crop rotation systems as well as risk-
management strategies at enterprise level, like for instance insurance against hail damage, can be
evaluated.

« The reporting capability of RISKMAN makes it easy to generate cumulative distributions and do
recommendation, according to risk preference.

With accurate input RISKMAN is a valuable instrument to facilitate risk management. As a support
system in decision-making, RISKMAN provide users with the opportunity to faciltate this management
process. Some of the benefits of the various inputs needed are:

e RISKMAN is not data intensive.

* Input data was limited 1o available farm level data.

« Secondary data sources like enterprise budgets will also ease the data burden.

Linking up with other models like WAS, SWB, FARMS' and IRRICOST not only reduce the duplication
of data input, but also have the advantage of utilizing generated data.

24 Features
The RISKMAN model is written in Delphi 5 (Inprise Corp) and uses a Paradox database, which makes

it easy to store and handle long series of simulated data. This feature also enables decision-makers to
do risk analyses for several farmers with a single program.

:. A management decisions support system at whole farm level
°. Estimate fixed and vanable irngation costs of different irrigation system types.
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The RISKMAN model is not dependent on other modules, but has the advantage 10 link with other
models and import data from them, for instance:

* Simulated irrigation quantity and yield values, as well as field ID and crop enterprise lists from the
SWB model.

e If the WAS model is installed on the computer, the RISKMAN model can also be linked to its
InterBase file, where measured (historical) immgation quantity and yield data can be imported from.

* A summary of farming costs from the FARMS model (dynamic decision support model at whole
farm level).

* Estimated fixed and variable irmgation costs from IRRICOST (irrigation cost estimation model).
The output of RISKMAN facilitates:

« In the model risky variables are treated as distributions and the output of the model can therefore

also be presented as distributions for each risk variable. Consequently the whole distribution of
each variable is taken into account.

* RISKMAN calculates various statistical parameters for the simulated data. This should allow quick,
efficient and quantitative evaluation of the model's accuracy.

* Unlike traditional economic analyses that yield a single statistic, RISKMAN generated the whole
distribution of the farm's total gross margin and net cash flow.

* Allemative management stralegies can be evaluated at enterprise level and the dominant
production system can also be identified according to the users risk preference, by means of
stochastic dominance with respect to its function, as a recommendation

« Extensive use of graphics, with each distribution presented as output at the end of the simulations.
The following special features are included in the RISKMAN model:

e An address database can be used 10 keep record of the users.

 Complicated calculations that are almost impossible to do by hand.

« To safeguard the user against faulty data input, the model uses referential integrity,

Flexibiity and user friendiiness enjoyed high priority in the development of RISKMAN. Users can
obtain assistance and training by means of the help lines and error messages are displayed in certain
cases.

25 Links with WAS and SWB

The Water Administration System (WAS) model is able to store sets of historic irmigation quantity and
yield production values in a table. These values can be imported by the RISKMAN program, if the
*Uses WAS" checkbox is checked on the File | Option form in RISKMAN, by clicking on the WAS icon
at the top of the Crop enterprise form. The RISKMAN program will then run queries for all the crop
enterprises in the table to locate the cormesponding data in WAS. The values oblained through these
quenes are then inserled as a series of single values for both the imgation quantities and yield

productions, The average calculated from the single values will also be inserted as the basic or
constant value of the vanable.

13
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Instead of historical values, the Soil Water Balance (SWB) program simulates yield and irrigation
quantity data if used in scenario mode. If the SWB program is installed and running on the same
computer as the RISKMAN program and the “Use SWB" checkbox is checked, the user will be able to
import sets of data from the SWB program into various forms and tables. The SWB model has several
links with RISKMAN, namely:

On the General farm information | Land form the user can utilize the field 1D list of the particular
water scheme on which the SWB program is running, by double clicking in the field ID cell where
the user wants to insert a new field ID or to edit an existing one. The user can then double click on
the chosen field 1D.

The same procedure can be followed on the Crop enterprise | Enterprise info form. In order to
enter a crop enterprise name from the list of available enterprises of the particular water scheme,
on which the SWB s running, double click in the crop enterprise cell, and again on the chosen
enterprise.

To import simulated irmgation quantities and yield values from the SWB program, click on the SWB
icon at the top of the Crop enterprise form. By clhicking on this icon, and with the help of some
queries, all the enterpnses whose field ID and crop enterprises values are identical in both
RISKMAN and SWB, will be inserted as single values for both the irmgation quantities and yield
productions. The average caiculated from the single values will also be inserted as the basic or
constant value of the varnable.

If *Use SWB Addresses” checkbox is marked, the SWB address database will be linked to the
RISKMAN program, otherwise the address database of RISKMAN will be used.
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Initially the FARMS model was developed This model was very cata intensive. It was decided to

develop a separate model RISKMAN, with the option to import data from the FARMS, SWB. WAS and
IRRICOST programs/modeis

The FARMS system was developed as a decision support system for assistance dunng the
management process at whole farm level This was evaluated in a previous Water Research
Commussion project for a wide range of specied RISKMAN is based on the research done by Meinng
(19%84) and use procedures developed by King (1879)

The FARMS system consists out of three simulaton models, Farms, ImCost and RISKMAN  Farms is
a comprehensive planning model for simulating the economic and financial results on a monthly basis
for the next two seasons. This planning 100l serves as an ad for decisions from enterpnse level up to
whole farm level The analysis of the economics of ingation, including detail cost calculations for
various imgation systems, is further expanded by the incorporation of the ImCost model in the system
The important third module of the system is RISKMAN, which incorporates production and price rnisk in
economic analyses.

In most cases the pnces obtained for products, as well as weather or rainfall variability, which results in
yield variation, were Indicated as the most important nsks. The question whether the yield of crops
must be adjusted to accommodate hail damage or not is also handled However, the nature of a farm
business, as well as its localty, has an influence on the importance of risk Therefore it is important 1o
make available a tool or instrument with enough flexibility to be utiised by every farmer

e Risk analyses by using data intensive complicated models can accordingly be replaced by true to
life simulations of various performance criteria, like farm profit income, incorporating price and
production nsk

The user-friendliness makes RISKMAN an ideal computer tool for technology app As the user
generally does not need a detailed understanding of nsk procedures. As a decision support system this
model will facilitate and improve nsk management and would make it possible to take risk into
consideration

RISKMAN depends on a database that s built up by sets of data that can be edited and are easily
accessible
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3 Water Administration System (WAS)

3.1 Purpose

The Water Administration System (WAS) is a database that s used as a management tool for irrigation
schemes and water management offices that want to manage their waler accounts and water supply to
their clients through canal networks, pipelines and nvers

WAS replaces the old manual water distnbution system that was commonly used on government
imgation schemes. Its water distnbution module can handle canal networks and river systems and has
extensive water loss control capabilites

WAS replaces the financial system with a fully auditable debit system that integrates with the water
administration and water request modules in WAS The debit syslem has extensive reporting
capabiles that give management better control over their user accounts

3.2 Applcation areas

WAS is used for the efficsent administration of imgation schemes and water management offices that
includes

e A database of all the users that are managed by a specific office and their details such as
addresses, scheduled areas, water quotas etc

e A database of all the canal networks and river systems that are managed by a specific office
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* A waler distribution system that calculates water releases for canal networks and river systems
taking lag times and different water losses into account

e A full debit system that integrates with the water distribution modules in WAS and that
manages all the water accounts.

3.3 Benefits

The main benefit of using WAS is the fact that you have a completely integrated system that manages
administration, water distribution and accounts in a single package. WAS uses a relational database
that can manage large amounts of data efficiently and saves everything in a single file. Expenence
has shown that the database is robust, works well over a network, is easy to install and has a low
maintenance requirement. The reporting capabilites of WAS makes t easy to generate water
distnbution and financial reports. The main benefits can be summarized as follows:

e The different modules in WAS are completely integrated which makes it possible to cross-
reference relevant information where necessary.

* All data is archived in a single database that makes it possible to access old records quickly
without having to resort to @ manual filing system. Only one file needs to be backed up for

protection against any loss of data.

o WAS can export specified information to an external file that can be copied and used to import
the same information into any other WAS database.

» WAS generates a range of reports that simplifies the management of a scheme or office and
improves productivity in and outside the office,

» WAS ensures better financial control with an integrated debit system.
«  WAS minimizes water losses with an improved water distribution system.
34 Features

The WAS model is written in Delphi 5 (Inprise Corp. ) and uses an Interbase database to store all data.
Interbase is a relational database management system (RDBMS) that provides rapid transaction
processing and data sharing in a single- or multi-user environment. The Interbase database has a
small footprint and expernence has shown that it is robust and easy to install and to maintain. It is also
an open source clent server database and therefore requires no licensing fees. WAS requires at least
a 4856-PC running Windows 95/98/NT. At least 32Mb memory must be available to run the program,
but 64 MB is recommended

WAS consists of four modules that are integrated into a single program that can be used on a single
PC or in a multi-user environment. These modules can be implemented partially or as a whole,
depending on the requirements of the specific scheme or office. The four modules are:

Was
= |
| I | 1 B
Administration Water Request Water Release Wator Accounts
module Module Module Module
| : |
State Debit
Accounting Accounting
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Administration module

This module is used to administrate the details of all water users or accounts on an irrigation scheme.
The water administration module is common to all the other modules. The following information is
managed through the water administration module:

Irmgation scheme details.

Financial model setup.

List of irrigation schemes and water years.,

Owner, tenants and postal addresses.

Walter quota allocations.

Scheduled areas.

Household and livestock pipes installed.

LRA - List of ratable areas.

c;op smveym information such as crops planted, areas planted, water applied and crop yield
information.

List of plots to which the water delivery has been stopped with reasons why. This list is used
in the water request module 1o automatically block the capturing of any weekly water requests.

Information captured in the administration module is used extensively in the other modules.

Water request module

This module is used to administrate water requested by farmers on an imigation scheme. It is also
used to capture date and time based in- and outflows on river systems. Reports that can be printed,
include a water balance sheet for each farmer or user, a water usage report and the percentage water
used report of water allocated. The following information is managed through the water request
module:

Weekly based quota allocations.
Weekly based water requests that are divided into original, additional and cancellation request
types. The water requests are also classified as quota, extra surplus and flexi water types.
Weekly based water requests are normally used for canal systems where the water distribution
is done on a weekly basis,
* Weekly based water transfers between plots. Links can be created between master plots with
extensions that allow for automatic water transfers between a master plot and an extension.
There is no limit 1o the number of extensions that can be linked to a master plot.
Weekly or monthly based metered volumes.
Date and time based inflows and outflows that are normally used for river systems.
Measurement stations readings with linked discharge tables.
Water balance statements and reports.

Water accounts module

This module links with the administration and the water request modules and administrates all water
accounts for an irrigation scheme or water management office. The user can choose between two
major accounting systems. The first is the current Department of Water Affairs and Forestry
accounting system and the second is a full debit system. The Department of Water Affairs and
Forestry accounting system manages the following:

Preliminary or first invoice for irrigation water use
Final or second invoice for irmigation water use,
Monthly invoices for industnal water use.
Payments on all invoices.

Report on outstanding balances.

This accounting system is not auditable, and parts of it are still done manually. The debit accounting
system on the other hand is fully auditable and manages the following:

« Monthly invoices for imgation and industrial water use.

18
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Computer receipts.
Computer jounals.
Computer invoices.
Hand receipts.

Hand journals.

Hand invoices.

Audit trail reports.

Age analysis reports.
Reconciliation reports.
List of industrial levies.
Printing invoices on pre-printed stationery.

Water release module

This module links with the water request module and calculates water releases for the main canal and
all its branches taking lag times and any water losses into account. A schemalic layout of the total
canal network or river system is captured with detail such as the cross-sectional properties, positioning
of sluices or pumps, canal slopes, structures and canal capacities. Discharges are converted 1o the
corresponding measuring plate readings where needed. Water distribution sheetls and water loss
analysis reports can be printed for canal systems.

Some of the other features are:

WAS can do complicated water release calculations that are impossible to do by hand.

WAS can analyze canal and river reaches in detail.

WAS can draw canal and river cross-sections and longitudinal profiles,

WAS can calculate the reference evapotranspiration (ETo) from weather station data that is

used to calculate the evaporation and transpiration losses for water distribution.

e WAS has the capability to link a different weather station to every reach in a canal or river that
allows for different evaporation and transpiration losses for every reach.

e WAS can be installed on a network that makes it possible for people to work on a single
database simultaneously.

e WAS uses referential integrity to safeguard the user against faulty data input.

3.5 Links with RiskMan

The link from WAS to RiskMan is through a crop survey table that is captured in WAS. This table is
directly accessible from RiskMan. An exampile of the table in WAS is shown in the figure below. The
crop survey lable can archive an unlimited number of records that is linked 1o a specific irrigation
scheme and plot.
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Figure § Crop survey list
4 Geographic Information System (GIS)

41 Purpose

The geographic information system (GIS) is designed to link to the WAS, RiskMan and SWB
databases and display relevant information on a map. The GIS program is also developed as an
editing tool to create and edit maps to be used with the different databases.
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42 Application areas

The GIS can mainly be used by irigation schemes as a management tool to display relevant
information from the WAS, RiskMan and SWE databases on their irmigation scheme map

43 Benefits

The main benefit of using a geographic information system is the fact that data can be displayed
spatally on a map. This gives the user a much better understanding of the data and a tool to analyze
the data in different ways. As a management tool it is much easier to do planning on @ map and to
communicate information to subordinates

44 Fealures

The GIS program is written in Delphi 5 (Inprise Corp ) and uses Maplinfo MapX ActiveX (OCX) control
for the mapping technology. The program has the capabilty to link to Paradox and Interbase
databases and display relevant information on a map. The GIS provides standard tools including

* Navigation tools (Zocom-in, Zoom-out, Pan, Center) that let the user change the scale and or
position placing of the map

A labelling tool that lets the user chick a map feature to label it

A set of selection tools that give the user vanous ways to select map features,

A thematic mapping tool that is used 1o analyze a point and ranges of data.

A map layer tool that is used to create different layers to display specific infformation. The user
can show or hide layers depending on the detail that needs to be seen

e An editing tool to create lines, join lines and split lines
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 Bookmark tool that is used to save and retrieve different views of a map.

45 GIS integration of RiskMan, WAS and SWB

The GIS program has the ability query the RiskMan, WAS and SWB databases and display the
relevant information on a map. Two types of data can be displayed, the first type 1s point data and the
second type is range data. The range type displays data for different ranges in user specified colors
The following two figures display parts of the Loskop and Orange-Riet GIS map respectively

farms Zoom 98 lalﬂl'. ai?i PNothing selected
Figure 7 Loskop GIS map




...............
---------------

-----

tams Zoom 60 (2w, 305287 Nothng selected
Figure 8 Orange-Riet GIS map

5 Discussion

The development of an integrated information system using the WAS, SWB and RiskMan computer
medels provide an irmgation scheme with an extensive suite of tools to improve irmgation scheme
management, minimize water distribution losses, deliver an irnmgation scheduling service to farmers and
supply a tool that can be used by farmers 1o do on farm planning to make the best economical
decisions and minimize risk

The success of any project can be measured according to the initial aims and how well they were met
Two irrigation schemes were identified at the start of the project to implement and test the integrated
information system. The first scheme was Loskop irrigation board and the second one was Orange-
Riet Government irmigation scheme. Two automatic weather stations were funded by the project and
the idea was to install one at each scheme 1o collect weather data that could be used with the Soll
Water Balance (SWB) model for irngation scheduling services

The following paragraphs discuss the success of the project according to the initial aims

Aim 1

The main aim of this project is to integrate the Water Administration System (WAS), the Sol Water
Balance (SWB) model and the RiskMan model in such a way that they can be used as tools on an
imgation scheme lo:

o Minimize water distnbution losses

o Maximize efficient water use at farm level by means of irnigation scheduling
Do on farm planning to make the best economical decisions.
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The integration of WAS, SWB and RiskMan were successful. Modifications were made to WAS, SW8B
and RiskMan to make the integration possible. The different models can be used alone or where
necessary, information can be read directly from the other models. WAS saves crop survey data that
can be accessed by RiskMan. SWB can create simulated crop yield records that can be accessed by
RiskMan. SWB can generate water request forms that can be used by WAS. Once a farmer has
decided on the best crops 1o plant, SWB can be used for the day to day irrigation scheduling.

Aim 2

Develop a geographical information system that can be used on an imigation scheme with WAS, SWB
and RiskMan.

The geographic information system was developed and is implemented at Loskop and Orange-Riet
successfully. The canal networks at both schemes are captured and it is possible 10 query the different
databases and display the information on the GIS map.

The GIS map consists of different layers that can be enabled or disabled depending on the amount of
detail the user wants 10 see. The layers that were created for both schemes are a canal network layer,
a farms layer and a river layer. The user can add additional layers and edit the objects on any layer
such as lines, areas and points. The GIS program has a built in help file that gives the basic
information on how o operate the program.

Aim 3

Investigate suitable modifications to WAS and SWB to compliment RiskMan as a planning tool and
pending the outcome make necessary modifications.

Modifications were made 1o WAS and SWB 1o compliment RiskMan as a planning tool. The
modifications can be summarized as follows:

e It is now possible to generate a water request form with SWB that is compatible with WAS.
On-farm water losses such as storage and conveyance losses are calculated by SWB and
added to the total volume needed for imgation. Although SWB will calculate the values of the
water order form, the farmer will still be able to modify these values.

Historical crop and yield records can be captured in WAS that can be accessed by RiskMan.
Long-term simulations can be run with SWB that will produce yields for different water
applications. These yields generated by SWB in scenario mode are accessible by RiskMan.

Aims 485

Investigate the implementation of WAS, SWB and RiskMan models on a sultabie imgation scheme
where it can be tested as an integrated system.

Implement and refine WAS, SWB and RiskMan as an infegrated system on a suitable irrigation
scheme,

Orange-Riet Government irrigation scheme and Loskop imigation board were selected for the
implementation of the integrated information system.

The implementation of WAS at Loskop and Orange-Riet was very successful. Both schemes use WAS
extensively for accounting and water distribution purposes. A complete database of all irmgators with
relevant information exists on both schemes. Canal network data were captured at both schemes.
The necessary modifications were made to the databases that make historical crop survey records
available to the RiskMan model.

The implementation of SWB at Loskop was very successful. Farmers and advisors in the area are
actively scheduling with SWB. Valuable feedback was received from the Loskop area that was used to
debug and improve the SWB model. The implementation of SWB at Orange-Riet was however not
successful. This could be because of the current user base of other irmigation scheduling services and
the lack of manpower to give support should a farmer decide to use SWB.
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The implementation of the RiskMan model at Orange-Riet was very successful and a few farmers
cooperated with the project team to make real data available that was used 1o test the RiskMan model.
The implementation of the RiskMan model at Loskop was, however, unsuccessful. Although a group
of farmers were prepared to work with the project team a working solution did not realize during the
research period. This is a problem that is not easily overcome as it must be realized that the imigation
scheme personnel and the farmers first priority is not the research project, but the work at hand.

The implementation of the GIS program at Loskop and Orange-Riet was very successful. The GIS
maps of Loskop and Orange-Riet have been completed and the personnel are able 1o do their own
editing of the maps with the GIS program. The data querying facility of the GIS program is currently
very basic, but that is something that will definitely improve once the users get 1o know more about the
new technology and define their own needs.

The automatic weather stations have been installed successfully at Loskop and Orange-Riet and are
fully operational. Both weather stations can be accessed remotely using cell phone communication.
SWB has been installed at both schemes where weather data can be imported into the separate
databases. The management at both schemes has committed themselves to make weather data
available to farmers and advisors in the best possible way.

6 Conclusions

Although the project team did not implement all the modules of the integrated information system on
both imigation schemes successfully, it managed 1o transfer new technology to both of the schemes
that will definitely grow and make a difference in their daily operations. Some of the technologies are
new and it will take some time before the majority of farmers will accept it. This project has definitely
proved that a visual tool such as the GIS program is easily accepted by irrigation schemes and has
great potential in managing irmigation schemes and communicating information. The GIS program was
the only program that was used without much persuasion by both irrigation schemes.

The cumrent project has shown that the implementation of the integrated system at two very similar
irrigation schemes produced different outcomes. What is important to one scheme is not necessary
important to the other. An imigation scheme might just not be ready to implement the complete system
but can take advantage of the parts that it can use. The integrated information system cannot be
forced onto an immigation scheme. It is therefore important to do the implementation in stages and in
manageable bits. Factors that have an effect on the success rate are available resources such as
hardware and personnel. Experience has shown that once a user starts using a model successfully
they seldom go back to the old methods.

7 Recommendations

It is recommended that the integrated information system should be introduced to other imigation
schemes and water management offices in South Africa.

The use of the two weather stations cumently installed at Loskop and Orange-Riet should be
expanded. A suggestion is to make the data available on the Intemet.
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INTRODUCTION

1.1 Mechanistic irrigation scheduling

The best estimates of crop water use result from direct measurements, but this is not always feasible on
large scale. The next most accurate approach would be one, which integrates our understanding of the
soll-plant-atmosphere continuum as mechanistically as possible. Taking the supply of water from the sod-
root system, and the demand from the canopy-atmosphere system into account is essential to properly
describe crop water use. The FAO Penman-Monteith reference crop evaporation (Smith et al., 1996)
together with @ mechanistic crop growth model, which uses soil water and grows a realistic canopy and
root system provides the best possible estimate of the soil water balance. This approach has been out of
reach of irrigators due to the specialist knowledge required to run the models. This high management cost
can be drastically reduced by packaging the model in an extremely user-friendly format, eliminating the
need for a detailed understanding of the intricacies of the soil-plant-atmosphere continuum. The benefits
are increased 100, because of the accuracy of the mechanistic, and therefore universally valid, estimation
procedure.

1.2 The SWB (Soil Water Balance) irrigation scheduling model

Soil Water Balance (SWB) is a user-friendly irrigation scheduling model. It is based on the improved
generic crop version of the soil water balance described by Campbell and Diaz (1988). A brief description
foliows with more detail given in Chapter 4 (Technical manual).

SWB is a mechanistic, real time, genenic crop, soil water balance, irngation scheduling model. It gives a
detailed description of the soil-plant-atmosphere continuum, making use of a weather, soil and crop
databases.

SWS performs the calculation of the water balance and crop growth using three units, namely weather,
soil and crop.

Weather unit:

The weather unit of SWB caiculates the Penman-Monteith grass reference daily evapotranspiration
according to the recommendations of the Food and Agriculture Organization (FAQ) of the United Nations
(Smith et al., 1996; Smith, 1992a)

Soil unit:

In the soil unit of SWEB, potential evapotranspiration is divided into potential evaporation and potential
transpiration by calculating canopy radiant interception from simulated leaf area (Ritchie, 1872). This
represents the upper limits of evaporation and transpiration and these processes will only proceed at these
rates if atmosphenc demand is limiting. Supply of water to the soil surface or plant root system may,
however, be limiting. This is simulated in the case of soil water evaporation, by relating evaporation rate to
the water content of the surface soil layer. In the case of transpiration, a dimensionless solution to the
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water potential based water uptake equation is used. This procedure comes up with a root density
weighted average soil water potential which characterizes the water supply capabilities of the soil-root
system. This solution has been shown to work extremely well by Annandale et al. (1998). If actual
transpiration is less than potential transpiration the crop has undergone stress and leaf area development
will be reduced. The multi-layer soil component of the model ensures a realistic simulation of the infiltration
and crop water uptake processes. A cascading soll water balance is used once canopy interception and
surface runoff have been accounted for.

Crop unit:

In the Crop unit, SWB caiculates crop dry matter accumulation in direct proportion to transpiration
corrected for vapour pressure deficit (Tanner and Sinclair, 1983) It also calculates radiation imited growth
(Monteith, 1977) and takes the lower of the two. This dry matter is partiioned to roots, stems, leaves and
grain or fruits. Partitioning depends on phenology calculated with thermal time and modified by water
siress.

SWEB also includes a mode! based on the FAO crop factor approach (Smith, 1992b). This model can be
used to calculate the soil water balance.

1.3 Why SWB?

A mechanistic, and therefore universally valid, approach to estimating crop water use, like that described
here, has several advantages over the more empirical methods often used. Using thermal time to describe
crop development removes the need to use different crop factors for different planting dates and regions.
Splitting evaporation and transpiration solves the problem of taking irrigation frequency into account
Deficit irrigation strategies, where waler use is supply imited, can also be more accurately descnbed.

Extensive use is made of graphics with the soil water balance presented at the end of the simulation.
Valuable information on the components of the soil water balance with the deficit to field capacity and
recommendations for the next irmgation are aiso given.

SWB uses a crop parameter, weather, field, water and soil database which negates the need to make
several ASCII files in a text editor to handle each simulation. This, together with the fact that several fields
can be simulated simultaneously, makes it an ideal tool for the large farmer or irmigation consultant.

User-friendly models can make accurate, high technology approaches to irrigation scheduling feasible on

farm. This approach can both reduce the costs and increase the benefits of irmgation scheduling. The
grower, however, needs to be convinced that it is important to manage irrigations.

1.4 How to use the User's Guide and Technical Manual?

A brief user's guide is presented in Chapter 2 (User's guide).




Special features of SWB are shown in Chapter 3 (Special features).

A detailed, technical description of both crop growth and FAO-based model (Weather, soil and crop units),
foliows in Chapter 4 (Technical manual).

Since SWB is a generic crop growth model, parameters specific for each crop have to be known. SWB
includes a database of parameters for a large number of crops. If parameters for particular crops and
cultivars are, however, not available, these need 1o be determined in the field.

Guidelines for the determination of specific crop growth parameters required by the crop growth model are
given in Chapter 5 (Guidelines for the determination of specific crop growth parameters).

Guidelines for the determination of the parameters required by the FAO model are given in Chapter 6
(Guidelines for the determination of the FAO model parameters)




USER'S GUIDE

1.5 Howto

Question:

Answer:

Question:

operate SWB?

How to install SWB?
Select Setup from the CD drive.

The set-up program will automatically create an SWB shortcut icon on your Windows
desktop.

The program runs in Windows 95 on an |IBM-PC or compatible computer. The minimum
requirement is 16 Mb RAM. The time required to complete a seasonal simulation is 3 to
5 s on a Pentium 166. The program is supplied in executable code on 3.5-inch disks or
CD, with a quick reference User's guide and Technical manual.

How to run SWB?

Double click on the SWB shortcut icon in the Windows desktop.

What are the modes of SWB?
SWB can run in three modes (levels of operation):

1) Irrigation

This 1s the most basic mode of SWB. When the program is installed from the
CD, SWB runs in Irrigation mode. The following operations can be performed
in the Irrigation mode: run simulations, enter real-time weather and imgation data
at the end of the simulation, see results and recommendations. In order to run a
simulation, however, management (field) and soil input data need 10 be entered

The Irrigation mode is meant o be used real-time by farmers whose
management (fieid) and soil input data have been previously set up by irrigation
consultants

2) Consultant
This is the second level (mede) of SWB. The Consultant mode performs the
same operations as the Irrigation mode. In addition, the following operations can
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be performed in the Consultant mode: enter input data for management (field)
and soil, use special features of SWB (ETo calculator, enter measured data,
neutron probe scheduler, tensiometer scheduler, gravimetric scheduler, field
capacity and permanent wilting point calculator, update simulations, generate or
change specific crop growth parameters and FAO crop factors, import weather
data). The Consultant mode is meant 1o be used by irrigation consultants and
farmers who run SWB independently.

Researcher

This is the most complex mode of SWB. The Researcher mode performs the
same operations as the Irrigation and Consultant modes. In addition, the
following operations can be performed in the Researcher mode: run long-term
simulations, see yield summary for long-term simulations, run salt balance
simulations, run the two-dmensional canopy radiation interception model, run
the one- and two-dimensional finite-difference water movement model, run
hourly simulations. The Researcher mode is meant to be used only for research
purpeses and, due to the complexity, it is not recommended to be used by
irmgation consultants and farmers.

Question: How to change mode of SWB?

Answer: When first installed, SWB runs in Irrigation mode. To change mode, double click on the
Soil Water Balance (Irngation) bar below the logo in the Main Menu.

Choose Consultant or Researcher mode

Enter the password in the corresponding block. The password is Consultant for the
Consultant mode, and Researcher for the Researcher mode. The passwords are case
sensitive.




Change SWB to consultant version E3

Password

lCon:mm(

oK Cancel |

To change back to the Irmgation mode, double chick on the Soil Water Balance bar below
the 1090 In the Main Menu

Question: What are the functions of SWB?

Answer: The vanous functions of SWB can be accessed from the Main Menu. When SWB is in
Irmgation mode, only the Run function is visible
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Click on the Help icon for help

Help




What input data do | need to enter?

SWB requires weather, management, irmgation and soll data to run simulations

Weather input data:

1 Click on the Weather icon in the Main Menu.

- & The Weather stations table will appear.

3 Edit the Weather stations table.
(Press F1 on the keyboard for context sensitive help)

4 Click on the appropriate weather station.

5. Click on the Daily data page to enter daily weather data.
(Do not use the Hourly data page)

Statons | Daiy deta | Hourly deta |

N A —— T T ————

6. The Daily weather data table will appear
7. Edit the Daily weather data table.
(Press F1 on the keyboard for context sensitive help)
Management (field) input data:
1. Click on the Fields icon in the Main Menu.

Z The Fields form will appear.
3 Edit the Field form. (Press F1 on the keyboard for context sensitive help)

Irmgation input data:

1"




Question:

1. Click on the Irrig icon in the Main Menu.

- 3 The Field table will appear.
3 Ciick on the appropriate field.
< Click on the Img & Precip page to enter daily rainfall and irrigation data.

5. The Daily rainfall and irngation data table will appear.
6. Edit the Daily rainfall and irrigation data table.
(Press F1 on the keyboard for context sensitive help)

Soil input data:
1. Select Edit/irmgation schedule|Soil data in the Main Menu.

2. The Soil form will appear.
3. Edit the Soil form. (Press F1 on the keyboard for context sensitive help)

How to run simulations?
1. Click on the Run icon in the Main Menu.
2. The Run form will appear
3 Edit the Run form.
(Press F1 on the keyboard for context sensitive help)
4 Chick on the Run button to run simulations.
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Question:

Answer:

Question:

How to see results of the simulation?

1. Click on the Results icon of the Main Menu.

= Click on the appropriate field in the Field page.

e |Recom | Graph | Seect ragh | Graph seup | Resuts | Mesured

g

3. Output results can be seen both in graphical and numerical format. Select the
appropniate Results data page to be seen.
(Press F1 on the keyboard for context sensitive help)

How to see recommendations?

1. Click on the Recom icon in the Main Menu.

2 The Recommendations table will appear. (Press F1 on the keyboard for context
sensitive help)

How to update simulations real-time?

Computer modeis operated from offices are not supposed to compietely substitute field
measurements. They could, however, facilitate management by making field visits less
frequent. SWB, as any other model, is very unlikely to simulate a value for a parameter,
which is exactly equal to the measurement. There are several reasons why an estimation
procedure may perform poorly. Insect or herbicide damage may for example delay
canopy development. As this is not accounted for in the model a larger canopy and drier
profile than actually exists will be forecast. For this reason, the update simulation feature
was included in the model. It is possible to enter measured soil water and/or canopy
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cover al any stage during the season and the model will bring the simulation in line

Select Ecit|/irmgaton schedule|Update WC/F| in the Main Menu

The Fields table will appear.

Click on the appropriate field.

Select the WC measured page to enter measured data of volumetric soil water
content.

5. Select the Fl measured page to enter measured data of fractional interception of
radiation (canopy cover). (Press F1 on the keyboard for context sensitive help)

LN -

s v s

L&‘- - -

In order to facilitate the estimation and update of canopy cover, a database of photos of
crops at different canopy cover fractions was included in the help file. Measured values of
fractional interception of radiation are reported for each photo. An example is shown in
the Figure below. The database of photos of crops can be accessed as follows:

1 Press F1 on the keyboard, or click on the Help icon in the Main Menu to access
the help file.

Select Index in the Help window.

3 Select Crops from the Index list.

N
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Fractional interception of radiation (canopy cover) = 0.40
Crop height = 45 cm
(Location: Roodeplaat, Pretona, Season: summer 1996/97; Soil; clay loam)

Question: How to change/add crop parameters?

Answer: 1 Select Edit/irrigation schedule|Crop parameters|Growth model in the Main Menu
1o edit specific crop growth parameters for the crop growth model. (Press F1on
the keyboard for context sensitive help)

2 Select Edit|irrigation schedule|Crop parameters/FAQ in the Main Menu to edit
FAO crop factors for the FAO model (Press F1 on the keyboard for context
sensitive help)
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Question:

Question:

Question:

How to import weather data from spreadsheet files?

Weather data can be imported into SWB from comma delimited, tab delimited or space
delimited files The order in which the data appear in the file can be specified, so
standardization of data files is not important Ranges of the imported weather data can
also be set up by the user. While importing weather data, SWB checks for data out of
range.

1 Click on the Weather icon in the Main Menu 10 access the Weather station data
table.

2. Click on the Import daily weather data icon 1o import weather data,
(Press F1 on the keyboard for context sensitive help)

How do | use other databases?

Copy a new database in a new folder on the C: drive.

N -

4 Run the Beadmin exe file of SWB
3. Click once on SWB in the Databases root of the Databases option in All
Database Akases.
4 Change PATH to the new folder where the new database has been stored.

How do | copy databases”?

Databases can be copied or overwritten by copying or overwriting *.db, * px, *. X?? and
* Y77 files.
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1.6 Troubleshooting

Question:

Answer:

Question:

Answer:

Question:

Answer:

Question:

Question:

How to call for help?

The on-ine Help file can be accesses by clicking on the Help icon in the Main Menu.

The help topic related to the current screen can be accessed by pressing F1 on the
keyboard.

Why the mass balance error appears when | update the soil water content?

The update of the soil water content is not accounted for in the calculation of the mass
balance error. Whenever an update of the soill water content is entered, a mass balance
error will appear in the Soil Water Balance graph.

The mass balance error is primanily caiculated 1o check possible numerical errors in the
simulation. Another purpose of the mass balance error calculation s to verify the
correctness of model predictions and to quantify the error committed by the model.

How do | rebuild corrupted databases?
1 Run the Tutil.exe file of SWB

2. Select SWB from the Alias Name drop down list.
3 Choose the *.db database file to verify or rebuild from the Table Name drop

down list
4 Verify the * db database file by clicking once on the Verify button.
5. Rebuild the *.db database file by clicking once on the Rebuild button.

Error message: " is not a valid integer value
This problem may occur when a simulation is run, if Windows 95 did not shut down

properly during the previous session.
Delete the SWB32 INI file in the CAWINDOWS\ folder

Error message: " is not a valid floating point value

This problem may occur when the user selects to display an output graph, if Windows 95
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did not shut down properly during the previous session.
Delete the SWB32.INI file in the C:\WINDOWS\ folder

Question: Whom to contact in case of trouble?

Answer: Contact: Dr JG Annandale
Dept. Plant Production and Soil Science
University of Pretoria
0001, Pretoria
South Africa

Tel.: (27) (12) 420 3223
Fax: (27) (12) 420 4120
E-mail: jannanda@postino. up ac.za

Suggestions for improvements to SWB will be welcomed by the authors.
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SPECIAL FEATURES

In an attempt to enhance the value of the scheduling program several features have been incorporated.

1.7 ETo calculator

A stand-alone ETo caiculator aliows one to calculate the FAO Penman-Monteith grass reference

evapotranspiration (ETo) without running SWB. The procedure for the calculation of ETo with the ETo
calculator is the same as that used for model predictions (see Chapter 4.1, Weather unit).

1. Click on the ETo icon in the Main Menu to access the ETo calculator.

N

The ETo calculator form will appear.
3 Enter input data in the corresponding blocks.

(Press F1 on the keyboard for context sensitive help)
4 Click on the Calc button to calculate ETo.

1.8 Water request form

A water request can be generated by SWB based on the recommendation. The user needs lo specify
the current water year. The water order form defaults to an original water request but the user has the
option to change this to an additional water request or a cancellation of water. The water type defaults
to quota water but the user can change it to extra, surplus or flexi water. The discharges caiculated by
SWB are not fixed and can be changed by the user if necessary.

Click on the Recom icon in the Main Menu to access the recommendations
The recommendations form will appear.

Move to the recommendation record under concem.

Click on the water requests button

S ON 2
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1.9 Neutron probe scheduler

Soil water deficit can be caiculated from measurements with the neutron water meter using the neutron
probe scheduler as a stand-alone tool

1. Click on the N-Probe icon in the Main Menu to access the Neutron probe scheduler

2 The Neutron probe scheduler form will appear.
3 Enter input data in the corresponding blocks. (Press F1 on the keyboard for context
sensitive help).

Volumetric soil water content and standard error of the measurement are calculated for a
maximum of 11 soil layers.

Data from the soil database of SWB can be imported into the Neutron probe scheduler by
clicking on the Get soil properties icon




Select the Graph page to display volumetric water content in the soil profile graphically,
as well as the calculated soil water deficit to field capacity. (Press F1 on the keyboard for
context sensitive help)

Water content calculated in the Neutron probe scheduler can be sent 1o the measured
values database by chicking on the Send values to measured table icon.

Water content calculated in the Neutron probe scheduler can used to update simulations
by clicking on the Update simulated water content icon.

1.10 Tensiometer scheduler

Soil water deficit can be calculated from measurements with tensiometers using the Tensiometer
scheduler as a stand-alone tool. The assumptions used to calculate soil water deficit from tensiometer
measurements are explained in the help file.

!

N

Click on the T-Meter icon in the Main Menu to access the Tensiometer scheduler.

The Tensiometer scheduler form will appear.

Enter input data in the corresponding blocks. (Press F1 on the keyboard for context
sensitive help)

Volumetric soil water content and standard error of the measurement are calculated for a
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maximum of seven depths
4 Select the WC graph page to display volumetric water content in the soil profile
graphically, as well as the calculated soil water deficit to field capacity.

Fom |oid | e graph | Tension graph |

5 Select the Tension graph page to display the tension graph. (Press F1 on the keyboard
for context sensitive heip)

Water content calculated in the Tensiometer scheduler can be sent to the measured values database by
chicking on the Send values to measured table icon.

LR R

Water content calculated in the Tensiometer scheduler can used to update simulations by clicking on the
Update simulated water content icon.

3
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1.11 Gravimetric scheduler

Soil water deficit can be calculated from gravimetric measurements of soil water content using the
Gravimetric scheduler as a stand-alone tool.

1. Click on the Grav icon in the Main Menu to access the Gravimetric scheduler.

N

The Gravimetric scheduler form will appear
- | Enter input data in the corresponding blocks. (Press F1 on the keyboard for context
sensitive help)
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Volumetric soil water content and standard error of the measurement are calculated for a
maximum of six depths.

4 Select the Graph page to display volumetric water content in the soil profile graphically,
as well as the caiculated soil water deficit to field capacity. (Press F1 on the keyboard for
context sensitive help)

h ‘h\' o~ 7 g .
A | A
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Water content calculated in the Gravimetric scheduler can be sent to the measured
values database by clicking on the Send values to measured table icon.

Water content calculated in the Gravimetric scheduler can used to update simulations by
clicking on the Update simulated water content icon.

1.12 Field capacity and wilting point calculator

Volumetric soil water content at field capacity and permanent wilting point can be calculated from texture
analysis using the Field capacity and wilting point calculator as a stand-alone tool. The calculator uses the
empirical equations recommended by Bennie et al. (1988) for soils in the Free State.

L Click on the Texture icon in the Main Menu to access the Field capacity and wilting point
caiculator.

& The Field capacity and wilting point calculator form will appear.
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Enter % silt and clay in the corresponding blocks
4. Click on the Calc button to calculate the volumetric soil water content at field capacity
(FC) and permanent wilting point (PWP).

1.13 Address database

| An Address database can be used to keep record of the users of SWB.

Select EditjAddress & Tel no's in the Main Menu to access the Address database.

1.14 Statistical analysis

Measured data can be plotied as points in the output graphs which gives a very good idea of how well the
simulation is performing. This feature makes it relatively easy o select reasonable parameters for new
crops from growth analysis, soll water and weather data.

Select Editjirngation schedule|Measured data in the Main Menu to enter measured data and standard
errors of the measurement. (Press F1 on the keyboard for context sensitive help)

SWB calculates parameters of the statistical analysis between measured and simulated data. The
parameters of the statistical analysis are:

i) Number of observations (N);

ii) Coefficient of determination (r*);

i) Index of agreement of Willmot (D).

iv) Root mean square error (RMSE), and
v) Mean absolute error (MAE)

These were recommended by de Jager (1994) to assess model accuracy. He also recommended as
model prediction reliability criteria that r and D should be > 0.8, whilst MAE should be < 20%.
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The parameters of the statistical analysis are shown in the output graphs. This should allow quick, efficient
and quantitative evaluation of model performance Standard errors of measured data can also be

displayed in the output graphs

1.15 Hints and error checking

SWB displays hints with ranges for input data, checks the ranges of input data, and generates error
messages and warnings when operational errors are committed (e g input data out of range are entered)
This should prevent accidental typing errors and errors in units. The example in the Figure below shows
the error message that pops up on the screen when a minimum temperature greater than the maximum
temperature is entered for the same day in the Weather catabase.
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TECHNICAL MANUAL

1.16 Weather unit

1.16.1 Introduction

The aim of this Section is to calculate potential evapotranspiration (PET) from available meteorological
input data (Smith et al., 1996, Smith, 1992a). Daily Penman-Monteith grass reference evapotranspiration
(ETo) and PET are calculated in the Weather unit and used in the Soil unit to compute actual
transpiration (T) and evaporation (E).

The Weather unit includes the procedure for initializing weather parameters, and five functions where the
following parameters are calculated:

i) Ra - Extraterrestrial radiation (MJ m™ day™);

i) VPD - Vapour pressure deficit (kPa);

i) Ra - Net radiation (MJ m™ day™);

iv) ETo - FAO reference evapotranspiration (mm day™), and
v) PET - Potential evapotranspiration (mm day').

An additional Weather day step function is performed on a daily basis.

The procedure Initialize weather converts the weather station lattude (Lat) from degrees into radians,
and calculates atmospheric pressure (P,) from altitude, as follows:

Py = Po [(To - a Alt) / T "
(Burman et al., 1987)

Alt - Altitude (m)

Pa . Standard atmosphenic pressure at sea level (101.3 kPa)
To - Standard temperature at sea level (283 K)

g . Gravitational acceleration (28 ms?)

Rg - Specific gas constant for dry air (286.9 J kg K")

a - Adiabatic lapse rate (Km™)

The adiabatic lapse rate is assumed to be 0.00685 K m™' for saturated air. Alt is an input parameter linked
to a particular weather station.

The functions for calculating R,, VPD, R,, ETo, PET and weather day step will be treated separately in the
following Sections.




1.16.2 Extraterrestrial radiation

Potential solar radiation is calculated as a function of Lat (input value) and day of year (DOY), as follows:
R, = 118.08 Do/ m [w, sin(Lat)sin(Dec) + sin(w,)cos(Lat)cos(Dec))

R, is in MJ m* day™, whilst the constant 118.08 represents the solar constant in MJ m? day” D, is the
relative distance of the earth from the sun, a function of DOY:

Do = 1 + 0.033 cos(2m DOY / 365)

Wy is sunset hour angle (rad), a function of latitude and solar declination (Dec)
w, = arccos{-tan(Lat) tan(Dec))

For the Southern hemisphere, solar declination is calculated as follows:

Dec = - 0.409 sin(2w / 365 DOY - 1.39)
(Duffie and Beckman, 1980)

whilst for the Northern hemisphere the sign of the equation is changed.

1.16.3 Vapour pressure deficit

Vapour pressure deficit is calculated adopting the following equation
VPD = [8y(Tma) + €4(Ta)] /2 -2,

where e, is saturated vapour pressure (kPa), a function of maximum (T,.,,) and minimum air temperature
(Tn), @and e, is the actual vapour pressure (kPa).

Saturated vapour pressure is estimated from air temperature (T,), as follows:

e, =0611exp{17.27 T,/ (T, + 237.3)) (Tetens, 1930)
Actual vapour pressure is an input variable. If not available, it is calculated from measured minimum
(RHmn) @nd maximum relative humidity (RH,.,), and if that is not avalable, from measured wet bulb (T,)
and dry bulb temperature (Tg).
Vapour pressure can be calculated as a function of percent relative humidity as follows:

€s = [€3(Trwn) RHmae / 100 + €4(Toas) RHme / 100] 7 2

and from psychrometer readings with:
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€, = &,(T.) - 0.0008 (Tq - Ta) P (Bosen, 1958)

If not available for use in K¢, (FAO maximum crop coefficient), RH,,, is calculated as a function of T,
and T, for use in the weather modified PET calculation:

RHpn = €4(Toun) / €5(Trnae)

If no atmospheric vapour measurements are available, SWB assumes T, reaches dew point, and e, is
set 10 e,(Tow)-

VPD is used in the calculation of ETo and water imited dry matter production,

1.16.4 Net radiation

In this Section, the R, value is caiculated 1o be used for computing the Penman-Monteith reference
evapotranspiration, as follows:

Ra = Res - Ry
Res . Short-wave net radiation (MJ m~? day”)
Re - Long-wave net radiation (MJ m” day”)

Assuming the albedo of the reference crop is 0.23, R, is:
Rua=077R,
R, - Solar radiation (MJ m” day™)

R, is an input value in MJ m? day™. In the absence of measured data, SWB calculates R, after Alien
(1995), as follows:

Ry =0.17 P/ Po (Trax - T’ Ry

Toas and T are in “C and they represent the minimum required input data for calculating R,
Kelvin air temperatures are used to calculate net terrestrial radiation:

R=1:€0 (Toas * T )/ 2
with f., the cloudiness factor
.=135R,/R,,-0.35 (Docrenbos and Pruitt, 1992)

R, is the short-wave radiation during bright sunshine (MJ m” day™):
Reo=075R,

The factor "0.75" represents the maximum clear sky transmissivity of the atmosphere. ¢ is the clear sky
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emissivity of the earth's surface:
€=034-0.14¢,°"° (Doorenbos and Pruitt, 1992)

and 0 is the Stefan-Boltzmann constant (4 2x10* MJ m? K*),

1.16.5 FAO reference evapotranspiration

The Penman-Monteith ETo is calculated according to the FAO procedure, as recommended by Smith et
al (1996). The following equation is adopted:

ETo=[0408 A (R.-G) +y 900/ (Teg+ 273) U, VPD] /[A + ¥ (1 +0.34 U,))
with A the slope of the saturation vapour pressure curve in kPa °C”'
A = 4098 e,/ (T, + 237.3)°

and G the soil heat flux (MJ m™ day ") calculated from today's (DOY) and yesterday's (DOY-1) average air
temperatures (T,,;)

G = 0.38 [Tyug(DOY) - Tyug(DOY-1)]
(Wright and Jensen, 1972)

Tog = (Toae * T / 2
y is the psychrometer constant (kPa °C') calculated as

y=0.00163 P,/ A
with A the latent heat of vaporization (MJ kg™

A=2501-2361x10°T,,
U, is wind speed measured at 2 m height (m s™').
U, is a weather data input value. If it is not available, SWB assumes an average U,of 2ms ' Smith ef al
(1996) recommended an average U, of 3 m s for windy, and 1 m s for low wind conditions. If wind
mﬁagmmmzmmmmmmmsmmmawwmm

U, = U 4.87/In(67.8 Hy - 5.42)
(Allen et al , 1989)

Hy - Height at which wind speed is measured (cm)
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1.16.6 Potential evapotranspiration

Potential evapotranspiration is used to determine actual transpiration and evaporation in the Soil unit
Crop PET is calculated as a function of the reference evapotranspiration and K¢, as follows:

PET = ETo KCpus

KCmax represents the maximum value for the FAO crop coefficient (Kc) following rain or irrigation. It is
calculated according to the procedure recommended by Allen et al (1998), and identified as the maximum
of the following two calculations:

KComas = 1.24{0.04(U;-2)-0.004(RH,-45)] (He / 3)°2
KCoax = Kcb + 0.05

He - Crop height (m)
Kcb - FAQ basal crop coefficient

The upper limit of Kcyy, is set at 1.45. The calculation of He and Kcb is shown in the Crop unit

1.16.7 Weather day step

The Weather day step function is executed on a daily basis until the present day, or until crop maturity.
This function identifies the day of year and reads precipitation (P) and irrigation (I) input data. It
remembers the average ar temperature of the previous day (T,,,(DOY-1)), used to estimate soil heat flux
in Section 4.1.5 (FAO reference evapotranspiration).

The Weather day step function reads the following variables:

- FAOQ basal crop coefficient, Kcb;

- Crop height, Hc,

- Maximum daily temperature, Toq.

- Minimum daily temperature, T

- Incoming solar radiation, R,,

- Actual vapour pressure, e,,

- Wind speed measured at 2 m height, U,
- Height at which wind speed is measured, H,,
- Daily minimum relative humidity, RH,,...

- Daily maximum relative humidity, RH ..
. Dry bulb temperature, T4, and

- Wet bulb temperature, T,.

Kcb and He are calculated in the Crop unit. T, and T, are essential input values. H, input value is
needed if U is not measured at 2 m height If measured input data are not available, SWB calculates R,,
€., U; and RH,,,, as described in the previous Sections.

30




1.17 Soil unit

1.17.1 Introduction

The aim of this Section is to simulate the dynamics of water movement in the soil profile in order to
determine soil water availability to the crop. Water movement is simulated with a cascading model. This
divides the soi profile into a number of layers Each layer has its own physical properties:

. Soil matric potential, ¥,, (J kg™);

- Volumetric soil water content, 8,

- Volumetric soil water content at field capacity, 8.

- Volumetric soil water content at permanent wilting point, 8,

- Campbell's "a" and "b" parameters of the log-log water retention function; and

- Bulk density, py (Mg m”).

By Boup. Py and initial 8 are input values. Soil water movement is calculated in the Soil unit and includes
three procedures:

i) Calculation of soil layer thickness (dz),
i) Soil parameters initialization, and
iii) Soil day step calculation.

In addition, two separate functions are used to calkculate:

i) Soil water storage; and
i) Allowable depletion.

SWE firstly caiculates the thickness of each soil layer (i), using the following equation:
a4z, =2 -2,
z . Layer depth (m)
Layer depth (distance between the lower boundary of the layer and the soil surface) is an input value.

In the procedure that initializes soil water parameters, SWB reads input values of initial 8, 8,.. 8., and p,
for each of the layers. For uniform profiles only one set of layer values needs to be entered

Volumetric soil water content at saturation (8,,) is calculated using the following equation:
Bu=1-pp/ 265

where 2.65 represents the average density of soll particles.
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Campbeill's "a" and "b" coefficients of the water retention function are calculated for each layer, as follows
(Campbell, 1985):

B = I0(Vpup ! Wre) / IN(B4c/ Bpup)
a = exp(In(-Wpue) + b In(Bys))

Vo - Soil matric potential at permanent wilting point (J kg™)
Y - Soil matric potential at field capacity (J kg")

Wous aNd Wy, are input parameters. Hillel (1982) recommended values of -1500 J kg for W,., and -10 J
kg for W

Volumetric water content at permanent wilting point is then recalculated as the lower limit of crop water
uptake for a specific plant:

Bpus = EXP(-IN(-3 Wy / (2 2)) / b)
Yo - Leaf water potential at maximum transpiration rate (J kg"')
Y. I8 @ crop specific parameter
Air dry volumetric soil water content (8,4) is calculated as follows (Campbell and Stockle, 1993):
8= 0.3 By

8,4 is used to set the lower limit of water loss through evaporation from the soil surface As SWB assumes
evaporation occurs from the top soil layer, 8, is only calculated for this layer.

The soil day step procedure is performed on a daily basis. It includes five more procedures which are
performed in the following order:

i) Amount of precipitation intercepted by the canopy, |,

if) Runoff, R;

) Infiltration and redistribution,
) Evaporation, and

v) Transpiration.

SWB provides options to determine the soil water balance if either sprinkle/flood/pivot or localized
imgations are performed. In the case of sprinkle/flood/pivot irrigation, the model simulates even wetting of
the soil surface. When irrigations are performed with drip or micro-irrigators, SWB calculates the soil water
balance for both irmigated and non-imgated volumes of soil. The irrigated fraction of the surface (f, portion
of wetted area) is chosen in the field input table (ratio of wetted diameter and lateral spacing)

SWB simulates one-dimensional water movement in the soil for both sprinkle/flood/pivot and localized
irmgation. The calculation of the soil water balance components is discussed in the following Sections.




1.17.2 Canopy interception

Amount of rainfall and irrigation are two of the required inputs of SWB. Interception of precipitation and
irrigation (P + 1) by the crop canopy is caiculated only on days when rainfall and/or sprinkle/pivot imgation
occur

The amount of water intercepted by the canopy is assumed to be equal to the interception of radiation by
the canopy, including both photosynthetically active and senesced leaves (Fl,,.,), Multiplied by a canopy
storage parameter. The Fl,,, calculation is shown in the Crop unit, whilst canopy storage is a crop
specific parameter. The amount of precipitation penetrating the canopy and reaching the soil surface is
reduced by the amount of water intercepted by the canopy.

If the amount of precipitation is lower than potential interception, it is assumed that all precipitation is
intercepted by the canopy, and no rainfall and/or sprinkle/pivot irmigation water reaches the soill surface.

1.17.3 Runoff

Runoff is calculated on days when rainfall and/or irrigation occur. R is calculated adopting a semi-empirical
algorithm based on the assumption that once precipitation is greater or equal to a value representing initial
infiltration and surface storage, R increases with increasing precipitation.

Runoff is assumed to be 0 if
P+1502S
S - Runoff curve number (mm)

S is an input parameter giving an indication of the storage of surface, If rain plus imgation exceeds 20% of
S, runoff is calculated according to the following relation:

R=(P+1-02S)°/(P+1+088)
(Stewart et al., 1976)

Surface runoff is then subtracted from the rainfall and/or irrigation water allowing the remainder to infiltrate
into the soil.

1.17.4 Infiltration and redistribution
The model distributes water from rainfall and irrigation by filling sod layers to saturation, starting from the
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top of the profile and moving downwards. In the case of drip or micro irigated fields, the water
redistribution is caiculated for both imgated and non-irmgated portions of the ground.

SWB updates soil layer water content on a daily basis. Layer soil water deficit (SWD) is calculated as a
function of 8 using the following expression

SWD = (8 - 8) pe dz
P - Density of water (1000 kg m™)
If the amount of water penetrating a soll layer is larger than 8, - © for that layer, 6 is set to 8,,, The
amount of water penetrating the deeper layer (D)) is then reduced by "(8,, - 8) p,, dZ". If the amount of
water penetrating a soll layer is smaller than 8, - B for that layer, 8 is increased by "D, / p, dz" and D, is
set to 0 for the next soil layer.
Drainage is calculated when 6 exceeds 6, for the particular layer using the following equation:
Dr=Df (8 -8) pedz + D,

where Df is a drainage factor (sod input parameter).

1.17.5 Evaporation

The actual partitioning between evaporation and transpiration depends on the available energy reaching
the crop canopy and soil surface and the resistances to water transport (Ritchie, 1972, Norman and
Campbell, 1983).

Water loss by evaporation is assumed to occur only from the top soil layer.

The expression for potential evaporation (PE) is given by:

PE = (1 « Flow) PET (Reddy, 1983)
PET is calculated in the Weather unit, whilst Fl . in the Crop unit.
Evaporation proceeds at the potential rate until 8, is reached (atmospheric evaporative demand imited).
If water content decreases in the top soil layer below 8,,,, then evaporation becomes supply limited
(Campbell, 1985):

E = PE ((6 - Baa) / (Bpup - Baa))’

According to this equation, actual evaporation from the soil surface decreases by reducing the layers
water content.

| Water content in the top soil layer is reduced by the amount of water evaporated from the soil surface, on
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a daily basis.
If the calculated 6 is below B, B is assumed to be equal to 8,,. E is then calculated as follows
E=(6-6,)paaz
Two possible cases are simulated when drip/micro irrigations are performed:
i) If the canopy cover fraction (Fless) is larger than the irrigated surface fraction (f,),
evaporation is simulated only from the non-irrigated portion of the ground: and

) If Flovae < i, @vaporation from the irrigated, non-shaded area is added to the evaporation
from the non-irrigated surface layer.

1.17.6 Transpiration

Water loss by transpiration is calculated on days when root depth (RD) and fractional interception of
radiation by photosynthetically active leaves (Fl,,.) are greater than 0. SWB assumes that layer water
uptake is weighted by root density when soil water potential is uniform. No root water uptake is caiculated
for the uppermost soil layer which is reserved for evaporation.

Soil matric potential is calculated daily as a function of the actual soil water content, using the following
equation (Campbell, 1985):

Y,=ad®

By plotting ¥,, and € on a log-log scale and fitting a straight line to the data, it is possible to derive
Campbell's "a" and "b" values from the intercept and the slope of the relationship

Reduction in ¥, closes stomata and decreases transpiration and dry matter production. Transpiration is
therefore computed as a function of W, The following equation is applied to each layer in the soil profile,
in order to calculate water loss by transpiration as a fraction of soil volume:

LOSS = (Flyanse Trmae f (Wi = Wo) / (0.67 W,)) / (P d2)

Thas . Maximum transpiration rate (mm day)
f - Layer root fraction
W, . Xylem water potential (J kg')

Trma i @ crop specific parameter. The factor “f" is computed for each soil layer, according to the following
expression:

t=dz (2 (RD-2) + dz) | RD*
(Campbell and Diaz, 1988)

In the layer where z is larger than RD, the factor "f" is calculated as follows:
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f=((RD-z+dz)/RD)

Y, is calculated using the expression.

Y= W (Wayg +067T)

Yo = Vay! Vim
Vo - Root weighted average soil matric potential (J kg™')
Wos = I Wiy
The subscript "I" indicates the soil layer.

T  is the dimensionless actual water uptake. T  is chosen as the minimum between the dimensionless root
uptake rate (U) and the maximum dimensionless loss rate (E')

U'=1-067Wpy
E = PET/ Trrm

The factor "0.67" takes into account the resistances which water flow encounters in the path from the soil
toward the leaf. The major resistances are in the endodermis, where water enters the root steele and in
the leaf, at the bundle sheath. For typical plants growing in moist soil, the potential drop across the
endodermis is 60-70% of the total (Campbell, 1985). In this model, root resistance is assumed to be two
thirds of total plant resistance, with leaf resistance the remaining third. Xylem resistance is assumed to be
negligible as water flows in cell walls and xylem vessels without crossing membranes. Soil resistance is
also considered negligible

Water uptake is caiculated only when

Yo = Warg/ Wm <15
If the ratio between root weighted average soill matric potential and leaf water potential at maximum
transpiration rate exceeds 1.5, actual crop transpiration is assumed 1o be 0. Under this condition, the
xylem water potential is equal to the root weighted average soil matric potential (W, = W,.;) and no water
flow through the plant occurs.

Actual water content is reduced in each soll layer by the amount of water absorbed by the roots. The lower
limit of 8 is B, If the difference between actual water content and water loss by transpiration is smaller
than the water content at permanent wilting point (8 - Loss < 8,,;), 8 is set equal to 8, and the water

taken up by the roots is:
Loss =8 -8,

Finally, water losses by transpiration are converted into mm units and cumulated for each soil layer to

38




determine daily T in mm,
For localized irmgation (micro/drip), a root density factor can be specified in the field input data table. This
factor indicates the fraction of total roots in the wetted and non-wetted volumes of the soil. For example, a
factor of *1" indicates that all roots are in the wetted volume of the soil, whilst a factor of *0 5" indicates that
the root are evenly spread in the wetted and non-wetted volumes of the sod.
A dimensionless daily water stress index (Sl) is calculated as follows:

Sl = T/ (Flyese PET)

PET is calculated in the Weather unit, whilst Fly,. in the Crop unit. Sl is used to simulate partitioning of
daily dry matter production to different plant organs under water stress conditions (Crop unit).

1.17.7 Soil water storage

Soil water storage is calculated on a daily basis as the sum of the water content in mm in each soil layer.
This is subtracted from profile water content at field capacity to determine profile deficit. In the case of
drip/micro irmgation, root zone deficit is caiculated only for the fraction of irrigated ground.

1.17.8 Allowable depletion

Allowable depletion level (ADL) in the root zone is calculated on a daily basis. ADL is calculated in mm for
each soil layer where the root system is present, as follows:

ADL = (B - Bpup) Pu d2

Soil layer ADL values are cumulated to calculate ADL in the root zone. For the layer not completely
explored by roots, ADL is calculated as follows:

ADL = - (2 - RD) (8 - 8,u5) Pu
In this way, ADL is reduced by the amount of available water ((6y. - 6,.;) Py d2) below the root zone

SWE uses allowable depletion in the soil water balance graph and recommendations to guide irrigation
timing.

1.18 Crop unit
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1.18.1 Introduction

The aim of this Section is to simulate crop growth. The Crop unit includes three procedures:

i) Initialzation;
i) Planting; and
iit) Day step calculation.

Crop initialization sets initial values of several crop parameters to zero. Crop height requires a starting
value > 0 and this is set to 0.001 m.

The procedure for crop planting is initiated once a valid planting date has been identified. Top dry matter
(TDM) is set to TDM at emergence (crop specific parameter). For most crops, TDM at emergence is
estimated to be equivalent to seed mass density. Initial root dry matter (RDM) is calculated as:

ROM=¢, TOM/(1-1)
f, - Fraction of dry matter partitioned to the roots (crop specific parameter)
Initial leaf area index (LAI) is calculated as follows:
LAl = SLA TDM
SLA - Specific leaf area (m” kg”")

SLA is a crop parameter which describes the leaf morphology of a specific crop.
The crop day step procedure is performed on a daily basis. It includes the following calculations:

i) Growing day degrees (GDD),

i) Fractional interception of radiation (FI),

i) Crop height (Hc),

iv) Dry matter production increment (OM,),

v) Harvestable dry matter increment (HDM,),

vi) Partitioning of DM, into plant organs,

vil) Partitioning of DM, under conditions of water stress;
vill) Leaf area index (LAI), and

Ix) Rooting depth (RD).

The simulation of crop growth is discussed in the following Sections.

1.18.2 Growing day degrees

Crop development is simulated using thermal ime, an approach suggested by Monteith (1977). The
calculation of growing day degrees (GDD) starts after crop planting. GDD are accumulated daily using the
following expression:
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GDD = GDD + GDD,
GDD, - Growing day degrees increment
Growing day degrees increment is caiculated as follows:
GDD = Tog-Ts
T, - Base temperature (°C)
T, is a crop specific parameter.
When the average daily temperature is below the base temperature, GDD, is set to 0.
If Towp > Touce, then:
GOD, = Topn - Ty
where T« is an optimal temperature for crop development in *C (crop specific parameter).
The succession of phenological stages is simulated using day degree requirements for emergence

(EMDD), completion of vegetative growth (FLDD), transition period between vegetative and reproductive
growth (TransDD) and maturity (MTDD).

1.18.3 Fractional interception of radiation

Fractional interception of radiation is used to determine the portion of radiation available for crop
transpiration and evaporation from the soil surface. The two paramelers calculated in this Section are:

Fl =1..14LA”
Fl..‘ 1 _QC‘M‘M

K - Canopy radiation extinction coefficient (crop specific parameter)
yLAl - Leaf area index of senesced (yellowed) leaves

Fleass '8 the amount of radiation intercepted by the canopy and used for photosynthesis and transpiration

The amount of radiation penetrating the canopy and used for evaporation from the soil surface is given by
*1 - Floy -

1.18.4 Crop height

Crop height is used in the calculation of potential evapotranspiration in the Weather unit
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Hc is assumed to be 0 001 until emergence. After emergence, it increases linearly until the end of the
transition period between vegetative and reproductive growth, when it reaches its maximum (HC ., Crop
specific parameter). SWB calculates Hc daily, using the following equation:

Hc = 0.001 + (GDD - EMDD) (HCyg - 0.001) / (FLDD + TransDD - EMDD)

After the transition period between vegetative and reproductive stage has been completed, crop height
remains equal 10 HCyy,

1.18.5 Daily dry matter production increment

SWB calculates DM, on a daily basis, after crop emergence and before the crop reaches maturity DM, is
calculated as either water supply or radiation limited.

Water supply limited DM, (kg m”®) i predicted using the relationship between dry matter accumutation and
transpiration (Tanner and Sinclair, 1983):

DM, = DWR (T / VPD)
DWR - Dry matter-water ratio (Pa)
VPDisinPaand T in mm.

Under conditions of radsation imited crop growth, DM, is calculated using the equation recommended by
Monteith (1877):

DM, = Ec Ty Flyuap Ry

E. - Radiation conversion efficiency (kg MJ™")
Ty - Temperature factor for radiation-imited crop growth

Tem (Tag=To) 1 (To - To)
Te - Temperature of optimum light-limited growth (°C)
The upper limitof T,is setat 1, when T, > T,

Daily dry matter increment is chosen as the minimum of the water supply and radiation imited DM,

1.18.6 Daily harvestable dry matter increment
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SWB assumes that, after flowering, DM, is firstly partitioned to reproductive sinks, then to the other plant
organs. The calculation of daily harvestable dry matter increment is therefore the first in the series of
calculations carried out to determine dry matter partitioning to plant organs,

On the day when flowering stage commences, initial harvestable dry matter (HDM) of the crop is
calculated as follows

HDM = Transl SDM
Transl - Factor determining transiocation of dry matter from stem to grain
SOM - Stem dry matter (kg m~)

Transl is a crop specific parameter.

During the flowering stage, the following equation is used to caiculate the daily harvestable dry matter
increment

HDM, = rpf DM,

rpf - Reproductive partitioning fraction

rpf = (GDD - FLDD) / TransDD

FLDD and TransDD are crop specific parameters. The upper limit of rpf is set to 1 (all dry matter produced
is parttionad to the reproductive portion). If the crop has not flowered, rpf is set to 0. Once the HDM
calculation has been completed, SWB subtracts HDM, from DM,

1.18.7 Partitioning of dry matter into other plant organs

SWB assumes that DM, is firstly partitioned into roots, then into leaves and finally into the stem
Daily dry matter increment for roots (RDM)) is calculated as follows:
RDM, = . DM,

{, is set to 0 once root depth has reached a maximum value. Maximum rooting depth (RD,.) is a crop
specific parameter.

Canopy dry matter daily increment (COM,) is then calculated:
COM, = (1 - ) DM,

Daily increment of leaf dry matter (LDM)) is calculated as follows:
LDM, = f, CDM,
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f, - Fraction of top dry matter partitioned into leaves
f. is calculated as a function of canopy dry matter (COM):
f,=1/(1+ PART COM)
PART is the stem-leaf partitioning factor (crop specific parameter).
The daily increment of stem dry matter (SDM,) is then calculated as follows:
SDM, = CDM, - LDM,

HDM, is finally added to COM, in order to include grain dry matter into COM.

1.18.8 Partitioning of dry matter under conditions of water stress

Assimilate partitioning 15 affected by water stress. Water stress conditions are simulated when the
calculated daily water stress index is lower than the threshold (crop specific parameter). Sl is calculated in
the Soil unit as the ratio between actual and potential transpiration.

Under conditions of water stress, a half of the daily leaf dry matter increment is partitioned into roots, the
other half into the stem:

RDM, = RDM, + LDM,/ 2
SDM, = SDM, + LDM,/ 2
CDM, = CDM, - LDM,/ 2

If the root system has already reached the maximum depth (f, = 0), the daily leaf dry matter increment is
fully partitioned into the stem:

SDM, = SDM, + LDM,

and LDM, becomes 0 and one stress day is accumulated.

1.18.9 Leaf area index

Once emergence has taken place, LAl daily increments (LAl) are caiculated using the following
relatonship:

LAl = LOM, SLA
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LAl is then calculated by cumulating LAI values. It represents the “"green leaf” or photosynthetically active
canopy, which contributes to transpiration and dry matter production.

Leaf senescence is also accounted for in SWB. This is done by tracking each individual day's LAl age
(LAlage,). The age (in d °C) of each day's leaf area increment is kept track of from the day it was
generated Once the LAJ, reaches a maximum age (crop specific parameter), it is classified as leaf area of
“yellow/dead leaves” (yLAl) as it stops contributing to photosynthesis and dry matter production. The
green LAl value is then reduced by yLAI, Leaf area index of senesced leaves (yLAl) is increased by yLAI,
s0 as to estimate shading of the soil for the evaporation calculation (Soll unit).

A water stress factor (wsf) is used to simulate premature leaf senescence under water stress conditions.
When Sl is lower than the threshold value, ws! is calculated as follows:

wsf=1/8|
Ageing of leaves is speeded up by multiplying the daily thermal time increment by wsf.
LAlage, = wsf GDD,

The upper limit of wsf is set to 2, indicating that the ageing of leaves under water stress conditions can be
at most twice as fast as that under well watered conditions.

1.18.10 Rooting depth

Rooting depth is calculated with the following equation:
RD = RGR RDM"*
RGR - Root growth rate (m* kg®%)

RGR is a crop specific parameter. RD is used in the calculation of transpiration (Soil unit).

1.19 FAO model

The calculaton of crop growth with SWB can only be performed if the afore mentioned crop specific
growth parameters are known. If growth parameters for a specific crop are not included in the SWB
database, the mode! allows one 1o run the soil water balance simulation using an additional database of
FAQ crop coefficients (Allen ef al, 1996)

The FAO approach for crop water use simulations can be selected as an option The following crop
specific parameters are required.

- Length of initial (IniStage), cevelopment (DevStage), mid-season (MidStage) and late-
season stage (LateStage) of the crop, in days;
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- FAO basal crop coefficient for:
. Initial stage (KIni),
. Mid-season stage (K,Mid), and
. Late-season stage (KlLate),
. FAO stress factor (Ky) for initial, development, mid-season and late-season stage;
- Potential yield (Ype) int ha™;
. Crop height at initial (M Ini) and mid stage (HCye):
. Root depth at initial (RDIni) and mid stage (RD,u):
- Maximum transpiration rate (Tru...). and
- Leaf water potential at maximum transpiration (W,.).

The FAQ approach does not calculate dry matter accumulation and canopy LAL It is, however, used to
determing Flyyy, Flew and RD whose values are then used in the soil water balance calculation (Soil

unit), and Hc whose value is used in the Penman-Monteith calculation of PET (Weather unit) The
calculation of Flyyes. Flees. RD and He using the FAO approach is carried out in the Crop unit

The FAO approach, if selected, is run on a daily basis after crop planting. Crop developmental stages
(initial, development, mid and late) are identified from days after planting (DAP).

Durning the initial stage, Kcb is assumed 10 be equal to K,Ini. He is assumed to be equal to H.Ini, whilst RD
is equal 1o RDIni.

At the beginning of the development stage, the FAO basal crop coefficient is equal to K Ini. During the
development stage, Kcb linearly increases reaching a value equal 1o K.Mid at the end of the stage
(Doorenbos and Pruitt, 1992). The following equation is applied to calculate Kcb for the development
stage, on a daily basis:
Kcb = Keb + KoUpGrad (DAP - IniStage)
where K,UpGrad (gradient of FAO basal crop coefficient increase during the development stage) is:
KaeUpGrad = (KoMid - Kglni) / DevStage
Similarly, Hc is calculated adopting the following equation:
He = He + H.Grad (DAP - IniStage)
where H.Grad (gradient of crop height increase during the development stage) is:
H.Grad = (HCya - H:Ini) / DevStage
RD is calculated as follows:
RD = RD + RDGrad (DAP - IniStage)

where RDGrad (gradient of root depth increase during the development stage) is:

RDGrad = (RDyy - RDIni) / DevStage
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During the mid-season stage, Kcb is assumed to be equal to K,Mid, crop height equal to He,,, and RD
equal to RD g,

Al the beginning of the late-season stage, the FAO basal crop coefficient is equal to K.Mid. During the
late stage, Kcb linearly decreases reaching a value equal to K Late at the end of the stage. The following
equation is applied to calculate Kcb for the late stage, on a daily basis:
Kcb = Keb + KyDownGrad (DAP - MidStage)
where K,DownGrad (gradient of FAO basal crop coefficient decrease during the late-season stage) is:
KeDownGrad = (KLate - K Mid) / LateStage
RD and Hc remain at their maximum value during the late-season stage
The FAO model calculates potential crop transpiration (PT) using the following equation:
PT = Kcb ETo (Allen et al., 1996)
Values of PET caiculated in the Weather unit are used to determine Fl,,,,, which is assumed equal to
Flovag, 25 follows:
Flyansp = Flevep = PT / PET
Potential evaporation from the soil surface (PE) is then caiculated as follows:
PE = (1 - Flyansp) PET
Flyanse @nd Fly ., are used in the Soil unit to determine actual T and E.
A subroutine for the estimation of yield with the FAO model under conditions of water stress, was included
in SWB. The procedure recommended by the FAO was used to compile this procedure (Smith, 1992b).

The estimated crop yield (Y) is calculated as follows:

Y = Yoo (1 - Yreg / 100)

Yo = Potential yield (tha™)
Yo - Percentage yield reduction (%)

Y, I8 @ specific crop input parameter. Y. is caiculated as follows:

Yoo = 100 (1 = Yiugne Yrowown Yosunna) Yoo
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where

| (P Relative yield for initial stage

Yre0ew - Relative yield for development stage
Yeorsas) - Relative y'eld for mid-season stage
Yooiioe - Relative yield for late-season stage

Relative yield for each stage (Y,,) is calculated as a function of Ky for that particular stage and the Sl
Y~-1'KY(1 - Sl S'QS'.J SI..In)

Ky for each stage and the duration of the stage in days (n) are crop specific input parameters. The
subscript of Sl indicates the day of the stage. SWB calculates Sl on a daily basis as follows:
Sl = T/ (Floue PET)

Sl therefore represents the relative transpiration of the crop (ratio of actual and potential crop
transpiration). The CROPWAT model of the FAO (Smith, 1992b) uses the ratio of actual and potential
evapotranspiration instead of SI, as it does not caiculate soll water supply kmited root uptake.

SWB calculates and outputs estimated yield (Y) and Y,,4 on a daily basis, assuming that no water stress
(S1 = 1) will occur from that particular day until the end of the growing season.




GUIDELINES FOR THE DETERMINATION OF SPECIFIC CROP
GROWTH PARAMETERS

Examples of how to determine specific crop growth parameters for SWB are presented in this chapter,

1.20 Vapour pressure deficit corrected dry matter-water ratio

DWR is a crop specific parameter determining water use efficiency. Tanner and Sinclair (1983)
recommended that the relation between dry matter production (DM) and crop transpiration should be
corrected to account for atmospheric conditions, in particular for vapour pressure deficit (VPD). DWR is
therefore calculated as follows:

DWR = (DM VPD)/ET

DM (kg m*?) is measured at harvest, whilst VPD represents the seasonal average. Both VPD and DWR
are in Pa. Seasonal crop evapotranspiration (ET) in mm is equivalent to kg m*.

ET is obtained using the following equation for weekly time intervals:
ET=P+|-R-Dr-AQ

where R is runoff, Dr is drainage and AQ represents the soll water storage. All terms are expressed in
mm. A positive sign for AQ indicates a gain in soil water storage. AQ can be calculated from soil water
content measurements with the neutron water meter.

Daily VPD can be calculated from measurements of e, of RH., and RHy,, or T, and T, , as described in
Section 4 1.3 (Vapour pressure deficit).

Evaporation from the soil surface should not be included in the calculation of DWR, as unlike transpiration,
it is not tightly linked to photosynthesis and therefore dry matter production. The portion of soil water lost
by evaporation could be substantial, particularly at the beginning of the season when canopy cover is
partial For this reason, DWR values caiculated as described above, should be seen as lower limits and
would need to be increasad o give reliable simulations in SWB.

1.21 Radiation conversion efficiency

E. i1s a crop specific parameter used to calculate dry matter production under conditions of radiation limited
growth (Monteith, 1977) as follows

DM =E,FIR,
Figure 1 represents DM of cabbage as a function of the dailly cumulative product of the fractional
interception of radiation (Fl) and R,. Data were obtained in a field trial carried out at Roodeplaat, on a clay
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loam soil (1996 season) (Annandale ef al, 1998). Fl was measured with the sunfleck ceptometer and R,
with a pyranometer. E. is the siope of the regression line forced through the origin. The high coefficient of
determination (r’) indicates that E. is a relatively constant and predictable parameter under conditions of
good water supply.

1.8 -
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0.81

DM (kg/m~™2)

e E, = 0.001294 kg/MJ

0.4 r?2 = 0.91
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Cumulative FIxRs (MJ/m~™2)

Figure 1 Dry matter (DM) production of cabbage as a function of the cumulative product of fractional
interception and solar radiation (FI x Ry). Radiation conversion efficiency (E.) and the coefficient of
determination (') are shown

1.22 Specific leaf area

SLA is a crop parameter which describes the leaf morphology of a specific crop. It can be caiculated as
the seasonal average of the ratio of leaf area index (LAl) to leaf dry matter (LDM)

SLA = LAl / LDM
LAl and LDM can be obtained from growth analysis. SLA is in m® kg, whilst LDM is in kg m™.

Caution should be exercised in the use of seasonal average SLA as this parameter typically has a
decreasing trend during the season, as shown in the example for cabbage (Figure 2).
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Figure 2 Measured values of specific leaf area (SLA) during the growing season of cabbage

1.23 Stem-leaf partitioning parameter

PART is a crop specific parameter which describes how much of the canopy dry matter (COM) is
partitioned into stems and leaves. It can be caiculated as follows:

PART = ((SLA CDM) / LAl - 1) / CDM
Figure 3 represents the correlation between COM and "(SLA CDM)/ LAl - 1" for cabbage. The siope of the
regression line which is forced through the origin, represents PART in m’ kg"'. COM in kg m” and LAl can

be obtained from growth analysis. SLA can be caiculated from growth analysis cata (Section 5.3, Specific
leaf area).
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Figure 3 Determination of the leaf-stem dry matter partitioning parameter (PART) as a function of
canopy dry matter (COM), specific leaf area (SLA) and leaf area index (LAl) for cabbage. The siope of
the regression line (PART) and the coefficient of determination () are shown

1.24 Canopy radiation extinction coefficient

The basic equation describing transmission of a beam of solar radiation through the plant canopy is similar
to Bouguer's law (Campbell and van Evert, 1984):

Fisq.9%W

where K is the canopy extinction coefficient K can be caiculated from fiekd measurements of LAl and FI
Guidelines for determining K in the field are given by Jovanovic and Annandale (1998). Figure 4
represents Fl values as a function of LA for cabbage F) was measured with the sunfieck ceptometer,
umnstLAlmoaemmodfromgmmanaW&Thecalcula\odvdtnolxms1.17.andmeooeﬂicimto¢

determination of the exponential function () was 0.81.
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Figure 4 Correlation between leaf area index (LAl) and fractional interception (FI) of radiation
measured with the ceptometer for cabbage. Canopy extinction coefficient (K) and the coefficient of
determination of the exponential regression function () are shown

The value of K calculated from Fl measurements with the ceptometer, is for photosynthetically active
radiation (PAR, 0.4-0.7 um). The canopy extinction coefficient for PAR (Kp.s) can be used to caiculate
photosynthesis as a function of intercepted PAR. The canopy extinction coefficient for total solar radiation
(K,) is. however, required for predicting radiation limited dry matter production (Monteith, 1977) and for
partitioning ET into evaporation from the soil surface and crop transpiration (Ritchie, 1872). The procedure
recommended by Campbell and van Evert (1994) can be used to convert Keug into K,

Ko = Kos _ 3
Kea = Koar / _ 3y
a= _88,
Kea - Canopy radiation extinction coefficient for ‘black’ leaves with diffuse radiation
a, - Leaf absorptance of solar radiation
a, - Leaf absorptance of PAR
a,

- Leaf absorptance of near infrared radiation (NIR, 0.7-3 ym)

The value of a, was assumed o be 0.8, whilst a, was assumed to be 0.2 (Goudriaan, 1977). a, is the
geometric mean of the absorptances in the PAR and NIR spectrums.
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1.25 Rooting depth

Root depth can be estimated from measurements of soil water extraction with the neutron water meter. It
can be assumed 1o be equal to the depth at which 50% of soil water depletion occurred during a given
period.

1.26 Thermal time requirements

Growing day degrees daily increment (GDD),) can be determined from daily average air temperature (T,,;),
after Monteith (1977):

GDD, = (Tyy - Ty) &t

where GDD, is in d °C, T, is the base temperature in °C, and At is one day. T, is a crop specific
parameter.

When the average daily temperature is below the base temperature, GDD, for that day is 0.
" T" > Tm. then:

GDD..TM-T.
where T« is an optimal temperature for crop development in *C (crop specific parameter).

GDD, values are cumulated from planting until emergence to determine day degrees requirement for
emergence (EMDD), until flowering to determine day degrees requirement for completion of vegetative
growth (FLDD), and until maturity to determine day degrees requirement for maturity (MTDD)



GUIDELINES FOR THE DETERMINATION OF THE FAO MODEL
PARAMETERS

Examples of how to determine FAO crop parameters for SWB are presented in this chapter,

1.27 Basal crop coefficients and growth periods

Figure 5 represents values of Fl and Kcb for onions grown at Roodeplaat on a clay loam soil (1996
season) (Annandale ef al, 1998). Fl was measured with the sunfleck ceptometer, and a third order
polynomial was fitted through the measured data points (¢ = 0.84). Daily Kcb was calculated using the
following equation:

Keb = FI PET/ETo

ETo and PET were calculated as described in Sections 4.1.5 and 4. 1.6 (FAO reference evapotranspiration
and Potential evapotranspiration).

The following procedure can be used to estimate Kcb's for the initial, mid and late stages, and the lengths
of growth stages in days (Figure 5):

i) Initial stage: Length of stage from planting until FI = 0.1,
Kcb equal to calculated daily Keb at FI = 0.1,

ii) Crop development stage: Length of stage from end of initial stage until FI is 90% of
maximum FI.

i) Mid-season stage: Length of stage from end of development stage until canopy
cover drops o the same value it had at the beginning of the
mid-season period (90% of maximum FI).

Kcb equal to average daily Kcb (Keb = FI PET / ETo) during the
mid-season stage.

iv) Late stage: Length of stage from end of mid-season stage until end of

growing season
Kcb equal to calculated daily Kcb at end of growing season,

The duration of the late stage and Kcb for the late stage cannot determined for crops harvested during the
mid-season stage, before leaf senescence occurs.

Doorenbos and Pruitt (1992) stated that the beginning of the mid-season stage can be recognized in the
field when the crop has attained 70 to 80% groundcover. They also stated that full groundcover occurs
when the FAO crop coefficient (Kc) approaches a maximum. Many crops do not reach 70% groundcover
during the growing season. The mid-season stage can therefore be assumed to start when Fl becomes
equal to 90% of maximum FI.

83




Caution should be exercised against blind acceptance of the FAD parameters as local conditions,
management and cultivars are likely to influence crop growth periods and Kcb's.

1.4
Onions
1.2 Growth stages
o Initial 1 Dev. | Mid | Late |
1+ Keb daily
1 Kcb = 0.80
J Mid stage
- 0.8
X -
06
T Fl Kecb = 0.38
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0.2
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Days after planting

Figure § Daily values of canopy cover (Fi) and basal crop coefficient (Kcb daily), and estimated Kcb
values for four growth stages of onions (initial, crop development, mid-season and late-season stages)

1.28 Initial and maximum crop height

Initial and maximum crop height can be easily measured in the field at the beginning of the growing
season, and at full canopy development. Initial Hc values can be assumed to be 0.01 m for crops planted
by seeding (Smith, 1992b) and 0.05 m for transplanted crops.

1.29 Initial and maximum rooting depth

Root depth can be estimated from measurements of soil water extraction with the neutron water meter. It
can be assumed to be equal to the depth at which 90% of soil water depletion occurred durnng a given
period. Initial rooting depth occurs at the beginning of the season, whilst maximum rooting depth occurs at
full canopy development. Smith (1992b) recommended RD values of 0.25 m for the initial crop stage.
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APPENDIX 1

LIST OF ABBREVIATIONS AND SYMBOLS

- Campbell's coefficient of the log-log water retention function

- Allowable depletion level

- Altitude (m)

- Leaf absorptance of near infrared radiation

- Leaf absorptance of photosynthetically active radiation

- Leaf absorptance of solar radiation

- Campbell's coefficient of the log-log water retention function

. Canopy dry matter (kg m*)

- Canopy dry matter daily increment (kg m?)

- Days after planting

- Solar dechknation (rad)

Langth of crop development stage (days)

- Drainage factor

- Amount of water that penetrates the deeper soil layer (mm)

. Dry matter production (kg m™)

. Daily increment of total dry matter (kg m”)

- Day of year

- Drainage (mm)

- Relative distance of the earth from the sun

- Dry matter-water ratio (Pa)

- Soil layer thickness (m)

- Actual evaporaton (mm)

- Actual vapour pressure (kPa)

Radiation conversion efficiency (kg MJ")

Emergence day degrees

Saturated vapour pressure (kPa)

Evapotranspiration (mm)

FAQ reference evapotranspiration (mm)

Maximum dimensionless loss rate

- Layer root fraction

- Cloudiness factor

f, - Irmgated fraction of the surface ground (fraction of wetted area)

Fl - Fractional interception of radiation

Fleves . Fractional interception of radiation by photosynthetically active and
senesced leaves

Flyanso . Fractional interception of radiation by photosynthetically active leaves

f - Leaf partitioning factor

FLDD - Day degrees at end of vegetative growth

f, - Fraction of dry matter partitioned to roots

G - Soil heat flux (°C)

9 . Gravitational acceleration (9.8 m s”)
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KeUpGrad

Ky

LAlage,

LateStage

LDM,
Loss
MidStage
MTDD

NIR

PAR
PART
PE
PET
PT

Growing day degrees

Growing day degrees daily increment

Crop height (m)

Gradient of crop height increase during the development stage
FAQ initial crop height (m)

Maximum crop height (m)

Harvestable dry matter (kg m~)

Harvestable dry matter daily increment (kg m™)

Height at which wind speed is measured (m)

Imgation amount (mm)

Amount of precipitation intercepted by the canopy (mm)
Length of crop initial stage (days)

Canopy radiation extinction coefficient

Canopy extinction coefficient of black leaves and diffuse radiation
Canopy extinction coefficient of photosynthetically active radiation
Canopy extinction coefficient of total solar radiation

FAO crop coefficient

FAQ basal crop coefficient

Gradient of FAO basal crop coefficient decrease during the late-season
stage

FAO basal crop coefficient for initial stage

FAO basal crop coefficient for end-season stage

FAO basal crop coefficient for mid-season stage

Gradient of FAO basal crop coefficient increase during the development
stage

FAQO maximum crop coefficient

FAO stress factor

Leaf area index

Age of leaf area index generated on day V"

Leaf area index daily increment

Lattude (deg)

Length of crop end-season stage (days)

Leaf dry matter (kg m~)

Leaf dry matter daily increment (kg m™~)

Soil water loss by transpiration (fraction of soil volume)

Length of crop mid-season stage (days)

Maturity day degrees

Duration of the crop stage

Near infrared radiation (0.7-3 ym)

Precipitation (mm)

Atmospheric pressure for a given altitude (kPa)
Photosynthetically active radiation (0.4-0.7 um)

Stem-leaf partitioning parameter (m’ kg')

Potential evaporation (mm)

Potential evapotranspiration (mm)

Potential transpiration (mm)

Standard atmospheric pressure 2t sea level (101 3 kPa)
Runoff (mm)
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TransDD
Transl
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Extraterrestrial radiation (MJ m” day”)

Root depth (m)

Gradient of root depth increase during the development stage
Initial root depth (m)

Root dry matter (kg m?)

Root dry matter daily increment (kg m*)

Maximum root depth (m)

Specific gas constant for dry air (2869 Jkg"' K')
Root growth rate (m” kg®®)

Daily maximum relative humidity (%)

Daily minimum relative humidity (%)

Net radiation (MJ m? day”)

Long-wave net radiation (MJ m™ day™)

Short-wave net radiation (MJ m? day")

Reproductive partitioning fraction

Solar radiation (MJ m™ day™)

Short-wave radiation during bright sunshine (MJ m™ day™)
Coefficient of determination

Runoff curve number (mm)

Stem dry matter (kg m”?)

Stem dry matter daily increment (kg m?)

Stress index

Specific leaf area (m*kg™)

Soil Water Balance model

Soil water deficit (mm)

Actual transpiration (mm)

Air temperature (°C)

Daily average air temperature (°C)

Base temperature (°C)

Cutoff temperature (°C)

Dry bulb temperature (*C)

Top dry matter (kg m™)

Temperature factor for light limited crop growth (°C)
Temperature for optimum light-limited crop growth (°C)
Daily maximum air temperature (°C)

Daily minimum air temperature (*C)

Day degrees of transition period from vegetative to reproductive growth
Factor determining transiocation of dry matter from stem to grain
Maximum transpiration rate (mm day”)

Wet bulb temperature (°C)

Standard temperature at sea level (293 K)
Dimensionless actual water uptake

Wind speed (ms”)

Wind speed measured at 2 m height (ms”)
Dimensionless root uptake rate

Vapour pressure deficit (Pa)

Water stress factor

Crop yield (tha”)
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Leaf area index of senesced leaves

Daily increment of leaf area index of senesced leaves
Potential yield (t ha™)

Percentage yield reduction (%)

Relative yield for initial stage

Relative yield for development stage

Relative yield for mid-season stage

Relative yield for late-season stage

Soil depth (m)

Adiabatic lapse rate (Km™)

Psychrometer constant (kPa °C™")

Slope of the saturation vapour pressure curve (Pa*C")
Soil water storage (mm)

Daily ime step (1 day)

Clear sky emissivity of the earth's surface

Actual volumetric soll water content

Air dry volumetric soil water content

Volumetric scil water content at field capacity
Volumetric soil water content at permanent wilting point
Volumetric soil water content at saturation

Latent heat of vaporization (MJ kg™')

Water density (Mg m™)

Bulk density (Mg m™)

Stefan-Boltzmann constant (4.9x10® MJ m? K*)
Root weighted average soil matric potential (J kg™”)
Soil matric potential at field capacity (J kg”)

Leaf water potential at maximum transpiration (J kg”)
Soil matric potential (J kg”)

Soil matric potential at permanent wilting point (J kg')
Xylem water potential (J kg™”)

Sunset hour angle (rad)
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1. INTRODUCTION

1.1 RISK MANAGEMENT

Risk is regarded to be present in every situation where the results of decisions are not yet
known during the decision-making process. Risk management comprises choices between
alternative actions that may reduce the exposure to unfavourable financial outcomes as a result
of uncertain farming results.

The increase in risk at farm level demands that risk management should form an integral part of
the daily decision process while managing a farm business. Risk management at farm level
however, is subject to constraints, firstly, because of a lack of analysis techniques that might
enable one 1o take risk into account in decision-making, and, secondly, because of the level of
sophistication and cost of the aids that are in fact available. This research was motivated by the
fact that nsk management on South African farms is currently constrained by the lack of
instruments and aids that would render it possible to take risk explicitly and practically into
, account in analyses at farm level,

l 1.2 THE RISKMAN (RiSKk MANAGEMENT) SIMULATION MODEL

From a risk-management point of view, computer models that treat irmgation requirements,
yield/production and product prices as constant values have limited application potential. The
main aim with the development of RISKMAN is to provide risk-management information to
bridge the gap between theory and practice at whole farm level.

Flexibility and user friendliness enjoyed high prionty in the development of RISKMAN. Users
obtain assistance and training by means of the help lines and error messages are displayed in
certain cases RISKMAN is based on the research done by Meinng (1994) and use procedures
developed by King (1979).

The nature and importance of risk demands a comprehensive approach involving aspects such
as entifying the sources of nisk, measurement of nisk, attitudes toward risk and risk
management as an integral part of decision analyses. in the management process at enterprise
level the most efficient enterprise or combination of enterprises must be chosen and then also
managed efficiently. The farmer often has various sources of data at his disposal, but the format
in which the information is available limits its usefulness and the data therefore require further
processing.

In most cases the prices obtained for products, as well as weather or rainfall vanability, which
results in yield variation, were indicated as the most important risks. The question whether the

1




1.3

yeld of crops must be adjusted to accommodate hail damage or not is also handled. However,
the nature of a farm business, as well as its localty, has an influence on the importance of risk.
Therefore it is important to make available a tool or instrument with enough flexibility to be
utilised by every farmer.

The output of RISKMAN facilitates the management process at enterprise level by providing
several tables with information regarding the planned enterprise combinations and management
methods. Alternative management strategies can be evaluated at enterprise level Since risk
results are simulated as distribution of specific performance criteria, the distributions are also
presented graphically.

The reliability of these simulated values is vested in the accuracy of the inputs and assumptions
made in the model. With accurate input RISKMAN is a valuable instrument to facilitate risk
management. As a support system in decision-making, RISKMAN provide users with the
opportunity to facilitate this management process.

Wiy RISKMAN?

The purpose of the program is lo provide support for risk management at enterprise as well as
whole farm level The model was primarily developed with a view to provide reliable and
relevant information on which decisions can be based. In addition to this, the system is user
friendly, practically oriented and flexible, which should ensure wide applicability. As a decision
support system this model will facilitate and improve risk management and would make it
possible 1o take risk into consideration.

RISKMAN enables farmers, consultants and researchers 1o do vanous analyses and can be
used for the following:

* Sets of simulated imgation quantities and yield levels are used in the model to take
production risk into account. By making use of infer alia time-series analyses and subjective

probabilities, cumulative probability distributions can be compiled and used to reflect price
risk

* By using RISKMAN, altemative production plans, including alternative crop rotation systems,
as well as insurance against hail damage can be evaluated.

* The model user can compare alternative risk-management strategies at enterprise level, In
the model risky variables are treated as distributions and the output of the model can
therefore also be presented as distributions. The simulation of risk and definition of variables
as different distributions were made possible by using RISKMAN.
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« The influence of variable interest rates on economic performance can also be evaluated.

How 10 USE THE USER'S GUIDE?

A brief discussion to familiarise the user with the overall structure of the program and the
mechanics of running it is presented in Chapter 2 (Getting started).

Chapter 3 introduces the user to RISKMAN and how to manage the database of farmers’
information. The file menu also controls the main procedures of the program (File menu).

Guidelines for the required data input are given in Chapter 4. Data is divided into four groups,
e.g General farm information, Fixed obligations, Crop enterprise and Livestock enterprise. The
use of tables for entering and edting data, as well as a technical description of subjective
probabilities and correlation's is fully discussed here (Data menu).

Chapter 5 handles the input on the Run form that consists of the production and the risk
management strategies. Since RISKMAN is a simulation model, parameters for each enterprise
have to be known. The main purpose for this component is to calculate the net operating
receipts (NOR) and net farm income (NF1) of the three production systems (Run menu).

In Chapter 6 the power of this model is illustrated by the extent and nature of it's output. The
tables contain different sets of information that can be used to support decision making at
enterpnse level. This outputs acts as support to the economic aspects of the enterprise
decision as well as whole farm planning (Output menu).
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The program is supplied on 3.5-inch disks or CD, with a User's guide.

HARDWARE REQUIREMENTS

The program runs in Windows 85 or later version on an IBM-PC or compatible computer. The
minimum requirement is 16 Mb RAM, 10Mb of disk space and a SVGA monitor with 1Mb VGA
card. 32Mb of RAM and a printer attached to your computer is recommended but optional.

How 1O INSTALL RISKMAN?

1.

2

From the Windows START menu choose RUN,
Select Setup from the CD drive or from disk no 1 and press Enter or OK

By default RISKMAN will be placed in a directory called RISKMAN on the hard disk, usually
the C drive. Change the disk and directory name Iif required and click on OK.

The installation program will ask for your name or company name. Enter your name and
press OK to proceed.

The install program will copy and expand all the files on the installation Disks

On completion the installation program will create the Windows program items in the
program folder which contains the RISKMAN folder.

How 10 RUN RISKMAN?

The use of the program is discussed in detail in Chapters 3, 4, 5 and 6. The main steps to
follow are indicated in figure 2.2. The steps are:

. Left ciick on the Start button and point to Programs, a sub-menu will appear. Move the

mouse cursor to the FARMS group, again a sub-menu will open. Left click on RISKMAN.
The introductory screen is displayed while RISKMAN is being loaded

The Main menu will then appear with only the File and Help components active. Commands
shown in grey are inactive

Left click on the File menu, and then again on Open. Then highiight a farmer’s name in the
database, and click on the OK button. The farmer’s data set in the database is now active.
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5 Next use the Data option on the Main menu. Start al the top with General farm information
through to Livestock enterprise. Change the data to suit your farm information

6. After all the data is entered, go to Run on the Main menu and edit the strategies 10 suit your
needs.

7. After the program has been run and all the caiculations completed, you can go to Output
and to evaluate the results.

8 By using the Exit option under the File menu, the user can exit the RISKMAN program.

1. ST?RT
.

2, INTRODYCTORY SCREEN

'
P. FILE | OPEN J‘——‘ 3.MAINMENU [ g EXIT

5. DATA 7. OUTPUT
6. RUN ]

FIGURE 2.1 PROGRAM FLOW DIAGRAM OF RISKMAN.

TERMINOLOGY AND GENERALCONTROL KEYS

Link Type

The following link types are supphed for a shortcut to other datastes:
FARMS Fum-level Agricultural Management System
IRRICOST Irrigation cost system caiculation model
WAS Water Administration System

sSws Soil Water Balance

Alt and Menu Characters
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Menu and sub-menu access is available by holding the Alt key down and pressing the
underlined character

Esc

The Esc key may be used at any time to exit a table editing function, an active dataset or
lookuplist or to exit the form

TAB

The TAB key may be used to advance the cursor one field at a time.

Shift TAB

Hold the shift key down and press TAB to move the cursor back one field at a time

[.] I the user double click in the field with this button, a pick list will appear for the user to
choose from.

R A dropdown list will appear when the user click on this arrow or in the case of dates, a
calendar will appear.

DATA ENTRY AND EDITING PROCEDURES

While entering data, you can edit the current or previous entries. The <> up arrow and <>
down arrow keys can be used o move the cursor 1o a field to be edited. Use the
<BACKSPACE>, <INS>, <DEL>, <€> and <> keys to make corrections.

Use of the function and editing keys is the same for all data entry screens in RISKMAN. When
data input is out of an allowable range, an error message will appear.

A database navigator is used to move through the data in a dataset and perform operations on
the data, such as inserting a blank record or posting a record. When the user chooses one of
the navigator buttons, the appropriate action occurs on the dataset the navigator is linked to. For
example, if the user clicks the Insert button, a blank record is inserted in the dataset.

Each table has a navigation bar across the top. If the user pause for a moment over a button a
hint with the buttons function will be visible for a few seconds. A Navigator bar may show any or
all of the following buttons (listing the actions available in order from left to right). -

.'..”“ rvs K322 Ba 20 Ll r"‘w .-:-»3 oo - ™
| <> || ] =] ]| x]

Button Purpose




First

Previous

Next

Insert

Cancel

Sets the current record to the first record in the dataset, disables the First and
Previous buttons, and enables the Next and last buttons if they are disabled.

Sets the current record 1o the previous record and enables the Last and Next
buttons if they are disabled.

Sets the cumrent record to the next record and enables the First and Prior buttons if
they are disabled

Sets the current record to the last record in the dataset, disables the Last and Next
buttons, and enables the First and Prior buttons if they are disabled.

Inserts a new record before the current record, and sets the dataset into Insert and
Edit states.

Deletes the current record and makes the next record the current record

Puts the dataset into Edit state so that the current record can be modified

Writes changes in the current record to the database.

Cancels edits to the current record, restores the record display to its condition prior
to editing, and turns off Insert and Edit states if they are active

The use of the navigation buttons is the same for all database entries.




3. FILE MENU

31

311

This chapter introduces the user to the File menu option in RISKMAN. The File menu enables
the user to open and close the farmers database, as well as to change the options, handle the
addresses and telephone numbers, change the printer setup and exit from the RISKMAN
program

OPEN DATASET

File | Open datase!

Before any data can be viewsd or edited, a farmer's data set has to be opened. Only after a
farmer has been chosen, the Data, Run and Output menu options will be active.

On the Open form, the user can open a data set, click on the Insert button to create a new data
set or dick on the Delete button to delete a data set

Open a Farmer

A list of all the available farmers are shown in a table. Select the farmer you want to work with,
by highlighting it, and click OK. The chosen farmer's dataset will then be activated The table
consists out of the following two fields, namely:

Identification Number
This entification number is used to identify the farmer. This number must be unique in the
database. The field can save up to 13 characters

Description
A good description of the farmer must be entered here in order to help the user identify a
specific farmer
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Figure 3 1 The open farmer window.

The Open screen is shown in figure 3.1

Add a new Farmer

Click on the Insert button on the Open form, to enter a new set of data. A window will appear

A new data set can be created in one of three ways:

1. Import from FARMS: A list of all the available farmers data sets in FARMS will appear for
the user to pick from

2. Copy ancther: When creating a new database, an existing database has to be chosen and
new name has to be given for the new database The existing database is then used as
the source and a copy will be made. The new database will have all the data that the
source has and minor changes to fit the user can be made

3. Start new

After the user has chosen one method, place the cursor on the New farmer's data set line and
enter the Description of the new farmer

Delete a Farmer

This action will remove a farmer’s data set permanently from your hard drive
1) Select the farmer from the existing list of farmers in the database

2) Click on the Deiete button on the navigator bar.

3) Confirm twice that you wish to delete the dataset
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3.3

CLOSE DATASET
File | Close dataset

Close Dataset is used to exit the current dataset, returning to the opening screen with two
active menu commands, namely File and Help

OPTIONS
File | Options
This menu options help the user to indicate whether or not other programs that can be linked to

RISKMAN are available for use by the RISKMAN program. Figure 3 2 opens when the Option
sub-menu under the File menu is clicked.

&L
v
-
M U
I

FIGURE 3 2 THE OPTION WINDOW.

Use FARMS

Linking FARMS with RISKMAN has the advantage that only data input for the risk variables
need 1o be provided in RISKMAN and that FARMS are not burdened with the additional gata of
risk analyses. Furthermore the risk analyses can be executed without providing all the data at
enterprise level as input, because this data is imported from FARMS In the model nsky
variables are treated as distributions and the output of the model can therefor also be
presented as distributions. The simulation of risk and definition of variables as aifferent
distributions were made possible by using RISKMAN. The enterprise names and main products
of each enterprise together with the cost and constant values can be imported from FARMS.

10
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Use IRRICOST

IRRICOST contains a list of various imigation systems. If the farmers’ irmgation information or
a similar system design is already entered in /RRICOST, it can be utilised by RISKMAN if the
checkbox 18 checked next to “Use IRRICOST". The System 1D, system type and the vanable
costs will then be imported into RISKMAN

Use WAS

The Water Administration System (WAS) program can store historic irrigation quantities and
yield productions. If the "Use WAS" checkbox is checked, the WAS icon will appear on the
Crop enterpnse form By dlicking on this icon,

a list of the imgation quantities and yield production values can be obtained and imported as
single values, if the field ID and the crop enterprise are the same for both the WAS and
RISKMAN programs. The average calculated from the single values Wil also be inserted as
the basic or constant value of the variable

Use SWB

The Soll Water Balance (SWB8) program has several links with RISKMAN. But instead of
historic values, the SWB program can simulate data If used in scenario mode. If the “Use
SWB" checkbox is checked, the SWB icon will appear on the Crop enterprise form. By clicking
on this icon, all the data whose field 1D and crop enterprises values are corresponding in both
RISKMAN and SWEB Wil be imported as single values, as well as the calculated average as the
basic or constant value of the vanable will be inserted in the table.

Use SWB addresses

The user has the choice whether of not to use the address list of SWB, by simply checking this
checkbox. The address data of the SWE program can be utilised by the RISKMAN program, or
the user of RISKMAN can enter his own address information

ADDRESS & TEL NO'S
File | Address & Telno's

The Address form can either contain the farmers address information of the RISKMAN or the
SWHB program. This feature is there to minimise the input of RISKMAN. RISKMAN can utilise
the address information already entered through SWB, simply by checking the checkbox next
to *Use SWB Addresses” on the File | Options form

"

|
|
\




The columns of the Address gnd include the following information (by scrolling from left to
right)

- Surname of the user

- Name of the user

- ID number of the user

- Line 1 of postal address as entered in the Address form
- Line 2 of postal address as entered in the Address form
- Line 3 of postal address as entered In the Address form
- City of the user

. Postal Code of the user

- Home telephone number of the user (Tel no (H))

- Work telephone number of the user (Tel no (W))

- Cell phone number (Cell no)

- Fax number of the user (Fax no)

- E-mail address of the user (E-mail)

Any information about the users is optional, it does not necessarily need 10 be entered in the
database
Print SETUP

File | Print setup

Configure the print setup for the reports. Remember that you can get help on this screen by
pressing <F1> or clicking the Help button while you are on the screen

PRINT BLANK FORM
File | Print blank form

In order to gather new Iinformation from a farmer, a blank form can be printed here
Exir RISKMAN

I

Fiie | Ext

Exit from the RISKMAN program.
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in this chapter all of the data input, required for cost calculations in RISKMAN, will be attended
to Data that s required for calculating the costs are divided into four groups, namely General
farm information, Fixed obligations, Crop enterprise and Livestock enterprise.  The subjective
probabdities and the correlation between the random variables are also discussed in this
Chapter

GENERAL FARM INFORMATION

Data | General farm information

The main aim with this option is to insert and edit some general farm information in RISKMAN
General farm information refers to the fixed cost, land (owed and rented) as well as the

irmgation system of a specific farmer.
Fixed cost
Data | General farm information | Fixed cost

Fixed costs are the costs that are regarded as lixed irespective of the scale or intensity of
production. Farm expenses not affected by the choice of the enterprise should be included here
as overhead expenses and not at enterprise level. Fixed costs are important and should be
included in each analysis to reflect the actual performance of the farming operation. Figure 4 1
opens when the Fixed cost sub-menu under the Data menu is clicked.

13




FIGURE 4 1 SCREEN OF THE FIXED COST.

Machinery
The total amount of insurance and license fees o be paid during the year of the analysis for the

machinery system of the farmer.

Irrigation
The total amount of insurance cost on all the imgation systems of the specific farmer, as well
as the annual fixed electricty’s and water cos! for the service provided (monthly rental x 12).

Buildings
An estimated insurance and maintenance cost of buildings that are directly used by the crop or
livestock enterprises on the farm.

Equipment
Specify the annual estimated mnsurance and mainfenance cost of equipment that are directly
associated to the enterprnses on the farm.

Labour
The total amount of labour cost per year is entered here.

412 Land

Data | General farm information | Land

14
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A list of all the felds, owned and rented, that are avalable for crop and livestock production
The follomng information is needed

Field ID

Used to identify the field that is being described A Field 1D must be unique, if not an error
message will appear on the screen. |If the RISKMAN program is used in conjunction with the
SWHB program (see section 3.3), a list of all the fields in the scheme will be available. The user
can double click in the Field 1D cell to insert or edit a Field 10, a st of all the Field ID's in the
scheme will appear. Choose one by double clicking on it

Description
Short description of the field to help recognize it.

Land type

Indicates the type of land. Double chck in this field, and again on the down arrow, a dropdown
list will appear that consists out of the followang Dry land, Irrigated, Grazing, Pastures and odd
preces Choose one by clicking on the relevant type.

Field size (ha)
The area of each field that s used must be entered here. These values are used to calculate
and verify feasible crop rotation systems as well as carrying capacity for livestock enterprises,

Imgation system
Data | General farm information | Irmgation system

If the IRRICOST module (see section 3.3) of the FARMS system s installed on your computer,
you can select an irrigation system from the kst by double clicking in the System 1D cell. All the
relevant information of the chosen irigation system will then be Iinserted Into your table and the
chosen system can be edited. The user can also insert or edit a system simply by clicking on
the insert or edit button. If you don't irrigate you dont have to enter values under this option.

After you have entered the required data, press the post button In the navigator bar (see
section 2.5)

System ID

Used to uniquely identify the irmgation system or corfresponds to the specific system in the
IRRICOST program (see section 3.3)

System type

Describe the type of irngation system Clicking on the down arrow provides a dropdown |ist
and by clicking on a type of system it will be placed in the field The dropdown list consists out
of the following: Hand line, Flood, Micro, Drip, and Centre pivot.
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Area (ha)
Design area of the specific imgation system

Variable water cost (c/mm.ha)
Vanable water cost s the cost of water, calculated in cent/mm ha or cent/10m’

Variable electricity cost (c/mm.ha)

Variable electricity cost is the cost of electricity (cent) calculated to irrigate one mm ha or 10m®
water

Other variable cost (c/mm.ha)
Variable cost not already entered for the system, which are not fixed cost, e g reparations.

FixED OBLIGATIONS

R -3

E

Data | Fixed obligation

Management decisions regarding new investments can only be evaluated by means of
financial feasibility studies at whole farm level This implies that the additional risk due 1o the |
cost of interest on medium- and long-term loans needs to be estimated.

First the date field must be updated to the current date for further references. Double click on
the cate field for editing purposes.

Indicator rate
Data | Fixed obigation | indicator rate

The risk involved due to the cost of credit is handled in this section. The influence of
fluctuations in interest rates, as well as the variation in the amounts on which interest is
payable is calculated. Any reference rate, like the Prime rate can be used as the incicator rate

Most probable annual rate
The inckcator rate with the highest probability of occurrence must be entered here

Possible annual indicator rate levels

Specify the different levels for the indicator rate that can occur during the coming year for
intermediate (medium-) and long-term loans.

16
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FIGURE 4 2 SCREEN OF THE INDICATOR RATE

Intermediate and Long-term
Data | Fixed obiigation | Intermediate or Long-term

Detalls regarding intermediate and long-term fixed obligations are specified here. Since there s
a connection between the movement of interest rates, all the rates are treated as possible
deviations from a fluctuating so-called indicator rate.

Description

Description of the liability, usually refers to an institution
Balance

The total outstanding loan amount.

Indicator rate +/- ?
The user has to specify a deviation (+ or -) from the indicator rate

Interest rate
The rate at what interest on the loan is calculated.

Interest
The interest amount calculated by the RISKMAN program.

Fixed

Indicates whether or not the interest rate is fixed for the specific loan in such a case Interest
rate fluctuations are not taken into account
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CROP ENTERPRISE

Data | Crop enterprise

Six pages of input are required for each crop enterprise. The first page contains the enterprise
information and the second page the products that are produced by the enterprise. The
subjective probabilities of irrigation quantities, product’s yield and prices must be entered on
the next three pages that is followed by the percentage of hail damages.

The WAS and SWB buttons will be visible if the WAS or/and SWB programs are available and
their check buttons are marked on the options form. Histoncal values can be obtained from the
WAS model and simulated values from the SWB model, if the Field ID and the Crop enterprise
are the same as in the Crop enterprise table By simply clicking on the WAS or SWB button
the single value and the average value will be inserted.

Enterprise info
Data | Crop enterprise | Enterprise info

A crop enterprise may have more than one product associated with it Different cultivations
give rise to different enterprises in RISKMAN due to input requirements. The same applies for
the same crop enterprise on different types of land with differences in crop potential.

Field 1D

identify the field To enter a new Field ID or to edit an existing one, double click in the cell, a
window will appear with a list of all the available Fiekd ID's of the farmer. Double click on the
Field 1D you choose, the window Wil then disappear and the chosen Field ID will then be placed
into the cell. This field ID corresponds to Field ID's in Data | General farm information | Land.

Crop enterprise

Name of the crop enterprise. A list of crop enterprises is available in the model To enter a
new crop enterprise of 10 edit an existing enterprise, double click in the cell, a window will
appear with a list of the crop enterprises. Double click on the enterprise you choose, the
window will then disappear and the chosen enterprise will then be inserted in the cell. The user
can also enter a new enlerprise or edit the existing one in the field, simply by typing.

Irrigation system ID
Identification of the irrigation system concerned. To enter a new irrigation system or to edit an
existing one, double click in the cell to choose an irrigation system from the list of systems
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obtained from the imgation system inputs in the Data | General farm information option |

Irrigation system Double click again on the system you choose for the window to disappear and
the system to be placed in the cell

Basic irrigation
The basic imgation requeement for the coming season also referred to as the constant. This
value s treated as a constant amount in calculations

Yield independent cost (pre-harvest costs)

Input costs that do not fluctuate according to variation in yleld (seed, fertiliser, fuel, chemicals,
repairs, efc), but are specified on a per hectare basis These costs can also be obtained from
the crop enterprise budgets of the FARMS programs output, or from the provincial enterprise
budgets (COMBUD, 1999)

Yield variable cost (post-harvest cost)

Costs where the application quantities are dependent on the yield level and are thus entered as
a cost per yield unit. These costs can also be obtained from the crop enterprise budgets of the
FARMS programs, or from the provincial enterprise budgets (COMBUD, 1999).

Other cost

Costs that are used by the enterprise specifically and not taken into account anywhere else.

Products
Data | Crop enterpnse | Products

All the different product details of each enterprise must be entered in this section.

Product name
A product’'s name must be entered to identify each product of the enterprise.

Main-product

Products are divided into two groups, namely Main-products and By-products. Only one
product with the major contribution to income can be labeled as the main product of an
enterprise, all the additional products of the specific enerpnse under discussion are by-
products. Indicating true in case of a main product and false otherwise.

Unit

Indicate the unit of the product, for example ton, bushels, etc

Basic yield

Basic yweld per hectare also referred to as the constant yield value 1o be used in economic
analyses
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Basic price
The basic price per unit also referred to as the constant price value also to be used in cases
where price risk is not taken into account

Irrigation

Data | Crop enterpnse | Irmigation

RISKMAN caters for four types of subjective probabilities to quantify the risk. Enter at least one
of the subjective probabilities associated with irmgation quantities. See section 4.5 for a
discussion on methods for quantifying risk and how 1o import data from the WAS and SW8
modeis.

Yield
Data | Crop enterpnise | Yield

The input requirements for crop yield are the same as in the case of irrigation. Risk or
variability can be defined by using one of the four subjective probabilities (see section 4. 5). The
unit of crop yleld, for example ton/ha is shown on the input window As in the case of irrigation,
a senes of crop yields can be imported from the WAS or SWB models

Price

Data | Crop enterprise | Price

Price risk also accommodated the using of the four procedures to define the user’s beliefs
regarding the outcome of product prices.

Hail damage
Data | Crop enterprise | HaW damage

Since insurance against hail is considered an important risk-management tool the RISKMAN
program includes an option to adjust yield distributions from hail damage. Hail is considered as
a nsky variable and therefore hail damage can be simulated as a distribution. A hail damage
distribution can thus be considered as a loss function, which is an indication of the probability
that a certain percentage damage on a specific enterprise can occur. Data about hail damage
are not generally avallable and known, especially for a region as a whole. Historic insurance
data, including hail damage, thus is an important data source, since hail damage differ from
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locality to locality Therefore, regarding risk management, it is important to estimate the
economical and financial result of hail damage

Input requirements include the minimum and maximum potential loss, as well as a distribution
of yield loss due to hail with its associated probability of occurrence

Livesrock ENTERPRISE

Stock
Data | Livestock enterprise

Four pages of input are required for each livestock enterprise.  On the first and second page
the enterpnse information and the products are handled and on the third and fourth pages the
four different types of subjective probabilities can be entered for the production and price
variables With the exception of irrigation and hail damages this section do not differ from the
previous section.

Enterprise info
Data | Livestock enterprise | Enterprise info

A livestock enterprise may have more than one product associated with it

Livestock enterprise

Name of the livestock enterprise. To enter a new enterprise or to edit an existing enterprise,
double click in the cell, a window will appear with a list of livestock enterprises. Double click on
the enterprise you choose, the window will then disappear and the chosen enterprise will then
be placed in the cell.

Production independent cost

Production inputs that is not production dependent and thus does nol vary according to the
scale of production. These costs can also be obtained from the crop enterprise budgets of the
FARMS programs output, or from the provincial enterprise budgets (COMBUD, 1999)

Production variable cost

The application quantities of production inputs are dependent on the production level These
costs can also be obtained from the crop enterprise budgets of the FARMS programs output, or
from the provincial enterprise budgets (COMBUD, 1999)




442

443

444

Other cost
Costs that are used by the enterprise specifically and not taken into account anywhere else

In some cases a livestock enterprise uses a part of a crop enterprise, like silage. The cost of
such a crop enterprnise can be entered as a cost in the livestock enterprise budget

Products
Data | Livestock enterprise | Products

Product detalls for each enterprise must be entered.

Product name
The product's name must be entered to identify products that are produced by each enterprise

Main-product
Products are divided into two groups, namely Main-products and By-products. There can be
only be one main product in an enterprise, all the addttional products of the specific enterprise
under discussion are by-products. Choose the true option in the case of a main product and
false otherwise.

Unit
Unit of the product, for example unit, kg, ton, etc.

Basic price
The basic price per untt is a single (constant) value.

Basic production
The basic production i1s a constant value, for example the average production that is expected
for the next year,

Production
Data | Livestock enterprise | Production

The same discussion as in the case of crop enterprises is applicable, see section 4.5 for a more
detailed discussion

Price

Data | Uvestock enterprise | Price
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Also in the case of product price, the RISKMAN user can apply the same principles as with
crop enterpnses (see section 4.5)

MEeTHODS FOR QUANTIFYING RISK

Irngation quantity, yield/production and price data can be introduced as input in 5 different
ways depending on the method that sult the user the best.

e The first and most familiar option is 1o specify a constant value.

A second option is to provide single values, for instance, as seres of historic or simulated
yrelds wath the assumption that each value has an equal chance of being realised during
the planned period.

e As a third input method the variable can be directly elicted as a cumulative probability
distnbution.

* The last two methods in which irrigation, price and yield/production risk can be defined are
by providing the input as either a triangular or a normal distribution.

RISKMAN users with access 1o the WAS and SWB programs have the advantage to import
irigation and yield data from these two programs.

If the user has historical data available from the Water Administration System (WAS) program
for the irngation requirements and the yields, the user can click on the WAS button, and the
data will be inserted as single values and the calculated average thereof as a constant

The Soll Water Balance (SWB) program can simulate an array of values for irrigation
requirements and yields. These values can be inserted into the RISKMAN program by clicking
on the SWE button.

Single values

It at least 10 possible values are available or can be estimated, this option in RISKMAN can be
wilsed. The assumption is made that any one of these values has an equal chance to be
realised, thus all the calculations is based on those specific values

Minimum as well as a maximum value has to be specified to anchor the range of values that is
generated from the set of single values. By clicking on the calculator icon, a minimum and
maximum value are calculated for given set of single values
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Cumulative distribution

The RISKMAN user has the task to provide values corresponding to nine levels of probabslity
on a cumulative distribution. By matching for example 540 mm with 60 % probability, this input
is interpreted as having a 60 percent chance of irrigating 540 mm or less for that enterprise
Both minimum and maximum irrigation quantities have to be specified

Triangular distribution

In instances with Wittie information the triangular distribution can be utilised as a2 method 1o
include risk in economic analyses. In the case of irmgation quantity the user has to provide a
low, most kkely and high amounts to reflect the possible outcome of irrigation scheduling for
the planned season. In the simulation of fluctuated irmgation amounts, values are generated
from a triangular distribution with these three points as basis

Normal distribution

By specifying an expected average value for irrigation as well as a standard deviation, a
normal distribution can be used to simulate risk. A minimum and maximum amount must also
be specified

CORRELATION

Data | Comrelation

The second type of sk input required by the model is the relationship between risk variables
The correlation between different crops and different risks can be provided The correlation can
also be obtained from tables provided by the government or other people

Correlation can be positive or negative and vary between -1.0 and 1.0. Correlation coefficients
from small samples should be used with great caution, however, since a very large sample is
required 10 accurately estimate a correlation coefficient A correlation coefficient must be
entered for each sampie of vanables.

Just enter the correlation coefficients in the upper half of the matrix. Values in the lower left
portion of the matrix are automatically set equal to the corresponding values in the upper right
portion.
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A random varable always has a correlation coefficient of 0 with a constant, because a constant
does not vary and since a random variable s perfectly correlated with iiself, the values on the
diagonal is equal to one
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5. RUN MENU

The main purpose of this component is to calculate the net operating receipts (NOR) and net
farm income (NFI) for three management strategies after all the data input has been entered
and edited under the Data option on the main menu.

_' Al the top of the Run window next to *Farmers |ID-" the Farmers identification number will be
shown. This unique number corresponds to the active farmer in the database.

The farmer's attitude towards risk, the method to quantify risk and risk-management strategies
are formulated here. The farmer must also Identify the variables to be included in the risk
analyses and the various methods to quantify risk

Run
51  GewneraL

Run | General

In figure 5 1 the first page of the window which open under the Run option is shown.

_.__—._—_—...— ——
—— -

FIGURE 5.1 THE RUN WINDOW
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512

513

514

Date of analysis

The date field is included to indicate to the user the analysis date of the last senes of
calculations

To change the date, click on the arrow next to the date. A calendar will then appear. Use the
arrows on both sides of the date to scroll the months or click on the month name in the middle
for the list of all twelve months names. After the year has been highlighted, the analysis year
can be scrolied by clicking on the up or down arrow next to the year. To change the day, just
simply left chick on the day you want with the mouse, after which the calendar will disappear
and the new date will be placed in the date space.

Number of iterations needed in Risk-analysis

The number of iterations that have to be performed during each simulation must be indicated
here. With each iteration a new set of values are being inserted into the model and all the
formulas are calculated with this new values  The higher the number of iterations, the higher
the chance will be that all the possible combinations of the variables are used as input, that
assures that the model’s output are a better reflection of the real situation.

RISKMAN allows 3000 iteration. The smaller the number of iterations the quicker the
calculations will be done. The more calculations the smoother the graphs of the cumulative
distributions will be

Minimum required amount

This value will be shown on the recommendation graph as a vertical line and is an indication of
the annual amount of money that is needed by the operator for non-farming purposes e.g.

living expenses.

Risk preference

The three different production systems that the user has to enter on the Run form result in
three different cumulative dstribution functions. Which one does the specific deasion-maker
choose?

Decision-makers have three alternative attitudes towards risk, namely risk-seeking, risk-neutral
and risk-averse. The type of risk attitude is not a reflection of the individual's management
ability, but implies that preferences of individuals differ. Therefore, it is an overssmplification to
make an assumption that one alternative should suit all decision-makers best.
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Risk seekers or lakers are more adventuresome with a preference for more risky business
alternatives. In comparing cecisions with similar expected values, risk seekers select the
allernative with some probatality of a higher income, even though they must accept a higher
probability to receive less income

Risk neutral decision-makers is the class between risk averters and nsk seekers. The nisk-
neutral individual chooses the decision with the highest expected retumn, regardiess of the
probabilities associated with alternative levels of gain and loss

Risk averters or avoiders are characterised as more cautious individuals with preferences for

less risky sources of income and investment. In general, they will sacrifice some amount of
expected income to reduce the probability of low income and losses,

The user must choose the rnsk preference of the farmer from the dropdown list. The lower and
upper absolute risk aversion coefficients will then be shown in grey. Once this information is

available, it will be possible to determine which of the production management strategies can
be regarded as rnisk efficient

The user does not need to change the default risk aversion coefficients, but in the case of
research it will be possible to change them. To alter the lower or upper absolute risk aversion
coefficients, click on the default button

The inclusion of risk preferences does not replace the decision-maker, but must be regarded as
a mere tool or ad to reduce the number of possible strategies in cases of several alternatives.

Default button

Click on the default button to open the upper and lower bound default window of the rnisk
preference. In this wandow, the program user can edit the upper and lower default bounds of
risk aversion.

Choose the variability that must be taken into account

From a rnisk-management point of view, computer models that treat irrigation quantities,
ylelds/productions and prices as constant values have a limited application potential The gap
between theory and practice are bridged by the development of RISKMAN which provide
relevant nsk-management information. It comprses the development of procedures to define
irigation quantities, yield/production and price risk, and to define risk in terms of trends
concerning the most important variables at enterprise level, as well as the ability to take
sources of risk such as hail and fluctuating interest rates into account. In addition to the above,
alternative rnisk-management strategies at enterprise level are evaluated.
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The user must choose which of the following vanables he wants to take into account, simply by
clicking their checkboxes, namely

* rngation quantities

* Yield / production

* Price

* Hai damage

* Interest rate changes

By not marking the checkbox, the spedific variable is handled as a constant value in all
calculations

Run button

After the user has finished updating all three pages, General, Production management
strategies and Risk management strategies, click the Run button,
In order to start the calculations.

While RISKMAN is doing the caiculations two questions will be asked to the user, namely

* Calculate correlation-matrix from existing information? Click YES to let the program
calculate the correlation coefficients among the different variables, in the case of historic
values or simulated values. Click NO if you want to enter the correlation coefficients
yourself from other sources or if you do not want the correlation's to be calculated.

= Show correlation matrix? Click YES if you want to see the matrix, or if you want to alter it
or insert own data, or NO if you do not what the correlation-matrix 1o be shown.

When the calculations are done a message box will appear indicating that the calculations are
completed

See section 4.5 for a discussion on the correlation-matrix.

5.2 PRrRODUCTION MANAGEMENT STRATEGIES

Run | Production management strategies

The evaluation of the alternative rnisk-management strateges at farm level renders it possible
to make an assessment of the influence of risk on the results of each strategy

RISKMAN offers the facilty o design and evaluate production management strategies. There
are three tools for managing risk that can be evaluated.
a) Diversification by means of crop rotation and utilising of livestock enterprises.
b) Using of crop insurance against hail damage by transferring some of the yield risk to an
insurer outside the operation.
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c) Forward contracting if a farmer wants to evaluate available pre-plant contracts.

The Production management strategy page is used for inserting and editing the planned crop
rotation or to include hvestock enterprises in the farm plan.

Crop enterprise

The crop enterprises which are displayed are those that have already been entered through the
Data menu To insert a new crop enterprise or to edit an existing one, dick on the insert or edit
button. The Crop enterprise form will then open and the user can insert or edit a crop

enterprise After completing the crop enterprise form the control will be given back to the run
form with the new or altered data

Provision is made to evaluate three different crop rotation systems at once  Just fill in the
areas allocated to each crop enterprise, make a choice If the crops are irrigated and whether or
not yield must be adjusted for hail damage. The planned areas to be planted in the three
production systems are lested against the area available. If the available land is exceeded, an
error message IS given in a message box. The area of one of the crops then has to be

decreased

Fleld 1D
Identify the field This field cannot be edited.

Crop enterprise

Name of the crop enterprise. This field cannot be edited.

Season

The season in which the crop will utilse the field To enter a season the user must chck on the
field and then on the arrow, a dropdown list will appear with three choices to pick from, namely
both, summer or winter

Crop rotation 1, 2 and 3 (ha)

The planned areas (ha) of all the crop enterprises of the first, second and third crop rotation

system to be evaluated. The total utiised land of each crop rotation system may not exceed
the total area avalable per season  If it does, an error message will be shown

Irrigate
Indicate whether or not the crop is cultivated under irrigation. Click on the down arrow and
choose either True or False from the dropdown list

Hail damage
An addtional nsk input in RISKMAN concerns the question whether the yield of crops must be
adjusted 1o accommocate hail damage or not. If that is the case the cumulative probability
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distributions of potential hall damage and the correlation of hall damage among different crops
must be provided

Livestock enterprise

Only livestock enterprises that have already been entered through Data are displayed New
livestock enterprnses can be inserted and existing enterprises can be edited by clicking on the
insert or edit buttons. The livestock enterprise form will appear so that the user can insert or
edit all the information. After all the data is entered the user can close the livestock enterprise
and go back to the Run form.

Livestock enterprise
Name of the livestock enterprise
Include 1,2and 3

Indicate whether or not the livestock enterprise must be included in the production system, thus
in the economic analyses.

5.3 Risk MANAGEMENT STRATEGIES

531

Run | Risk management strategles

The type of data input (method to quantify variability) for irnigation quantities, yield/production
and price levels for each main product has to be indicated.  The availability of the five ways to
define the nsk associated with each enterprise depends on the earlier data input. Whether it is
constant, single, cumulative, triangular or normal distribution. For each enterprise only the type
of inputs that have been entered in the crop and livestock enterprise forms will be available in
the dropdown kst Choose one by clicking on it, and it will be placed into the field.

Crop enterprise
A list of all the available crop enterprises of the farmer is displayed.

Field 1D
Identification of the fieid ID

Crop enterprise
Name of the crop enterprise

Type of irrigation input
Choose the type of imgation input, from the types which WAS already inserted in earlier data
input, from the dropdown list
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Type of yield input
Choose the type of yield input, from the dropdown list of available subjective input types

Type of price input
Choose the type of price input, from the dropdown kst of available subjective inputs

Livestock enterprise

A list of all the available livestock enterprises of the farmer is displayed.

Livestock enterprise

Name of the livestock enterprise

Type of production input

Choose the type of production input, from the dropdown kst of available subjective inputs

Type of price input
Choose the type of price input from the dropdown list of avallable subjective inputs.




6. OUTPUT MENU

6.1

6.1.1

The extent and nature of the program output ilustrate the power of this model The tables
contain different sets of information that can be used to support management decisions at
enterprise level. This outputs acts as a support to the economic aspects of enterprise
management as well as whole farm planning  Since nsk analyses results are best presented by
means of distribution of vanous performance critena, these distributions are also represented
graphically

In analyses with RISKMAN, risk can be determined in terms of the fluctuations as presented by
cumutative distribution functions, as well as on the basis of the probability to realise a negative
cash flow. Annual or seasonal production plans can in advance be evaluated

The flexibilty of the model assures an interactive approach where the decision-maker can re-
evaluate plans after some adjustments have been made.

All reports are displayed on screen and can be printed by clicking on the Print button at the top
of the screen.

ResuLTs

Output | Results

With the Result option irrigation quantities, yield/production, price and hail damage results of
each enterprise are presented as cumulative distnibution functions Each distribution is also
displayed graphically and the descriptive statistics calculated for each. On the basis of this
data each decision-maker can make adjustments to the variables once he has studied the
implications of ns cata input,

Cumulative distribution function (CDF) table
Output | Resuits | CODF table

A cumulative dstnibution function (CDF) 8 a mathematical relationship that indicates the
probability that the outcome of a random variable will be less than or equal to any particular
level or value




6.1.2

6.1.3

in order to evaluate the different cumulative distributions associated with the nisk variables for
each enterprise, choose the vanable whose cumulative distnibutions you want to see from the
agropdown list at the top of the form

In RISKMAN, all cumulative distribution functions (CDF's) are stored in table format. The first
column contains the associated cumulative probability levels, and the next columns contains
the corresponding irmgation quantity, yield/production, price, or haill damage values arranged in
ascending order. COF values for random variable levels that are not included in the table are
determined by linear interpolation

When you choose the normal data input option to describe the variabidity of irrigation quantity,
yield/production or price distribution, its CDF is constructed from a standard normal COF stored
in the program. Under the subjective (cumulative probabiity) data input option, the user
directly specifies eleven pairs of random varables and cumulative probability levels that form
the initial COF table. Similarly, under the triangular data entry option, one pair of CDF values
15 determined for each set of values.

The connection between the data you enter and the CDF table is somewhat less direct under
the single value data input option. The first step in constructing a CDF from a set of single
values is to construct an “empirical” CODF. This is done by sorting the single value levels and
assigning a cumulative probability of i/n to each value of the risk variable, where i am its rank
order and n is the number of single values. These assumptions give the empirical COF a “step-
wise" appearance and the cumulative probability increases by 1/n at each value level

Statistically ttus CDF has the desirable property of being the minimum variance, unbiased
estimator of the true COF . In the second step of the procedure used in RISKMAN to construct
CDF's from single value, the empirical CDF is smoothed using a centred moving average.
This eliminates the over-restrictive assumptions about possible values of the random varable
without, in most cases, serously biasing the CDF representation.

CDF graph
Output | Results | COF graph

The cumulative distribution functions graph page display one COF graph at a time. The user
has to pick the enterprise, as well as the type of risk vanable form the dropdown lists at the 1op
of the screen of the available enterprises and risk vanabiles to show the graph

Statistic's

Output | Results | Statistic's




6.2

6.2.1

6.22

The usual statistic's of the various variables CDF's can be viewed here. For each risk variable
you want 1o evaluate, the statistics can be picked from the dropdown list at the top of the
screen. See secton 63 for more information on the description and calculation of the
statistical parameters.

RECOMMENDATIONS

Output | Recommendations

The Recommendation option reflects the net operating receipts (NOR) and the net farm
income (NF1) as cumulative probability distributions for each of the three production strategies
that is compared in one run (analyses). Each distnbution is also represented graphically and
the descrptive statistics calculated. The user can decide whether he wants to see the net
operating receipts or the net farm income simply by choosing from the dropdown list The
structure of the budgeting model is described in Appendix A

The decision-maker can make adjustments to his production strategies on the basis of these
results as presented in the distributions, and run the program again to evaluate the effect of the
adjustments,

CODF's of production systems
Output | Recommendations | COF's of production systems

The cumulative distribution functions of the production strategies is a mathematical relationship
that indicates the probabilty that the outcome levels of the farm profit will be less than or equal
to any particular level.

After the CDF of all the risk variables have been calculated and the correlation between the
risk variables have been taken into account, the net operating receipts and net farm income
are calculated for each iteration.

In RISKMAN. all cumulative distribution functions (CDF's) are stored in table format. The first
column contains the associated cumulative probability levels, and the folloming columns

contain the net operating receipts or net farm income levels arranged in ascending order for the
three production management sirategies

Graphs




6.2.3

6.24

6.3

Output | Recommendations | Graphs

The user has the choice whether he wants lo see the net operating receipts, the net farm

income or both graphs, simply by clicking on the down arrow. A dropdown list will then appear
for the user to choose from

The CDF graph page on the Recommendation form will then display the CDF's graph as
required for all three-production management strategies

An additional feature of the COF graph option is that it draws a vertical line at the minimum
required amount, to help the user identify the production system most sutable for his
circumstances. The production system to the right of the three will in most cases be the
preferred production system

Statistic's
Output | Recommendations | Statistic’s

The statistic’'s of all three-production strategies for net operating receipts and the net farm
incomes are calculated and should allow quick, efficient and quantitative evaluation of model
performance. As with the CDF's, the variable you want to validate can be chosen from the
dropdown list. See section 6.3 for a more detailed discussion of the statistical parameters

Strategy evaluation

Output | Recommendations | Strategy evaluation

According 1o the farmers’ risk attitude preference the model makes it possible to determine
which risk-management strategies the farmer would prefer with the help of stochastic
dominance with respect to a function (SDRF). SDRF is therefore applied to the distributions of
net operating receipts and net farm income. In this way the farmers’ preferences with regard to
production plans, including crop-rotation systems and the use of crop insurance are
determined,

Firstly, the information about the user's risk preferences and the lower and upper bounds used
in the calculations is shown Next, the dominance table is shown with an explanation thereof,
in order to indicate to the user what production system would be the best for him, according to
his risk preference

STATISTICAL ANALYSIS
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In RISKMAN the distributions are defined by large samples of random observations, as is the
case for generated ylekd/production, price and irmigation levels and budgeted net cash flows, the
distributions can be lreated as though they were discrete rather than continuous. Density
functions values are 1/n for each observation, where n is the number of observations, and the
intervals can be treated as simulations. When this is done the follomng familiar compating
formulas can be used. The formula can be seen in Appendix A

STOCHASTIC DOMINANCE WITH RESPECT TO A FUNCTION

Stochastic dominance with respect to a function is an evaluation criterion which orders
uncertain action choices for classes of decision makers defined by specified lower and upper
bounds, ryy) and rdy), on the absolute risk aversion function The absolute nsk aversion
function (Arrow, 1971, Pratt, 1964), rly), is defined by the expression:

Where u'ly) and u"(y) are the first and second derivatives of a Von Neumann-Morgenstern
utility function u(y).
~u""(y)

i u'(y)

A major advantage of stochastic dominance with respect to a function is that this criterion can
be used to order more choices than can be done with other criteria. Furthermore, stochastic
dominance with respect to a function is relatively easy 10 apply. A computer program which
implements this solution procedure defined above has been developed by Meyer, and a
modified version of that program by King (1971) is used in RISKMAN.

37
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STATISTICS CALCULATED IN RISKMAN

Minimum
The minimum simulated value that occurs for the specific nsk variable

Maximum
The maximum simulated value that occurs for the specific risk vanable

Mean
The mean as a statistical measure of average.

Mc =Y NiIn
i

Standard deviation
Measure of variability around the mean. The vanance is the square of the standard deviation

Ve = (Y Xiiin)- M
&=2n
Coefficient of variance

Sometimes when comparing different sets of data it can be helpful to assess their comparative
relative vanability rather than the absolute variability (as measured by the standard deviations).

Coefficient of skewness
CV = std . deviation <100
mean

SK = 3(mean - median )

std  deviation
Such a statistic tries to provide an impression of the general shape of the data distribution in
the context of its overall symmetry




STRUCTURE OF THE BUDGETING MODEL

The budgeting model in RISKMAN calculates before tax net flow under each set of variables
for each crop and livestock enterprnise and overhead costs The crop enterprise variables
consist of crop hectare levels, imgation quantity, yield, price and hail damage; and production
and price variables for livestock enterprises. Net flow can be seen as a random vanable and
must be calculated for all the combinations

The net operating receipts (NOR) can by defined by the following expression
NOR = O/-0C (1)

where O/ is the operating income and OC is the operating cost of all the enterprises on the
farm

The overall net farm income (NF1) can by defined by the following expression:
NFI = NOR-FC (2

where NOR is the net operating receipts (1) and FC is the fixed costs for the entire operation
Fixed cost includes allocated ownership cost, insurance, license fees, labour, irrigation,
mechanisation and all other unallocated costs

Operating income (OJ) consist out of the following
(o)) B Total Gross income
= GICrop + GIStock 3

where GICrops refers to the Gross income from all the crop enterprises and G/Stock refers to
the Gross income from all the livestock enterprises Operating costs (OC) consist out of the
following

oc = CropC + StockC @

where, CropC refers to the Operating cost from all the crop enterprises and StockC refers to
the Operating Cost from all the livestock enterprises.

The Gross income for each crop enterprise GICrop are defined by the following expression

GICrop, = Area, * Pnce, * (Yield - Hai) (5




where, for crop enterpnse | and n is the number of crop enterprises, Area, is a choice variable
Hectare for the n crop enterprises s constrained 1o be less than or equal to the total crop
hectare for the farm. Price, is the price per unit, Yield, is the crop yield per hectare and Hail is
the hail damage

The Gross income for each livestock enterprise G/Stock are defined by the following
expression

GIStock, = Pnce, * Quanitty, (6)
where, for example |, Price, is the product price and Quantity, is the production quantity.

CropC, includes expenditures on seed, fertilizer, fuel, chemicals, hired labour, and all other
costs directly allocatable to the production of a particular crop. The costs for crop enterprise |,
CropC,, are defined by the following expression:

CropC, = Area * (YIC, + (YVC,* HarY,)) + (IC * IrrAmount)) + Other %

where, for enterprise |, YIC, is per hectare yield independent cost, YVC, is the yield variable
cost. HarY, is the expected yield production (Yield) minus the Hail damage (Hail) IrrC is the
variable irmgation cost for applying one mm of water and IirfAmount, is the varnable. OtherC is
the other cost allocated by this enterprise, but not already included in the costs.

StockC, includes expenditures on feed, feed additives, medicine, veterinary supplies, and all
other costs directly attributable to the production of a particular livestock. StockC, are defined
by the following expression:

StockC, = PIC, +PVC, + OtherC, ®

where, for enterprise | PIC, PVC, and OtherC, is per unit production independent costs,
production variable costs and other cost
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CHAPTER 1 INTRODUCTION
1.1 PURPOSE

The Water Administration System (WAS) is designed to be a management tool for irrigation schemes and

waler management offices that want to manage thew water accounts and supply water to clients through
canal networks, pipelines and rivers,

1.2 APPLICATION AREAS
WAS is used for the efficient admunistration of:

e Water supplied, water requested and water used.

e Walter distribution through canal networks and rivers including the calculation of lag times and
different water losses.
e Water accounts.

1.3 BENEFITS

Increased financial control
Improved water utihisation
Streamlining of communication
Efficient planning and co-ordination

User friendly and modular, | e easily upgraded
1.4 FEATURES

WAS consists of four modules that are integrated into a single program that can be used on a single PC
or @ multi-user environment. These modules can be implemented partially or as a whole, depending on
the requirements of the specific scheme or office. The four modules are:

Administration module

This module is used to administer the details of all water users of an imigation scheme Pertinent
information including owners, tenants, postal addresses, waler quota allocations, hectares scheduled,
household and livestock pipes installed, crops planted and crop yield are managed in this module

Water request module

This module is used to administer water requested by farmers for an irrigation scheme. Reports that can
be printed, include a water balance sheet for each farmer or user, a water usage report of users and a
report of the percentage of allocated water used

Water accounts module

This module links with the water request module and administers all water accounts for an irmigation
scheme or water management office. The user can choose between two major accounting systems. The
first is the current Department of Water Affairs accounting system and the second a full debit system,
from which monthly reports can be printed, including accounts on pre-printed stationery, reconciliation
reports, age analysis and audit tral reports

Water release module

This module links with the water request module and calculates water releases for the main canal or river
and all its branches and tributaries allowing for lag times and any water losses and accruals A schematic
layout of the total canal network or river system s captured with detail such as the coss-sectional
properties, positioning of sluices or pumps, canal or river slope, structures and canal or river capacities.

vi




Discharges are converted to the comesponding measuring plate readings where needed  Water
distribution sheets and water loss analysis reports can be printed for canal or river systems.

Was

1

1 L 1 I |
Administration Water Request Water Release | Water Accounts
module Module Module Module

r ]
State Debit
Accounting | Accounting

1.5 SPECIAL FEATURES

WAS is user friendly with a built in context sensitive help system

Data capturing screens are consistent anc easy to use

WAS combines water management, water distribution and an accounting system
The database is robust and easy to maintain

The data handling capacity is only limited to the size of the hard drive

WAS can be used in a multi-user environment

Extensive error checking capabilities for data capturing are standard

Where possible data or results are represented graphically

WAS was developed for users, by users

Additional features are included as part of an ongoing development, installation and training
programme

1.6 USER REQUIREMENTS

WAS requires at least a 486-PC running Windows SS/S8/NT. At least 32Mb random access memory
(RAM) must be available to run the programme, but 64 MB is recommended

WAS is written in Delphi and uses Interbase as the underlying database. Interbase is a relational

database management system (RDBMS) that provides rapid transaction processing and data sharing in a
single- or multi-user environment.

1.7 WAS MENU STRUCTURE
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1.8 STARTING WAS

The name of the WAS executable file is WAS32 EXE and the database filename is WASIB GDB. After
starting WAS the following login form appears. The user needs to speciy the database, user name and

. The database acministrator can assist with the adding of new users 10 the database. WAS
will start up with the previous database and user name by default.

If the server accepts the username and password, the following about form appears. The details of the
developer and the institutions that funded the development of WAS appears as shown on the following
about. If the login was unsuccessful, WAS will start up with most of the menu options and speed buttons
disabled. The user can retry the login procedure by clicking the server login speed button at the top left of
the screen or selecting Scheme|Server login from the main menu.
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The about form is followed by a popup calendar to verify the current date. It is important to specify the
correct date as the financial modules and the water release module in WAS depend on it The main form
appears after the calendar and is discussed in the following paragraph.




1.9 MAIN FORM

The main form of WAS consists of a main menu, speed buttons, a picture and a message line. All the
options of the different modules in WAS can be accessed through the main menu. The more frequently
used options are also accessible through speed buttons at the top of the screen

The message line at the bottom of the screen is divided into three parts. The first part displays

abbreviated help messages where applicable. The second part displays the current scheme name and
water year selected. The third part displays the current date

Double clicking on the picture in the middie of the main screen will change it. The user can add more

pictures by copying scanned jpg-images into the WAS folder and renaming it to the waspict jpg.
waspic2. jpg, waspic3d. jpg etc. format

Scheme Outpit  Input  Help

o olols v=elsx] =4

Waler Administration System

[ Jabd ornein-besprosngsrasd 1996/1997 - 29/09/2000
Figure 4. Main form

Speed buttons

i

Server Login: Log in to the server with a user name and password

&

Server Logout: Log out of the server without exiting the program

5




Backup Backup the database to a specified device

Restore Restore the database from a previously made backup

1

Select Scheme and Year Select the defaut scheme and water year from a list

User Information  Access the user information form.
Accounts: Access the accounts form

—
)
B

W“Roquuu Access water requests form,

Water Transfers. Access the water transfers form.

y—
A

Meter Readings: Access the meter readings form
I!mngsuuom Access the measuring stations form.

Canal Network Access the canal or river network form.
e

!
Water Balance Statements. Access the water balance statements

Water Balance Report Access the waler balance report

1.10 COMMON SPEED BUTTONS AND CONTROLS

Every form in WAS makes use of speed buttons and controls to manage the application. All speed
buttons in WAS have a hint that appears for a few seconds if the mouse cursor is positioned on the
button. The same hint is displayed permanently on the message line at the bottom of the screen. A
greyed out speed button means it is inactive.

The following paragraphs describe all the common speed buttons and controls that are used throughout
WAS and the description is not repeated for every form that uses it




#

The find speed button is used to find records and normally depends on the setting in the sort drop down
list.

2

The summation speed button (Sigma speed button) is used for summation of data.

The print speed butfon is used 1o print various reports or graphs depending on the current form and active
page

Sont [t =l
The sort drop down list is used to specify a sort order for the specific data set.

e TP ]
FReret [~

k »oh
The filter check box is used to filter a data set according to active record or column. In some cases it will
filter according to the setting in the sort drop down st

oo i

mwmemWNManMbmkammmr. The user can either
type the week number manually or use the up and down buttons to increment or decrement the week
number,

The close button will close the current form or application.
1.10.1 DATABASE NAVIGATOR

A database navigator is used on almost every form for navigating through records and for manipulating
records in WAS. The figure below displays the database navigafor with all buttons but some of the forms
only use a subset of the buttons

e B ENE R

The agifferent buttons of the database navigator are used to.

o
Go to the first record in the dataset. A greyed out button means the cursor s already at the first record in
the dataset

-

Go to the previous record in the dataset A greyed out button means the cursor is at the first record in the
dataset

>

Go to the next record in the dataset A greyed out button means the cursor is at the last record in the
dataset.




Go to the last record in the dataset A greyed out button means the cursor is already at the last record in
the cataset

]
Insert a blank record in the dataset An alternative is to press <insert> on the keyboard. If the cursor is
at the last record and the down arrow is pressed, the current record will be posted (saved) and a new one
created A greyed out button means the dataset is in an insert state

Delete the current record in the dataset. An alternative is to press <Ctrl Delete> on the keyboard

Permit users to edit the current record. In some cases the user is prevented from editing records directly.
In such cases this button must be used 10 put the dataset in edit state to enable editing. A greyed out
button means the dataset is in an edit state.

é&(m)hmﬂnwdnﬂorimﬁmum\o Posting of records must be done to write the data
to the database on disk. The same result can be accomplished on a grid by moving off a record with the
up and down arrow keys. A greyed out button means the current record is posted

=]

Cancel: Cancels the current edit or insernt state.



CHAPTER 2 WATER ADMINISTRATION MODULE

This module is used to administrate the details of all the water users or accounts on an irrigation scheme
or river system. The water administration module is common to all the other modules. The following
information is managed through the water administration module

List of irrigation schemes and water years

Owner, tenants and postal addresses

Water quota allocations

Scheduling

Household and livestock abstraction

LRT - List of rateable taxes

Crops planted, areas planted, water applied and crop yield information

2.1 IRRIGATION SCHEMES

WAS is capable of handling any number of irngation schemes or water management offices in a single
database. The Irrigation Schemes form is used to capture, store and manage all the information of
schemes that will be part of the database. To open the Irigation Schemes form, select Inputfirrigation
Schemes from the main menu

a1 Jrrigolion schemes
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Figure 5. Irrigation Schemes

Speed buttons

:

Delete scheme and all associated records. A password i1s needed to use this option.




The Irrigation Schemes dataset can be sorted according to

Name
Scheme
State/Board
Region
Apphcation

Short descriptions of each column in the Irigation Scheme form are as follows

Scheme
This is a unique number for the scheme

Name |
This is the name or description of the scheme. |
State/Board

Specifies whether the scheme is state owned or privately owned This choice has no effect on the
working of WAS,

Region
Specifies the region in which the scheme lies. The region is selected from a drop down list of available
regions.

Tel. nr.
This 1s the contact telephone number of the irrigation scheme.

Fax. nr.
This is the fax number of the imgation scheme
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VAT nr.
Should the scheme be registered for VAT, the tax number will be entered in this column.

Start month

Specifies the starting month of the water year for a specific scheme. The starting month will affect the
state accounting model

Application

Indicates the application of the water provided by a specific scheme These are selected from a drop
down list containing the following options:

Unknown
Irmgation

Dom & Industrial
Multi-Purpose
Dom, Ind, GWS
Water Treatment

Account

This is the accounting model used by the specific scheme. Three accounting models are provided.
Details of these are given in the Accounting Module and a single selection must be made from the
following

e State
e  Debit
State/Debit

Invoice

Specifies the invoice layout template for the debit accounting model. The name of the template indicates
the scheme that onginally designed the invoice layout.

Req. Time
Specifies whether the water request time is captured on the water request form or on a canal layout form.
The relevant option can be chosen from a drop down list containing the following options

e OnCanal
e OnForm

Each of the selections are defined below:

On Form The water request time is captured on the water request form (Input|Water Request
Form) In this case opening and closing times can vary from week to week.

On Canal The water request time is captured on the canal layout form. In this case, opening and
closing times stay constant from week 1o week.

Season
A selection of a season can be made from a drop down list containing the following options

e None
e Winter
e Summer

This 1s only used by schemes with different allocations for winter and summer. The water balances need
to be recalculated n Input{Water|Water Balances when changing between seasons The water
allocations are captured in the Enrolment Page on the User Information Form InputjUser
Information|Enrolment

n



2.2 SCHEME AND YEAR

The scheme and year form is used to select the current scheme and year to be worked on. In this form, a
new year for a given scheme can be created or a specific year for a scheme can be deleted with all
relevant data for that year.

The following information will be deleted only for the specified year

Water Requests

Water Transfers

Meter Readings

Household and livestock abstractions
Water balances

Water sales

Water accounts

Account tariffs

To open the Select scheme and year form, select Scheme|Scheme & water year

Inserting a new scheme and year:
Should you insert a new scheme and year, the year will default to the following year of the selected
record, but can be altered manually. Password Superman

12



Figure 7: Insert new water
Descriptions of columns in the Irrigation Scheme form

Irrigation Scheme
This is the name of the irmgation scheme that can be selected from a drop down list.

Year
This is the new water year that can be selected from a drop down kst

To select a year select _
To et yoar soect | LRSI

To delete a year select:

A password is needed to delete a scheme or year. Password is provided by NB Systems.
2.3 PARAMETERS

The parameters form is used to create lookups for water wards, election wards and crops that can be
used throughout WAS, To open the parameters form, select Input|iParameters from the main menu

I I ) e - I

e e P
v [serwws |

1 NOUS

2 UTDR
IWYK3
S WYKS

Figure B8 Parameters
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2.3.1 WATER WARDS

Nr
A specific number that is given to a water ward

Water ward
The description of the specific water ward

2.3.2 ELECTION WARDS

Nr
A specific number that is given to an election ward

Election ward
Description of the specific election ward.

233 CROP LIST

Crop ID
A specific number given to a crop

Crop name
The name or description of the crop

14




2.4 USER INFORMATION
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Figure 9 User information

The user information form s used to capture all the users, accounts, abstractions and other relevant
information on the consumers. Every page on this form is used to capture a different set of information,
A specific user must be captured before any other related information can be entered. WAS will verify
that a user exists before accepting related information. Once a user is captured it can only be removed

by means of a password. |If a user is deleted all related information will also be deleted. To open the
; User information screen select InputjUser Information from the main menu

Speed buttons

The User Information form can be sorted according to:

User
Description
User type
Water ward
Account no
Account grp
Group no
Group order
Licence no
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This form consists of a number of pages. A short description of each page follows:

2.4.1 USER PAGE

The user page is where all the information relating to a specific user is captured. The correct completion
of this page is important as the user number i$ used throughout the system for identification purposes.
The total number of users and different user types in the specific scheme can be calculated by pressing
the summation button at the bottom of the user page.

User

This is the unique number or reference number identifying a specific user. The maximum width is 10
characters and is used for the account number. To sort in numerical order, it must be padded with zero's,
0001, 0002 etc.

User type
The user type can be selected from a drop down list. The user type affects the accounting model
selected.

A choice can be made from the following user types

e g Has enrolment (captured on the enrolment page) and is used by the state
accounting model to operate two invoices per year.

¢ Extension: Has no enrolment and no invoice will be generated. Is used to link 1o a master
user for automatic water transfers from the master user to the extension
Automatic transfers will only take place when water is requested on a water
request form or for meter readings.

e lrrig mnth Has enrolment (captured on the enrolment page) and is used by the debit
accounting model to generate monthly invoices,

e Ind mnth: Has a quota aliocation (captured on the industrial quotas page) and is used by the
debit accounting model to generate monthly invoices.

e House mnth:  Not used

e Indir mnth:  This is a combination of the industrial monthly and irrigation monthly type and is
only used by the state accounting model.

Master user

A master user can have several extensions attached to it and is used to transfer water automatically from
the master user to the extension user. |If water is requested on an extension that is linked to 2 master
user, a water transfer (Input|Water|Water Transfer) is automatically generated between the master and
the extension user. The water balance of an extension user is normally zero and only the master user will
receive an invoice. There is no limit to the number of extensions that can be attached to a master user.
No water will automatically be transferred back from the extension to the master user after a water
cancellation on an extension.

Water ward

Irrigation scheme or users can be divided into different water wards that can be selected from a drop
down list  The available water wards in the drop down list are captured on the parameters form
(Input|Parameters). Water wards are exiensively used in the reports to group information according to a
specified water ward.

Election ward

Irrigation schemes or users can be divided into different election wards that can be selected from a drop
down st The available election wards in the drop down list are captured on the parameters form
(Input|Parameters).

Acc no
Thes is the account number for the specific user and it is a numerical value. The user identification string
is normally used for the account number.
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Acc group
A group number assigned 1o several accounts belonging to the same owner in order to group accounts
before pnnting invoices

Language
A language of preference can be selected from a drop down list  Only the invoices printed by the debit
accounting model are affected.

Organisation _
The organisation that is relevant to a particular user can be selected from a drop down list containing the

following options.

GWS (Government water scheme)
Irrigation Board

Water Board

Municipaiity

Group no
The group number specifies where the specific user is situated.  The Group number has an effect on the
Distribution sheet (Output{Water|Distribution sheet) and the meter readings (Input|Water|Measuring
stations).

Group order

The group order specifies the user sorting order within a specific group number. The Group order has an
effet on the Distribution sheet (Output|Water|Distribution sheet) and the meter readings
(Input{Water|Measuring stations)

Description
This column can be used for a longer description of a particular user. The user column only allows 10
characters while the description can take 30 characters.

License nr
A water registration licence number that can be linked to a specific user,

Usage
The water use type of the specific user. This type is used in the disposal report to calculate different
water use totals.

2.4.2 ADDRESS PAGE

The address page is used for capturing address information for a particular user. This information is used
in the accounting medule selected in order for accounting or any other system generated information to
be sent to the relevant user. A user must have a postal address for the month end procedure of the debit
accounting mode! to work.

User
This 18 a unique number or reference number identifying a specific user
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Type
The address type that can be selected from a drop down list. The following types are available

e Owner
+ Postal
e Tenant

Name
This 18 the name of the user

Surname
This is the surname of the user,

1D no
Thus s the identification number of the person

Address, city & code
Address details of the user.

Tel No
Telephone number of the specific user

Contract expiry date
This is the date when the contract between an owner and a tenant will expire. The date can be selected
from a pop-up calendar

2.4.3 ADDRESS LIST PAGE

This 18 a spreadsheet view of the address information. This information can be edited from both the
Address Page and the Address List Page.

2.4 A ENROLMENT PAGE

The enrolment page is used to capture the enroiment information of each imgator. This page integrates
with the Accounting and Water Request modules. The total hectares enrolled can be calculated by
pressing the summation button at the bottom right of the enrolment page

User
This is the unique number or reference number identifying a specific irmgator,

Type
A user can receive water from either a river or a canal for irrigation purposes. The relevant selection can
be made from a drop down list,

Enrolment (ha)
This specifies the number of hectares enrolled with the specific scheme

Winter (m’)
The winter quota is used when the season parameter is set to winter on the irmigation scheme form
(Inputjirrigation schemes)

Summer (m”)

The summer quota is used when the season parameter is set to summer on the irrigation scheme form
(Inputjirrigation schemes)
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Year

This indicates the year when the enrolment was captured or changed If the enrolment changes a new
record must be inserted with the new year value. Currently WAS cannot handle more than one enrolment

change per year. The historical record of enrolment is only important if the state accounting model is
used.

24.5 PIPES PAGE

The pipes page is used for the capturing of the pipe details for pipes installed on canal networks for
household and livestock use. It 15 assumed that each pipe size has a fixed delivery rate, which Is used for

billing purposes on both accounting modules. The total number of pipes and different pipe sizes can be
calculated with the summation bution at the bottom of the screen

User
This is the unique number or reference number identifying a specific user.

No
This is a unique pipe number that ranges from 1t0 9.

Type
A selection between two types of pipes can be made from a drop down list:

e Livestock

Diameter

The diameter of the pipes must be specified WAS provides for four standard pipe sizes that can be
selected from a drop down hist.

19mm
25mm
32mm
38mm

2.4.6 IND QUOTAS PAGE

The industrial quotas page s used to capture water quota allocations and tariffs for industrial users that
receive monthly invoices from the state and the debit accounting modeis. The number of columns
displayed will depend on the accounting model selected on the irmigation schemes form (Inputjirrigation
schemes)

User
This is the unique number or reference number identifying a specific user

Free vol (m’)
Thes is the amount of free water allocated to a specific user for the current water year. Thes is used by
both the state and debit accounting modeils.

Quota vol (m”)
Thes 18 the quota of water allocated to a specific user for the current water year. This is used by both the
state and debit accounting models.

Total vol (m*)

This is the total volume of free and guota water allocated to a speafic user and it is calculated by WAS.
This is used by both the state and debit accounting models.
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Tarift ID

The Tariff ID integrates with both accounting models. When the ellipses button in the Tariff ID column is
selected, a Monthly Tariff set form opens. The form that opens depends on the accounting model
selected in the irrigation schemes form (Input|irrigation schemes)

The foliowing figure shows the montnly tanf! set form for the state accounting model. The values in the
VAT % to the TCTA VAT % columns can easily be duplicated by capturing the first value and then double
chicking on the specific value to automatically replicate the data to the rest of the column

Monthiy tardl! set )
2| “ | M0 150000 232000 1.
3 %0 53 01032001 NAOV2001 140 15000 23000 100000 00
4 1 6 01/042000 01/05/2000 140 150000 232000 100000 00
5 7 10 MAS2000 30S/2000 140 15000 232000 100000 00
6 N A 00200 01072000 W40 150000 232000 100000 00
7. 15 19002000 NA07/2000 40 15000 23000 100000 00
] 2 23 (10872000 3120672000 140 150000 23000 100000 0O
3 27 01092000 0171072000 140 150000 232000 100000 00
10 2 R OA02000 NG00 140 150000 232000 100000 00
M B/ B OAIZ00 01122000 140 150000 23000 100000 00
12 v N 0122000 NAZ2000 140 150000 23000 100000 00,
[eL of
& | ~ [Zsm]

Figure 10 Monthly tariff set for the state accounting model
The following columns appear on the Monthly tariff set form:

Month
Each month is identified by the cormresponding month number.

From week
This specifies the start of the week number range that links to the water request module The week
number range s used (0 calculate the water usage for the given range

To week
This specifies the end of the week number range that links to the water request module. The week
number range 1S used 1o calculate the walter usage for the given range

Issued

Date when the invoice will be issued.
Payable

Final date for the account 10 be paxd

VAT %
Current VAT rate,

Usage (c/m’)
Water tanff for water used.

WRF (¢/m”)
Water Research Fund tanff on water used




CMC (e/m’)
Tariff for Catchment Management Cost on water used. This cost is only payable on free water

TCTA (¢/m”)
Trans-Caledon Tunnel Authority tariff on water used

Interest %
Interest rate on outstanding amounts,

WRF interest %
Interest rate on outstanding amounts (o the Water Research Fund.

WRF VAT %
Percentage VAT on the amount payable to the Water Research fund

TCTA VAT %
Percentage VAT on the amount payabie to the Trans-Caledon Tunnel Authority.

The followming columns for monthly tariffs appear in the Industrial Quotas page only when the Debit
accounting model is used. A tanff can either be on a usage basis or a quota basis, but not on both,

Tariff usage (c/m’)
Monthly tariff based on the actual water used

Tariff quota (c/m’)
Monthly tanff based on quota allocation

WRF usage (¢/m’)
Monthly tariff used to calculate the amount payable to the Water Research Commission based on actual
water used.

WRF quota (c/m’)

Taviff used to calculate the amount payable to the Water Research Commission based on quota
allocation.

Maint. usage (c/m’)
Monthly tanff based on the water used for maintenance

Maint. quota (c/m’)
Monthly tariff based on quota allocation for maintenance.

TCTA usage (c/m’)
Tanf! for water usage payable to the Trans-Caledon Tunnel Authority.

CMC (c/m”)

Tariff for Catchment Management Cost on water used. This cost is only payable on free water

2.4.7 LRT PAGE

The LRT (list of rateable taxes) page s used to capture information on rateable irrigation areas of a
specific scheme. WAS keeps historical LRT information on a specific farm that is linked to a date. A
description of the different columns follows.

User
This is the unique number or reference number identifying a specific user.
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Date
Current information date. If information changes a new record must be inserted with the new and
updated information. Previous information is kept as part of the hestory record for a specific user

Description
Short description of the user.

Enrolied (ha)
Number of hectares enrolled with the scheme

Pump (ha)
Abstraction nghts of a particular user in hectares

Area (ha)

Size of the irmgated property in hectares

Reg. Owner

Name of the registered owner of an irmgated property or authorised user

Tenant
Name of the tenant of an irmgated property or authorised user

Deed Nr
Registration number of ownership that appears on the owner’s title deed.

Deed Date
Date on which the ownership was registered

Date Born
Date on which the owner was borm,

Share
Ownership share of the registered owner.

Size (ha)
Size of the imgated property measured in hectares

Water right
Water use entitiement of the speafied user

Farm name
Name of the irrigated property.

2.48 USER ALIASES PAGE

This page is provided for cases where the user is given an alias or another name, which is commonly
used. The system automatically links the alias to the User number. If an alias is specified on this page,
water requests can be captured using the alkas and not the User number.

User alias

The name a user may be referred to other than the user number. The user alias must be unique within
the specific scheme

User

This is the unique number or reference number identifying a specific user

2.49 METERS FACTORS PAGE




The meter factor page is used to capture meter factors that are used to convert meter readings to cubic
meters.  If a meter factor is specified on this page. it can automatically be accessed on the meter
readings form (Input|{Water|Meter volumes) Two water meters can be used 1o measure water volume
to a specific user. Thas is relevant when the user and the authority have separate water meters. WAS
will then calculate the average volume from the two meters

User
This is the unique number or reference number identifying a specific user

K1
Factor that is used 10 convert the first meter reading 1o cubic meters

K2
Factor that is used to convert the second meter reading to cubic meters

2.4.10 STOP WATER PAGE

The stop water page provides the operating authority with a way to stop water to a certain user when the
account has not been paid.  This page links to the water request form in the water request module

User
This is the unique number or reference number identifying a specific user

Note
A note can be captured for the attention of the operator. This note appears when water requests are
captured in so as to notity the operator that no further water requests can be made.

Stop
Two options are made available on a drop down list:

e Yes.  Water requests cannot be captured.
* No: Water requests can still be captured, bul the user number remains on the list.

2.4.11 IRRIG ABOVE CANAL PAGE

This page refers to all the users that have permission o irmgate above a canal in the case of a canal
scheme

User
This s the unique number or reference number ientifying a specific user.

Date
Date when permission was granted 1o irrigate above the canal

Size (ha)
Number of hectares that are imigated above the canal

2412 CROPS PAGE

The crops page is used to keep a record of the different crops, areas planted, the yiekds and water used
by the different crops  This information is available to other models for risk analysis and decision-making

User
This is the urwque number or reference number identifying a specific user.

Crop

A specific crop can be selected from a drop down kst The list of available crops can be captured in the
crop lookup form (Input|Parameters)
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Date
Date when the crop was harvested or any other date linked to the specific season

Yield (tha)
Crop yield, in tons per hectare

Area (ha)
Total area planted of the specific crop

Volume (m’/ha)
Total volume of water required per hectare to grow the specific crop

Total Volume (m*)
Total volume of water required to grow the specific crop
2.5LETTERS

In this form, letters to all the users can be typed, Each letter has a specific ID. To open the Letters form,
select Input|Letters from the main menu

[amtetters = T
L L M2 v

Pritist | Lotter © | Atrkaars | Enghen | SettrgsTes |
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IR XX X Ix XXX X%

xxxx'
1 A

Figure 11° Letters

Speed Buttons

Initialise Al

24




Clear Al
Description of each column follows

Print list
List of all users where a specific letter can be assigned and marked for printing

Letter ID
Each letter has an ID to identify itself, with a description

Afrikaans
Afrikaans version of the letter

English
Englsh version of the letter

Settings Tab
In this section, the printer fort, margins and contacts can be set up

26 PROBLEMS

All queries and problems regarding the program or schemes, can be captured here. To open the screen,
select InputjProblems from the main menu

2:Aones7 Aarwrang op Bivier, Kwagges, Ridel, TWK Kpiaes
‘R0 Rade seam voeg met damkomponente

B3NS Betwkanis van Post by adrestyste

‘G0AN008  Adres Feien meatskappy wet sl e cienow woos
200031938 Rekerwigs v Robertson - 2boere '
2N0N9S7  Bersken utvarswater by BAier, Kidoo!, Secunds

ND: BERGRIVIER SWS 2000/2001 124092000
Figure 12 Problems information
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The show control is used to specify the problem types to show. The available options are 1

e Al

e Scheme
« WAS

e Other

The Problems information form can be sorted according to

e Date
e Completed
¢ Person

The form can show

All
Scheme
WAS
Other

Description of columns in the Problems information form

Scheme |

Specific scheme or river reach where a problem is found. f
\

Type

Type of problem, for instance on a scheme or in the program

Date
Date that the problem occurred ‘

Description |
Description of the problem. (

Person
Person or contact who reported the problem

Finished
Date when the problem was solved

Ref no
Reference number given for the problem

Completed
This is to state if the problem was solved. A selection of Yes or No can be made from a drop down list




CHAPTER 3 WATER REQUEST MODULE

This module is used to administer all the water requested by users. Some reports that can be printed are
a water balance sheet for each user (Input/Water|Water balances), a water usage report of all the users
(Output|Water|Water balance report) and the percentage water used report of the water allocated
(OutputiWater|% Quota used)

3.1 WATER BALANCES

The water balances form keeps a record of water balances for all users.  The operator can recalculate a
specific record by double clicking on the record or recaiculate all records by clicking on the Calc balances
speed button. A recalculation is necessary when quota allocations are made, a new water year is created
or when enrolment changes. The water balances as calculated on this form are used throughout WAS to
reflect the water use of all users. All the values on this form are automatically updated by WAS when
water is requested or transferred.

Figure 13. Water balances
Speed buttons

Calc balances

Update previous used
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3.1.1 QUOTA / EXTRA / SURPLUS / FLEXI PAGES

User
This is the unique name or reference number identifying a specific user

Quota tot (m”)

Total quota volume allocated 1o a specific user. mtuswwaddepenammm“m.
enrolment, season and quota allocation for a given year for the specific scheme (see Input{Water|Water
quotas) The guota for the different user types is calculated as follows

e Ingation Enroiment( ha)*Quota(m’/ha)
* irngation{ Summer) Summer volume

e Irngation(Winter) Winter volume

e Industrial Free volume + Quota volume

Quota used (m’)
Total quota volume used for every user.

Balance (m’)
Available volume of water for every user. The balance displays the difference between Quota tot and
Quota used volumes

Prev used (m*)

The cumulative volume of water used for every user up 10 the previous month end. The difference
between the Quota used and the Prev used volumes is used to calculate the water usage for every user
since the last month end. The Prev used volume is automatically updated by WAS but the Update
previous used speed button can be used o change this value If necessary.

Invoice used (m’)
The difference between the Quota used and the Prev used volumes

3.2WATER QUOTAS

The Quotas/Surplus water page is used to capture the water quota allocations for a specific scheme.
This form is also used to indicate the weeks for water surplus conditions. The water quota is normally
captured in the first week of a given water year. Additional quota allocations can be captured in any other
week It is important to remember to recalculate all water balances if the quota allocation changes
(Input{Water|Water balances)

To open the Quotas/Surplus water form select Input|Water|Water quotas.
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3.2.1 QUOTA PAGE

Week
Week number when quota allocation is made

Quota (m*/ha)

Water quota allocation. This value is multiplied by the enroiment of every user to calculate the total
volume of water every user is allowed to used for the specific water year. The recalculation can be done
on the Water balances form (Input|Water|Water balances).

3.22 SURPLUS PAGE

Week
Week number when water surplus conditions apply.

Surplus
Defaults to *Yes" when a new record is inserted.  Only the weeks where water surplus conditions apply
need to be captured.

3.3WATER REQUESTS

The water request form is used to capture all the water requests on a weekly basis WAS handies
orginal requests, additional request and cancellations. Once a request type s selected the
corresponding white, blue or red header colours are dsplayed The user can enter three different
abstraction flow rates next to A, B and C. Only the letters A B or C can be entered in the corresponding
Day and Night boxes. WAS automatically calculates the total volume and hours of water requested and
updates the water balance of the specific user.  To change the default 12-hourly values below the Day
and Night boxes, use Ctrl-S and Ciri-D keys on the keyboard

When water is requested for an extension, water is automatically transferred from the master user to the
extension. An extension normally has a zero balance. The only time that an extension will have a
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positive water balance is after a cancellation. Water transfers are not reversed when water is cancelled
but the water balance will be zeroed after the next water request by the specific user

A list of all the water requests can be displayed by selecting the Grid page on the water request form. A
set of water requests can be copied from one week to another week by pressing the duplicate button
The water request form will not accept non-existent users and users that are listed in the stop water page
on the user information form

To open the Water Request form, select Input{Water|Request

,‘.&\hvv prests ? ,: M

Pt [ore L. Plot type: [rdmen

Requost type: [ v ' Water waed: NS
Water type: [ Quots balence: [#50320 w3
Discharge A: 0 m3/how Estiabalance: [T w3
Dischage B: 0 m3/how Suphus balance: I w3
Dischage C: [ m3/how Flesi balance: [T m3

BRI I I I IR R O
e TRz pzpe fZfz [z fz fzfE fz e o=

Figure 14 Water requests

Speed Buttons

vy

This button is used to duplicate all the water requests from one week to another.

The select box is used to filter the water request for a user or week If user is selected all the water
requests for a specified user are displayed in @ weekly order. If week s selected all the water requests
for a specified week is displayed with the different users in alphabetical order

Descriptions of the pages in the Water Requests form

3.3.1 FORM PAGE

The form page is used to capture all the water requests on a weekly basis  The form page is specifically
designed to make data capturing without using @ mouse possible. It is the only form in WAS that uses the
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Enter-key for navigation on the form. The following is a hst of keys used 1o capture data on the water
request form

Insert. Insert a blank record with default week, request type and water type
Enter. Move to next edit box.
Tab: Move 1o nexd edit box.

Down-arrow.  Move to next edit box.
Up-arrow: Move to previous edit box

Shift-tab: Move (o previous edit box.
Ctrl-S: Decrement hours

Cirt-D- Increment hours

Spacebar. Clear day and night edit boxes.
F2 Post data (save),

WAS uses the previous posted water request to determine the default week, request type and water type
to be used for the next insert.

User
This is the unique number or reference number identifying a specfic user

Week
This is the week number for which water is requested

Request type
Using the spacebar you can make a selection;

e Onginal
e Adgditional
o Cancel

This can only be done when in Edit or Insert mode

Water type
Using the spacebar you can make a selection:

Quota
Extra
Surplus
Flex

This can only be done when in Edit or Insert mode

Quota water is the water used under normal conditions and it is the product of the enrolment (ha) and the
quota allocation (m'/ha) or a volume (m’) for users without any enrolment.

Extra water is water that can be purchased under certain condions and used over and above the normal
quota water. This normally happens when a dam is overflowing

Surplus water is water that can be used over and above the normal quota water when surplus conditions
apply. This normally happens when a dam is overflowing.

Fiex) water is used at the end of a water year when users start using water allocated for the following
water year Flexi water is also used at the start of a new water year when unused water of the previous
water year is used for a specified period in the current water year. WAS can transfer positive quota water
balances as Nex water from one water year to a following water year WAS can also clear all flexi water
balances for the current water year. This can be done on the Water balances form (Input{Water|Water
balances)
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Discharge A, B& C
Three abstractions can be used to capture a water request form. Enter the values for the different

abstractions. These values cannot be entered into the capturing boxes at the bottom of the screen. Only
the symboils A, B and C are accepted by the system.

User type
When the user number is captured, the information is automatically retrieved from the user information

Master user
When the user number is captured, the master user for that specific user is automatically retrieved from
the user information

Water ward '
The water ward will automatically be retrieved when the user number is captured .

Quota balance
Once the user number is captured, the current Quota water balance for the specific user will be shown. A
negative water balance is displayed in red.

Extra balance
Once the user number is captured, the current Extra water balance for the specific user will be shown. A
negative water balance is displayed in red.

Surplus balance
Once the user number is captured, the current Surplus water balance for the specific user will be shown.
A negative water balance s displayed in red

Flexi balance
Once the user number is captured, the current Flexi water balance for the specific user will be shown. A
negative water balance is displayed in red.

SuD-SuN

The 16 edit boxes from the first Sunday day through to the second Sunday night is used to capture the
aischarge requested for the corresponding day and night values, The water request form represents a
week but some schemes will start on a Sunday and other will end on a Sunday therefore only one

Sunday day and one Sunday night box can be used for capturing WAS displays an error message |f
both Sunday edit boxes are used.

3.3.2 GRID PAGE

The grid form is used to display the water requests on a spreadsheet format for a specified week or user
The grid is read only and cannot be used 1o insert or modify any records but it is very useful to find
specific records.  The current record on the grid page will be the record displayed on the form page

User
This is the unique number or reference number identifying a spedfic user

Week
This specifies the week number between 1 and 53

Request type
This specifies the water request type

e Original
e Addtional
« Cancel




Water type
This specifies the water type

Flex
Quota
Extra
Surpius

A (m'mh)
This displays the value of abstraction A of the water request

B8 (m’/h)
This displays the value of abstraction B of the water request.

C (m'm)
This dsplays the value of abstraction C of the water request.

Toth
This displays the total hours for the specific water request.

TotQ
This displays the total abstraction for the specific water request

3.4 METER READINGS

The meter readings form is used to capture all the measured volumes of waler. Two meters can be used,
meter A and meter B. The difference between the beginning and end meter readings is used to calculate
the total volume. If both meters A and B are used, the average volume s calculated. To open the meter
readings form select Input|Water|Meter Volumes from the main menu.

The top of the form is used to display information on the current record and cannot be edited. A negative
water balance i1s displayed in red. This information is updated as the user scrolls up and down between
the records in the spreadsheet. Data can only be captured and edited in the spreadsheet. The meter
readings form will not accept non-exastent users and invalid week numbers will also be rejected
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Figure 15 Meter readings

Speed Buttons

Recalculate meter volumes

Sort
The Meter readings form can be sorted by:

o User
e Week
o Order

The sort order has an effect on the filter option that is described in the following paragraph.

Filtered

[Son D [Meter A

§ Guots  BMEATH  GHOM 483 301 6300
|| 1w  FARE 0200 7917705200
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I ~ s3an20

A end

453 654 8800

798 2691 6000
15420

3941930

8434570

024D

44 4570
M38850

251330

219210
2540410
34120

The filtered box is used 1o filter the meter readings on the basis of a week or user number depending on

the selection in the sort box
Week

The numbers 1- 53 specifies the number of weeks for the year

Water Type
A selection can be made from a drop down list

e Flexd




e Quota
« Exra
e Surplus

Station ID
1D of the measuring station (See Input|Water| Measuring stations & Discharge tables)

User
This is the unique name or reference number identifying a specific user

Meter A begin

Start reading of the meter for the specified week or month. This can be manually inserted and is taken
from the end reading of the previous period, unless the meter was faulty.

Meter A end
End reading of the meter for the specified week or month.

K1

Factor that is multiplied by the meter reading for meter A to convert the meter reading to cubic meters
automatically.

Meter B begin
Begin reading of the meter for the specfied week or month.  This can be manually inserted and is taken
from the end reading of the previous period, unless the meter was faulty.

Meter B end
End reading of the meter for the specified week or month,

K2
Factor that is multiplied by the meter reading for meter B to convert the meter reading to cubic meters
automatically.

Volume (m”)
Volume of water for the specific user measured in cubic meters.

% Dift
Percentage difference between the two sets of meter readings and is calculated by the system

Note
In this section, additional information for the user’s attention can be captured regarding meter readings.

No

The No and Order group work together and it specify the order of the records on screen, and the order in
which they are printed. This is set up In the user information section (Input|User information) The
group number refers to a person.

Order

The Nr and Order group work together and t specifies the order of the records on screen, and the order
in which they are printed. Thas is set-up in the user information section (Input{User information) The
group order refers 1o a user, meter, sluice, pump, elc.

3.5WATER TRANSFERS

The water transfer form s used to capture water transfer volumes between users on a weekly basis. The
header displays the relevant ‘From User’ and ‘To User' information that cannot be edited. Any negative
water balances are displayed in red
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Water can be transferred automatically between users where an extension user is linked to a master
user. This link is created in the user information form (InputjUser information) Automatic transfers
have a note ‘AUTO’" displayed in the Note column There are no limits 1o the number of extensions that
can be linked to a master user. The water transfer form will not accept non-existent users and users that
are listed in the stop water page on the user information form. Invalid week numbers will 2iso be rejected

To open the water transfer table select Output{Water|Transfers.

2 " Water transfers
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Figure 16. Water transfers

Sort
The water transfers can be sorted by

o Week
e From user
e Touser

Filter
The filter option is used to set a filter on the Week, From User and To User depending on the sort order
selected. The current record is used to set the filter

From user
Number/name of the user from where water must be transferred

To user
Number/name of the user 1o where waler must be transierred.
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Week
The numbers 1- 53 specify the number of weeks for the year.

Water type
The following options can be selected from a drop down list.

Quota
Extra
Flex

Surplus

From user
Number/name of the user from where water must be transferred

To user
Number/name of the user o where water must be transferned.

Volume
Volume of water that is needs to be transferred between the two users

Date
The date defaults to the current date, but the operator can change it.

Note
Additional information for the operator's attention can be captured here. In the case of an automatic
transfer between a master user and an extension the word ‘'AUTO’ will be entered by the program

3.6 WEATHER STATIONS

Automatic weather station data can be captured or imported into WAS from text files The weather data
is used by WAS during the water release calculations to calculate evaporation and transpiration losses for
each reach of the canal or river. It is possible to knk a different weather station to every reach but if no
weather station is specified default values specified by the user are used.

Weather forecasts are handled by capturing the weather data in advance. WAS will use the forecasted
data where necessary, just remember to replace the forecasted data with the real data when it becomes
available.

To go to the weather stations form select Input|Water|Weather stations from the main menu.
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Figure 17. Weather stations (Stations page)
The weather station data is described in the following paragraphs

Station 1D
Weather station 1D.

Name
Name of the weather station

Latitude
Latitude of the weather station.

Hemisphere
Hemisphere where the weather is situated that is selected form a drop down list

U height (m)
Height of the wind speed measurement.

Elevation
Elevation of the weather station.




Figure 18: Water stations (Daily page)
Speed buttons

Import data from a text file.
Refresh the data set according 1o the date range settings
Recalculate all the ETo values with the FAO Penman-Monteith equation

Copy the date on the current record to the corresponding From date and To dafe edit boxes.
The daily weather data is described in the folloming paragraphs

Date
Date of measurement

Precip (mm)
Daily rainfall in mm

T max
Maxmum daily temperature in *C




T min
Minimum daily temperature in *C.

Solar
Solar radiation in MJ/m’/d

Sun (h)
Sun hours.

U (m/s)
Average dally wind speed in m/s,

VP
Vapour pressure in kPa

RH min
Minimum daily relative humidity in %

RH max
Maxamum daily relative humidity in %

Tdry
Dry bulb temperature in °C

T wat
Wet bulb temperature In *C

Indicates if the record s estimated or not.
ETo

Calculated FAD Penman-Monteith grass reference daily evapotranspiration. ETo is calculated according
to the FAO procedure, as recommended by Smith, Allen and Pereira (1996) The following equation is

adopted:
0.408 - Delta(Rn — G )+ Gamma - 900/ (Tavg + 273)-U2-.VPD
Elo =

Delta + Gamma(l +0.34.1/2)
where
Delta: Slope of the saturation vapour pressure curve (kPa/”C)
Rn. Net radiation (MJ/m°/d)
G Soil heat flux (MJ/m’/id)
Gamma Psychrometer constant (kPa/C)
Tavg: Daily average air temperature (*C)
(973 Daily average wind speed measured at 2 m height (m/s)
VPD Vapour pressure deficit (kPa)

Essential weather data are: date, rainfall and maximum and minimum temperatuwre If not measured,
solar raciation is calculated from maximum and minimum temperature, elevation. |atitude and date |If
wind speed is not measured, an average wind speed of 2 m/s is assumed If not measured. vapour
pressure is calculated from measured minimum and maximum relative humidity, and if that is not
available, from measured dry and wet bulb temperature. WAS assumes the minimum temperature
reaches dew point if no atmosphernc vapour measurements are available
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3.7 WATER BALANCE STATEMENTS

The water balance sheet displays a detalled water balance of any given user. The water balance sheet
for a single user can be viewed on screen. The water balance sheets for a group, ward or scheme can
only be sent to the printer

mwuwmmmuwwmmwmqmsmu

Water balance sheet: MUNISTPALITIENY
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Figure 19 Water balance sheet

Speed buttons and controls

pogefat <]

Specifies the range of the water balance sheets that will be generated  Only the water balance sheet for
@ single user can be viewed on screen.  The rest can only be sent to the printer. The options that can be
salected from a drop down list are

User
Ward
Group
Scheme

Mm ’l
Specifies the water type of the water balance sheets that will be generated. The water type is selected
from a drop down list with the following options.
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The user, ward or group number is entered in this edit box depending on the range setting. The label of

the edit box will change depending to the range setting selected If the edit box is active, the enter key
can be used to refresh the report otherwise click on the speed button

A description of all the columns in the report follows

Week
A number the specifies the end of a given week

Orig. (m")
The original amount of water requested in a specific week, measured in cubic meters

Add (m*)
The additional amount of water requested in a specific week, measured in cubic meters

Cancel (m”)
Amount of water cancelled in a speafic week, measured in cubic meters

Total (m*)
Cumulative volume of water requested up to the specific week measured in cubic meters

Balance (m*)

User water balance for a spedific week, measured in cubic meters. The water balance is calculated in the
following way:

Balancd j) = Balancd j — 1)+ Orig| 1+ Add| j)-Cancell j|- TranferTof j)+ TransferFrom| j|

where
Balancd 1] = Quota ~ (Orig|1] + Add|1] - Cancell| - Tranfer To| 1] + Transfer From{1])

% Used
Percentage of water used up to a specific week

Quota (m*/ha)

Quota of water allocated for irnigators, measured in cubic meters per hectare, Water can be allocated in
any given week

Transfer (m’)

Total volume of water transferred from, and to, the specific user in a specific week. This is measured in
cubic meters.

Measured (m’)
Total volume of water measured in a specific week, and it is measured in cubic meters

3.8 WATER REPORT

The water report displays a summary of all the water requests and meter readings on a daily and weekly
basis. The report can be generated for a specific ward, group or the total scheme.

To open the Water Report screen, select Output{Water|Water Report
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Figure 200 Water report
Speed buttons
.
Show Report

gonge P~}

Defines the range of the water requests that will be summarised for the report. The available options are

e User
e Ward
e Scheme

Water

Specifies the water type that is used to generate the report. The available options are:

Quota
All
Extra
Surplus
Flex

User
This is the unique number or reference number identifying a specific user
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Su (Day) - Su (Night)
This report is generated for the period Sunday morming to the following week Sunday night

Measured
Total volume of measured water in every week

Total

Total of all the water requested for every week

3.9 WATER BALANCE REPORT

The water balance report 5 not 10 be mistaken with the Water Report.  This report is a combination
between the user information, the addresses and the water usage information. The water balance report
only accounts for water requests, water transfers and meter readings

To open the water balance repont, select Output|Water|Water balance report

s  Waler balbax e repont

| ) fovater ward [t tye — [Ervoed o) [Total (m3) JUsed (m3) Uned [Nare Iﬂ
KOFFE  NOUS  hamrth 10000 162000 1072320 509 MUNISPALITEN
810  UTDR  Wmg BT 543765 86 DU TOT W
1 UTR g 2900 %6700 401100 101 DUTOT JJ
Le12 UTOR  rig 53800 412720 358683 87 MANDELL &
LB12A  UTDR  Edetion 6810 206437 0 0 MANDELL &
D120 UTDR  Edersion 0 0 0 MNDELL &
LB13 NUS g WH0  0EWO 115300 56 MUNDELL JAME
LB14 UTOR Wi 6800 370200 366800 92 MUNDELL JAME
LEN7 UTOR  ¥rig Q300 00V 30440 101 MUNDELL JAME
L8 UTOR ¥ 28900 176330 147800 84 BOTHA GF
LB19 WYK3  wdmeth 71560 2001168 1279644 81 DE BEERS CONS b
LE2 UTOR g 10000 77000 133200 173 VAN DER NERWE
LB27  UTDR  Exdeton I 0 vANDERMERNE |
B2 WYK3  Wmg 154200 1167340 150471 127 HOLENBACHCY
< | _'fJ

Figure 21: Water bolahoo report
Speed buttons and controls
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Used to refresh the dataset after the week has been changed

Used to filter the dataset to the current water ward
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Used to cesplay only records with negative water balances

The Water Balance report can be sorted according to:

User

User type
Water ward
Total

Used
%Used
Balance

The Water balance report consists of four pages, including reports on the current water balances. A
number of columns appear in each of the different pages.

3.9.1 QUOTA / EXTRA / SURPLUS / FLEXI PAGES

The above-mentioned pages have the same information, except the quota page has an extra column,
namely Enrolled (ha). A description of all the columns follows.

User
Thes is the unique number or reference number identifying a specific user,

Water Ward
Water ward linked to the specific user

User Type
Specific user type.

Enrolled (ha)
Number of hectares enrolled for every user.

Total (m”)
Total volume of water allocated to every user.

Used (m")
Total volume of water used by every user.

Balance (m*)
Water balance of every user

% Used
Percentage water used by every user.

Name
Name linked 1o every user that is captured as part of the address information,

Totals can be calculated, at the bottom section of this report by clicking on the summation button at the




3.10 MEASURING STATIONS

The measuring stations form is used to capture measurements of readings based on date and time The
data can be from graphs, loggers, measuring plates or meters Integrated into this form are discharge
tables that are used to convert water levels to discharges and vice versa This form is also used to
capture inflows and outflows for river systems and to generate discharges for stations that are linked to
an indicator site. Volumes can easily be caiculated between dates and sent 1o the meter readings if
necessary. All readings and discharges can be represented graphically with user-defined ranges.

To open the measuring stations form, select InputiWater|Measuring stations
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Figure 22 Measuring stations

Speed Buttons

2

Meter readings

Generate Q from indicator site

Sort

The Measuring Structures form can be sorted by
e Station
e Name




o User

This screen consists of four pages, namely Stations, Readings, Discharge table and Graph Herewith,
shont descriptions of each page:

3.10.1 STATIONS PAGE

Station
Measuring station identification string that is a maximum of 10 characters long

User
A user that is linked to a measuring station.  This hink is used to automatically send calculated volumes
between a specified date and time range 1o the meter readings form

Name
A longer description of the station and can be 40 characters long,

H Units
Vertical units that can be selected from a drop down list

Q Units
Discharge units that can be selected from a drop down list.

Min h (mm)
Minimum y-axis value on the graph for water levels

Max h (mm)
Maximum y-acs value on the graph for water levels.

Min Q
Minimum y-axds value on the graph for discharge

Max Q
Maximum y-axis value on the graph for discharge.

Continuous
The user has a choice between a line and bar graph that can be selected from a drop down list

Indicator site
The link to an indicator site that is used to generate data for a specific station for a date and time range

specified by the user. When this column is active an ellipses button appears that is used to access the
flow ratios form.

Flow ID

This is the flow 1D that will be used for the specific indicator site

3.10.2 INDICATOR SITE FLOW RATIOS

The indicator site flow ratios form can be accessed through an ellipses button in the indicator site column
on the stations page of the measuring structures form. The flow ratios are linked to an indicator site for
which date and time readings for a measuring station are captured

To access this form select a specific record in the Indicator site column of the measuring structures form
and click on the ellipses button that will appear.
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Figure 23 Indicator site flow ratios form
The filtered box is used 1o filter only the values of the linked indicator site

Indicator site
Specific indicator site identification string.

Flow 1D
Flow identification number of the specific linked site. This number is used to reference a range of values
within the indicator site.

Month
Month linked to the specific indicator site and flow identification number.

Ratio
Flow ratio that is used to calculate related discharges of linked sites which all have a Flow 1D

3.10.3 READINGS PAGE

The readings page is used to capture water levels and discharges. A date and time reading can be
specified to caiculate the total volume for the range. To capture the from date, highlight the specific date
in the data sel and click on the speed button next to the from date box. This volume can be automatically
sent to the meter readings form if a link is created on the statons page and the user clicks on the export
speed button

A description of all the columns on the readings page follows.

Station
The station identification string that is automatically filled in depending on the current selected station on
the stations page

Date & time
Exact date and time when a reading or measurement took place

Reading (mm)
The specific reading and the units will depend on the setting on the stations page. If a discharge table is
available for this station, the discharge will be looked up and inserted in the discharge column when the
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record s posted to the database. |f a discharge table is not available, the discharge mus! be captured
manually or left blank

Q (m’s)

The discharge and the units will depend on the setting on the stations page. If a discharge table is
available for this station, the corresponding reading will be looked up and inserted In the reading column
when the record is posted to the database. If a discharge table is not available, the reading must be
captured manually or left blank.

3.10.4 DISCHARGE TABLE PAGE

The discharge table page is used to capture discharge tables for measuring structures with a reading
(water level) and discharge relationship. This form can be used to look up a discharge from a known
reading and vice versa. To lookup a discharge the user must capture the known reading in the readings
edt box as shown in the figure below and click on the ellipses button. The same can be done to look up
a reading from a known discharge.

Station
The station identification string that is automatically filled in depending on the current selected station on
the stations page

Reading (mm)
Reading taken in mm.

Q(ms)
Discharge in volume per unit of time.

3.10.5 GRAPH PAGE

On this page different graphs can be displayed by selecting one of the radio buttons. The available radio
buttons are:

e Readings vs Time
¢ Discharge vs Time
* Discharge Table
Reading vs Time
The reading versus time graph displays water levels on the y-axis and a date and time range on the x-

axs. The date and time range is specified at the bottom of the Readings page. The maximum and
minimum values for the scaling of the graph are specified on the stations page
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Discharge vs Time

The discharge versus time graph displays the discharge on the y-axis and a date and time range on the
x-axs. The date and time range i1s specified at the bottom of the Readings page The maximum and
minimum values for the scaling of the graph are specified on the stations page
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3.11 OPERATOR DEFINED WATER REPORTS

The Operator defined water reports provide the operator with the option to generate customised reports.
Different schemes can be part of the same report.  Water requests, meter readings and date and time
based water usage can be included on the same report.  Once a report is created, copying the specific
M?mmnmuﬂyammm To copy a report, use the copy options at the
bottom of the screen.

To open the Operator defined water reports, select OutputiWater|User defined water reports.




Report | Detads |
You | Repon & {Man tite B -~

| |1993/2000 10 RMERSONDEREND/BERGRMER STAATSWATERSKEMA  HUISHOUDELIKE WATER

[ |1999/2000 20 RIVERSONDEREND/BERGRMIER STAATSWATERSKEMA  BESPRDEINGSWATER - |
1933/2000 30 BAEEDEAMER/GROTER BRANDVLE] STAATSWATERSKEMA. HUISHOUDELIKE WATER -

L' 1999/2000 40 BREEDERIVIER/GROTER BRANDVLEI STAATSWATERSKEMA HUISHOUDELIKE WATER -

[ ]1999/2000 50 AMEASONDEREND/BERGRMER STAATSWATERSKEMA:  HUISHOUDELIKE wusa
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Figure 27. Water reports
Speed Buttons

Refresh Report

Renumber lines

Copy report

The report consists of two pages thal are described in detail in the following paragraphs
3.11.1 REPORT PAGE

Any number of reports can be captured on the report page. Each has its own report number, title and
sub-title that will be part of the printed document. Descriptions of all the columns follow

Report#
Each report has a unique number that defines the order that the reports appear on the screen. To

change the position of a specific report, renumber the line. Selecting the renumber icon can renumber
the lines.

Main Title
Main title of the report that will appear on the printed document
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Sub Title
Sub title of the report that will appear on the printed document

3.11.2 DETAILS PAGE

_SUBTOTAAL WATERRAAD

_VYEBOOM BESPROEINGSRAAD (MGHO20)

1 oMeter RASELOSL Te  AMERSONDEREND BESPROEINGSRAAD

1 Tt Tite

1THe The THEEWATERSKLOOFDAM BESPROEIERS |

1 oMetee  RFONTA  The RustfotenAP B

1 oMeter  RFONTD  Tile _ Rustionten D

| _ TSIDEA  Twe Theesde Fam A
TSIDEB  Tae Theoside Fam8
JSIDEC _ |The | Theeside FamC_
TSIDED  Tte Theeside Fam D




The layout of the report Is customised In the details page. Descriptions of columns follow

Line

This is the line number on the report. It refers to a number that defines the sequence in which the lines of
the report will be printed. Selecting the renumber icon can renumber the lines

Ind/irr

Specifies the column in which the resulting volume will be placed. A selection can be made from a drop
down list

e Industrial
« Imgation
Scheme

A unique number identifies each scheme. If the number is not known, It can be selected from a lookup
table as shown below

Ban | Kcwea|

e

Code +
This code is used to specify the type of caiculations for the specific row. A drop down list provides the
user with the following options

Title

+ Meter
+ Graph
- Meter

- Graph
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e Subtotal
« Total

Descriptions of above-mentioned options

Title
If the title is selected, no calculations will be done and the description will be used as a title in the

report.

+ Meter
Meter volume for the specified weekly range multiplied by a positive sign.

+ Graph
Volume calculated from a graph for a specific date range multiplied by a positive sign

- Meter
Meter volume for the specific weekly range multiplied by a negative sign

- Graph
Volume calculated from a graph for a specific date range multiphed by a negative sign.

Sub Total
Total calculated from the previous sub total.

Total
This is calculated as the total of all the data in the respective columns in the report, and will only total
all sub totals.

User +
Unique number or reference number identifying a specific user linked to the Code (+) column,

Code -

This code is used to specify the type of calculations. If the Code- option is used, the resulting volume will
be subtracted from the resulting volume of the Code+ settings on the same row. A drop down list
provides the user with the following options:

Title
+ Meter
+ Graph

If the title is selected, no calculations will be done and the description will be used as a title in the
report.

+ Meter
Meter volume for the specified weekly range multiplied by a positive sign

+ Graph
Volume calculated from a graph for a specific date range multiplied by a positive sign.

- Meter
Meter volume for the specific weekly range multiplied by a negative sign.




- Graph
Volume calculated from a graph for a specific date range multiplied by a negative sign

Sub Total
Total calculated from the previous sub total.

Total

This is calculated as the total of all the data in the respective columns in the report, and will only total
all sub totals

User -
Unigque number or reference number identifying a specific user linked to the Code (-) column

Description

The description will either be used as a title or a description of the specific water user, depending on the
code used Totals & subtotals have no descriptions or related information.

From Week
This links to the water requested for the corresponding week, if it is a meter,

To Week
This links to the water requested for the corresponding week, if it is a meter.

From date & time
In case of a graph, the correct time and date is very important

To date & time
In case of a graph, the correct time and date is very important

% Loss
Percentage of water lost to industrial and urigation usage This will be calculated, and put into the
industrial and irrigation columns respectively.

Ind (m*)
Calculated industrial water volume, and depends on the line specification

Ind loss (m’)
Calculated industrial water loss, and depends on the line specification

Ind tot (m®)
Total industnal water volume and the industrial water loss

Irr (m*)
Calculated irrigation water volume, and depends on the line specification

trr loss (m”)
Calculated irmigation water loss.

Irr tot (m')
Total of the irigation water volume column and the irmgation water loss.

Note
This gives the option for notes that will be included in the detail report to specify | . faulty meters.
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CHAPTER 4 WATER RELEASE MODULE
This module links with the water administration and request modules and can be used to

« Minimise distribution losses on canal networks and in niver systems

o Calculate water releases for the main canal and all its branches allowing for lag times and water
losses such as seepage and evaporation

o Determine operational procedures for a dam with varying downstream inflows and outflows in a
river allowing for lag times and water losses such as seepage, evaporation and transpiration

A schematic layout of the total canal network or river system is captured with details such as the cross-
sectional properties, position of sluices or pumps, canalriver slope, measuring structures and canal
capacities. Every reach can be analysed and calibrated on its own with a built in properties calculator.
Global changes to the canal or river data is simplified by means of built in tools

Discharges are converted to the corresponding measuring plate readings where needed Calculated
water releases, water distribution sheets and water loss analysis reports can be printed. Graphical output
of all inflows, outflows, cross-sections and longitudinal profiles can be viewed on the screen or sent to a
printer. Water release graphs, calculated with different settings, can be superimposed for comparison
purposes

4.1 CANAL OR RIVER LAYOUT

To open the canal or niver layout form, select Input|/Canal network from the main menu or click on the
canal network speed button on the main screen

s | Canal layout ~ - l-' ... ‘luﬂ
Reloase Water Took

aE|s] s I o r

HK: HK: : Result 0.0 m)

Tree | Dptions |  Canaldata | g va Tine | Graph | Messages | Pictue | Reading: |
HKC - CanalD Tumout Tumout ' Reach L
LB2 HK Rest 00 00
Le2n: 82 Oufow 1800 18300 -
2 9‘55'5 La2n Outlow 600 168300
= 5151 $15 Bianch 1000 44400
181 ) C Banch 2000 11000
LBYS L85 Outflow 3000 1000
LBV4 L85 Outiow 120000 27000
LB32 87 Outow 1376500 17600
B33 Lamn Outfiow 14100 o
£ s152 LBSA Outfiow 14450.0 00
e _ B8 Oufw 48100 300
b $18% LB&N Outflow 151600 00
$18/2 LB10 D utfow 155100 300
LB LB O uthow 15860.0 00
LBVS 2 Oufiow 162200 3600
165650.0




Figure 30. Canal or river layout

Speed buttons and controls

B

The set week control is only visible when working with weekly-based water requests  This is normally the
case when managing water distribution on canal networks. It is used to set the default week that is used
for water release calculations. The week number can be changed by entering the number directly into the
edit box or by chicking on the up and down armows. The default week is also used to display water
requests and releases when clicking on the tree.

Dat= [227127199 +]
The set date control is only visible when working with date and time based water requests  This is

normally the case when doing water management on rivers and inflows and outflows occur. It is used to
set the starting date of a 17-day window that is used for water release calculations.

The set filter control is used to set a filter on the current record using the canal or river ID

Draws a schematic layout of the canal or river using the current record as the starting point. The form
opens with the previous canal or river layout

the change canal or river data form. This form s used to make global changes to the canal or
data The user has the option to include branches or not. See paragraph 4 2 for details.

# i

Opens the caiculate release form. This form is used to calculate water releases for a canal network of
river system.

Opens the properties calculator form  The data of the cument record is duplicated on the properties
calculator form that is used to analyse the current reach in detall The user can use the propertes
calculator as a calibration tool for any reach. See paragraph 4 4 for a detail description.

Opens the measuring stations form.  This form is used to capture data and time related data that is used

used to automatically convert discharges to measuring plate readings that are printed on water release
reports or distribution sheets See paragraph 3.10 for a detail description

Opens the weather stations form  This form is used to capture weather station data that is used by WAS

during the water release calculations to calculate evaporation and transpiration losses for every reach of
the canal or river. See paragraph 3.6 for a detail description,

The Canal Layout form can be sorted according to.



* Canal (Includes rivers)
e Turmout
e Structure

Descriptions of pages and columns.

4.1.1 TREE PAGE

The Tree page displays a tree view of the total canal or river network with all ts branches, inflows and
outflows. The user can browse through the canal or river network and jump to a specific point by
selecting it with the mouse. Branches can be expanded or collapsed by double clicking or by clicking the
minus of plus signs respectively.

Selecting the draw tree button at the top of the screen to redraw the tree. The start of the tree will depend
on the current selected record on the canal or river data page.

4.1.2 OPTIONS PAGE

The Options-page displays a st of radio buttons that, if selected, displays the corresponding information
on the canal or river tree view. The tree must be redrawn before the new options will take effect. The
afferent options are

None

Open/Close Time

Chainage (m)

Reach Length (m)

Structure

Max Discharge (m’/h)

Canal or River Slope

Seepage (I's per 1000m’)
Bottom Width (m)

Manning-n. Manning roughness coefficient of the canal (not available for rivers)
Calibration Coefficient

Setting Interval

Maximum Velocity (m/s)

Lag time at maxdmum discharge

4.1.3 CANAL OR RIVER DATA PAGE
This page, displays the fixed data of the canal or river network. A description of every column foliows

Canal 1D
identification string of the canal or river. The Canal ID string can be a maximum of 10 characters long

Turnout
Branch or an abstraction identification string The Turnout string can be a maximum of 10 characters
long

Turnout type

This column specifies whether the turmnout is a branching canal, an outflow, inflow or a result. A branch is
a secondary canal and WAS can handie branching canals that is a few levels deep (branches on
branches) In the case of canal networks, outflows are captured as water requests
(InputiWater|Requests) or meter readings (Input|Water|Meter volumes) Canal networks normally
have no inflows In the case of river systems, outflows and Inflows are captured on the measuring
stations form (Input|Water|Measuring stations) A Result turnout type can be specified at any other
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point that is not the source or a branch.  The turmnout type is selected from a drop down list with the
following options.

None
Branch
Outflow
Inflow
Result

The outflow turnout type is a generic identifier for all types of outflows like sluices, pumps, meters, efc.
The inflow turnout type is a generic identifier for all types of inflows like diffused inflows, pumps, river
branch, etc

Chainage (m)
This is the distance from the start of the canal or river to the specific point

Reach L (m)

This is the distance from the start to the end of a specific reach The reach length is not a user input
value but it is calculated by WAS from the different chainages. The reach lengths must be recalculated
every ime after changes were made (o any chainage value. To recalculate, select Tools|Calc reach

length,

Description
A description of the specific point in the canal or river can be given in this column with a maximum of 40
characters long.

Structure

Type measuring structure at the specific point in the canal or river, if any. These structures are used to
measwe discharge. The structure is select from a drop down list and sizes must be entered for non-
standard sizes if necessary. The available structures are:

e None:

e Pressure V-Notch The coresponding measuring plate readings are calculated with the
standard V-notch equation

e Parshall 11t - 12ft Twelve Standard Parshall flume sizes are listed. if the size of the
Parshall flume is not on the the list, the size can be entered manually in
the Size-column

e Crump Weir: The corresponding measuring plale readings are looked up in a
specified discharge table. The name of the discharge table is specified
in the DT-column. A discharge table can be created on the measuring
stations form (select the measuring stations button at the top of screen
or from the main screen select InputjWater|Measuring stations)

e Rectangle 0C - 2C: The corresponding measurnng plate readings are calculated with the
standard rectangular-weir equation.

e Maeter

Size (mm)
This column is used to specify the size of a non standard Parshall flume If a measuring structure with a
standard size is selected in the structure column, this column can be left blank.

DT (Discharge table)

This column refers to the discharge table that is knked to the measuring structure specified in the
structure column A discharge table is a conversion table used to convert measuring plate readings to
discharges and vice versa. The discharge table can be selected from a look up table by clicking on the
ellipses button. A discharge table can be created on the measuring stations form (select the measuring
stations button at the top of screen of from the main screen select InputjWater|Measuring stations)
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Q Cap (m'/h)
Maximum discharge capacity of the canal or river. The units can either be m*/hour or m"/s depending on
the request type selected in the Irmgation schemes form (Inputjirrigation schemes).

Seep

Seepage loss factor specified in Us per 1000 m® wetted area The seepage factor can be different for
every reach but is normally taken as a constant for a specific canal, branch or river  The seepage factor
needs to be calibrated with measured inflows and outflows.

Time

Fixed opening and closing time for the outflow for the specific reach. The user has the choice to specify
the operung and closing times on the canal data form or on the water request form. If the times are
specified on the water request form, it can be different from week to week. If it is specified on the canal
data form, it is assumed to stay constant from week to week The user can change this option on the
Imgation schemes form (Input|irrigation schemes). The time parameter is not used when working with
date and time related inflows and outflows like river systems.

Cv
Coefficient used to calibrate the lag time for every reach. The average velocity in every reach is

multiphed by the Cv-coefficient to calibrate the lag time for every reach. The Cv-coefficient is applied to
the range of flows in a reach.

Set (h)
Time setting interval in hours that WAS uses to calculate release settings at the source and all branches.

If no setting is specified, WAS will use a default setting of 5 minutes to do all calculations. The setting
can be different for the source and every branch

Prn grp
This number is used to group releases together for batch printing.  To batch print; select the Print release
group option under the main menu.

Section
Under this column, a selection can be made from the following options:

Rectangle

Trapezowd

Parabola

Pipe

Rect/Para

User def (used for river reaches)

Section file

The section file is used to specify a customised section shape that is not included in the standard
selections

bo (m)
Sottom width of the canal. This is not used for user defined sections like river reaches

Top b(m)
Top width of the canal. This is not used for user defined sections like river reaches.

h Max (m)
Maximum height of the canal or river

Weir h (m)
Height of the weir across the canal or river at the end of the specific reach
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Weir b (m)
Wiath of the weir across the canal or river at the end of the specific reach

Manning-n

Manning roughness coefficient of the reach. The Manning equation s used 1o calculate the normal flow
depth in every reach The normal flow depth is then used with the reach length to caiculate the wetted
area and the water surface area. The wetted area is used 1o calculate the seepage and the water surface
area 1s used 10 calculate the evaporation in every reach

In the case of a river reach the Manning-n is a function of the water depth and is read as part of the cross-
sectional properties in a properties file for every reach.

The Manning equation is defined as follows:

AR’S
Q=
n

where

Q Discharge

A Cross-sectional area

S Bottom slope

n Manning roughness coefficient
Canal Slope

Longitudinal slope of the reach. WAS can calculate the slope for every reach from a known bottom level
(right chick|Calc slope from Yb)

Y bottom (m)
Bottom level of the reach above a datum line. WAS can calculate the bottom level for every reach from a
known slope (right click|Calc Yb from slope).

Storage (m’)
Storage volume of the reach.

Fill Q (m*m)
Discharge rate that is required to fill the reach after a dry period. This discharge rate is used to calculate
the time required to fill the reach.

Fill %
Percentage of the reach that requires filing. It is required to determine the capacity of water that is
required to fill the reach when it is not completely dry.

MAR Q (m’/h)
Maximum abstraction right in cubic meters per hour — The MAR Q is calculated with the following
equation

MARQ = Enrolment * 325

MAR (h/week)
Maximum abstraction right in hours per week. The MAR is calculated with the following equation

MAR = Enrolment * 325
MARQ

Riparian (m)
Ripanan widgth that is the total width of the vegetation across a canal or river reach. The riparian width
minus the water surface width is used to calculate the transpiration losses Every reach can be linked to
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a different weather station that is used to calculate evapotranspiration factors If no weather station Is
linked, a default evapotranspiration factor s used

4.1.4Q VS TIME PAGE

The Q vs Time-page displays the calculated water release in text format, if it is the main or any branching
canal. The day of week time of day and discharge are displayed and if the specific reach has a
measuring structure, the caiculated mm reading is displayed for the particular discharge The last column
displays the cumulative volume for the particular week.  This volume is used by WAS to calculate the
global loss for the particular week

4.1.5 GRAPH PAGE

The graph page displays a graphical view of the calculated release. The cumulative volume for a
particular week is also displayed on the graph. It is possible to repeat the calculation with different
settings and to draw the second graph on top of the first graph In this way, comparisons between
releases calculated with different settings, can easily be made. If the selection on the tree view is an
abstraction point, then the corresponding water request s displayed if any. The graph can be printed by
selecting the Print speed button on the toolbar at the top of the screen  To view the release/request
graph for different canals or turnouts, select it on the tree view page

4.1.6 MESSAGES PAGE

The messages page displays any message noted during a release calculation. The messages include
the name of the canal or river, the calculation start and stop time, the calculation settings that were
checked and if the canal or river was overflowing or not A canal or river will overflow when the calculated

depth is greater than the specified maximum depth of a given reach. The messages should be checked
after each calculation.

4.1.7 PICTURE PAGE

The picture page displays a picture of the canal, river or abstraction point of the specific reach if it is
available. A normal colour photo can be taken and then scanned and imported into WAS.

4.1.8 READINGS PAGE

Station
Station or measuring point in the scheme.

Date & time
Exact date and time when the reading took place

Reading (mm)
Particular reading that took place in mm.

Q (m’is)
Discharge in volume per unit of time

4.2 CHANGE DATA

This form s designed to simplify the process of making global changes to the canal or river data. To
open the change data form, use the change data speed button on the toolbar or select Tools|Change
data from the menu. The user has the oplion o incdlude branches or not and it will save a lot of time

making global changes 1o the data If used correctly. A specific check box must fst be selected before
the corresponding value can be entered
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The change data form has two pages that are described in the following paragraphs.

4.2.1 LOSSES PAGE

This page refers to parameters relevant to water losses The check boxes must be checked to enable

editing in the commesponding edit boxes. Any number of parameters can be changed at once. The
different parameters are described below.

Seepage
Seepage factor (U's per 1000 m?) for the particular reach. The seepage is the loss of water through the
wetted area of the canal or river,

Storage volume
Total storage volume (m®) for the particular reach This is water that needs to be released before any
water distribution to the users can take place.

Fill up discharge
Operator specified discharge (m*/hour or m’/s) that will be used to fill the storage volume of every reach.

Fill up %

This describes the storage level of a specific reach, An empty reach will be 0% full and a totally filed
reach will be 100% full, This value is used by WAS to calculate the water volume that must be released
to fill a specific reach to maintain the required flows.

Clear time setting: [Set{h)]

This option is used to clear the time settings for the specified river or canal network.  Time settings are
used to specify the opening or closing intervals at points where the release is calculated in a canal or river
network.

4.2.2 PARAMETERS PAGE




Section

The section property is used to specify the cross section of the canalriver. The different sections can be
selected from a drop down list and are:

Rectangle

Trapezod

Parabola

Pipe

Rect/Para

User del (used for rnvers)

Discharge (Q Cap)
Maxmum discharge or capacity of the canal or river. In the case of canals the maximum designed

discharge is taken. The maxmum discharge value for rivers is not that important and any reasonable
value can be taken

h Max

Maximum canal or river height (or depth). In the case of a prismatic canal it is measured from the bottom
of the canal to the top of the canal lining. In the case of a river it 1s measured from the bottom of the river
to the top of the riverbank. The maximum height is used to determine when the canal or river is
overfloming. The value for rivers is not important and any reasonable value can be taken. What is
important is that cross-sectional properties for rivers must be available for all possible flow depths.

Top width
Top wadth of the canal measured in meters. This parameter 1s only relevant for rectangular, trapezoidal
and rect/para cross-section types.

Bottom width
Bottom width of the reach measured in meters. This parameler is only relevant for rectangular,
trapezoidal and rect/para cross-section types,

Canal slope (So)
This parameter specifies the longitudinal siope of the canal or rniver reach

Calibration const (Cv)
This s a constant that is multiplied with the average water velocity in a reach.  This is used when

calculating lag imes. The problem however exists that the real velocity and the calculated velocity is not
the same. The calibration coefficient is therefore used to calibrate the lag time for every reach.

Weir h
Height of the weir across the canal or river reach measured in meters,

Weir width
WIgth of the weu acioss the canal or river reach measured in meters

Manning-n

Manning roughness coefficient of the reach for all prismatic sections. The Manning-n for user-defined
sections varies as a function of flow depth and is read from a file.

4.3 CALCULATE RELEASE

WAS can calculate water releases on a weekly or on a date and time basis.  Water distribution on canal
networks is normally done on a weekly basis and river system calculations are done on a date and time
basis. To open the calculate release form, either select the calculate release speed button on the toolbar
or select Release|Calc... from the menu.




Figure 32 Release calculation procedure

The release calculation procedure starts at the source and moves down to the end of the last reach.
From there It will move back towards the source processing every reach by adding the abstraction and
losses and calculate the lag time for the reach. If it encounters a branch the solution is temporarily saved.
The procedure is repeated for the branch, the saved solution is added and the procedwe continues
path back to the source

The solution handies branches on branches up to 6 levels deep. The operator can also specify
number of arbitrary points on the canal or river where the solution must be saved for later viewing.
number of reaches that WAS can handle is only imited to the size of the hard drive
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4.3.1 CALCULATION OF LAG TIMES
The lag time in a reach is calculated with the following equation

ra - Reach lengh
Average velocity
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4.3.2 CALCULATION SEEPAGE LOSSES

The seepage loss In a reach is calculated using

Seepage = Seepagerate x Reach length x Wetted perimeter
The seepage rate is specified in Us per 1000m” wetted area.
4.3.3 CALCULATION OF EVAPORATION LOSSES

The evaporation loss in a reach is calculated using:

Evaporation = Evaportion rate x R each length x Surface width
The evaporation rate is specified in mm/day
4.3.4 CALCULATION OF TRANSPIRATION LOSSES

The transpiration loss in a reach is calculated using
Transpiration = Transpiration rate x R eachlength x (Riparian width — Water surface width)
The transpiration rate is specified in mm/cay

Weather forecasts are handled by caplunng the weather data in advance. WAS will use the forecasted
data where necessary, just remember to replace the forecasted data with the real data when it becomes
avallable. To go to the weather stations form select Input|Water|Weather stations from the main menu.

4.3.5 DIFFUSED INFLOWS

Diffused inflows can be handied as number of point inflows on very short reaches although it can be very
time consuming to capture the data if too many reaches are used The calculation time is a function of
the number of reaches on the canal or river network, the processing speed of the computer and the
access time of the hard drive

4.4 CALCULATION SETTINGS
The first figure shows the form for weekly calculations and the second figure shows the form for date and
time based calculations.
Cald weekly release 23> LI 2 :'_ ﬁ
TH— I~ Dverfiow checking
Canat
5w 7 Do tng tme calcuations
_E j . A2 evaporation
mFS mmAdery ' Add transpraton -
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Canal
Canal or river identification string.

Week
Specifies the week number between 1 and 53. The week number is only visible for weekly calculations
as can be seen in the previous two figwes.

Evaporation
Loss of water through the surface of the water. This is measured in millimetres per day (mm/day)

Transpiration
Loss of water through foliage in the riparian zone. This is measured in millimetres per day (mm/day).

Start date
Start date of the 17-day date and ime related calculations. The start date is only visible for date and time
related calculations as can be seen in the previous two figures.

Overflow checking
The discharge in each reach will be checked against the capacity discharge of the specific reach. If the
discharge exceeds the canal capacity, a message is written in the messages page.

Do lag time calculations
The lag time will be caiculated for each reach by making use of the mean velocity and the length of the
specific reach. The lag times will vary depending on the discharge in the canal.

Add evaporation
The evaporation loss will be calculated for each reach considering the free water surface.

Add transpiration
The transpiration loss will be calculated for each reach.

Add seepage
The seepage loss will be calculated for each reach considering the wetted area.




Add canal storage
The canal storage will be added to the calculated release, This option is normally used if the canal is
empty and it needs to be filled

Use time settings
WAS can calculate time settings as small as five minute intervals. This is too small for any practical
purposes and the time setting is used to enforce a practical time setting.  The time setting can only be

used for the river or main canal and branches, it cannot be used for turnouts into farms

Display 2 weeks

This specifies to use a 2-week window for water release calculations when using weekly-based water
requests.  Thas option is only visible when using weekly-based water requests

4.5 PROPERTIES CALCULATOR

To open the properties calculator form, click on the speed button on the top of the canal layout page.

Parameters | Data | Graph | XY coondinates |

Section rm. del  w|  Section fename: |C \DAPPS\WAS Z2\SABIE \PHMAR 27 SEC

Dischange [5 mds werhegt[ m
mlomass V/.Mtl m

Canal slope: |0 00551 MMITSD m

5
1
8
A

|
.

Figure 35 Properties calculator

4.5.1 PARAMETERS PAGE

Section
The following cross-section types can be selected from a drop down list

* Rectangle
If selected, the top width-capturing box falls away
« Trapezoid
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« Parabola
If selected, the bottom width-capturing box falls away and the side slope-capturing box changes
to top width

* Pipe
If selected, the bottom width-capturing box as well as the side slope-capturing box disappears
and a new box - Diameter - is added

« RectPara
If selected, the side slope-capturing box is replaced with the top width-capturing box.

e User def
If selected, the XY Coordinates page and the section filename-edit box appear. The section
filename specifies the filename and location of the user defined cross-sectional properties. The
user defined cross-section type is normally used for rivers.

Discharge
Release of water measured in cubic meters per hour (m*/hour)

Manning-n

Manning roughness coefficient of the canal or river reach. For user defined cross-sections like rivers the
Manning-n value s a function of the flow depth and is read from a cross-section properties file. The
Manning-n value is assumed constant for prismatic cross-sections

Canal slope
Longitudinal siope of the canal or river reach

width
Riparian width of the river that is used for transpiration calculations. The ripartan width is normally not
used for lined canals

Max
Maximum height of the canal or river reach.

Weir height
Weir height across the canal or river reach.

Weir width
Weir width across the canal or river reach.

Reach length
Length of the canal or river reach measured in meters.

Evaporation
Loss of water in the canal or river reach through the surface of the water measured in mm/day,

Transpiration
Loss of water in the canal or river reach through transpiration over the nparian width measured in
mm/day

Seepage
Loss of water through the wetted area of the canal or river reach measured in I/s per 1000 m°.

Cv

Lag time calibration constant of the reach. To calibrate the lag time in a reach, the average velocity is
muitiphed by the Cv-constant. The Cv-constant is assumed constant over the total range of discharges
for a given reach.
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4.5.2 DATA PAGE

The cata page displays all the steady state calculations on the reach that can be used for calibration
purposes for every reach. The specified maximum discharge is divided by ten and the normal flow depth
s calculated for each discharge using the Manning-equation. The other parameters are calculated from
the flow depth and reach length
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igure 35 Properties calculator. Data page
The different columns are described below
Q(m'm)
Discharge used for calculations. The canal or river capacity is taken and divided by 10 to create a
number of rows to analyse the specific reach

h (m)
Normal flow depth of the canal or river calculated with the Manning equation

Area (m’)
Calculated cross-sectional area of the reach at every discharge.

b (m)
Calculated water surface width of the reach at every discharge

P (m)
Calculated wetted perimeter of the reach at every discharge

v(m's)
Calculated average velocity of the reach at every discharge.
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v'Cv (m/s)
Average velocity multiplied by the calibration coefficient

Lag (min)
Lag time over the reach at every discharge

Vol. (m")
Capactty of the reach at every discharge

Evap. (m'h)
Evaporation loss over the reach at every discharge.

Trans (m’/h)
Transpiration loss over the reach at every discharge.

Seep (m’/h)
Seepage loss over the reach at every discharge

Fr

Dimensionless Froude Number calculated at every discharge to determine if the flow s sub- or
supercritical. If this number is greater than one, the flow is supercritical (fast), if it is less than one, the
flow is subcritical (slow)

4.5.3 GRAPH PAGE

A number of graphs are available that can be viewed on screen or sent to a printer. An example of a river
cross-section is displayed in the following graph. The avallable graphs can be selected from a drop down
menu with the following options:

Water depth
Area

Surface width
Wetted parameter
Velocity

Lag time
Cross-section
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Figure 37: River cross-section

4.5.4 XY COORDINATES PAGE

This page is used to display XY-coordinates of user-defined cross-sections. The XY-coordinates are
used to draw the cross-section. This page is only visible when a user-defined cross-section is selected

4.6 DISTRIBUTION SHEET

The distribution sheet form is used to generate reports for water bailiffs that are used for water distribution
on canal networks. Distnbution sheets can be printed per water ward and in @ user specified sort order
To open the Distribution sheet, select Output/Water|Distribution sheet
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Figure 38 Distribution sheet

The Distribution sheet can be sorted according to

«  User
o Water ward
o Group order

4.6.1 USER ORDER PAGE

User
This is the unique number or reference number identifying a specific user

User type
Specific user type

Water ward
Water ward of every user

Group no
Group no linked to every user. The group no and group order is used in combination to specify the
printing order of the distribution sheet

Group order

Group order within the specified group no. The group no and group order Is used in combination to
specify the prninting order of the distnbution sheet
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4.6.2 SHEET PAGE

User
This is the unique number or reference number identifying a specific user.

Structure

Structure measuring the water delivery at the specific point. If the discharge can be converted to a
measuring plate reading by means of an equation or discharge table the program will do so and print the
corresponding measuring plate readings as part of the report

Hours
Total hours of water requested for the specified week.

Type
Water request type abbreviated as follows.

« O Onginal
. A Additional
e K Cancellation

Su (Day) - Su (Night)
This report is generated for the period Sunday morning to the following week Sunday night.

vol. (m")
Total volume of water requested for the specified week.

Time
Opening and closing time of the specific siuice or starting and stopping time of the specific abstraction
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CHAPTER 5 STATE ACCOUNTING MODULE

This module links with the water request module and administers all the water accounts on an irrigation
scheme or water management office.  The user can choose between two accounting systems. The one
15 the current Department of Water Affairs accounting system and the other one is a full debit system that

prints monthly accounts on pre-printed stationery, reconciliation reports, age analysis reports and audit
trail reports

5.1 STATE ACCOUNTS

The State Accounts are based on a system used by government owned irmgation schemes, which use
two Invoices per year for irngators and monthly invoices for industrial user accounts.  This system is not
auditable because financial information can be change without an audit trail. Outstanding balances
cannot be transferred from one year to the other and it is therefore impossible to print a single report on
the financial status of a single user. The interest calculation s very complicated and can only be
calculated when a payment is made by a user

To open the State Accounts, select InputjAccounts from the main menu
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Figure 39, State accounts

Speed buttons and controls
MF vI
The account drop down list box is used 10 select the account type

e Prelm
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Initialise accounts

The Accounts screen can be sorted according to:

User

Name
Water ward
Account nr

5.1.1 PRELIMINARY / FINAL / MONTHLY PAGE

The title of the first page depends on the selection in the account drop down list bax.  Only the imgation
users are displayed if the account type is set 1o Prelim or Final  Only the monthly accounts are displayed
if the account type is set to Ind Mnth,

User
This is a unique number or reference number dentifying a specific user.

Acc no
Account number of the specific user.

Ward

The irigation scheme is divided into different water wards. Each ward has a specific name or code by
which it is recognised. The code for the water ward, where the user is situated, will automatically be
retrieved when the user number is captured.

User type
'Bycqxurnotheummw.tMlnfomnﬁonMIOWQﬂyb.rmtrommemulmm
orm.

Prelim
The preliminary column displays the invoice total of the fist invoice of two for the current water year for
irrigation users. This column is only visible if the account type is set to Prelim or Final

Final
The final column displays the invoice total of the second invoice of two for the current water year for
irrigation users.  This column is only visible if the account type is set to Pralim or Final

Monthly
The monthly column displays the invoice total of industrial monthly accounts. This column is only visible if
the account type is set to Ind Mnth.

Surname
Surname of the user.

Name
Intials or name of the user

5.1.2 ACCOUNT PAGE

In this page, the user can view the actual invoice of a specific user.
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5.1.3 SETTINGS PAGE

This page is used 10 specify settings that have an effect on the printing of invoices

Printer Font
The user can set up the following

e Fomt
* Size
* Style

Titles

These capturing boxes allow the user to capture the different titles of the scheme. These titles will appear
at the top of the invoice. There are four captunng boxes:

Main

Prelim Account
Final Account
Month Account

The operator can select which title should be printed on which account.

Account note

In the notes page, a note can be typed. This note can then be tagged to a specific invoice or it could be a
general note sent out with all the invoices. If the note should be sent out 10 a specific user, make sure to
capture the correct user number in the provided box. Radio buttons that can be selected:

General
User
Both

Address search order
Thus specifies the adaress that will appear on the invoice. Two options are available:

e Postal then owner
e Owner then postal

Note ID

In the notes page, the user has the option of typing a note with a unique ID. This note ID can be selected
and will then be printed on the invoice

Month
The specific month can be selected from a drop down list.

Print top margin
The settings of the printer can be changed In this bax 1o where you want the printer to start printing the
top margin

Print left margin

The settings of the printer can be changed in this box to where you want the printer 10 start printing the
left margin
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Print zero balances
In this section the user can decide if zero balances must be printed or not.

Print title
In this section the user can decide If the title must be printed or not

5.1.4 NOTES PAGE

Theis s where notes can be inserted that appear on invoices and statements

Note ID

A number or name allocated to a specific note. These notes will later be tagged 1o an account and are
printed on the invoice. The user has the choice between

e Afnkaans
e English

5.1.5 PAYMENTS PAGE
This page refers to payments received

User
This is a unique number or reference number identifying a specific user

Type
Two types of payments are used in the State Accounting system, and can be selected from a drop down
list:

e Preliminary

e Final

Date
Date when payment was received,

Receipt nr
Number of the receipt when payment was received.

Amount
Amount that was paid.

Note

Any information concerning the account and payments can be placed here  This information is for the
users use only and is not sent out with the invoice.

5.1.6 GENERAL TARRIFFS PAGE

Year
A selection of a specific year can be made from a drop down kst

Days grace
Number of days extra for payment that the scheme allows the user.

Min amount
Minimum amount payable

Min mnth payable
Minimum amount per month that is payable



5.1.7 PRELIM TARRIFFS

Year
A selection of a specific year can be made from a drop down list.

Issued
Date on which the prelim tariffs were issued

Date 30
Date payable after 30 days of issue.

VAT (%)
VAT rate

Interest (%)
Interest rate.

Canal full quota (R/ha)
The full quota water tariff that is payable for water delivered through a canal

% Payable
Percentage that must be paid,

WRF (R/ha)
Water Research Fund (WRF) rate

WRF Interest (%)
Water Research Fund interest rate

WRF VAT (%)
Water Research Fund VAT rate,

19mm (R)
The tariff for a 19mm diameter household or ivestock pipe installed in a canal

25mm (R)
The tariff for a 25mm diameter household or livestock pipe installed in a canal

32mm (R)
The tanff for a 32mm diameter househokd or livestock pipe installed in a canal.

38mm (R)
The tarif! for a 38mm diameter household or livestock pipe installed in a canal

River full quota (R/ha)
The full quota water tariff that is payable for water used from a river.

5.1.8 FINAL TARRIFFS
The final account rates and tariffs are captured on this page and consist of the following.

Year
A selection of a specific year can be made from a drop down list

Issued
Date on which the final tarnffs were issued
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Date 30
Date payable after 30 days.

VAT (%)
VAT rate

Interest (%)
Interest rate

Canal min (R/ha)
Minimum canal tariff

River min (R/ha)
Minimum river tariff

Canal used (¢/m”)
Canal water usage tariff.
River used (¢/m’)
River water usage tariff.

Extra 1 (¢/m’)
Extra water used tariff applied up to 10 000 m’.

Extra 2 (¢/m’)
Extra water used tariff applied from 10 000 to 20 000 m*

Extra 3 (¢/m”)
Exira water used tanff applied from 20 000 to 30 000 m’

Extra 4 (¢/m”)
Extra water used tanf! applied from 30 000 to 40 000 m®
5.1.9 INDUSTRIAL TARRIFFS

User

This is the unique number or reference number identifying a spacific user.

Free vol (m")

This is the amount of free water allocated to a specific user.

Quota vol (m")
This is the quota of water allocated to a specific user.

Total vol (m”)

This is the total volume of water, free water and quota water, allocated to a specific user

Tariff 1D
Tariff 1D linked to the specific user




CHAPTER 6 DEBIT ACCOUNTING MODULE

This is a full debt system that prints monthly accounts on pre-printed stationery. This includes

reconciliation reports, age analysis reports and audtt trail reports

6.1 ACCOUNT REQUESTS

The Account Requests form is used to answer queries an all accounts. To open the Account Requests

form, go to OutputjAccounts|Account Requests
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Figure 40: Accounts requests
The Account requests form can be sorted according to

e User
e Sumame

Descriptions of pages in this form
6.1.1 USER PAGE

The user page is where all the information relating to specific user is captured

User

L ,-_,9'9?_".’3.'.‘
»

This is a unique number or reference number identifying a specific user, in this case, an account number
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Surname
Surname of the user owner or tenant

Initials
Initials of the user owner or tenant

90 - 120
Number of days that the account is outstanding  In this column, the account is 90 - 120 days and more.

60 - 90
Number of days that the account s outstanding. In this column, the account is 60 — 90 days

30 - 60
Number of days that the account i$ outstanding. In this column, the account is 30 - 60 days.

0-30
Number of days that the account is outstanding In this column, the account is 0 — 30 days

Total
Total amount outstanding

6.1.2 CURRENT PAGE
Thes page displays the current transactions for a specific account. All current transactions are processed

during the month end procedure and are printed on the invoice of the specific account. All transactions
are archived at the end of the month end procedure.

Type
Transaction type

Nr
Transaction number.

User
This is a unique number or reference number identifying a specific user. In this case, it is used as an
account number.

Date
Date when a transaction took place.

Account
Type of transaction that took place

Amount
Amount of the transaction

6.1.3 ARCHIVE PAGE

This page displays all archived transactions of a specific account. This information is normally used to
resolve any quernes

Type

Account type

Nr
Transaction number

User
A unique number or reference number identifying a specific user, in this case, an account number
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Date
Date when the transaction took place

Account
Type of transaction that took place

Amount
Amount of the transaction

6.1.4 INVOICE PAGE

The invoice page displays the invoices of all accounts created during the previous month end procedure
All invoices are updated during a month end procedure and only the current invoices can be reprinted

6.2 SOURCE DOCUMENTS

To open the Source documents form, select OutputjAccounts|Source documents. The source
documents form s used to report on all source documents and it is designed 1o generate reports with a

range of settings that can be specified by the user. It is possible to query the database for any current
transaction as well as archived transactions. The user can set a date range, make use of a filter or
specify the document type to minimise the number of transactions that will be displayed on screen. This
is especially useful when working in the archive because the number of transactions increases after every
month end. All transactions created since the last month end are current, which is then archived as part
of the month end procedure.

From and to date

When the ellipses button is selected a pop-up calendar appears. Only the transactions created for a
specified date range will be displayed

Filtered

This option is context sensitive and will filter the column that the cursor is standing on. The filter option is
only available on the Details page.

Use archive
If the use archive box is checked only the archived transactions for the specified date range and
document type will be dsplayed.

Doc type
The document type option s used to specify the document type to be displayed within the date range.
The following options are available from a drop down list.

Al

Hand invoice

Hand recespt

Hand journal

Comp Invoice
Comp receipt
Comp journal

Find doc
This button is used to find a document by typing the document number into the pop-up find box.

Note
The note box at the bottom of the screen displays the note that is linked to the current transaction, if any
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Total amount
Total amount of all transactions

Print
Used to print the current report
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The from and to dates are used 1o specify a date range to select only a subset of data from the database

I~ Flend -9

The filtered check box is only available on the details page and is used to filter the current subset of data.
The filter is context sensitive and uses the current value in the active column to set the filter

I~ Useachve
The use archive check box is used to switch between the current and archived records.  All current
records are archived after every month end procedure
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The document type drop down list box is used to specily the document type/s that is selected from the
database Avallable options are:

Hand invoice
Hand receipt
Hand journal
Comp invoice
Comp receipt
Comp journal

The following describes the different columns on the Summary and Detail pages.

6.2.1 SUMMARY PAGE

This page displays the totals of the different transaction types that occurred with a grand total at the
bottom of the screen. The transactions that are displayed depend on the date range and document type
sefting

Type

Transaction type

Number
Transaction number

Total
Total of each transaction type

6.2.2 DETAIL PAGE

This page displays a detailed report of all the different transaction types that occurred. The transactions
that are displayed depend on the cate range, filter setting and document type setting.

Type

Transaction type

Nr
Transaction number

User
This is a unique number or reference number identifying a specific user.

Date
Date when the transaction was created

Account
Description of transaction

Amount
Total of each transaction type

6.3 AUDIT TRAIL

To open the Audit Trail form, select OutputjAccounts|Audit trial from the man menu.
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Descriptions of pages:
6.3.1 SUMMARY PAGE
The summary page displays the list of transactions and totals.

Account
Type of transaction that took place.

Total
Total of the transaction that took place

Use Archive
This will change the list of transactions displayed between current and archived transactions.

Total amount
Total amount of all transactions

Find
This feature provides the user with the option to find a document by typing the document number into the
pop-up find box.

Print
This s to print the summary of the audit trail.

6.3.2 DETAIL PAGE

This page displays a detailed report of all the different transaction types that occurred.
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Type
Transaction type

Nr
Transaction number

User
This s the unique number or reference number identifying a specific user, in this case an account
number

Date
Date when the transaction took place.

Account
Type of transaction that took place

Amount
Amount of the transaction.

Use Archive
This will change the list of transactions displayed between current and archived transactions.

Find
This feature provides the operator with the option to find a document by typing the document number into
the pop-up find box

Print
This is to print the summary of the audit trail

Total amount
Total amount of all transactions

Note
The note box at the bottom of the screen displays the note that is linked to the current transaction, if any

6.4 ACCOUNT BALANCES
To open the Account Balances, select OutputjAccounts|Reports|Age analysis from the main menu:
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Figure 43 Age analysis

Speed buttons and controls

Verify account balance records

gevoa far ]

The period list box is used to set the aging period that is used to limit the output of the age analysis to a
specific period. The options available are

‘Al
Current
30 Days +
680 Days +
90 Days +
Credit

The Age analysis can be sorted according to:

User
Surname
Current
Ward




User

This s the unique number or reference number identifying a specific user

number

Date
Date when the age analysis was |ast updated.

90+

Total amount of all accounts that is 90 days and more outstanding.

60
Total amount of all accounts that is 60 days and more outstanding

Total amount of all accounts that is 30 days and more outstanding.

Current
Current amount outstanding of all accounts.

Total
Total amount outstanding of all accounts.

Surname
Surname of the user.

Initials
Inttials of the user

Line 1 to Line 3

Adaress lines

City

Name of the city on the address of the user.

Code
Postal code.

Tel No
Telephone number of the user

Ward
Water ward of the user.

6.5 INDUSTRIAL LEVIES

In this case an account

To open the Industrial Levies screen, select Output|Accounts|Report|List of industrial levies from the

main menu
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Figure 44. Industrial levies

Speed buttons

The Refresh Report button is used to refresh the report if the date range has changed.
6.5.1 SUMMARY PAGE

The summary page displays the summary of the industrial levies (ind Mnth users) in the following
columns:

Account
Type of transaction that took place

Total

Total amount of the transaction, and is displayed at the bottom of the screen
6.5.2 DETAIL PAGE

The detail page displays the detail of the industrial levies in the following columns

User
This is the unique name or reference number identifying a specific user, in this case an account number

Date
The date when the transaction took place




Acc No
The account number of a specific user

Units
Depending on the account type the units column will display the volume of water used iIf the account type
is industnal water usage or nothing If the account type is VAT,

Tarift
The tanff of the corresponding account type

Amount
The amount of the transaction, and the total amount are displayed at the bottom of the screen.
6.6 MONTH END PROCEDURE

To co Month End, select Output|Accounts|Month end|Do month end from the main menu. Several
steps are involved in the month end procedure and are described in the following paragraphs.

Step 1:

The Month End procedure consists of a senes of forms that prompt the operator for certain input. The
first form shows three check boxes that must be checked before the operator can proceed to the next
form

. . Month end procedure

Check bt | oot
I Ddyounsesbockis? Date issundt (1270672000
I~ Amtho wolerbolances wptodate?  Date payabe: [12/10/2000

I"Dil;udh_hi_m ’ Nest morth end date: |13/10/2000
o weskwwdee[E o

o : 5

x|

Erguro 45 Month end procedure: Checklist

e -~ — ———
_

Check List:
0 Did you make a back up?
O Are the water balances up to date?
0 Did you check for new tariffs?

Four other edit boxes prompt the operator for

Date issued
Date when the invoices will be issued

Date payable
Date when the invoices must be paid,
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Next month end date
Date of the next month end - must be 28 days or more after the previous month end date

Week up to date
Week number that the water requests are up to date. This week number will also be used to display the
meter readings for the specific week on the invoices if any

Move on to the next form by selecting the PROCEED button

Step 2:
The Account Note page will open

~Month end procedure NS "gt' .‘ﬁ
maeoTA0 | | »|m]e| =] 2] 4]

VESKANAAL BESPROEIERS: Let asseblief daarop dat die droe periode
vanaf 10-7-2000 - 21-772000 sal plaasvind
Rente @ 16,5% vord gehef op alle agterstallige rekenings

|

Figure 46 Month end procedure  Account note

Any notes that need to be attached to an invoice can be captured here. Select the PROCEED button if
you want to continue with the month end procedure. If you aren’t sure about going ahead with the
procedure, select the ABORT button. When the abort button is selected, an error message, stating that

roll back will start, will be generated by the system. When the OK button is selected, automatic roll back
will commence. The user will then be back in the main screen of the program.

Step 3:
If the user wishes to proceed with the month end procedure, the DATES & TARIFFS screen will open
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Figure 47. Month end procedure Dates & tarifs

If any of the tariffs have changed, the user now has the opportunity to change it. The Dates & Tariffs
screen is a dialogue box with three pages.

6.6.1 SET NO PAGE

The Set No page displays all the Tariff sets for the current scheme. A tariff set consists of all the different
tariffs and dates needed to do a month end procedure. A tariff set is assigned to a specific account on
the user info form. The default tanff set is zero and does not have to be assigned. Only tariff sets greater
than zero must be assigned to a spedfic account

Setnr

Different tariff sets that can be linked to individual accounts. A tariff set is assigned to a specific account
on the user information form (Input|User information). The default tariff set is zero and does not have 10
be assigned. Only tariff sets other than zero must be assigned to a specific account

Description
Description of the specific tariff set
6.6.2 TARIFFS PAGE

In the Tariffs page, the user can capture or edit the tariffs The Tanff column in this page has a fixed
number of entries that is automatically created when a new tanff set Is inserted

To Change a tariff
Select the Insert/Upd button at the bottom of the screen. A pop-up dialogue box will appear, The title of

this dialogue box will differ, depending on the date or tanff that is selected  Change the current data and
select OK with the mouse pointer. If the delete button is selected a confirmation prompt will appear.
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The user is able to delete any historical values of a taniff set, but is prevented from deleting any active
values of a taniff set

Selecting the history button can see a list of historical values of a specific tariff. To switch back to the
current values of a tariff set, select the current button

Descriptions:

Setnr
Tanf! set number

Tarift
Description of the specific tariff.

Date
Date when the tariff was last changed.

Value
The Tariff column has a fixed number of entries that is automatically created when a new tariff set is
inserted

Selecting the Insert/Upd button at the bottom of the screen can change any tariff. A pop-up dialogue box
will appear. The title of this dialogue box will differ, depending on the date or tanff that is selected.
Change the current data and select OK with the mouse pointer.

When the Delete button is selected, a confirmation prompt appears. The operator is able to delete any
historical values of a tariff set but is prevented from deleting any active values of a tanff set

Selecting the history button can see a list of historical values of a specific tariff. To switch back to the
current values of a tariff set, select the current button

6.6.3 CONTROL PARAMETERS PAGE

Different transactions done for a specific month can be viewed in the Control Parameters page of the
Dates & Tariffs form.

If all the tariffs are correct, Select OK. A pop-up dialogue box asking ‘Tariffs OK', ‘Proceed Month End?
will appear. Select the YES button to proceed. The PROGRESS PAGE is displayed. Seven actions with
check boxes are displayed:

Check and Print Tariffs
Do calculations

Print Reconciliation
Print Age analysis
Print Statements

Do ageing

Archive transactions

feccocCcoo

These buttons are automatically checked by the system. After completion a pop-up dialogue box telling
the user that month end procedure is completed will appear Select OK.  The user will go back to the
main screen of the program.

Descriptions:



e

Name
Parameter ID only for internal use.

Description
A more descriptive name for the specific parameter

Value
Specific parameter value

In all three pages the Delete, Insert/Upd, History, Current, Print and OK buttons can be found. When

the user is in the Set No Page, the History and Current buttons will not be activated and when the Control
Parameters page is selected only the Print and OK buttons are activated.

6.7 AGE ANALYSIS

To print Month End Age Analysis, select OutputjAccounts|Month end|Print age analysis from the main
menu.

" Month end age anabsys
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Figure 48 Month end age analysis

Description of columns

User

This is the unique number or a reference number identifying a specific user, in this case an account
number.

Surname
Surmame of the user
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Initials
Intials of the user

90 -120
Amount and the number of days that all the accounts are outstanding

60 - 90
Amount and the number of days that all the accounts are outstanding

30 - 60
Amount and the number of days that all the accounts are outstanding

0-30
Amount and the number of days that all the accounts are outstanding

Total
Total amount outstanding on all the accounts
6.8 INVOICES

To print Invoices, select OutputjAccounts|Month end|Print statements from the man menu
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Figure 49 Invoices

Speed buttons




Find sub-string

Invoices can be sorted according to:
o User
¢ Name
e Address

Description of pages

6.8.1 USER PAGE

The user information page

User

This is a unique number or reference number identifying a specific user, in this case it is used as an
account number

Name
Name of the user.

Address
Address of the user

Flag
Printed state of the invoice. If checked, the document i1s marked for printing

6.9 RECONCILIATION

To view the Reconclliation information, select Output|Accounts|Reconciliation from the main menu
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Figure 50 Reconciliation
The Reconciliation screen s used to view the status of the outstanding accounts registered with the
scheme. Description of display boxes at the bottom of the screen

Total debits
Total debits for a specific period.

Total credits
Total crecgits for a specific perod

90 days
Account balances outstanding for a period of 90 days and more.

60 days
Balances outstanding for a period of 60 days and more.

30 days
Balances outstanding for a period of 30 days and more

Current
Total of all current balances

Total
Total of all account balances. A value in brackets indicates a credit balance
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Description of pages in the Reconciliation form

6.9.1 FORM PAGE

Total of starting balances
Total balance that the new month will start with

Total of starting balances + Debits + Credits
This refers to the total balance the new month will start with including debits and credits

Account
Account number of a specific user.

Total
Total of the debits and credits of a specific account.

6.9.2 GRID PAGE
The Grid page displays all the account information in more detail.

Number
Reconaliation number

Account
Description of the specific account.

Total
Total of the speafic account

6.10 SOURCE DOCUMENTS

To open the Source Documents screen, select InputjAccounts|Source documents from the main
menu
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The Source Document form consists of two pages:
6.10.1 FORM PAGE
To enter data, select the following buttons:

Hand Invoice
Hand Receipt
Hand Journal
Comp receipt
When one of these buttons is selected, a clean form for data capturing will appear

The user number and Hand journal number can be entered manually Please note that the title of this
capturing box will change according to your selection. The data for the Date and R capturing boxes is
generated by the system.

Information to be captured

e  Debit
e Credit
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ACToumts

Figure 52 Accounts lookup

If an error was made, select the cancel button at the bottom nght hand corner. If this error is saved by
mistake, the only way of correcting this is to do a Hand Journal

Find document

This option provides the user with the opportunity to search for a document by providing the system with
the document number. The data of that specific document will be displayed

Options:

A Hand invoice
B Hand journal
C Hand receipt
D Comp invoice
E Comp journal
E Comp receipt

When one of the above options is selected, a pop-up input box asking for the document number will
appear. Type in the number and select OK with the mouse pointer. The data will be displayed in the
Source Document form

Hand receipt or Comp receipt
When selecting these buttons, a receipt box will appear
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The User and Receipt number boxes can be entered manually. If discount is given, select the radio
button.  The values in the Tofal, VAT inci. in discount and % Discount boxes are calculated by WAS and
cannot be captured by the user.

6.10.2 GRID PAGE

The grid page sorts all the invoices, receipts, journals and data:

Type

Data will be sorted according 10 the type of entry, for example, Hand Journal (H)), Hand Receipt [HK),
Comp Receipt (RK).

Nr
Number of the receipt, invoice of journal.

User
This is a unique number or reference number identifying a specific user, in ths case, it is used as an
account number.

Date
Date when the information was captured.

Account
Type of transaction that took place.

Amount
Amount of the transaction that took place.

6.11 ACCOUNT NOTES
To open the Account Notes, select InputjAccounts|Account notes from the main meny
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Figure 54: Account/User notes

This form consists of a navigation toolbar, a find option and a close option. Use the toolbar to open a new
capturing box or to edit existing notes

Note ID
This is a unique number for a specific ID. The note can be typed in the adjacent box.
6.12 HANDING OVER

The handing over of accounts module is used to administer the legal action to be taken towards an
account holder who is more than 90 days outstanding on an account.

The module automatically adds all outstanding accounts to a list and charges a legal levy (admin fee) to

each account. It also reports on the total amount of money paid and total amount still outstanding. To
open the Handing over form, select InputjAccounts|Handing over from the main menu
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Letters: 01 /02 /2000 to 12/09/2000
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?ngute 55. Handing over
Speed buttons and controls

-

This button is used to add accounts (users) to the handing over list that are more than R 50.00
outstanding on balances 90 days and older. If an account is added to the list a legal levy is automatically
charged against the account. An account will not be added twice. The legal levy tariff can be edited on
the dates and tariffs form (InputjAccounts|Dates & tariffs)

To ae fi2082000 .|

The from and to date boxes are used 1o specify the date range for the subset of data to be displayed on
screen

% Use notice detes
Select the radio button to apply the date range to notice dates.

"~ Use handed over dates
Select the radio button to apply the date range to handed over dates

6.12.1 LIST PAGE
This page Is used to capture all the accounts that will be handed over for legal action
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User

This 15 a unique number or reference number identifying a specific user in this case, 1 is used as an
account number.

Acc group
This is a group number assigned to an account to group the different accounts of the same person

Notice date
Date when the notice was sent out.  This date will default to the current date.

Handed over

Date when the account was handed over. This date can be selected from a pop-up calendar, or can be
inserted manually

Responded
Date when the last payment was received. This date will automatically be retrieved from the source
document

Amount
Outstanding amount that the user was handed over for.

Paid
Amount that was paid up to date.

Outstanding
Outstanding amount after payment was received

Last paid
Date when the last payment was received.

Last amount
Last amount that was paid

Arranged
If the account hoider made any arrangements with the scheme, either Yes or No can be selected from a
drop down menu. Details can be added in the notes box.

6.12.2 REPORT PAGE

This is a detailed report of the handed over account.

User

This 1s @ unique number or reference number identifying a specific user. In this case it is used as an
account number

Arranged
Arrangements made for payment

Sluice
The sluice number is included in the report to act as a reference for a physical address, where the
handed over letter can be delivered

Acc Group
Is a group number assigned to an account to group the different accounts of the same person

Notice date
Date when the notice was sent out.
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Handed over
Date when the account was handed over for legal action

Amount
Outstanding amount

Paid
Amount paid up to date

Last date
Last date of payment

Last paid
Last amount that was pad

Surname
Surname of the account holder.

Initials
Inttials of the account holder

Line1-3
This is where extra address details can be inserted.

Code
Postal code

Tel
Telephone number of the user

90+
Amount outstanding for 90 days and more

60
Amount outstanding for 60 days

30
Amount outstanding for 30 days.

Current
Current amount outstanding

6.13 WATER SALES

The Water Sales screen is used to capture all water sales To open the Water Sales form select
InputjAccounts|Water Sales from main menu
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Figure 56. Water sales

The Water sales form can be sorted according to

¢ Receipt no
o User
e date

Descriptions of columns

User
This is a unique number or reference number identifying a specific user

Water type
Type of water that was purchased, | e extra water.

Date
Date when the sale took place, and will default to the current date

Volume (m”)
Volume in cubic meters purchased

Receipt Nr
Receipt number of the transaction

Amount
Amount of the sale

VAT
Amount of VAT payable,
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Total
Total amount of the sale, and will be calculated automatically
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CHAPTER 7 DATABASE MANAGEMENT

7.1 BACK UP

A back up is very important, and if possible, a back up should be done every day WAS compresses the
database using pkZip or any other similar program that s specified by the operator. To do a back up,
select Scheme|Back up from the main menu

Zpomiie |c\was\okrp exe

Paameters: |3 & wash 29 wash odb
Soucedr o \was

xew| [V ]

Figure 57 Back up

Zip exe file
The name and path of the executable file used to create the backup

Parameters
Parameters that need 1o be specified for the backup such as backup filename and files to backup. Refer
to the documentation on the backup program that is used for any further details

Source dir
Default path for the files to backup
7.2 RESTORE

WAS restores a backup using pkunzip or any other similar program that is specified by the user. To
restore data, select Scheme|Restore from the main menu

Restore

Unzip exe fle. | \weas\phurep exe

Pasmeters.  |awash 7p

Destination dr |c \wad

Figure 58 Restore

Unzip exe file
The name and path of the executabie file used to create the backup

Parameters

Parameters that need to be specified for the restore such as the path and filename to restore.  Refer to
the documentation on the restore program that is used for any further details
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Destination dir
Default path for the files o restore

7.3 EMPTY DATABASE

To empty the database, select Scheme|Empty database from the main menu Please note that a
password is required for protection

7.4 CLEAR ACCOUNTS

To clear all accounts, select Scheme|Clear accounts from the main menu Please note that a password
is required for protection
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CHAPTER 8 CALCULATING DAM OPERATING PROCEDURES

WAS has the capabilty to calculate operational procedures for a dam to meet certain downstream
irrigation demands, in stream flow requirements (IFR), diffused inflows and any other inflows or outflows
that can be quantified The program takes any losses such as evaporation, transpiration and seepage
into account.  The calculation of the evaporation and transperation losses can be reach spedific by linking
a different weather station to every reach. The lag times are calculated using the average velocty in
every reach.  The average velocity in every reach is calculated using the Manning equation. The program
handles any user-defined cross-sections such as river sections. There s no limit to the number of
reaches that the program can handle

The following paragraphs describe the dally data needs, the operational steps and some questions and
answers on the subject.

8.1 OPERATOR DAILY DATA NEEDS

Some of the daily data that an operator needs can be captured in advance This is data such as the
irrigation demands that will be based on imgation schedules supplied by irmgators. An operator will need
the following data on a daily basss:

Indicator site data.

IFR values for the specific site. This can be generated by WAS using the indicator site data.
Diffused inflows downstream of the dam

River inflows downstream of the dam.

Irrigation demands

Industrial and household demands.

Weather station data for the calculation of evaporation and transpiration. The minimum data
required to do the calculation is minimum and maximum temperatures |If a weather station is not
linked to a reach, the operator can specify default values.

« Indicator site data such as the date, time and discharge values.

8.2 OPERATIONAL STEPS

The basic steps to calculate operational procedures for a dam are the capturing of weather data, imgation
demands, update indicator site flows, industrial and household demands, river inflows, generating IFR
data from indicator site values and to calculate and print the dam settings. The following flow diagram
displays the operational steps that need o be done to calculate dam settings.
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Figure 59. Operational steps

8.3 QUESTIONS AND ANSWERS
8.3.1 HOW DO | CAPTURE THE WEATHER DATA?

Automatic weather station data can be captured or imported into WAS from text files  The weather data
15 used by WAS dunng the water release calculations to calculate evaporation and transpiration losses for
each reach of the canal or river. It is possible to knk a different weather station to every reach but if no
weather station is specified default values specified by the user are used To go to the weather stations
form select Input{Water[Weather stations from the main menu See paragraph 36 for a detailed
description on weather station data.

8.3.2 HOW DO | HANDLE WEATHER FORECASTS?

Weather forecasts are handled by capturing the weather data in advance WAS will use the forecasted

data where necessary, just remember to replace the forecasted data with the real data when it becomes
avalable

8.3.3 HOW DO | CAPTURE THE INDICATOR SITE VALUES?

The indicator site flow ratios form can be accessed through an ellipses button in the indicator site column
on the stations page of the measuring structures form. To access the measuring structures form select
Input{Water|Measuring stations from the main menu. Once on the measuring stations form select a
specific record in the Indicator site column and click on the ellipses button that will appear. If the field in
the indicator site column is empty, you must first specify the name of the indicator site you would like to
hnk. The indicator site and flow id must have a value

114




O\JC’M.’UN-‘
§
-

|
}

9 0c210 !
10_ 00261 .
) _“‘ o413 SABE 5
12 oSz :‘ ! | g

The normal editing keys can then be used to insert, update and delete records
8.3.4 HOW DO | GENERATE IFR DATA FROM INDICATOR SITE VALUES?
Go to the measuring stations form by selecting Input|Water|Measuring stations from the main menu

and then click on the generate Q from indicator site speed button.  The following date range form will
appear.
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WAS will then run through all the measuring stations and generate data for all sites that are linked to
indicator sites. Data will only be generated for the specified from and to date range

8.3.5 HOW DO | HANDLE DIFFUSED INFLOWS?

Diffuse inflows are handied as a point inflow within a reach. The diffuse inflows can be distributed over
an unlimited number of reaches that can be anything from 100mm to hundreds of kilometres in length. A

single measuring station describing a specific diffuse inflow pattern can be linked to an unlimited number
of reaches

8.3.6 HOW DO | CAPTURE IRRIGATION DEMANDS AND RIVER INFLOWS AND OUTFLOWS?

Any inflows and outflows in a river system are captured on the measuring stations form using the normal
editing keys to insent, update and delete records. Go 1o the measuring stations form by selecting
Input|Water|Measuring stations from the main menu.




8.3.7 HOW DO | CALCULATE THE DAM SETTINGS?
Dam settings are calculated using the following Calc date & time release form This form can be

accessed using the specific speed button on the canal network form (Input|Canal network) The user
needs to specify certain settings that are described in detail in paragraph 4.3,
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8.3.8 HOW DO | PRINT THE DAM SETTINGS?
Once the dam settings have been calculated (see paragraph 8 3 6), the user can print the settings by

e Chick on the Q vs Time page.

e Cick on the item on the tree view that you want to display. The corresponding release settings
will be displayed on the Q vs Time page.

e Click on the print speed button to print the settings,

8.3.9 HOW DO | CALIBRATE THE LAG TIMES?

The Cv-coefficient on the canal nefwork form I8 used to calibrate the lag time for every reach.
average velocity in every reach is multiplied by the Cv-coefficient to calibrate the lag time for every reach.
This means that a bigger Cv-coefficient will result in a shorter lag time for the reach The properties
calculator can be used 1o analyse any reach. See paragraph 4 4 for more details.

All the Cv-coefficients can be changed at once by using the change data form on the canal network form.
To open the canal network form select InputiCanal network from the main menu. To open the change
data form, use the change data speed button on the toolbar or select Tools|Change data from the menu.
See paragraph 4 6 for more details.
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1 Introduction

Thas program allows you to display and edit mapping information. The electronic map consists of
several layers, each of which contains features such as lines and/or points. The geographic
information system (GIS) is designed to link to the WAS, RiskMan and SWB databases and display
relevant information on a map. The GIS program is also developed as an editing tool to create and
edit maps to be used with the different databases.

The GIS can manly be used by irrigation schemes as a management tool to display relevant
information from the WAS, RiskMan and SWB databases on their irrigation scheme map. The main
benefit from using a geographic information system is the fact that data can be displayed spatially on
amap. This gives the user a much better understanding of the data and a tool to analyze the data in
different ways. As a management tool it is much easier to do planning on a map and to communicate
information to subordinates.

[(
_\/._'_,—«3--41

No acthve layer > > 1520.5 (2yw, nwea |
Figure 1 GIS main form

The GIS program is written in Delphi 5 (Inprise Corp.) and uses Mapinfo MapX ActiveX (OCX) control
for the mapping technology. The program has the capability to link to Paradox and Interbase
databases and display relevant information on a map. The GIS provides standard tools including

* Navigation tools (Zoom-in, Zoom-out, Pan, Centre) that let the user change the scale and
placement of the map.

A labelling tool that lets the user click a map feature to label it

A set of selection tools that give the user varnous ways to select map features.

A thematic mapping tool that is used to analyze point and range data

A map layer tool that is used to create different layers to display specific information. The
user can show or hide layers depending on the detail that needs to be seen

An editing tool to create lines, join knes and spiit lines

* Bookmark tool that is used to save and retrieve different views of a map.
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The actual data for a single layer is stored in a file (with extension .tab). To display a combination of
layers, a geoset file (. gst extension) is used The geoset file specifies which layers should be
displayed and how they should be displayed, i e what color to use, what line type. etc
2  Status display
The status bar at the bottom of the main window displays the following information:

o First panel Currently active layer. This is the layer where items can be edited, deleted

and added.
e Second panel. Displays the current zoom level The zoom level is the distance represented

on the screen from the left side of the visible part of the map to the right side
of the screen.

e  Third panel: Displays the current coordinates in degrees, minutes and seconds
3  Map Layers
A map layer is used to represent items of a similar type, i e to represent all the farms a farm layer is
used, and to represent the rivers a river layer is used. Il is possible to create any number of layers,
each one for a specific type of item. In the standard data supplied the following layers are defined:
e Farm layer (consisting of region items)
* River layer (consisting of region items)
« Canals (consisting of line items)

« Dams (consisting of region items)
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Figure 2 Map layer selection

3.1 Create a new layer
To create a new layer, select “Edit, New layer” from the main menu and enter the following

e The name of the layer (this is a short name to describe the type of items to be saved in the
layer); and




o -

e The actual file name, which will be used 10 save the map data.

3.2 Change the way a layer is displayed

To change the way a layer is displayed, select “Edit, Configure Layers” from the menu. Select the
layer, click on “Display” and then under “Override style® select the way items are 1o be displayed.

Note: When changing layers, never change the “Drawlayer” and “EditLayer” layers. These are
temporary layers used intemally in the software and should not be changed by the end user.

4 Keyboard shoricuts
When using the map, the following keys can be used:

Del Deletes currently selected item. Remember, deleting an item permanently deletes it from the
layer data file. Keep backup copies of data!

F6 Start editing a line or region features. After selecting a feature, pressing F6 breaks up that
feature into the individual points it is made up of. These points can then be moved, deleted
and new points can be added.

F7 Merge two line features: When two line features are selected, pressing F7 will connect the
two endpoints to form one continuous line feature.

F8 Split single line into two lines: When busy editing a line feature and with a single point on the
line feature selected, pressing F8 will split the original line into two separate line features

Ins Insert new point into line or region feature: When busy editing a line or region feature,
pressing the Insert key will insert a new point into the line or feature just prior to the currently
selected point.

FS5 Go 1o specific coordinates: When pressing F5 you can enter the actual coordinate values to
position the cursor. These values are entered in degree, minute and second values. If busy

dragging a single point (either standalone or as part of a region or a line) F5 will change the
coordinates of that point to the entered value.

F2 Rename feature. With a feature selecled, pressing F2 allows the user 10 enter a new name
for the feature.

5 Navigation

When viewing information on the map it is necessary to zoom in and out, and 1o pan the map left,
right up and down. ltems can also be selected to delete them or view information about them.

In order to access these functions, the comrect mapping tool must be selected. The following map
tools are included:

e Zoomin When this tools is selected, clicking anywhere on the map zooms into that
point. It is also possible to click, and while keeping the mouse buttons down,
select a rectangle. The selected rectangle will, when the mouse button is
released, be selected 1o fill the whole viewing area.

e Zoom out When this tools is selected, clicking anywhere on the map zooms out from that
point.




e Pan When this is selected, chck any point on the map and while keeping the mouse
button down, move it in any direction. This will move the center point of the
map in the direction the mouse is moved.

o  Select With the selection tool it is possible to select indwidual items or groups of items
Clicking on an item will select it. If the “Citrl” button is pressed while clicking,
multiple items can be selected at the same time. Note: Only tems from the
currently active layer can be selected The currently active layer is displayed at
the bottom of the screen. To change it, select “Edit, Set active layer” from the
menu,

6 RiskMan, WAS and SWB GIS integration

The GIS program has the ability query the RiskMan, WAS and SWB databases and display the
relevant information on a map. Two types of data can be displayed, the first type is point data and the
second type is range data. The range type displays data for different ranges in user specified colors
The following two figures display parts of the Loskop and Orange-Riet GIS map respectively.
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Figure 3 Loskop GIS map




Figure 4 Orange-Riet GIS map

6.1 Display database information

The following figures display examples of data that can be viewed from the different databases. By
selecting a farm on an active farm layer, the details of the owner can be displayed. By selecting a
canal on an active canal layer, the canal details can be displayed. By setting up a specific theme,
thematic information can be displayed such as the number of different crops on an irmgation scheme
and where they are planted
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Figure 7 Thematic information display
7  Find feature

The GIS program has features to find specific information on a map. The following forms display how
to:

 Find a specific feature. Select Edit|Find from the main menu or press the F3 key.

* Find a group of features within specified ranges. Select EditjAdvanced find from the main
menu

* Go to spectfied coordinates.  Selec! EditjCoto coordinales or press the F5 key
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Other related WRC reports available:

Facilitating irrigation scheduling by means of the soil water balance model

JC Annandale, N Benadé, NZ Jovanovic, JM Steyn & N Du Sautoy

The interest in scheduling irrigations with crop growth computer models is rapidly
increasing, particularly since personal computers have become accessible to crop
producers. Most of the existing models, however, either are crop-specific or do
not simulate daily crop water use. Some models are relatively simple to use for
planning purposes, but do not allow real-time scheduling. Other models
accurately describe the complexity of natural processes. This makes them
suitable for research purposes, but they are generally not applicable in practice
due to the large amount of input data required and lack of a user-friendly
interface.

The soil water balance (SWB) model is a mechanistic, real-time, generic crop, soil
water balance, irrigation scheduling model. SWB gives a detailed description of
the soil-plant-atmosphere continuum, making use of weather, soil and crop
management data. It thus largely overcomes the problems of other models for
irrigation scheduling as indicated above. However, since SWB is a generic crop
growth model, parameters specific for each crop have to be determined

Calibration and validation of SWB with independent data sets of relevance for

irrigation scheduling were required in order to establish the reliability of the model
in representing the real-world system.
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