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EXECUTIVE SUMMARY

The overall project is divided into two volumes: Volume 1 reports on the micro and
regional models and Volume 2 on the macro-economic modelling part. For the sake of
completeness, this executive summary covers the entire project, i.e. volumes | and 2, and is

therefore duplicated in both volumes.
NEED FOR THE RESEARCH:

Background and problem statement

Despite the fact that the Northern Cape is the largest province in terms of land area in
South Africa, covering almost 30% (361 830 km:) of the total arca (1 219 090 km:) of the
Republic of South Africa. the Northern Cape’s economy is considered the smallest
amongst all the provinces. This economy rests basically on three pillars, namely

agriculture, mining, and community service.

Water shortages are a looming threat for agricultural as well as urban users in South Africa.
Irrigated areas account for about 30 percent of agricultural production in South Africa, so
growth in imigated output per unit of land and water is essential. Improved efficiency in
agricultural water use is required both to maintain productivity growth and to allow

reallocation of water from agriculture to urban and industry use.

Maximum productive efTiciency can be said to exist when the factors of production are
used in optimal proportions with optimal technology and are applied to those uses where
total value product is maximised. The economic welfare of the owners of the factors of
production is a function of the productive efficiency of the factors, and, in tum, the

economic welfare of the community is a function of the welfare of the factor owners.

Theoretically, provided that there are no externalities, each factor will be optimally
allocated (used) when the values of marginal product of that factor in various uses and
among competing users are equal. One of the conditions for perfect competition is that
factors are free to seek employment where they can bring maximum returns to their

owners. If factors are immobile because of transfer restrictions, the values of marginal
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products will probably be below optimum levels in current uses and the observed market

prices will probably reflect the lower productivity.

However, farmers are not direct users of water. The utility of imrigation water is indirect, as
an input to production of other goods demanded by consumers. Willingness to pay for
water would, therefore, depend upon the increased value of the output over and above the
cost of producing that extra output. This concept is referred to as producer surplus. As
product prices decrease, the derived demand for water tends to become more elastic. The
long-run value of water is estimated as the residual after retumns to long-run production
factors are subtracted from the short-run value estimates. Kulshreshta and Tewari found
that only under high-price scenarios for products is there a long-run return 1o water, i.e.
greater than zero. For low-price scenarios they found a negative return to water. indicating

that the costs of fixed factors of production were not fully recovered

The Water Research Commission (WRC) recognised the need for research to determine the
effect of market risk on the efficient allocation of water and the multiplier effects of
irrigation agriculture. They also recognised the need to develop a policy framework for
irrigation agriculture that would reduce risks and improve the financial viability of the
individual farmers and of irrigation schemes. The Northern Cape was identified as an
appropriate case study area since irrigation agriculture makes a substantial contribution to
the provincial economy and since it is fairly easy to isolate irrigation agriculture from the
total agnicultural output of the province. The Department of Agricultural at the University
of the Free State submitted a project proposal to the WRC to address this research need

during 2000, and the project commenced in May 2001,
Aims and objectives of the rescarch
The primary objective of this project was to quantify the impact of market risk on the

efficient use of irrigation water and 10 determine the multiplier effects of irrigation

accompanied by a shift in production patterns, with reference to the middle and lower

Orange River. on the total economy of the Northern Cape. The sub-objectives of the project

included




1. Identifying and quantifying risk factors in irrigation agriculture;

-~
-

3. Comparing present water-use practices with optimal risk-reducing practices and finding

Developing a decision-making framework that farmers can use 1o reduce their risk;

reasons for deviations from the optimal; and
4. Developing a policy framework for irrigation agriculture that would reduce risk and

improve the financial viability of the individual farmers and of irrigation schemes.

The emphasis of the second part of the study falls on the quantification of changes in
market risk factors affecting irrigation agriculture on the wide economy of the NCP.
Volume 1 of the report addresses only sub-objectives 1-4, whereas Volume 2 covers the

remaining sub-objectives (5-8), including:

5. Identifving and quantifving the relevant products and economic sectors in the Northem
Cape economy:

6. Distinguishing between the irrigation and non-irrigation agricultural sectors;

7. Deriving the relevant coefficients for the Northern Cape from the national input-output
model by using the product balance approach; and

8. Developing a policy framework on effective water management for regions where

irrigation agriculture makes a major contribution to the economy.

As a result of the integrated nature of the policy frameworks proposed, i.e. sub-objectives 4
and 8, a combined policy framework covering risk and improved viability, as well as

effective water management, is provided in Chapter 7, Volume 2.

METHODS

Micro and regional economic modelling framework (Volume 1)

The literature review revealed that during recent years, the marketing environment has
become more risky and more volatile, in terms of both operational and strategic risk. The
literature review highlighted the importance of external help / tools that producers and
other decision-makers should use in developing risk management strategies. It is therefore
important to know what tools are available, the advantages and disadvantages of each tool,
and how they can be used individually or together to manage risk. This will help producers
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to become more effective managers and allow them to continue to be competitive in the

global marketplace.

The principal purpose of risk-return analysis lies in ranking alternative farm plans on the
basis of risk and examining trade-offs between nisk and mean income. However, analysing
trade-offs between risks (defined as deviations from mean income) and mean income is
subject 1o question, since risk is not expressed in a pure seénse, i.c. such a risk expression is
not independent of. but rather dependent on. mean income. Grove (2005) points out that
special additions to the methodology are necessary when using the Motad methodology in

multi-period models. These additions are discussed in section 2.5,

The literature abounds with models for analysing altemative water allocation mechanisms
and for analysing risk. The dynamic lincar programming (DLP) technique used in this
study has been extensively used in other countries. especially the USA and Europe. and in
SA. Any attempt to simulate the farm system should at least include the objectives of the
farm unit, the resources available to achieve these objectives, and the altiernative means of

achieving them. It is an extremely useful tool to analyse “what if”" questions

Within regional spatial modelling. the use of DLP has been limited by computer capacity.
It is only during recent vears that it has become both possible and practical to embed
several DLP whole-farm models in a spatial framework and to solve these models in a
reasonable time. The modelling framework that was developed in this study is probably the
most comprehensive and largest of its Kind ever atempted with the use of DLP in a spatial

context in South Africa.

Risk management in agriculture has become an important part of the management function
for primary producers, industry bodies and government alike. Analytical wols used as part
of a framework to aid decision-makers in formulating risk-management strategies can be
extremely useful. However. decision-makers will only use these analvtical tools if their
value can be proven in terms of making better decisions. Water allocation and water-use
cfficiency is an important component of the New Water Act (1998). It is therefore of

paramount importance to consider the impact of market risk on efficient water allocation

and water-use cfficiency. The first step in the development of a decision-making
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framework is to describe the system. In this study, the system is irrigation agriculture in the
Northern Cape (approximately 143 000 ha). The second step is to develop a modelling
framework 1o enable decision-makers to get a better understanding of how the system
reacts to impulses (negative or positive) from the outside (the environment). In this study.
the impulses are those with a direct or indirect link to the market risks discussed.

The description of the imigation regions of the Northern Cape enabled the researchers to
demarcate the total irrigation into 7 modelling regions. A farm survey of the regions
revealed major differences in farm structure and economies of scale for the northeast,
middle and western parts of the Vaal, Riet and Orange Rivers. From the farm survey data,
22 typical farms were developed to be included in the decision-making framework. There
is a large variance between typical farms and regions in terms of farm structure, labour use
per hectare, and the ratio between canal abstraction and abstraction directly from the river.
This is important in understanding the results of the models, since it will determine the
reaction of each typical farm to changes in parameters when scenarios are analysed.
Different typical farms will react differently when the same parameters are changed due to

economies of scale, farm structure, water usage, etc.

The intention of Volume 1, Chapter S, is to give the reader some kind of background to the
marketing environment for selected crops grown in the Northern Cape. The project team
realised that the information was already outdated at the time of writing, since the entire
modelling exercise was based on 2000-2002 prices. However, a decision was made to
update the information to 2006 values, and the results of this effort can be found in
Appendix A of Volume 1.

The development of any modelling structure is a dynamic process. There is always scope
for improvement as the computational capacity of computers increases and new
information and techniques become available. However, the models that were developed in
this project will add tremendous value when it comes to improving decision-making at both
policy level and farm level. The models have been tested (with the consent of the WRC) on
at least four case-study farms (three in terms of the affordability of irrigation water and one
in terms of the impact of minimum wages and land tax on farm profitability) in the region
and have proven to be extremely valuable (Louw, 2001a; Louw, 2001b; Louw, 2002;
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Louw, 2003). Several tests were executed to test the models for validity. including a simple
spreadsheet formulation calculated manually to replicate the model results. The authors are
therefore convinced that the models are both mathematically correct and that they produce

valid results

I'he models were developed in GAMS and solved with the CPLEX solver. The model
outputs for different scenarios are transformed from a “text” format into an Excel
spreadsheet for additional calculations to present results in a user-friendly format. The
model structure is efficient. since all the data files are linked to a single worksheet that is
compatible with GAMS. The data to run the models can thercfore easily be updated. A
defensible theoretical structure was developed to examine data intuitively and to permit
comprehensive evaluation. These theoretically structured models were then used to
illustrate the capacity of the models to analyse the impact of market risk on the efficient use

of’ water and to show the link between the regional model and the CGE model (Volume 2).

It was also pointed out that the development of both the typical farm models and the
regional models provides the analytical framework to analyse alternative risk-reducing
strategies (sub-objective 2). The table-grape scenario is an extremely useful case study.
since it contains all the elements to illustrate how a lack of marketing information can lead
to non-optimal resource allocation and to suggest risk-reducing practices whereby the

situation could have been managed in 2 more effective way

Macro-economic modelling framework (Volume 2)

In order to achieve the objectives covering the macro-cconomic part of the study, the
project team originally proposed the use of an input-output (1'O) model by means of the
product balance approach. The literature on macro-economic modelling shows that it is a
very wide and well-rescarched field: however. new methodological frameworks are
currently in the process of being developed internationally (as is surely the case with most
other modelling fields). Following the intensive literature survey on macro-economic
methodologies. the project team recognised the advantages of using a Social Accounting

Matrix (SAM) - Computable General Equilibrium (CGE) modelling framework instead.

Among the most important advantages are the full circular flow and the inclusion of




transactions between institutions, which provides significantly more detailed information
for policy analysis purposes. This implies that a much more detailed analysis and therefore
more valuable information will be generated by the proposed CGE framework, largely

associated with the availability of social information in the economy.

The CGE model used for macro-cconomic analysis purposes is mainly based on the
standard static International Food Policy Research Institute (IFPRI) CGE model. The CGE
model was calibrated to a National Social Accounting Matrix (SAM) for South Africa by
the Provincial Decision-Making Enabling (PROVIDE) project. The calibration of the CGE
model to the SAM implies that the base solution of the CGE model literally duplicates the
original database or SAM, after which shocks or simulations can be applied with the
model. The IFPRI model is written to follow the disaggregating of activities, commodities,
factors and institutions distinguished in the SAM. Unlike other mathematical programming
models, a CGE model has no objective function but utilises the equations specified to
define the behaviour of the different actors in the economy (Lofgren et al., 2002). The
basic characteristics of the CGE model can be grouped into four segments (as explained in
Chapter 2 of Volume 2) including: 1) activities, production and factor markets, 2)

institutions, 3) commodity markets and 4) macro balances or closure rules.

In addition to the CGE model. economic multipliers that typically measure the nature and
extent of the impact or effect of an autonomous change/shock in a specific economic (i.c.
export) quantity on other economic quantities (i.e. employment of production) were also
calculated from the same SAM described above. Pyatt (1988) explains, however, that
multipliers show how an economy operates given a certain set of assumptions, which

should therefore be interpreted within the appropriate context.

Two key assumptions made by typical SAM-Leontief multiplier models are, firstly, that
fixed relative prices exist and, secondly, that perfect elastic supply conditions, i.e. excess
production capacity in all sectors, exist. Sadoulet and De Janvry (1995) explain that these
assumptions lead to the central assumption in this type of analysis that sectoral production
is completely demand driven and that the underlying production function assumes constant

returns 1o scale and no substitution among the different inputs.




Despite these shortcomings, in order to estimate the macro-economic impact of simulated
changes at farm (micro-economic) level. three sets of economic multiplies (i.e. labour,
production, and value added) are calculated from an aggregated version of the NCP SAM.
For purposes of calculating the multipliers. various accounts in the original version of the
SAM described above were aggregated. In terms of commodity accounts. all non-
agricultural commodities were aggregated. whereas all activities except for the agricultural
activitics in the NCP were aggregated. The same was done in terms of production factor
accounts and houscholds, where all accounts except the NCP labour factors and NC
households were aggregated. This aggregated SAM version used to calculate the economic
multipliers consists in total of 35 accounts (i.e. 7 commodities, 9 production activities, 8
factors of production, 6 houschold groups., a margin account. @ government account, a

capital account, and a rest-of-the-world account),

MAIN RESULTS

Results at micro-economic and regional-economic level (Volume 1)

The following conclusions can be drawn from the typical farm model results:

. The result of the CGE mode! corresponds with the observed reduction in table-grape
prices in the Orange River region. The CGE model calculated that the local farm-
level price (delivered in port) will decrease by 22% if the international price of fruit
is reduced by 20%. This result is important to illustrate the link between the CGE
(macro-economic) and micro-economic models

. I'he typical farm-model scenarios showed that a decrease of 20% in the price of table
grapes reduced the return on capital investment from 37.4% in the base 1o around
18.5% (reduction of more than 50% in net farm income). This represents a huge
decrease in profitability. It is also important to note that a 20°6 reduction in the price
of table grapes is an average in reduction. There is substantial variation between the
price that farmers actually receive. since it will depend on the markets where the
farmers sell their fruit and on the cost structure of the exporter. In this regard. farmers

can reduce their risk. For example, it was pointed out that a reduction of around 40%

is unfeasible (farmers go bankrupt), but on the other hand there will also be farmers




with a reduction of less than 20%, since they are actively involved in the marketing
of their product. From a risk management point of view, it is therefore important for
farmers to get involved in the marketing side of the supply chain. This is not only
true for table-grape farmers but for the farmers of all crops, as a powerful tool to
manage marketing risks.

It was also pointed out that marketing information is the key to managing marketing
risks. In this regard, industry organisations such as the Deciduous Fruit Producers’
Trust and the so-called Joint Marketing Forums (JMFs) should play an important
role. Within the JMFs, producers and exporters collaborate to share supply
information (crop estimates, fruit intake, and shipments) and demand information
(southern hemisphere shipments and price information for alternative markets).
Timely and accurate fruit intake and shipment information and the availability of
accurate market compliance and price information are obviously keys to efficient
marketing decisions. In this regard, government can play an extremely important role
in partnerships with industry organisations to develop information systems to
improve the accuracy and timeliness of information and thereby create an
environment where the private sector can take advantage of marketing opportunities
and reduce marketing risk.

The results also clearly indicated that a more diverse farming structure is a key
strategy when it comes to reducing marketing risks. The results indicated that the
optimum farm structure after a reduction in the price of table grapes is different to the
observed farm structure. If farmers had better marketing information and the skills to
interpret this information, they would have made different production decisions. The
results clearly show that the farm structure would have been more diversified. A
more diversified farm structure cnables farmers to absorb market failures more
cfficiently than with a specialised farm structure.

A huge increase in the price of raisins does not necessarily combat the reduction in
table grapes. Since sultana grapes are more flexible than other table grapes, the
results indicate that farmers do alternate between grapes for export and grapes for
raisins when the price of table grapes is reduced. It is, of course, not an optimum
market risk-reduction strategy, since farmers need to produce what the market wants.
What the market wants changes over time, and it will therefore not be feasible to

produce sultanas only. However, since sultana production represents approximately
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45% of the total wable-grape crop mix. it is to some extent part of the risk-reduction
strategy. This result also corresponds with the observed reaction of table-grape
farmers in the Orange River arca. It is not uncommon to hear industry leaders and
exporters talk about the “sultana factor™ creating enormous challenges for crop
estimates, since it is unknown before the season how many farmers will convert from
grapes for export to grapes for raisins.

An extremely difficult result of marketing to manage risk is its impact on land value,
Since 2002, the observed market value of land has been reduced by more than 50%.
Farms purchased in excess of R150 000 per ha have been auctioned off for less than
R70 000 per ha. The impact on financing should be obvious, since financers react to
the observed value of land when their security is reduced. Farms that were solvent
became insolvent over a short period simply because of a revaluation of the property.
The analysis shows that the model results are consistent with what has been
observed. The average capitalised marginal land value decreased from R204 000 per
ha (base) to R107 000 per ha with a 2076 reduction in the price of table grapes. One
way of managing this risk is 10 ensure that financing decisions are highly
conservative and that there is greater emphasis on the ability to pay than on property
value. A proper price and vield sensitivity analysis should accompany any
application for production loans. In the opinion of the authors, banks have also been
guilty in this regard. They should play an important role in reducing marketing risks
by being more conservalive and insisting on a proper sensitivity analysis,

Capitalised marginal water value decreases with a reduction in the price of table
grapes. These results are consistent with the micro-economic theory that the demand
for irrigation water is derived from the demand for irrigation crops. From a policy
point of view, this result is important. The spirit of the New Water Act lies in the use
of water at its highest value. The indirect effect of an inability to manage market risks
is that it creates potential for inefficient water use. It was pointed out that it is
extremely difficult to change the farm structure on a farm designed to produce table
grapes. However, if the farms were designed to be more flexible to cope with
marketing risks, the farms would have a greater ability to absorb marketing risks

It was also pointed out that a reduction in the cost structure of farms should be part of

marketing risk management. On the one hand. farmers and marketers should

continuously strive towards a reduction in production and supply-chain costs. while
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on the other hand, government should also play an important role in reducing the cost
of doing business. For example, agricultural labour, land and water policies should
consider the risks involved in agriculture (variation in crop yield and price, as well as
natural disasters).

¢  The importance of training farmers in market analysis and market intelligence was
pointed out. A casual observation in the region is that there are still many farmers
without adequate training to cope with the new marketing environment after
deregulation. It is especially the new emerging farmers and older farmers who fall
into this category. The Department of Agriculture in partnership with industry bodies
can play an extremely useful role in educating these farmers 1o cope with marketing
risks.

. Finally, it was pointed out that although only one market-risk scenario was
illustrated, the typical farm models can be extremely useful in testing risk-aversion
strategies for specific typical farms with different farm structures. Although it is
possible to suggest general risk-aversion strategies, it will be necessary to develop

very specific strategies for different regions, farm structures and farm sizes.

The results of the regional model drew more or less the same conclusions as with the table-

grape scenario with the following additional conclusions:

. The overall conclusion regarding the regional model is that the model is extremely
useful in indicating the direction in which water will trade in order to remove
inefficiencies from overall water allocations.

. By analysing scenarios with and without water trade, it is possible to theoretically
identify regions with surplus water and inefTiciencies in water allocations on the one
hand, and on the other hand to identify the regions with water shortages,

. The analysis shows that approximately 10% of the total allocation of water-use rights
in the Northern Cape went unused during 2002. Most of the unused water was in the
western regions below Boegoeberg. On the other hand. the analysis showed that there
was a shortage of approximately 8 600 ha (77 million m’) in the Vaalharts region. It
can therefore be concluded that farmers cither extract more water than their allocation

or they do not irrigate optimally (sub-optimal irrigation). The authors are of the
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opinion that the latter is most likely the case, since the DWAF uses acrial
photographs to identify these farmers and the penalty for over-abstraction is severe.
When the price of table grapes is reduced by 20% and it is not possible 10 make
structural changes, the total net output of the Northem Cape is reduced by R6.33
billion over 20 years or R316.5 million per annum (this is the cumulative effect of a
reduction of 20%6 in the price of table grapes over 20 vears). This figure gives an
indication of the cost of “not knowing".

The analysis also indicates that if farmers can make structural adjustments, they will
change their farm structure to adjust to the reduction in the price of table grapes.
When water trade is possible. it can contribute to reducing the impact slightly.
However, the results indicate that there is no significant difference between the
scenarios where structural change is possible and the same scenarios but with water
trade. This means that inefficiencies will be removed from the system through a
combination of structural changes and the reallocation of water.

When water trade is activated in the model. most of the trade is towards Vaalharts
This result can be explained by the calculations that were made to determine where
water shortages exist. In general, water flows from regions with unused water to
those with a shortage.

It was also pointed out that the wheatmaize double-cropping system requires
between 9 150 and 15 000 m’ depending on cultivar (early/late). It is therefore
obvious that in a region where the average water-use allocation is 9 000 m’, double-
cropping is impossible unless crops are irrigated sub-optimally.

The reduction in the net farm income per region is almost identical 1o that of the
tvpical farm model for Augrabies/Blouputs. This is 10 be expected. since the same
data is used in each of the models.

Significant structural changes are induced by a reduction in the price of table grapes.
Although this is not shown in the results, most of the changes in long-term crops are
towards olives, pecan nuts, citrus, and luceme. This result is important, because
similarly to the typical farm model. the importance of a diverse farming structure
when it comes to coping with market risks is emphasised

It was also pointed out that the impacts of a long-term market trend (such as the

reduction in the price of table grapes) pose serious long-term financial problems for

farmers. Even if they wish 10 make structural changes, their financial situation and




the reduction in the value of their properties prevents them for securing finance 1o
make these changes.

The analysis also shows that there is a substantial increase in land and water use in
the Vaalharts region when trade is possible. Land use increases from 119% to 138%
when the calibration restrictions are released and water trade is possible. Overall
water-use efficiency increases, since water can relocate from water-surplus regions to
water-shortage regions.

The crop water usage per hectare is also an indication of water-use efficiency.
Although water markets induce an increase in total water usage, the water
requirement per hectare decreases when water trade is activated.

The results also show that crop water usage per hectare increases when the price of
table grapes is reduced. This result indicates that the structural changes induced by
the reduction in the price of table grapes will not necessarily be more water-use
cfficient.

An analysis of capitalised marginal water value reveals important information. The
analysis clearly shows that in general, water trade is towards the regions with the
highest marginal value for water, from the western regions to the north-castern
regions.

Although relatively large volumes of water trade over the 20-year planning horizon,
less than 1% of the total annual water allocation is traded.

Water tariffs are a major issuc for irrigation farmers and for government. To get some
insight into the impact of water tariffs, several scenarios with trade, without trade,
and with a reduction in crop prices were analysed. These scenarios fall into the
category of the impact of input-cost increases on farm profitability and also on the
ability to absorb market risks. The following can be concluded from the analysis:
Water tariff increases in the order of 100-200% have not been uncommon in the
Northern Cape since 2002, with a significant increase being observed in especially
the taniff for direct abstraction from the river.

Water costs as a percentage of total production cost vary between less than 1% for
most long-term crops and between 5-12% for short-term crops. It is therefore obvious
that increased production costs will impact more negatively on farm profitability in

the regions where the majority of crops are short term.
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This result indicates that without water trade, the impact of a 150% increase in water
tariffs is a reduction in the total value (objective function value) of imigation farming
by about 3.4%. This amounts to a cumulative effect of R290 million in present-value
terms over the 20-year planning horizon.

I'he analysis also indicates that water trade reduces the impact of an increased water
tariff to some extent, since water is allocated more efficiently.

When the price of table grapes is reduced by 20% and grain by 10%, the result is
significant since it is a fairly realistic scenario that has unfolded over the past few
vears. The results indicate that grain farmers can now not absorb more than a 110%
increase in water tariffs. However, at the same time, it is also pointed out that not all
farms arc in the same position. The impact on the regions where long-term crops are
produced is insignificant.

The total net farm income is reduced by 9.9% when crop prices are reduced and
water tariffs are increased by 110%.

The results also indicate that structural changes are insignificant at the base analysis
crop prices when water tanifls are increased. However, when crop prices are reduced,
significant structural changes take place, but they are induced not by higher water
tariffs but by the reduction in crop prices.

At a water tanfl increase of 250%. total water usage only declines by approximately
6.8%. This result is consistent with the results from other studies indicating a highly
inclastic water demand function for agriculture and specifically for long-term crops.
Also, this result indicates that when crop prices are reduced and water tariffs are
increased. the net result will not necessarily be a reduction in total water usage, since
farmers will make structural changes and the new structure may use more water.

I'he results reported in the two bullets directly above are important from a water
demand management point of view. indicating that water tarifls in agriculture are not
necessarily an efficient tool to induce more efficient water use. There are other
market-related factors that carry more weight when farmers make crop-production
decisions.

In general, capitalised marginal water value increases in all regions as water tariffs

are increased. This result is even clearer when water trade i1s activated. Table 7.51

shows huge increases in the marginal value of water, especially when water tariffs are




increased by more than 150%. The explanation for this result is that increased water
tarifTs increase the scarcity value of water.

e The water trade results are similar 10 the table-grape scenarios in that water flows
mainly to the Vaalharts region. The result also indicates that more water will trade at
higher water tariffs. Also, the results indicate that when crop prices are reduced, there
will be a reduction in water trade compared to a scenario with the same water tariff
but with base crop prices.

. The results also indicate that when crop prices are reduced and water tariffs are
increased, trade increases substantially from about 6.8 million m’ to approximately
22 million m3. This result is important, since it shows that a reduction in crop prices
increases the sensitivity of farms to increased water tariffs. The result of these
scenarios also shows that the water market becomes more active. Although the total
volume of trade towards Vaalharts increases (139 million m’ compared to 104.9
million m" in Base C), the relative contribution to total trade decreases. The reason
for this (although it is not shown in the analysis) is a significant increase in crops

such as citrus, pecan nuts, and olives.

Results at the macro-economic modelling level (Volume 2)

The results for the two different macro-economic methodological approaches, i.e. the CGE
model and the economic multiplies, are presented. In the case of the CGE model a 20%
decrease in the world fruit price was simulated (abbreviated as PWEDECR). This shock
was simulated to quantify its impact with specific reference to irrigation agriculture within
the NCP. In addition, two alternative employment specifications were investigated. i.e. one
a full employment and the other where unemployment of the unskilled labour categories
was allowed. A critical and central assumption made at macro-economic level is that all
arable crops grown in the NCP are imrigated. In other words, due to the relatively low
rainfall, rain-fed arable crop production is virtually impossible and therefore negligibly
small in the NCP. Itis, however, important to remember that the SAM used in this analysis
is a national SAM for South Africa, with disaggregated detail for agricultural activities,
specifically within the NCP. Having said that, cognisance should be taken that if a tariff or
price (exogenous world price) of a commodity is "shocked”, it reflects a national change,
i.e. the tariff or price of the commodity is changed nationwide. In order to quantify the
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impact of the shocks on the economy of the NCP, sclected NCP variables were then
analysed. This was then treated as a top-down linkage approach to the micro-economic

(farm and regional) models.

For this purpose a commodity subset was created for arable crop commodities (labeled
CIARG in the GAMS model code). which included the following 7 agricultural commodity
groups: summer cereals (Cla). winter cereals (Cib), other field crops (Clc_e), potatoes and
vegetables (C1f), wine grapes (Clg), fruit (Clijk). and other horticulture crops (CIK).
Therefore it is assumed that if a shock is applied to arable agricultural production, the
effect thereof can be directly linked to irrigation agriculture in the NCP. It is, however,
important to note that this only applies to the NCP, given that the simulations are national,
as the rain-fed component of irrigation agriculture in the remaining parts of South Africa is
quite significant on a macro level. Some of the main results from the 20% decrease in the
world price of fruits include:

. I'he national GDP is reduced by 0.027%.

. I'he effect of NC1 and NC8 on regional GDP is found to be in contrast with the
simulated effects on the other six regions. Being the largest fruit-producing region in
the NCP, it therefore scems logical that the PWEDECR simulation will most afTect
NC1 (Gordonia. Namakwaland and Kenhardt) with a decline in regional GDP of
15.7%. followed by Kimberley (NC8) with a negative impact of 0.7%. The impact on
the remaining six regions is positive throughout. with an average increase of 7.7%.

. I'his high level of concentration of fruit production in one region (NC1) of the NCP,
as well as relative dominance of fruit in terms of the total agricultural output within
NCI. can be seen as the rcason for the relatively large simulated impact. NC8
(Kimberly), which has the second highest share of fruit output, expericnces a 0.7%
and 2.2% decrease in fruit output respectively for the full-employment and
unemployment scenarios as a result of the change in the world fruit price simulation.
Ihe fruit output of the remaining six regions, all with a regional fruit output share of
less than 4%, are expected 10 increase their fruit outputs, ranging between 6.6% and
8.6%. In contrast to NC7. which produces 3.5% of the total fruit within the NCP, the

simulated changes to all other NC regions can be disregarded, as the changes are

from such a small/insignificant base.




The intermediate input prices for the majority of the activities accounted for in the
model experience a decline ranging between 0.27% and 0.03%. Certain NCP
agricultural activities, namely NCI, NC4, NC6, NC7 and NC8, all experience a
decline in their respective output prices, ranging from a low of 0.1% for both NCé
and NC7 to a maximum decline of 1.5% for NC1. From the reported declines in the
NCP activities, the positive correlation between the producer price decline and the
share of fruit production within each region is clear. For example, the largest decline
in activity producer prices (1.5%) for NC1 corresponds to the fact that fruit is the
most dominant commaodity (64% of the total output quantity) produced within NC1.
Similar NC8, which has the second highest fruit output share (13.6%), recorded the
second highest decline in activity producer prices with the NCP. In terms of the
other provinces, the Western Cape (WC), Eastern Cape (EC), Limpopo (L.P) as well
as Mpumalanga (MP) also show a decrease of 0.7%, 7.3%, 10.5% and 12.6%
respectively in their activity output levels. Again, it should be kept in mind when
interpreting these changes that the relative importance of fruit as a commodity within
cach production activity (i.c. region) plays a pivotal role in the magnitude of the
simulated change.

The largest negative impact felt among the cight NCP activities are in NC1 with an
estimated R199 million decline in total value added, followed by NC8 with nearly R2
million. The value added in other provinces like WC, EC, LP and MP also decreases
by between R67 million for WC and R488 million for MP. The relatively significant
change in total value added experienced by NC1, LP and MP all result from the
relatively large share (>10%) in the quantity of fruit produced within the specific
activity,

The domestic supply prices (of commodities produced and sold domestically) of
potatoes and vegetables (3%). other field crops (0.94%), summer cereals (0.29%) and
other horticulture (0.15%) increase for both employment scenarios, while the
corresponding prices of fruit (8.3%) and winter cereals (1.9%) are negatively affected
as a result of the decrease in the world fruit price.

The quantity of fruit exports decreases by 37% on average for both employment
scenarios.  In addition 1o fruit exports, the export quantity of all other arable crops
(with the exception of winter cereals, which increases by nearly 5%) decreases by

between approximately 1% for summer cereals and 11% for potatoes and vegetables.
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On the import side, the simulation shows a 15% decrease in the quantity of fruit
imports, again with an insignificant difference between the two employment
scenarios.  The decrease in fruit imports is probably substituted for by locally
produced fruit no longer exported as a result of the lower world fruit price. The
imports of summer cereals (0.2%), other field crops (0.6%) and potatoes and
vegetables (5.5%) increase as a result of the simulation under investigation, whereas
winter cercals and other horticultural imports also decline similar to the fruit imports
With regard 10 the semiskilled and unskilled labour categories employed in the NCP,
African labour increases by 0.4%., whereas Coloured and White labour decrease by
1.1% and 2.2% respectively Overall for all provinces. the largest decline
experienced is in semiskilled and unskilled White labour residing in the NCP, i.e. -
2.2%. On average the simulated employment levels of all semiskilled and unskilled
labour categories are down by 0.4%

['he rate of return to land as primany production factor increases marginally by 0.2%
on average for the country as a whole following the 20% decrease in the world price
of fruit. More specifically. the return to land in the NCP increases on average by
2.7%. However. underlving this positive impact is the fact that the major fruit-
producing regions in the NCP (NC1 and NC8) are affected negatively.

Resulting from the world fruit price shock, 18% (7 out of 39) of the national
household (HH) categories increase their consumption expenditure by 0.18% on
average for both the full-<ecmplovment and the unemplovment labour scenarios. The
average decrease in HH consumption expenditure for the remaining 32 HH categories
1s 0.3% for the full-employment and 0.42% for the unemployment labour scenario
With regard to the equivalent varniation (EV), a welfare measure indicating whether,
in terms of the money equivalent. the HH is better or worse off as a result of the
shock /simulation. the HH residing in the NCP are R31 million worse off as a result of
the fruit price shock. which is the net result of a R3.6 million increase in the total
welfare of NC African HHs and the R34.6 million decline in the welfare of the NC
Coloured and White HHs.

In the case of the full-employment scenario (PWDECR), the larger national
government deficit or (dis-) saving comes as a result of the larger decrease in

government income (-0.13%) compared to the decrease in government expenditure (-

0.08%)




e In the case of the unemployment scenario (PWEDECUE), government income
nationally decreases even further to (-0.2%), and with govemnment expenditure being
equal for both employment scenarios (-0.08%) the government deficit increases by

1.12% compared to the base (initial equilibrium).

The economic multipliers calculated use the same SAM as the macro-economic database in
the CGE case described above, but a slightly more aggregated version. Three sets, i.e.
labour, production, and value-added multipliers, were calculated for all activities in the
cconomy as a group in the SAM. The direct, indirect and induced multipliers, which sum
to total multipliers, are reported for all activities in Chapter 6 of Volume 2. These
multipliers were then used in the form of a bottom-up approach to simulate/quantify the
macro-economic impacts of the micro-level (farm and regional) simulations. Four micro-
economic scenarios were selected, all characterised by a 20% reduction in the price
(producer or farm-gate price) of table grapes, whereas they differ in terms of the variation
allowed in area produced, as well as water trade. Scenario 2 is the same as the base with a
20% deviation allowed in long-term crop area, whereas scenario 5 represents a 60%
permitted deviation in the long-term crop area. Scenarios 9 and 12 are respectively the
same as scenarios 2 and 5 above, but with water trade allowed. The annual and long-term
(20-vear) objective function value of the regional level (micro-economic) model was used
as proxy to illustrate the macro-economic impacts. Some of the main multiplier results
include:

Labour impacts:

. According to the annual R1 264 million output from irrigation agriculture in the NCP
(from the micro-economic model), 17 828 full-time jobs (direct) are created within
irrigation agriculture within the NCP, which leads to an additional 3 580 full-time job
opportunities in the industries supplying production inputs to irrigation (i.c. indirect
effect). In terms of the induced effects, a further 12 547 full-time jobs are created as
a result of the demand for consumables created from the wages and salaries paid out
in the direct and indirect sectors. The total employment effect therefore amounts to
33 955 full-time jobs created from the R1 264 million worth of output in irrigated
agriculture in the NCP.
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Scenario 2 (see Volume 1) results in a 33% or R316 million decrease in the objective
value or output from regional irrigation agriculture, which in tumn results in a total
lost of 8 505 full-time jobs, consisting of 4 465 farm-level (direct) jobs, 897 input-

supplying industry-level (indirect) jobs, and 3 143 induced job opportunities

Production impacts

Ihe R1 264 million output from irrigation agriculture in the NCP results in additional
indirect production to the value of R778 million and an induced production demand
of R1 827 million. aggregating 10 a total production (output) of R3 869 million.

In the case of scenario 2, total production decreases by R969 million as a result of the
20%6 decrease in the farm-gate price of table grapes

When water trade is allowed the impact is less severe, with an observed decline in
total economic output of R793 in the case of scenario 9. An increase in total
production (R147 million) can be expected when structural adjustments are allowed
in long-term irrigated agricultural crops in the case of scenario 5. whereas the same
scenario - together with the possibility of water trade - results in a R321 million

increase in total economic output

Value-added impacts:

I'he R1 264 million increase in imgated agricultural output results in R796 million
worth of direct value added, R298 million worth of indirect value added. and R786
million worth of induced value added, indicating that each R1 worth of production
leads to an additional R1.88 worth of value added.

The ability of farmers to trade irrigation water results in a nearlv R100 million
improvement in agricultural and related value added However. when the model

allows structural adjustments in terms of crop areas, the impact is significantly

greater with an improvement of over RS540 million in total value added in both cases
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RECOMMENDATIONS

Micro-economic and regional-economic level (Volume 1)

The scenario results illustrate the extremely useful role that models can play in farm
planning and the formulation of agricultural policies. An attempt is also made to
point out the interaction between the CGE model, the farm models, and the regional
model. Although an analysis of several more scenarios could have added value, the
authors believe that these should be dealt with in a technology transfer project where
specific scenarios can be analysed in detail in collaboration with the various
stakcholders, with the results transferred to all relevant stakeholders.

Chapter 8 (Volume 1) of this report focuses on the development of a policy
framework to manage agricultural risks and specifically direct and indirect marketing
risks. It is pointed out that there is a clear role in managing market risks for the
individual farm, industry organisations and organised agriculture, provincial
government and national government. There should also be opportunities for public-
private partnerships to address and reduce many of the marketing risks. In this regard,
the authors propose that marketing risk forums should be established. These forums
should be on different levels, starting at the provincial level where local farmers and
service providers should identify and attempt to quantify potential risk factors. If they
cannot manage the risk factors within the local industry. the matter should be referred
10 a higher level that can deal with the issue. In this regard, industry-specific forums,
provincial forums and national forums could be extremely useful in creating
awareness of marketing risks and developing strategies and responsibilities for
coping with these risks.

The following recommendations are a logical outflow from the findings and conclusions:

The first overall recommendation is that a technology transfer project (TTP) should
be formulated and funded by the Water Research Commission. The authors believe
that the efforts to develop the analytical tools used in this study would all have been
in vain if there is no effort to implement them in the Northern Cape. It is impossible
within the scope of this report 1o conduct analyses and make recommendations




regarding all the potential risks for irrigation farmers. A TTP can address several
more scenarios and can be used to refine existing scenarios.

Flowing from this, it is proposed that a Northem Cape Agricultural Risk
Management Policy Framework (ARMPF) should be developed and that Marketing
Risk Management Forums (MRMFs) be established on different levels to discuss
marketing risks and to develop strategies to manage them. The analytical framework
developed in this study can play an extremely useful role in analysing these risks. It
is also proposed that innovative ways be found during the proposed TTP to fund
these forums. There are several possibilities; they could, for example, be funded
through statutory funds such as the WRC levy or through a partnership between
government agencies such as the National Agricultural Marketing Council (NAMC),
industry organisations such as the DFPT and Grain SA, and the financial institutions.

The MRMFs should be constituted in such a way that knowledgeable industry
representatives, financers, marketing experts and other experts in the supply chain are
represented in order to really make a difference.

It is also pointed out that marketing information is the key to managing marketing
risks. In this regard, industry organisations such as the DFPT and the so-called Joint
Marketing Forums (JMFs) should play an important role. Within the JMFs, producers
and exporters collaborate to share information on supply (crop estimates. fruit intake
and shipments) and demand (southern hemisphere shipments and price information
for alternative markets). The grain industry and other commodities do have industry
organisations that provide marketing information. However, it is proposed that there
should be more emphasis on market risk management.

lNmely and accurate crop estimate. crop intake. and shipment information, the
availability of accurate market compliance information and price information are
obviously the kevs to the efficiency of marketing decisions. In this regard.
government can play an important role in partnership with industry organisations to
develop information systems to improve the accuracy and timeliness of information,
thereby creating an environment where the private sector can take advantage of
marketing opportunities and reduce marketing risks. In this regard. the proposed
MRMFs could be important communication vehicles whereby market data and

information are collated. interpreted. and transformed into messages to be

communicated 1o irrigation farmers




The results also clearly indicate that a more diverse farming structure is a key
strategy to reduce marketing risks. In this regard, there should be a continuous
research effort to find alternative crops for the irrigation regions of the NCP.

One way of managing this risk is to ensure that financing decisions are highly
conservative and that more emphasis is placed on ability to pay than on property
value. A proper price and vield sensitivity analysis should accompany any
application for production loans. In the opinion of the authors, the major financial
institutions have also been guilty in this regard. They should play an important role in
reducing marketing risks by being more conservative and insisting on proper
sensitivity analysis. They should also be actively involved in the proposed MRMFs.
The spirit of the New Water Act (1998) is to use water at its highest value. The
indirect effect of the inability to manage market risk is that it creates a potential for
incfTicient water use. Since efficient water allocation and water use is a national
issue, there is a good argument for government to support innovative ways of
reducing market risks.

It is also pointed out that a reduction in the cost structure of farms should be part of
market-risk management. On the one hand, farmers and marketers should
continuously strive towards a reduction in production and supply chain costs. On the
other hand, government should also play an important role in reducing the cost of
doing business. For example, agricultural labour, land and water policies should
consider the risks involved in agriculture (variation in crop vield and price, as well as
natural disasters). The proposed MRMFs can potentially also make a important input
in the formulation of agricultural policies, even if it is just to make policymakers
aware of the importance of a low-cost supply chain as a strategy to cope with market
risk.

The importance of training farmers in market analysis and market intelligence is
pointed out. A casual observation in the region is that there are still many farmers
that do not have adequate training to cope with the new marketing environment after
deregulation. It is especially the new and emerging and older farmers that fall into
this category. The Department of Agriculture, in partnership with industry bodies,
can play an extremely useful role in educating these farmers to cope with marketing

risks. There is also a need 10 train farmers in whole-farm planning and in
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methodologies to analyse alternative crops and introduce them into an existing farm
structure.

By keeping transaction costs low, an active water market can be encouraged. When
water trade is possible, it can contribute 10 reducing the impact of market risks in the
long run, since it will encourage the relocation of water. However, the results indicate
that there is no significant difference between the scenarios where structural change
is possible and the same scenanos but with water trade. Therefore, incfTiciencies will
be removed from the system through a combination of structural changes (induced by
better market information) and the reallocation of water.

The results indicate that high water tariffs in agriculture are not necessarily an
cfficient tool to induce more efficient water use. There are other, market-related
factors that carry more weight when farmers make crop-production decisions.
Therefore. the conclusion is that an effort 10 provide farmers with better market
information will be more efficient when it comes to improving the efficiency of water

allocation and water use.

Macro-economic modelling level (Volume 2)

Compared to international standards and examples, the current South African water law is a

very well-written and thought-out part of the South African legislation. The major current

challenges with such relatively “new legislation™ rest with the implementation and in some

cases the interpretation of these regulations. Some specific policy frameworks or

institutional responses suggested to improve the effectiveness of water management

=

include the following:

* Due to the highly political nature of a strategic natural resource like water, it is
recommended that the DWAF, together with the implementation bodies created.
should strive to engage in managing water distant from political pressures to ensure
effective management and utilisation. This implies that the DWAF should become
more independent from government while still reporting to government.

It is estimated. for example. that four out of the ten water management areas
currently in deficit would change 10 a surplus with a 10%6 saving in current water-use

requirements (DWAF. 2002). Water-demand management (as a reconciliation

intervention) in South Africa is relatively underdeveloped compared to supply-side




v

management, despite numerous existing world-class examples of improved water-use
efficiency in some industrial and agricultural arcas that assist with the setting of
benchmarks and standards. Combined innovative technological development that
will only be possible via cutting-edge research in this field will ultimately advance
effective water use.

The inability to properly measure water flow may lead to the over-use (and hence the
likely inefficient use) of water. Further improvements in the enforceability of
volumetric allocation are likely to improve the effectiveness of water use in all
sectors, especially in irrigation agriculture, where water supply is constantly under
pressure. Stricter enforcement and incentives for “water savers™ should therefore be
implemented.

In terms of equity, the reallocation of water amongst user sectors is suggested as an
obvious and powerful option, with compulsory licensing supported by water-demand
management and the trading of water-use authorisations as a main enabling
mechanism (DWAF, 2002). This challenge calls for thorough and in-depth
multidisciplinary research in this field to generate innovative mechanisms that will
assist with the licensing procedure. It is particularly in this ficld that the macro-
economic modelling framework developed in this part of the study can assist to a
great extent with “what if”" policy or implementation strategies.

Water (re-)allocation through pricing and markets is proposed. but only under certain
conditions, for example preventing subsistence farmers from selling water rights for
short-term gain and rather promoting the leasing of water rights that may cnable these
farmers to raise cash for development. Provided that such a leasing arrangement is
done correctly in partnership (or in the form of a mentorship programme/agreement)
with commercial farmers already established in existing agricultural value chains, it
may help to facilitate the process of installing these subsistence farmers into
mainstream agriculture. In this way, PPPs should be nurtured, encouraged and
facilitated by the institutions involved in order 1o ensure and improve the current
effectiveness of irrigation water use.

Research in this field of virtual water can provide valuable information to irrigators
in terms of new developments or the re-establishment of current crops or cultivars.
Creating common public awareness among consumers of their individual water

footprint can therefore stimulate a more careful use of water. The reduction of virtual
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water in consumers’ diets may contribute significantly to water savings and therefore
the effective use of scares irrigation water. Government can therefore suppon
research on this issue of VW and also run public awareness campaigns on water
footprints in order to promote the effective use of this resource. According to the
World Water Council (2004) the effects of changing diets on water resources have to
be addressed through education. In this regard trading and manufacturing companies
could help 1o enhance awareness by publicising the VW content and food miles, for
example. of their products together with nutritional information.

I'he development of a code of conduct for irrigators, in close collaboration with all
role players involved. including the irrigation farmers, will assist in ensuring the
effective use of this resource. Such a code of conduct for irrigators can also be used
to outline the mandate of the DWAF and thereby distance itself from highly political
pressures. The role of the public sector therefore reduces to that of a watchdog,
ensuring that improved efficiency in water use and service delivery is not to the
determent of equity and social balance.

An integrated approach to irrigation-water management. with the advantages of such
an inclusive (i.e. bottom-up) management approach being in the very consultative
nature of this process. will allow farmers 1o ensure that their needs and therefore
inputs have beneficial outcomes.

Water charges should ultimately be on a full-cost-recovery basis for all water users.
However, the public nature of imigation-water infrastructure (dams, channels, ctc.)
often complicates such charges. which are often high and therefore subsidised. The
DWAF can also introduce incentives in terms of charges for irrigators to switch to
more cffective immigation technologies or higher-value (i.e. virtual water content)
crops

The macro-economic impacts and multiplier effects reaffirm that agriculture is one of
the main pillars of the economy in the NCP

From the simulated macro-economic results it is clear that any shock affecting
irrigation agriculture 10 some extent has tremendous repercussions on employment.
HH and govermment income, consumption expenditure and therefore the welfare of
HHs, especially in a province like the NC. It is therefore the responsibility of the

national and provincial government to ensure that the necessary support systems in

terms of efficient extension, operating capital as well as technical and marketing




expertise are available to the recipients or beneficiaries of these equity schemes. This
will require the full spread of services, since the support required by individual
farmers varies significantly. It is only when such proper support systems are in place
and functioning well that sustainable, efficient and effective water use can be
expected from these newcomers.

In order to be successful in all this, the creation of an enabling business environment
where transaction costs can be minimised will assist PPPs to be successful. In this
way, government can also improve the efficiency of service delivery by attracting
private investors and thereby also ensure technological improvements, as well as

better managerial capacity.

POTENTIAL USERS OF THE RESEARCH

The following uses/applications by different role-players in the agricultural fratemity are

envisaged:

Policymakers in imigation-water management as well as other agriculture-related
regulations can benefit from the modelling capabilities contained in the models
developed.

Management groups of WUAs can constructively apply these models in the
development of their business plans and negotiation processes.

PPP consortiums can base their planning strategies on the results of micro- and
macro-economic model simulations as shown in this study.

Farmers and the organised agricultural bodies to which they belong will find these
models extremely useful as part of a larger range of DSS in negotiation with

authorities on issues like land tax, water rates, etc.

DEGREE TO WHICH AIMS HAVE BEEN MET

This project has succeeded in quantifying the impact of market risk on the efficient use of
irrigation water by means of the farm-level and regional-level DLP model developed. In
addition to the multiplier effects quantified, selected macro-cconomic impacts are
quantified by means of the CGE model calibrated to the SAM database with disaggregated
details for the agricultural activities in the NCP.



Ihis project has succeeded in linking the micro- and macro-economic modelling
frameworks in order to better estimate the macro-economic impacts of micro-economic
shock and vice versa. Instead of the originally envisaged 1'O model in the objectives of the
original project proposal., a SAM (developed by the PROVIDE Project Team) was
calibrated to a static CGE model designed and adopted for the NCP. In addition, economic
multipliers were also calculated based on a similar, slightly more aggregated version of the
SAM. The project has therefore succeeded in quantifying the impact of market risk on the
efficient use of irrigation water, as well as the macro-economic impacts (including the

multiplier analysis) accompanied by a shift in the production pattems in the NCP

FUTURE RESCARCH NEEDS

. Regular updating of industry reports and models and the databases behind these as
more recent data becomes available

. More detailed investigation of the virtual water concept to determine the potential
benefits thereof for effective use of irrigation water in water-scarce countries like
South Africa.

. The incorporation of a time dynamic in the macro-economic model used. which is of

a static nature, in an effort to improve longer-term planning procedures

PROPOSED TECHNOLOGY TRANSFER ACTIONS

Finally. it is recommended that one of the first actions of the proposed TTP should be 10
inform decision-makers on all levels about the extremely useful role that models can play
in farm planning and the formulation of agricultural policies. This effort should also extend
to pointing out the interaction between the CGE model, the farm models, and the regional
model. Terms of reference for the TTP should be developed in close collaboration with all
stakcholders in agriculture in the NCP. As a minimum, it is proposed that the TTP provide
at least for the following

1. The establishment of MRMFs (even if it is only a pilot project) for at least grain and

~

fruit. Following the establishment of the MRMFs it is proposed that the TTP team
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go through an intensive exercise with these forums to run scenarios that they identify

as critical for their industries.

_IJ

An intensive model-implementation exercise with the Department of Agriculture of

the Northern Cape. In this exercise, they should be asked to identify the issues they

would want to analyse and, for example, to choose the 1op three.

3. A similar modelling exercise with the Department of Water Affairs and Forestry, as

well as with organised agriculture.,

Some of the main activities proposed for a formal Technology Transfer Project include:

o

Formal presentation of the results of this study to the national and NCP
departments of Agriculture, as well as Water Affairs and Forestry.

Workshops in the form of a road show to present the results to the irrigation
farmers, as well as the management of the WUASs in the NCP. The WUASs in the
Free State Province operating in close proximity to the NCP should also be
invited to attend. In addition, members of the management of organised
agriculture and agri-businesses will also benefit from these sessions.

More specific empirical application of the models developed to assist WUAs in

the compilation of their business plans and strategic planning sessions.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

According 10 Rosegrant (1995), the foremost challenge related to water scarcity in
developing countries is the need 1o increase the efficiency of generally inefficient water use
in agriculture, urban areas, and industry. Irrigated areas account for about 30 percent of
agricultural production in South Africa, so growth in irrigated output per unit of land and
water is essential. Improved efficiency in agricultural water use is required both to maintain
productivity growth and to allow reallocation of water from agricultural to urban and

industrial use.

Maximum productive efficiency can be said to exist when the factors of production are
used in optimal proportions with optimal technology and are applied to those uses where
total value product is maximised. The economic welfare of the owners of the factors of
production is a function of the factors’ productive efficiency, and, in tumn, the economic

welfare of the community is a function of the factor owners’ welfare.

Theoretically, provided that there are no externalities, each factor will be optimally
allocated (used) when that factor’s marginal product values in various uses and among
competing users are equal. One of the conditions for perfect competition is that factors are
free 10 seck employment where they can bring maximum retumns to their owners. If factors
are immobile because of transfer restrictions, it is probable that marginal product values
will be below optimum levels in current uses and that the observed market prices will
reflect the lower productivity.

According 10 Kulshreshtha and Tewari (1991), the value of an economic good can be
approximated by a measure of users’ willingness to pay for the good rather than go without

it. However, farmers are not direct users of water. Irrigation water has indirect utility as an
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input to the production of other goods demanded by consumers. Willingness to pay for
water would, therefore, depend upon increased output value over and above the extra
output production cost. This concept is referred to as producer surplus. As product prices
decrease, the derived demand for water tends to become more elastic. The long-run value
of water is estimated as the residual after retums to long-run production factors are
subtracted from short-run value estimates. Kulshreshta and Tewari found that only under
high product price scenarios is there a long-run return 1o water, that is, greater than zero.
For low-price scenarios, they found negative retum to water, indicating that costs of fixed

factors of production were not fully recovered.

The role of this proposed research project is obvious. given the risks involved (from a
socio-economic point of view) in not reacting to market signals and the impact on the
cfTicient water allocation. Lack of knowledge about the impact of market risks on efficient
water allocation can be categorised in at least three ways. First, there is the economic
impact of inefficient water allocation due to farmers® lack of knowledge about long-term
market developments. This role involves the issues of forward and backward linkages to
the local economy. economic feasibility, and social welfare. Only two studies had been
done in South Africa to determine the contribution of irrigated agriculture to the regional
economy in terms of output. income, distribution of income, and employment for irrigation
areas. This was for the Ramah scheme (Kirsten, 1989: Kirsten & Van Zyl, 1990)) and for
the Vaalharts scheme (Viljoen, e al., 1989). Second. there is the knowledge about the rules
for reducing inefficiencies through a better understanding of the relationship between
product prices, water value and alternative agricultural water uses. Third, this project will
also develop proposals to increase water allocation efficiency within a high-risk marketing

environment

According to Backeberg and Oosthuizen (1991). knowledge of the comparative economic
advantages and disadvantages of different schemes or regions is required before decisions
are taken to develop new schemes or to rehabilitate a specific scheme in favour of another.
In conjunction with scheme evaluation, the market potential of irrigation crops must be
studied with reference to, for example, the infrastructure, population growth, projected
supply and demand. and development policies in different regions (Kassier, Harrison, Tarr

& Rhodes, 1988). According to Backeberg & Oosthuizen (1991). this especially applies to

regions where agricultural products are processed locally and forward linkages are




expected. According 1o Groenewald (1991), crop selection and water allocation should be
optimised simultancously in irrigation planning. The major objective in economic ¢ost-
benefit analysis is to determune whether resource development will maximise or at least
increase the national income of society as a whole. Project cost and benefits must finally be
compared over time by discounting at a chosen interest rate and calculating various
decision cntena such as benefit-cost ratio. net present value, and intermnal rate of retumn
[hat project altermative ought to be chosen which will maximise cash flow relative to
capital resources used, so maximising value added at the same time and in tum maximising
the contnibution of capital o natnonal income. Where resources are not allocated optimally
due 1o producers’ reaction 1o incomplete market information, inefficiencies anse, and this

objective cannot be reached

F'he table grape industry in South Afnea grew by about more than 2007 percent singce the

-

19911992 scason up to the 20058 2006 scason
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Figure 1.1: Growth in the table grape industry (1991-2012)
Note: * Estimate

Source: OABS (2006)

A large proportion of this growth came from the lower Orange River arca, At present, the
arca produces about 30 10 32 percent of South Afnica’s expont grapes. This arca also

represents about 30 percent of the total arca planted with table grapes. Duning the
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1997/1998 season, about 4.5 million 4.5 kg cartons of table grapes were exported from this
region. This increased to about 7.5 million cartons during the 1998/1999 scason and to
more than |5 million during the 20052006 scason. Industry tumover in the Northern Cape
is about R650 million (measured in terms of the FOB value); about 6600 people are
directly employed and 26400 dependent; R1.6 billion is invested in production and
packaging infrastructure. It may seem there is a bright future for the industry, but the red
lights have been flickering for a long time. According to European newspapers, about 25
percent of the world economy is in recession. At the same time, new plantings of Southem
Hemisphere Table grapes are increasing at an alarming rate. From a resource allocation
point of view, the question can rightfully be asked whether a scarce resource such as water
is allocated optimally in the Orange River due to lack of market information on the side of
producers. Plummeting table grape profitability will have a tremendous negative impact on
the Northern Cape economy, where the livelihood of thousands of people depends on this
industry. If farmers were 10 react rationally to market forces, they would probably diversify
their farming operations. In the long-run, this would lead to more optimal allocation and

more cfficient use of resources.,

This study will generate knowledge on the impact of market risk on the economic
advantages or disadvantages of irrigation developments in the Orange River. The rescarch
effort will also contribute 1o providing solutions that will maximise or at least improve
individual farmers’ utility and general social welfare. The methodology and results will be

available to use in other catchments where similar problems exist.

1.2 OBJECTIVES

This project’s main objective is to quantify the impact of market risk on efficient irrigation
water use and to determine the multiplier effects of irrigation accompanied by a shift in
production pattemns with reference to the middle and lower Orange River on the total
Northern Cape economy.

Project sub-objectives are:

. To identify and quantify risk factors in irrigation agriculture.
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o develop a decision-making framework which farmers can use to reduce their risk
l'o compare present water use practices with optimal risk-reducing practices and to
find reasons for deviations from the optimal.

To develop a policy framework for immigation agriculture that will reduce risks and

improve the financial viability of individual farmers and irrigation schemes

['his volume of the report only addresses sub-objectives 1-4. The other sub-objectives are

covered in Volume 2. They are:

&

l'o idenufy and quantify the relevant products and economic sectors in the Northern
Cape economy.

l'o distinguish between the irrigation and non-irrigation agricultural sectors.

T'o derive the relevant coeflicients for the Northern Cape from the national input-
output model by using the product balance approach

l'o develop a policy framework on effective water management for regions where

irrigation agriculture makes a major contribution to the economy.

THE STUDY AREA

I'he study area includes the imgation areas on the Northemn Cape side of the Orange River

from Vanderkloof Dam to Douglas as well as all the imigation land from Douglas to

Alexander Bay. The study also considers developments on the Namibian side of the River

as well as 4000 ha of land identified by the Northern Cape Department of Agriculture for

the establishment of new farms or the upliftment of existing farmers. Figure 1.2 shows the

study area from Vanderkloof to Alexander Bay,

1.4

M ETHODOLOGY

I'he Orange River is an exceptionally good area to study the impact of possible inefficient

water use due 10 the lack of efficient market signals. Irrigated agriculture and specific table

grape production is the backbone of the Northern Cape economy. This makes the area

particularly vulnerable to inefTiciencies in water allocation and to agricultural market risks.
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The abovementioned makes it possible to determine how changes in market prospects for

agricultural products impact efTicient water use, what structural changes will be necessary

to increase efficiency, and how the rest of the local economy will be affected should

inefTiciencies exist. In order to complete the study successfully, certain processes were

followed. For the micro-modelling part of the study (in this volume), they are the

following:

A literature study was conducted on the following aspects: in this volume, the
theory of water use efficiency, water allocation, and responses in water demand
because of product price changes, agricultural risk management, risk modelling
methodology and risk measurement; in volume 2, methodologies to study the
economic impact of backward and forward linkages of imigated agriculture.

An investigation into the present water allocation system, land use, and the long-
term market prospects for the crops grown in the area.

Division of the Orange River into homogenous arcas for modelling and crop
budget purposes.

Compilation of difTerent crop budgets for the homogenous areas under difTerent
market scenarios,

A farm survey on a representative sample for homogencous areas.

Development of DLP's (Dynamic Linear Programming Models) for the different
homogenous areas and irrigation systems.

Calculation of the NPV (Net Present Values) of the cash balances with varying
discount rates. The discount rates will reflect the risks involved in cultivating

various crop combinations.

In volume 2, macro-modelling, the following steps were followed:

Development of input-output matrices to calculate backward and forward linkages.
Calculation of forward and backward linkages under different long-term market
prospects. This will include scenarios where inefTiciency exists as well as where

structural changes and reallocations are made to increase efficient water allocation.
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The research wols employed in the different micro modelling processes (this volume)

were the following:

. Dynamic Linear Programming models
. crop budgets

. spatiai equilibrium models.

Dynamic Linear Programming models are well documented as good research tools for
measuring the impact of macro- and micro-economic variables on whole farm planning.
Micro-combuds have specifically been developed by the Department of Agriculture to
link up with planning models such as DLP’s. Crop budgets for the different arcas and
irrigation systems were developed on the same basis as the Department of Agriculture’s
micro-combuds 10 ensure consistency for future research. With a spatial equilibrium

maodel, optimal water resource allocation can be found and compared to the existing one

1.5 DATAUSED

In order to construct a mathematical programming mode! which accurately represents the
Orange River system. various sources were consulted. A farm survey was conducted in
the Orange River with a structural questionnaire using a representative sample of 217
farms representing six identified sub-regions of the river. Most of the data used to run the

micro models were obtained from the farm survey

Enterprise budgets were compiled based on the Micro-Combud (Micro Computerised
Budget system) program methodology of the Department of Agriculture of the Western
Cape. This system ensures that the budgets all comply with accepted agricultural and

CCONOMIC NOrms

Price and vield data for long-term crops were obtained from Optimal Agricultural
Business Systems (OABS). OABS collects and processes this data for the Deciduous

Fruit Producers Trust (DFPT). Budgets for short-term crops of the Grickwaland-Wes

coop were used and adapted to be comparable to Micro-Combud methodology
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Water use entitlements for the different reaches of the river were obtained from the
Department of Water Affairs and Forestry. Water requirements were calculated with the
SAPWAT (Crosby & Crosby, 1999 ; van Heerden & Crosby, 2001).

1.6 CHAPTER OUTLINE

The study is primarily concerned with the impact of risk on optimal water allocation and

forward and backward linkages of irrigation on the total Northern Cape economy.

The present chapter is followed by an extensive literature review on issues relating to risk
management. The chapter concerned deals with risk management strategics, risk
management in South Africa, risk management and water allocation, risk measurement,

and risk modelling methodology.

Chapter 3 presents a comprehensive description of the Northern Cape irrigation regions
from Vaalhants to the Lower Orange River region, development projects in the irrigation

region of the Northem Cape, and developments in Namibia impacting on South Africa.

In Chapter 4, an overview of the farm survey and data is presented including the sampling
process, the survey results, a description of the typical farm, aggregation factors,

enterprise budgets and other modelling data.

This is followed by a chapter on the marketing environment, market prospects, and risk

factors for the most prominent crops in the region.

Chapter 6 is a description of the Lower Orange modelling framework including the

typical farm models as well as the regional spatial equilibrium model.

In Chapter 7, a modelling framework is employed to study market risk scenarios. The
final chapter consists of conclusions and recommendations regarding market risk-

management strategies.



CHAPTER 2

LITERATURE REVIEW

2.1 BACKGROUND

There is an abundant literature on risk management in agriculture. The intention of this
chapter is 1o give the reader a condensed summary of sources of risks in agriculture,
common risk aversion strategies, and the methodology to include risk in mathematical
models such as linear programming. Although this project concentrates on market risks, the

chapter also covers other potential risks.

Risk and uncenainty are inescapable factors in agriculture. Types of nisk include
production risk related to weather, crop and livestock performance, pests and discases,
market risks, government-influenced institutional risks, and personal or human risk. All

these risks constitute business risk which is further related to financial risk.

Farmers make decisions in a risky, ever-changing environment. The consequences of their
decisions are generally not known when the decisions are made, and their outcome may be
better or worse than expected. According to Patrick (2003), risky situations of concern are

typically those in which:

. there is a high probability of adverse consequences, or

. potential adverse consequences would cause significant disruptions.

There are two reasons that risk matters in agriculture. First, most people dislike risk in the
sense that they are averse to risk when faced with significantly risky incomes or wealth
outcomes. A person who is risk-averse will be willing to forgo some expected retum for a
reduction in risk. Evidence of farmers' risk aversion is reflected in many of their actions,
such as their willingness to buy certain kinds of insurance. Second is the issue of downside

risk. This refers to those situations in which significant deviations from the ‘norm’ more
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often lead 10 worse outcomes than to better ones. Crop vield. which depends on numerous
variables such as rainfall and temperature. provides an obvious example. Broad vanable
deviation from expected values in either direction tends to have adverse effects

(Wageningen University, 2002).

For Hardaker, Huime and Anderson (1997). risk management is the systematic application
of management policies, procedures, and practices to the tasks of risk identification,
analysis. assessment, treatment. and monitoring. For any organisation. be it a large
corporation, government agency. or family farm. risk management is, or should be, an
integral part of good management. It is a way for an organisation to balance scrious
potential losses against the opportunities for profit. Risk management is not a set of
procedures that are followed. once and for all, to “inoculate™ the organisation against risk,
since that is impossible in a turbulent world. Rather it is a continuous, adaptive process that
needs to be integrated into all relevant aspects of the organisation’s decision-making

process.

After dercgulation in 1997, the marketing environment in South Africa changed forever.
Farmers operate in a globalised economy where they not only compete with their fellow
farmers but also with other governments. In this environment. competition is strong, and
only the best survive. There is no place in the market for farmers who cannot produce a
quality product at a competitive price. Prices are not determined in South Africa: they are
determined by global market forces. Existing farmers and potential investors in the Orange
River irrigation region must realise this before they invest heavily in irrigation agriculture.
In considering any investment in this region. farmers must ensure that they can produce a
product competitively. They must first do the right things (effectiveness) and then do the

right things right (efficiency)

When considering profitability, people are often seduced by the potential of fruit and
vegetable production. Compared to most agronomic crops. these horticultural crops offer
the opportunity to produce a substantial income per ha. With this income potential,
however, come sizeable risks. These risks can be categorised as cither impacting receipts or

relating to production costs
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2.2 RISK MANAGEMENT

According to Miller, Bochlje and Dubbins (1998), farming has always been a risky
business, and increased openness to world markets, growing international demand, and

more global competition to supply these markets suggests even more risk.

2.2.1 Why do farmers not actively manage risks?

According to the USDA-RMA (2000). only about 5 percent of farmers in the USA are
using the available tools to manage production and financial risks. They identified at least

four reasons:

. Resistance to change. In what may be the ultimate irony, leaming about risk
management seems risky itself. It involves changing the way you approach decisions
and the way vou do business. If you believe that change is unnecessary, the risk
management advice you've received in the past probably stung for a moment then
blew past you like an arctic chill.

e  Too many decisions, not enough time. The variety of risk management tools can be a
curse as well as a blessing. Good tools incorrectly used or poorly understood can ruin
an operation. Ongoing risk management and education will be necessary to stay
competitive.

. Old fears die hard. Despite the fact that thousands of people use futures and options
every day to protect themselves from price risk, distrust of the futures industry still
runs deep in the hearts of many farmers. The crop insurance industry has also
struggled to gain farmer confidence

e  The check is in the mail. Last but not least, up until now the USA Federal farm
program absorbed some of the harsh realitics associated with farming. The Federal
Government assumed part of the production risk by making annual disaster
payments. For the most part, those have been replaced with subsidised crop
insurance. In the past, part of the marketing risk was reduced by annual price support
payments.
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It has been shown by Dennis (2001) that a number of organisations in the UK claimed that
private risk management tools are frequently "too expensive” or do not meet farmers’
needs. There may be a number of reasons that private instruments might be perceived as
expensive or otherwise inadequate. One possible explanation is that demand for risk
management tools may be relatively low given farmers’ present institutional operational
environment. Another possible explanation is that farmers may misperceive risk. If
misperception of risk is a reality, it is likely to have its root, once again, in inadequate
information and training. These are explanations which relate to the demand for risk

products.

Dennis (2001) believes that there might also be explanations relating to the supply of these
instruments, especially with respect to insurance schemes. Asymmetric information (where
the insured knows more about the potential risks to his business than the insurance
company) is one issue. Another is systemic risk: that is. a situation in which a downside
risk impacts on most of the industry in the same way. These problems make the provision
of insurance coverage for a number of agricultural risks difficult and expensive.
Asymmetric information involves problems of "adverse sclection” and "moral hazard”.
Both problems lead to high monitoring and administrative costs for insurance companies.
With systemic risks. multiple insureds can suffer losses at the same time. Insurance
companies have problems pooling such risks themselves. and adequate reinsurance

capacity is not usually available with large-scale systemic risk

Risk has always been a part of agriculture. However, farming in South Africa has changed
dramatically over the past few vears, especially after deregulation in 1997, Increasingly.
farmers are leaming that there are new rules, new stakes, and. most of all. new risks. The
nation’s most successful farmers are now looking at a deliberate and knowledgeable
approach to risk management as a vital pant of their game plan. For them, risk management
means farming with confidence in a rapidly changing world. It is the ability to deal with

risks coupled with new. auractive farming opportunitics. For producers. the reward for

adopting risk management strategies may well be survival (Dean, 1999).
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2.2.2 Understanding risk in agriculture

Farmers and other business people generally do not get into risky situations unless there is
a probability of making money. It is to their advantage that these risky but potentially
profitable situations be managed as carefully as possible. Effective risk management
involves anticipating possible difficulties and planning to reduce their consequences, not
just reacting to unfavourable events as they occur. The two primary aspects of risk

management are:

. anticipating unfavourable events and acting to reduce the probability of their
occurrence;

. taking actions to reduce the adverse consequences should unfavourable events occur.
(Patrick, 2003)

Hardaker, Huime, and Anderson (1997) distinguish between risk and uncertainty. One
common distinction suggests that risk is imperfect knowledge where the probabilities of the
possible outcomes are known, and uncertainty exists when these probabilities are not
known. However, this is not a useful distinction, since cases where probabilities are
objectively known are the exception rather than the rule in decision making. Hardaker e al.
(1997) define uncertainty as imperfect knowledge and risk as uncertain consequences--
particularly exposure to unfavourable consequences. Risk means many things to many
people. A dictionary definition of risk is "exposure to the chance of injury or loss".

Insurance defines risk as "the hazard or chance of loss”.

While probabilitics can often be extremely remote, it is now universally accepted that in
almost all cases, zero risk is an unattainable goal. Although based on good intentions, the
zero risk approach 1o risk management is fraught with difficulties. While risk can be

reduced, it is impossible to reduce it to "zero" (MAF, 1996).

Kaplan and Garrick (1981) provide an excellent introduction to risk, both as a personal
thing and a mathematical entity. They note that risk is "relative to the observer” and has to
do with both uncertainty and damage. They provide a first-level mathematical definition of

risk as a "set of triplets: R = {(sipixi)} ... where si is a scenario identification or

description, pi is the probability of that scenario, and xi is the consequence or evaluation
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measure of that scenario, i.c. the measure of damage.” They further note that risk is
multidimensional, i.¢. there are many possible damage measures

Dean (1999) defined risk as “the perceived extent of possible loss™. Risk is individual to a
person or organisation because what one perceives as a major risk may be perceived by
another as minor. Perception is very much a factor. To some, risk is defined as the chance
of loss, but in reality, it is more. Risk also concerns how much could be lost. Probabilistic
risk analysis can define risk as expected loss or even as a probability curve. This involves

not just the chance of loss but, more specifically, the extent.

Patrick (2003) classifies individuals in the following risk-taking categories:

. Avoiders

. Daredevils
. Adventurers
. Calculators

"Avoiders” are the most cautious risk takers but do take some risks. They expect the worst
to happen and will not take the slightest chance that they can avoid. They lose because they
miss economic opportunities to profit. Farmers who are Avoiders may not be forced out of
business, but they just manage to survive, Their farms usually disappear (being absorbed

by a neighbouring farm) when thev retire or die

“Daredevils™ are the opposite of the Avoiders and take many unnecessary chances
Daredevils close their eves to risk. ignore facts, and go ahead. Daredevils commonly fall
because they refuse to take precautions. Daredevils typically do not get involved in

farming.

"Adventurers” are individuals who enjoy risks. To Adventurers, risks are challenging and
exciting. Adventurers often look for the chance to take risks. Adventurers differ in their
mental outlook. Some Adventurers enjoy the excitement of risk taking but keep the stakes

to reasonable levels. Many farmers may be in this category with respect to their marketing

plans. As long as financial survival is not at stake. they may enjoy the adventure of playing
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the market. Many speculators are in this category. However, some Adventurers may get in
over their heads. This may be from peer pressure or from a change in external conditions.

"Calculators" understand they must take some chances to get ahead but recognise that
there are degrees of risk in every situation. Before making a decision or taking action, they
gather information and analyse the odds. Calculators try to be realistic, recognise the risks
and try 1o reduce risks to acceptable levels. Most farmers are Calculators. If they were not,

adverse conditions of recent years would have eliminated them or changed their behaviour.

Risk tolerance is reflected in individual choices in risk management. Understanding
choices and considering them all may cause an individual to change his’her management
style 10 more closely reflect risk tolerance. The USDA-RMA (2000b) believes that risks

can be managed in one of five ways, or in certain combinations of the five:

. Retain - With no protection from downside risk, as in holding an unpriced
commodity.

. Shift - A contractual arrangement where someone else takes on some of the chance
of a negative occurrence in exchange for a premium. The more risk you shift, the
higher the cost.

. Reduce - Keeping fences in good repair 10 keep livestock off the highway and a
marketing plan that locks in some level of guaranteed return are examples of
reducing risk.

. Self-insure - Emergency reserves funded from previous years' profits.

. Avoid - Not selecting a particular enterprise..not pushing cither end of planting

windows...not increasing vour debt-to-asset ratio beyond your comfort level.

Any risk must be evaluated for its frequency of occurrence and its possible negative
consequences. As a gencral rule, formal insurance strategics arc available for risks with low
occurrences but with severe negative consequences. Examples include disability insurance,

health insurance, hail damage, and life insurance.
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2.2.3 Risk factors in agriculture

Dennis (2001) states that risk management involves choosing among alternatives that have

uncertain outcomes and varying levels of expected returns. Various strategies and tools

exist to assist producers to manage market risk. These all involve a reduction in average
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Green, Gloy, and Nelson and White (2002) provide a useful basic profit equation In
identifving nisk:
Profits lotal Cost

lotal revenue (Amount produced x % Marketed x Product price)

(Input price x Inputs purchased)
Risk factors

Amount produced = Production risks
% Marketed and product price = Marketing risks

Input price = Input price risks

Over time, the sources of risk have been categorised in a number of wavs. However
according 1o a number of authors (e.g. Outlaw. 2003: USDA-RMA, 2000: USDA-ERS.
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2001). the following categories for different sources of risk in agriculture can be used
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¢ Price or market risk refers 10 uncertainty about the prices producers will receive for
commodities or the prices they must pay for inputs. The nature of price risk varies
significantly from commodity to commodity.

. Financial risk involves the financing of the farm business, the assets it controls and
its debt obligations. Financial risk is closely linked with cash flow risk. For the
person who is highly leveraged and needs to borrow most, or all of their operating
cash requirements, the two risks are comparable. Financial risk is the ability of the
enterprise 1o generate sufficient profits at the end of the production cycle to cover
both fixed and variable costs as well as living expenses and machinery replacement.
Cash flow risk is more a matter of timing, whereas financial risk is a question of
profitability. This type of risk has become more important with larger capital
investments and the increased use of borrowed capital. The erratic nature of cash
flows in farming operations, the variability of interest rates and periods of declining
land values are three factors that have influenced financial risk. Rising interest rates,
the prospect of loans being called by lenders, and restricted credit availability are also
aspects of financial risk.

. Institutional risk results from uncertainties surrounding government actions. The
government is also seen as a major source of risk in agriculture. Tax laws, labour
legislation, regulations for chemical use, rules for animal waste disposal, and the
level of price or income support payments are examples of government decisions that
can have a major impact on the farm business.

- Human or personal risk refers to factors such as problems with human health or
personal relationships that can affect the farm business. Rosenberg (2001) pointed
out that work performed by people is critical to all agricultural production. The direct
labour cost-per-ha in farm budgeting obscures the significance of countless decisions
that farmers make in managing labour. Human resources risks involves the chance
that essential tasks will not get done, the chance that the work will be done but poorly
or not on time, thus raising unit labour costs or lowering product value, the risk of
incurring high indirect labour expenses often associated with tumover, absentecism,
or mandatory benefits. Instability of the workforce increases total costs of finding,
hiring, orienting. and supervising personnel. Workers have many legal grounds on

which to base charges of employer wrongdoing, and defending against them is

expensive, win or lose,
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Outlaw (2003) states that the reward for managing risk is the enhanced probability of farm
survival and the potential to realise a higher returm on investment. It is important to
remember that risk cannot be eliminated from farming. While risk complicates the
decision-making process for the farmer. there are tools for reducing or managing the level

of risk.

Miller, Bochlje and Dubbins (1998) suggest a very useful categorisation of risk. They

identified two main sources of risks

. Tactical or operational risks

. Strategic risks

Tactical or operational risks: Operational nsks mainly consist of business nisk and
financial risk. Business risk is commonly defined as the inherent uncenainty of the
financial performance of a farm independent of the way it is financed. Business risk
includes those sources that would be present with 100 percent equity financing. The major
sources in any production period are price, cost, productivity. and production uncertainty . a
number of factors may affect this variability over time. Financial risk is defined as the
added variability of net retums to owner’s equity that results from the financial obligation
associated with debt financing. These risks are basically those discussed in the previous

paragraphs.

Strategic risks: Most of the risk analysis in the agricultural sector has focused on the
tactical or operational risks associated with production and prices or debt use. Recently,
however, strategic risk has been receiving more emphasis, The focus of strategic risk is the
sensitivity of the strategic direction and the ultimate value of a company to uncertainties in
the business climate. These uncertainties include: 1) political. government policy. macro-
economic, social. and natural contingencies. and 2) industry dvnamics involving input
markets, product markets, competitive and technological uncertaintics. Some examples of
strategic risks are summarised in the next figure. Tactical or operational nisk is casier to
manage than strategic risk, in part because of the information available to measure these

risks, and in part because of the availability of accepted tools and techniques to transfer risk

to others, such as insurance and futures markets (Miller. Boehlje and Dubbins. 1998).
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Most strategic risks cannot be managed or transferred through conventional futures or
insurance instruments or markets. Strategic risk is multidimensional, so managers cannot
assume simple one-to-onc mapping between exposures and hedging or insurance
instruments. Creative strategies must be developed to manage strategic risk exposure;
approaches include flexibility, adaptability, and diversification. In essence, managing
strategic risk requires the development of backup or contingency plans. One of the better
planning techniques is "what- if" analysis (i.e. what is my best response if a particular event
occurs?). One of the strategic risks farmers are facing because of agricultural
industrialisation is contractual or relationship risk. The expanding use of contractual
agreements and other forms of negotiation-based linkages between the various stages
within the agricultural production and distribution system, combined with the decline in
impersonal, market-based transactions, results in price risk being replaced by relationship
or contractual risk for many businesses. A grower may have a contract that guarantees a
price for the crop, but what if the processor goes bankrupt? What if the processor finds
suppliers in other areas who can satisfy their needs at a lower price? What if | lose my
contract? Another strategic risk that scems to have increased in recent years is regulatory
risk. Farm firms are facing increasing regulation in all aspects of their business
transactions. Added to the traditional areas of regulation concerned with transportation,
taxation, and labor use are two rapidly growing regulatory arcas: food safety and the
environment. Strategic risk analyses would ask, for example, what if the regulations change
and my waste handling and disposal system no longer complies with the new regulation?
Developing a contingency plan for these risks will be increasingly important for the long-
run survivability of many farm businesses (Miller, Boehlje and Dubbins, 1998).

2.2.4 Risk-managing strategies

Dennis (2001) points out that risk-managing strategies might be considered to fall into two
categories. One set of strategies, "business diversification”, has long been employed by
producers. In this case, foregoing economies of scale associated with specialisation is the
price paid for a more certain income stream. Diversification into non-agricultural on-farm
activities such as tourism, or off-farm income sources such as paid employment, is also
popular. However, there is a further category of risk management instruments: measures
which involve sharing risks with others. These tools are provided mainly through private
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financial markets. They include forward contracts, futures and options contracts, crop

insurance. and revenue and income stabilisation schemes.

2.2.4.1 Managing production risk

Receipts are the gross retums (price times yield) from production. For perennial
horticultural crops (tree fruits and nuts, small fruits), receipts may be zero for several years,
while planting is in the pre-productive stage. Both yield and price variability will affect
receipts. The producer’s ability 1o deal with both types of variability will impact the
enterprise’s profitability. Large vields are not the important vardstick: the important thing

for profitability is having sufficient high quality product sales.

Every vear. horticultural producers face vield risk in the form of adverse weather and pest
damage. In a perennial crop. vield risk can take the form of vear-to-vear variability, or
more serious damage. which reduces the long-term production potential of the planting.

Although vield risk is important, it usually has readily identifiable causes and remedics

Producers can reduce the effects of vield risk through irrigation (see Cuykendall and White,
1998, Cuykendall. et al. 1999). pest management practices, and site and cultivar selection.
In addition. multi-peril crop insurance is available for many fruit and vegetable crops
grown, While it is important to minimise the effect of vield risk and its impact on
profitability, producers are usually much more equipped to deal with this type of risk than

those associated with marketing

o o 4.2 Marketing risk

The nature of agricultural market risk has changed over the past few vears. While
commodity prices have always been volatile and there have always been economic
incentives for leaming to manage risk, many changes in the agricultural marketplace have
made these incentives even more compelling. Governments often reduced the impact of
commodity price volatility with programs designed to stabilise price. vield. or revenue.
Some governments have even managed grain stocks 10 maintain price levels. Many of these

programs have been wound down or modified because of two main factors: reduced overall

levels of support under most stabilisation programs and increased agricultural trade
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liberalisation. The bottom line is that price variability occurs in the market, and producers
must now become more self-reliant in risk management to remain competitive (CFBMC,
2002).

Marketing plays a crucial role in crop production and should be planned well in advance of
harvest. In fact, farmers should be thinking of marketing prior to planting. This is
particularly important for perennial crops where decisions about which varieties to plant

are made several vears prior to the first crop.

According to Lutgen (1996), market risk in agriculture is caused by two conditions. First,
there is the time lag between the start and completion of the production cycle. During the
production cycle, supply and demand conditions are constantly changing, causing prices to
be in a continual state of change. Situations might also develop (transportation problems,
labour strikes, elevator closures, ¢tc.) which could eliminate market outlets. If commodities
are stored, the risk continues until the date of sale. The nature of the market itself creates
the second condition of market risk. Because of the large number of agriculturists
producing similar products, they cannot have much individual influence on the market
price. The individual producer has very little market power.

Oultaw (2003) pointed out that price risk in the major commodities is commonly managed
with the aid of futures and options markets as long as they are used for managing price risk
rather than speculation. Forward pricing through futures and cash contracts are methods of
reducing market risk by entering into a commitment prior to the physical delivery of the

commodity to market.

Cuykendall and White (1998) believe that knowledge of whar the market requires (in terms
of form and quality) and when to market is the key to success. Why do "good” producers
go out of business, while others in less ideal production circumstances thrive? Often the
difference is marketing acumen. Developing a marketing strategy requires careful
evaluation of the supply and demand for your product and investigation of market
alternatives. The successful marketer must strive to produce products which satisfy basic
customer needs and wants rather than simply selling the products he/she produces.
Strategic marketing planning requires specification of target markets, or the individuals or
businesses identified as the most desirable customers. The selection of target markets in
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tumn drives decisions about products (including varieties and packaging). promotion,

pricing, location, and distribution strategies

Price and quality are synonymous in crop production and even more so for the production
of export horticultural crops. Unfortunately, it is not always easy to know what is meant by
"high quality”, and quality judgment often varies from vear to yvear. Grade standards do not
cxist for all crops. and those that have them are often not very specific. Often there is only
one recognised quality grade. which means produce of "good average quality”. Buyers,
however, often have additional criteria by which they judge produce quality including
flavour, ripeness, aroma, cleanliness, and the absence of pest damage and foreign material

(Cuykendall and White, 1998)

Beurskens (1994) believes that conservative market risk management programs are

founded in several fundamental concepts

. lhe marketplace is always right (our job is to understand why it's right, rather than

why it's wrong)

. There i1s no place for price speculation in agribusiness.

. ['he group is always smarter than the individual.

. The more we share, the bigger the pie gets

. I'he better our customer understands our business. the better customers they become.

(the opposite of "keep the customer dumb™)
. Know ledge is wasted unless it is used.
Managing market risk must be a key clement in marketing and is increasing in importance
as we move to a global economy and reduced government support programs. Market risk
management must be based upon strong business principles and philosophies which build a
foundation to support the discipline necessary 1o adhere to managing rather than creating

risk. Market risk management starts with strong discipline and auempts to optimise rather

than maximise returns
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2.2.4.3 Cost of production and cash flow risk

The problem with price or gross margin per unit is that the numbers involved are ofien
relatively small and therefore does not address the problem of managing cash flow. All
enterprises have cash inflow from operations and cash outflow for production costs. The
difference between inflow and outflow is known as net cash flow. At its simplest level,
cash flow risk is the risk of not meeting financial obligations as they become due. The
business may be profitable over the production period, but the producer may not have the
cash available when accounts payable or loan payments become due (CFBMC, 2002).

Horticultural crop production is not for the financially faint of heart. For certain vegetable
crops, pre-harvest costs may amount to several thousand Rand per ha. For perennial crops,
substantial initial investments are required, and many years may go by before the crop
breaks even. For most perennial crops, the pre-productive costs for land preparation and
establishment are often many times the cost of annual horticultural crops. This is the period
when growers arc most exposed to financial risk. Growers must realistically assess their
ability to absorb losses during this period and not rely on single enterprises for current and

future income.

Naturally, growers complain when the costs of fertilizers and pesticides increase, and they
are ofien tempted to reduce these costs by cutting applications. In the whole scheme of
things, however, these costs are minor. It makes little economic sense 1o jeopardise
profitability by trving to save a few Rand here and there. Once the crop is established, by
far the major cost in horticultural crops is harvesting and marketing the crop. Labour
management and costs arc the primary concern given the new labour laws in South Africa.
Investing in production practices which reduce yield and quality variability is rarely a

waste of money.

Good labour management is a key to horticultural crop profitability. Because of the
perishable nature of these products, hand picking is often the only altemnative.
Understanding the labour market and planning for adequate and experienced labour is
critical to having a high-quality, ready-to-market crop. Growers must understand the laws

applicable to agricultural labour use. These laws include those relating to migrant and

seasonal workers, child labour, wages and hours, unemployment compensation, family and
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medical leave, worker's compensation, worker protection (pesticide exposure, safe
workplace, field sanitation), and migrant housing. Communicating your firm’s personnel

policies is a key element in effective human resource management

2.2.4.4 Crop budgeting

Understanding the magnitude of the financial risks and the nature of cash flows in crop

o]
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production requires the preparation of enterprise budgets. Enterprise budgets represent

estimates of the receipts (income), costs, and profitability associated with the production of

agricultural products. Budgets are used to (USDA-RMA, 2000¢):

. enumerate the receipts (income) received for an enterprise.

. enumerate the inputs and production practices required by an enterprise,
. evaluate the efficiency of farm enterprises.

. estimate benefits and costs for major changes in production practices,

. provide the basis for a total farm plan,

. estimate break-even price and/or vield for market planning purposes

. support applications for credit.

Enterprise budgets should contain receipts (income) for every product and by-product of

the enterprise. Prices should reflect the markets faced and the productivity of the enterprise.

given the specific resource situation (land. labour. equipment. eic.)

T'otal costs are the sum of variable and fixed costs. Although a grower’s aim 1s to eamn a
profit above total costs, this is not always possible. Because of vield or marketing
conditions bevond the grower's control, income received is sometimes less than the total
costs of production. Should a grower continue to produce under these circumstances? The
answer may be ves it (1) retums are above variable costs, and (2) it is a short-term
condition. If fixed costs are not covered in the long run. however, reinvestment in capital

items (like tractors. implements. buildings. and equipment) cannot be made. resulting in

depletion of existing capital stock (USDA-RMA. 2000¢)
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2.2.4.5 Managing strategic risk

According to Miller, Bochlje and Dubbins (1998), strategic risks arise on the farm when: 1)
strategy is unclear, 2) strategy is clear but implementation is ineffective, and 3) strategy is
clear and effectively implemented but no longer relevant. Any one of these conditions can
lead to undesirable consequences for the farm business. Strategy that is clear and

effectively implemented but not longer relevant can occur when a manager:

. loses touch with the forces outside the farm gate that shape the industry and the
business environment
. misreads the signals coming from outside the farm gate

. is not willing or able to change in response to industry dynamics.

I'he agriculture of the future will be an industry in which the pace and magnitude of change
continues to escalate. The producer who watches the changes occur will struggle. The
producers who slow down to think about the external forces driving their particular
agricultural sector, spend time analysing the strengths and weaknesses of their business,
develop strategic alternatives for their business, and consider what-if scenarios will be in a
good position to take advantage of the opportunitics in agriculture, However, they will
need 1o invest time, energy, and resources in thinking creatively, honestly, and
strategically. In addition, they will need to draw upon high-quality outside resources.
Successful managers will be able to identify people who can form a team to evaluate
opportunities and strategies for individual farm businesses. Agricultural professionals who
can help producers develop strategic management approaches that take advantage of
opportunities in the rapidly changing agricultural business environment will be invaluable.
The customers of most agricultural professionals are facing a radically different agriculture
from that which existed several vears ago. How agriculturalists adapt to provide radically
different services will also determine how well they survive (Miller, Bochlje and Dubbins:
1998).

It should therefore be clear that there is a need to cither develop new analytical tools or to
implement existing analytical tools to enable agricultural managers to make better risk

management decisions. In this regard, models such as whole farm typical farm models and
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Computable General Equilibrium models (CGE) can make extremely useful contributions

to provide answers to “what if”" questions.

Finally, it should be obvious that government and industry bodies also play a role in
reducing agricultural nisk. since not only producers but also farm workers, rural
communities. and regional economies are threatened by risk (because of the forward and
backward linkages between agriculture and the rest of the economy). In this regard,
investment in information systems and training farmers in strategic planning and risk

management can play an important role.

2.2.5 Risk and competitiveness

What does risk have to do with competitiveness? According to Dean (1999), each decision
may result in loss. Each decision to introduce a new product into the marketplace can result
in varyving degrees of loss or gain. To be entrepreneurial is to accept risk. that is, the
possibility of loss. A good entreprencur’s forte, however, is 10 make decisions which
maximise possible gain and minimise possible loss. This has to do with risk management,
Risk analysis has to do with the analytical process used to estimate the extent of possible

loss. So does risk assessment which provides a rationale for the decision maker.

l'o become and remain competitive requires the use of risk methodology as a guide for
decisions which could ultimately mean survival or demise. Decomposing the risk of
designing for competitive advantage into the primary components of value, which are cost.
quality. and timeliness. risk can be estimated by the extent to which final cost is expected
10 exceed planned cost, by the extent to which expected guality will fall short of planned
quality. and by the extent to which expected market introduction will fall short of the

planned introduction date.

According 10 Dean (1999). risk as estimated here can be both positive and negative. is a
dynamic measure over the life of a project. and is multidimensional. It can be tumed into a
one-dimensional measure by weighting the cost, quality. and timeliness risks and summing.
Risk is a cumulative effect of those things which went better than planned and those things

which went worse than planned. The expected value minus the planned value is a

projection of risk onto the basic dimensions of competitive advantage.
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2.3 AGRICULTURAL RISK MANAGEMENT INSOUTH AFRICA

According 10 Crane (2001), South African agriculture is experiencing an important
transition. This transition is being driven by the desire of the South African government to
be fully integrated into global markets and to ensure a healthy domestic agricultural sector.
South African leaders seek to actively include their entire farming population in the world
cconomy through membership in the World Trade Organisation (WTO). To achieve this,
domestic farm programs such as risk protection and disaster relief need to comply with
WTO guidelines.

As is the case in other countries in similar latitudes, South Africa is periodically afflicted
by drastic and prolonged droughts, which ofien end in severe floods. Drought is also a
major contributing factor to the danger of fire damaging crop production and destroying
farm improvements such as fences, irrigation equipment, buildings, stored commodities,
and feed for livestock.

To accomplish the goal of providing effective and affordable protection to farmers against
the potential financially devastating impact of adverse weather events and stay within
WTO parameters, the government is moving forward with the development of an
agricultural risk management strategy that includes crop insurance as a major tool in

managing crop production risk.

Insurance is viewed as an important risk management tool because of the benefits to both
individual producers and the general economy as a whole. By using insurance to protect
against uncertain losses, the private sector becomes more involved in risk sharing and the

burden on the public sector of shouldering the risk of uncertain events is reduced.

In general, crop insurance is an effective tool for managing the risks inherent in the
production of agricultural commodities.  Effectively managing these production risks
stabilises farm operations and provides greater access to capital and increases financial
stability. As individual producers become more economically stable, rural communities
and associated agricultural businesses become stronger, leading to increased national

economic health.
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Perhaps the greatest benefit of a planned. insurance-based risk management program for
individual farmers is the potential for improving access to credit. particularly for crops with
high initial investments. This is also particularly true for the South African government as
it restructures its agricultural subsidy system to conform to WTO requirements and
coincide with other government priorities. As more and more production risk is transferred
to individual farmers, there is also a cumulative affect, which serves to transfer additional

risk to financial institutions that invest bank capital into the agricultural sector.

Currently. in South Africa, crop insurance, which is primarily limited to hail insurance and
associated property and casualty risk, 1s available on major agricultural crops. However,
universal availability of crop insurance is non-existent, and crop coverage is limited to
sclected crops and regions where risk can only be effectively managed through the
investment of private capital. Needless 1o say. this leaves a large sector of agricultural risk

under-insured or uninsured under the present system,

2.4 RISK MANAGEMENT AND WATER ALLOCATIONMISALLOCATION

According to Bate and Tren (2002), the vanations in water rights under current
arrangements may increase under the New Water Act (government Gazette, 1998), due to
increased bureaucratic control over water allocation and the assessment of applications for
rencwal of individual water rights. This will create considerable uncertainty over the
security of water entitlement and may preclude any trading of water licences. The
reliability of each use allocation will be highly variable since they will not be held in
perpetuity and will not give a guaranteed assurance of supply or quality. In addition, any

water use allocation will be temporally controlled. limited, or prohibited.

Iherefore, farmers may lack the incentive to exchange water licences and may not invest in
water-saving technology and other production inputs if there is uncertainty about
ownership. Investments in the establishment of horticultural crops such as deciduous fruits
arc substantial (up to R250 000 for table grapes). If licences are insecure, the risks
associated with such investments will be substanuially increased. Furthermore, farmers’

creditmorthiness will diminish and make investment even harder. Incentives will be

towards using less expensive technologies and growing short-term crops (Armitage and

Nicuwoudt. 1999),
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However, Gillit and Nieuwoudt (2004) have found that a water market in the Lower
Orange River has facilitated a transfer of water use from relatively lower value crops to
relatively higher value crops and also promoted the use of more advanced irrigation
technology. Their results confirm that farmers who are more risk-averse are likely to invest
less in the future as can be expected from theory. Policies that increase risk in agriculture

will have a significant negative efTect on future investment in irrigation.

Gillit and Nieuwoudt (2004) have also found that that irrigation farmers in the Lower
Orange River area arc highly risk-averse (down-side). They showed that farmers who feel
that water licenses are not secure expect to invest less in the future. The latter effect is thus
amplified as farmers appear to be highly risk-averse. This has important policy
implications, and measures should be taken 1o improve the perceived security of water
licenses. This could be achieved by keeping farmers more informed about the practical
implications of the New Water Act (NWA) (Act 36 of 1998) and, specifically, water

licenses.

According to Rosegrant (1995), the foremost challenge related to water scarcity in
developing countries is the need to increase efficiency in general inefficient water use in
agriculture, urban areas, and industry. Imrigated areas account for about 30 percent of
agricultural production in South Africa, so growth in irrigated output per unit of land and
water is essential. Improved efficiency in agricultural water use is required both to maintain
productivity growth and to allow reallocation of water from agricultural 1o urban and
industrial use. Maximum productive efficiency can be said to exist when the factors of
production are used in optimal proportions with optimal technology and are applied 10
those uses where total value product is maximised. The economic welfare of the owners of
the factors of production is a function of the productive efficiency of the factors; in tum,
the economic welfare of the community is a function of the welfare of the factor owners.
Economic welfare can therefore only be maximised if the owners of the production factors
take market risks into account when making their production decisions. The welfare
generation capacity of irrigation schemes are therefore directly derived from the optimal

allocation of water use, which in tumn derive directly from good market information.
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Kulshreshtha and Tewari (1991) have found that only under high product/price scenarios is
there a long-run retum to water, that is, greater than zero. For low-price scenarios, they
found negative retums to water, indicating that costs of fixed factors of production were
not fully recovered. This stresses the importance of risk management to minimise low

income in poorer years.

[he new water law in South Africa emphasises that water must be allocated to its highest
use value. For irrigation farmers, this means that they must restructure their farming
operations in order to produce high value crops. However, high-value long-term crops
often are also inherently riskier to produce. This is because of the high capital outlay and
the time factor. [t often takes between four and seven years for these crops to come into
production. There is also 2 high market risk because of changes in consumer preferences
and world economic growth patterns. The author believes that if it were possible to provide
farmers with long-term crop market analysis. their perceptual risk would decrease,
probably inducing structural changes to less risky high-value crops. This would lead to the

more efficient utilisation of expensive irrigation water, so increasing community welfare

2.5 RISK MODELLING METHODOLOGY

"We need the approach that is the antithesis of analysis, namely, synthesis. We are steeped
in the analyvtical tradition. Essentially: take a living thing apart to discover what life is: vou
will not find a component called life-and behold the life thing is dead. I our only scientific
tool is the analytic reduction of a system 1o its component parts, so that the very nature of

the syvstem itself as a viable entity is lost. so that its synergies are denatured. so that it is

nothing but a bag of bits, then we do not deserve the name of scientist in the world of

complex systems and complicated syntax.”

- Beer'

Using mathematical models to study the complex risk behaviour of the farming svsiem is
extremely uscful. Meuwissen and Van Asscldonk and Huirme (2002) believe that whole-
farm risk management approaches, i.e. approaches in which muluple risks and farm

activities are considered simultancously, seem more efficient than “single risk and

'As referenced by Taylor (1990:52)
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commodity strategies”. Some kind of whole-farm planning modelling methodology is
therefore appropriate 1o analyse risk behaviour. The following sections will deal with
measuring variability, formulating expectations, and whole farm planning methodology

and will conclude with a section on the inclusion of risk in these models.
2.5.1 Measuring variability

Patrick (2003) pointed out that outcome variability is gencrally associated with risk, and
typically riskier situations have greater outcome variability. The average outcome is the
most frequent or most likely if outcomes are normally distributed, but the average does not
provide information about variability. The range--the highest and lowest values--combined
with the average does provide some information about variability. However, it is difficult

to make comparisons of variability between crops or prices.

The coefTicient of variation is a statistical measure of variability based on all of the values
for yields or prices, not just the high, low, and average. The coefTicient of variation is based
on the standard deviation, which is computed as

d(x-xy
N

where x is the actual values, x is the average or mean value, and N is the number of
observations. The coefficient of variation is simply the standard deviation divided by the
average and multiplied by 100 to express it as a percentage. The coefficients of variation
can be used to make comparisons of variability among crop vields or prices. The lower the

coefficient of variation, the lower the variability.
252 Formulating Expectations

Expectations about the future are factors in decision-making. For instance, expected prices
for wheat and maize have some impact on farmers’ planting decisions. Investment
decisions implicitly or explicitly involve expectations about future prices, costs, vields, and

a number of other factors. No doubt the past has a significant impact on most expectations

for the future. However, exactly how individuals form their expectations is unknown.
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Furthermore. all individuals probably use somewhat different procedures. Extreme cvents

are sometimes remembered and given excessive weight in expectations.,

Hardaker et al. (1997) pointed out that basing future expectations on the past implicitly
assumes that the factors responsible for past events will continue in the future. Long-run
expectations based on recent changes can be especially misleading. Formulating
expectations involves judgement. Short-run expectations are generally more precise than
long-run expectations because more information is available. Expectations may be changed

and revised as additional information becomes available

Dean (1999) believes that formulating expectations is an important phase of the decision-
making process. Most farmers rely heavily on personal experience but supplement it with
other information. Futures prices and outlook information as well as an historical view can
be helpful in formulating price expectations. Technical materials and discussion with other
farmers can play a major role in formulating other expectations. Expert opinions can also

be important. However. expectations are personal. and each individual has his or her own.

Chapter S and Appendix A of this repont provides information to assist decision makers to

formulate expectations and to identify risk factors.

2.5.3 General whole farm modelling methodology

I'he objective with the following sections i1s not to give a detatled discussion of the
mathematical methodologies that are being used in whole farm planning models but rather
to give a simplistic conceptual overview of the whole farm planning concept.

2.54 Background

I'he rapid development of computer science and technology makes it possible to develop

large scale planning models on a micro-computer. P.C. Magazine™ describes this progress

in technology as follows

= According 1o Kleyn (1995:592)
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" If jet craft technology progressed as fast as computer technology we would be able to
buy a 747 acroplane, smaller than a peanut, costing less than a rand and capable of taking

you on a trip to the moon on one litre of fuel.”

Until as recently as the early 1990s, it was not possible to develop large dynamic lincar
programming models (DLP). This technique proved to be a useful holistic farm planning
technique. Unfortunately, it required a very large computer capacity, so it was not very
popular with agricultural economists. Those who did apply this method were obliged to use

a mainframe computer, which was a frustrating and cumbersome procedure.

Louw (1996) developed the first microcomputer whole-farm linear planning model in
South Africa (called OPTIMA). The objective with OPTIMA was to establish a holistic,
user-friendly farm-planning model to contribute to improved farm planning, extension, and
the formulation of agricultural policy. During 2000, the basic model was converted from
spreadsheet to algebraic formulation. This increased the capacity and flexibility of the
model substantially. The purpose of this section is not 10 give a comprehensive discussion
of the mathematics of linear programming. However, it is important for the reader to have a
basic understanding of the methodology that will be employed in this research in order to
understand the results of these models.

The next section will deal with the principles of long-term planning methodologies. This is
followed by a short description of the linecar programming technique and concluded with a

section on the relevance of the technique to this research problem.

255 Principles of long-term planning methodologies

The economic assessment of irrigation farms should be done by using the systems
approach to problem solving. This means following a holistic approach. Although the
different enterprises are analysed individually, it must always be done within the context of
the whole farm. The agricultural economist therefore has to consider both the present and
the future: the short and the long run. He should aid in rendering the present system
effective, as well as in improving it for a better future. He has to identify the limited
resources and find the ways to optimise their yield. The main objective of planning an

economic farm/scheme/region is to establish the best choice between altenative uses of
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limited resources to maximise return on capital investment. Economic planning has five

objectives (Backeberg. 1988)

. Establish which plan reflects the best use of land, water, capital, and human
resources.

. Establish the financial implications of the plan based on expected future cash flow

. i-stablish the capital required and the time when needed from own and borrowed
SOUrces.

. Analyse the complexity of marketing. financial. and production management and the

demands it will put on management capability.

. Analyse the financial incentive to put the plan into operation.

This information makes it possible to put forward the implications of alternative choices.
I'he aim is 10 increase the existing return on capital. The plan put forward 1s not a guarantee
for success but undoubtedly aids better decision-making. For economic planning purposes, it
is necessary to compile a long-term whole farm budget. This plan is a written plan of resource
us¢ and must give an indication of the physical inputs and outputs as well as financial
expenses and income for the farm as a whole. Several different methods can be used for

planning. but every method must satisfy the following requirements:

- I'he method must be realistic and practical.

- It must be in line with the real objectives of the entreprencur

. l'he method must not be unnecessarily expensive or time-consuming.
. Ihe result must be easy 10 understand and communicate

I'hese requirements must be met because the objective of planning can only be reached if

the plan can be implemented successfully (Louw, 1996)

I'he human element is the starting point: what objectives do farmers have. can the farm
comply with them. and what are the financial consequences? Technology determines what
is possible. economic analysis shows what is feasible. and financial analysis shows how

much money is needed and when, Analyvsis and planning therefore evaluate current

performance as well as potential changes to this performance (Louw, 1996). This is
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precisely the objective of this modelling exercise: to evaluate the current irrigation farming
structure and compare it with a farming structure aimed at risk minimisation. The basic
concepts discussed here are the foundation for understanding the modelling framework

discussed in the following section.

2.5.6 Dynamic linear programming

The reason for developing whole farm planning models with this technique was to enable
agricultural economists to provide policy makers as well as farmers with an holistic (whole
farm) answer to practical farm problems. It often happened in the past that soil scientists,
animal scientists, economists and other experts gave the farmer or policy maker their own
isolated point of view on development or extension aspects without telling them the whole
truth.

According to Dalton (1982), linear programming (L.P) is a well-understood method that has
been applied to many complicated problems. Variances of the method enable researchers 1o
handle risk, the effect of time, indivisibility, and inter-relationships between activities and
resources. A common characteristic is the allocation of scarce resources to activities to
maximise an objective. Conceptually, there is no difference between planning a region or
an individual farm. The practical application of LP depends on the feasibility of specifying

the planning problem as a sct of mathematical equations and solving them.

LP in its simplest form is normally static (only one time period) and is not suitable for
simulating the complexity of biological processes typical of agriculture. The farm system is
a biological-economic system and therefore dvnamic. A variant of the LP method is
dynamic linear programming. Various authors (e.g. Backeberg, 1984; Minnaar, 1990; De
Jager, 1991; Nowers, 1991; Symington, 1993; Louw, 1996) have found that the DLP

method is practical in simulating the farm system.

The time-dependent processes of biological systems such as the farming system necessitate
a dynamic approach to modelling. Biological processes change over time, making it
impossible to accurately describe these systems without reference 1o the time dimension.

According to Rae (1977), the only difference between static and dynamic LP is that all
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these requirements compulsory. Any surplus cash could then be reinvested in the business
or invested off-farm, and the compounded (future) value of surplus cash, plus terminal
values, could be maximised at the end of the planning period.

2.5.7.2 Resource restrictions

The following resource restrictions are normally included in mathematical modelling:

. l.and
. Labour
. Water

. System delivery capacities
. Capital

. Crop rotations

These resources are normally fixed. It is only possible to acquire more of them at a cost.

2.5.7.3 Farm activities

Farm activities represent the use of scarce resources. The DLP approach optimises the use
of resources through activities that will maximise farmers’ objective (in quantitative terms).
The activities compete for the same resources to gencrate cash to pay for operating
expenses, interest on loans, and houschold expenses. Any cash surpluses are available as

reserves and 1o eamn interest. These activities normally include:

. crop and livestock production,

. renting or buying inputs (such as water, labour etc.).
. investing reserve funds,

. repaying loans,

. paying overhead expenses,

. paying household expenses,

e  paying tax, and

e  providing for depreciation.
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2.6 PROBLEMATIC WITH RISK MEASUREMENT

According to Hardaker (2000), even supposed experts use the term risk in several different
ways, These differences cause considerable confusion. especially when systematic efforts
are made to measure and evaluawe risk. Among the many usages of the word, three

common interpretations are:

e the chance of a bad outcome;
o the variability of outcomes, i.¢. the converse of stability: and

e uncertainty of outcomes

Although seemingly similar, these three definitions imply quite different ways of
measuring risk. Hardaker (2000) is of the opinion that while the first two meanings are in
common usage, clarity is best served by defining risk. at least for formal analysis, as the

uncertainty of outcomes.

It has been shown by Hardaker (2000) that it is necessary to specify at least two parameters
(probability and “what is a bad outcome?”) 10 apply the chance of a bad oulcome as a
measure of risk. For the second interpretation, variahility of outcomes, it is necessary to
measure the variability by some statistic of dispersion of outcome distribution such as the
variance (V) or standard deviation (SD) equal to the positive square root of variance. Thus
people who think of risk as dispersion of outcomes commonly link V or SD with the mean
or expected value. Finally, adopting the third definition of risk requires the entire
distribution of outcomes to be specified. Complete specification requires the probability

density function or the cumulative distribution function

Hardaker (2000) believes that the weakness of the first two definitions of risk with their
associated measures is that neither tells the whole story when a choice has 1o be made
among risky altermatives. In regard to the first definition, it is clear from observing
behaviour that not all risks with bad outcomes are rejected. Describing risk only in terms of

probability in the lower tail of outcome distribution does not provide full information for

proper risk assessment and so may be seriously misleading.
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A similar argument shows the limitation of variance alone as a measure for risk evaluation.
Hardaker (2000) explains this by considering two normal distributions of outcomes of net
income with identical variances but different means. Everyone will prefer the outcome with
the higher mean. Morcover, many would describe the distribution located further to the
right as the less risky of the two since the chance of getting less than any specified level is
lower for this distribution than for the one with the lower mean. On the other hand, using
variance as the measure of risk suggests that the two distributions are equally risky.
Clearly, such confusion can be avoided by interpreting measures of stability dispersion
simply as what they are and not regarding them as stand-alone measures for risk. If risk is
defined as variance but is always interpreted in conjunction with the mean, this definition
might seem to be similar to defining risk as the distribution of outcomes. However, the
inherent problem of defining risk as variance still remains. Therefore, it seems to be unwise

and potentially confusing to describe every prospect with lower variance as less risky.

Hardaker (2000) goes on to argue that the third definition has no single statistic that can be
used to measure risk, making it impossible to compare distributions in terms of riskiness.
What this third view implies is that notions of “more™ or “less™ risk are unsatisfactory, and
careful analysts will confine themselves to describing risky prospects as “preferred” versus

“not preferred”, or as “risk efficient™ versus “not risk efficient™.

Hardaker (2000) has pointed out that to evaluate or assess a risk, one must be able to
consider the whole range of outcomes, good and bad, and their associated probabilities.
There is a good reason that none of the statistical measures of a distribution can provide a
full description of the emtailed risk. Risk assessment requires both probabilities and
preferences for outcomes. Chances of bad versus good outcomes can only be evaluated and
compared in light of the decision makers’ relative preferences for such outcomes. Risk
preference is reflected in the decision makers” utility function for consequences. The shape

of such a utility function specifies an individual's attitude to nisk.

According to Hardaker (2000), several attempts have been made to estimate farmers” utility
functions in order to put the Subjective Expected Utility (SEU) hypothesis to work in the
analysis of risky prospects in agriculture. Usually, the results have been rather
unconvincing. There is evidence that the functions obtained are vulnerable to interviewer

bias and bias from the way questions are framed.
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In the past, it has been commonly assumed that all farmers are indifferent to risk. In the
absence of any other information at all, Hardaker (2000) argues that a sensible way might
be to assume a relative risk aversion coefficient of 1.0. However, Anderson and Dillon
(1992) proposed a rough and ready classification of degree of risk aversion, based on the

magnitude of the relative risk aversion coefTicient. Their classification is

r{ W)= 0.5: hardly risk-averse at all;
rA{ W)= 1.0: somewhat risk-averse (normal);
rA{ W) = 2.0; rather nisk-averse;

rd W) =« 3.0: very risk-averse:

rA W)= 4.0: extremely risk-averse:

where rA W) is the Relative Risk Aversion CoefTicient

Hardaker (2000) believes that such approximations might be made for some target group of
farmers leading to an estimate of the range of r, (assumed risk aversions) that might be
plausible. This range can be used in risk analysis. However, Hardaker (2000) pointed out
that in assessing risky choices expressed in terms of losses and gain, it is incorrect to apply
the same relative risk aversion coefficient as for wealth. At least two types of risky choices
affecting farm income can be imagined. One is where next yvear's income (or some single
future vear’s income) is uncertain. This tvpe of uncertainty contrasts with longer term
uncertainty, as when a farmer may be contemplating a major investment perhaps associated
with a dramatic change in the farm system. Here the uncertainty is about the long-run level

of income.

Also, it has been shown by Hardaker et al. (1997) that the cost of risk may be a small
proportion of the expected value of some risky prospect that constitutes only a part of the
risk faced by the farm houschold. Many such marginal risks in diversified agrnicultural
svstems may have near-zero values of proportional risk premiums (PRP) so that choices
can be made on expected values alone. At least. this seems likely in such matters as
choosing among aliernative crop varieties for use on that part of the farm where

alternatives may have broadly similar vield-stability characteristics but significantly

different mean vields.
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Hardaker (2000) believes that since the cost of risk may be relatively small in many
practical choice situations, it can be argued that agricultural economists have paid too much
attention to risk aversion, at least relative to efforts to get good specifications of the
probability distributions of outcomes. If these distributions are mis-specified, the estimate
of expected payofT (E) will be biased, which may matter more than the error in calculating
the approximate risk premium (RP) due to using the wrong risk aversion coefficient.
Morcover, the focus on risk aversion and the cost of risk may have been a source of
confusion in that attention has been directed to reducing the cost of risk rather than on
finding the most risk-efficient option (erroncously minimising RP rather than maximising

expected payoff).

According to Hardaker (2000), risk aversion may lcad farmers to use resources less
intensively than would be the case if they were indifferent to risk. However, from a social
welfare perspective, most risks faced by individual farmers or groups of farmers are very
unimportant since national income from other sources will be large and the relevant
correlation will be small because of the diversified nature of the rest of the economy. It
therefore becomes a potentially legitimate role of public policy to consider the scope of
reducing the cost of risk to farmers in order to reduce the social welfare loss from farm-

level risk aversion.

Both the SEU hypothesis and common sense lead to the conclusion that the right
probabilities to use for decision analysis are the decision makers’ subjective probabilities.
A subjective probability may be defined as an individual's degree of belief in a given
proposition. According to Hardaker (2000), probabilities that have been derived based on
thoughtful analysis of all relevant information can be described as “public™ probabilities™,
in the sense that many people might be willing to accept them as reasonable. Such public
probabilities are the ones that could sensibly be used in analysis of, say, the risk of

technology adoption in a given farming system.
2.7 INCLUSION OF RISK IN MATHEMATICAL MODELS
Simplified programming and linear programming are usually based on expected (i.c. mean)

rather than sure activity net returns or gross margins. ldeally, the plans they generate would

suit risk-ncutral farmers but not necessarily the risk-averse majority of farmers. According
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to McConnell and Dillon (1997). a variety of approaches have been developed to overcome
this deficiency. First was quadratic risk programming, a form of non-lincar mathematical
programming. based on the strong assumption that utility is maximised in terms of the
mean and vanance of the probability distribution of total net revenue. Such problems are
now readily solved using software such as GAMS (Brooke. Kendrick and Meeraus, 1992),

which incorporates the powerful non-lincar programming package MINOS,

Earlier. lack of non-linear software led to the development of lincar approximations to
quadratic programming such as MOTAD. Target MOTAD and mean-Gini programming
(Hardaker, Huime and Anderson 1997). Today, with the general availability of such
software as GAMS, these carlier approaches to risk programming have been superseded by
non-lincar mathematical programming models which (1) directly maximise expected utility
given knowledge of the decision maker’s utility function or (2) maximise expected utility
for specified degrees of risk aversion (Panen. Hardaker and Pannell 1988: Hardaker,
Huime and Anderson 1997). The latter method. known as wiilinv-efficient programming. is
obviously more feasible than the former. Both, however, necessitate knowledge of the
probability distributions of total net retums from alternative allocations of farm-system

resources.

I'he following sections discuss some of these methods.

2.7.1 Mean-variance (EV) analysis

Risk analy sis is conducted through mean-variance (EV) analysis, which evaluates decisions
based on their expected outcomes £ and variances }- EV analysis has been used heavily in
literature using risk modelling. Boisvert and McCarl (1990) offer a review of this
procedure and identify 39 articles that use this approach to analyse mainly production and
financial risk. with some dealing with market risk. The procedure was founded on rescarch
conducted by Markowitz in 1952 analysing portfolio selection (Swill and Dillon and

Shearer and Isaacs and Riggins. 2001)

The EV framework is a widely used procedure for analysing a mix of risky sets. It is
strongly considered more a deductive or analytical than an empirical tool (Robison and

Barry. 1987). It is founded on the notion that given any two distributions with equal means,
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a risk-averse individual will prefer the distribution with the smallest variance. In
comparison to expected utility (EU) analysis. Meyer (1987) finds that EV analysis is
consistent with the EU framework if the cumulative density function (CDF) of the random
variables differs only by location and scale. It is thus sufficient when using returns (gross
or net) when they are ranked as linear functions of one another. This being said, the ability
to use means and variances to make assessments lends itself to the simplicity and resulting
widespread use of EV analysis (Hardaker, Huime and Anderson, 1997). The procedure for
incorporating risk aversion into this analysis relies upon the seminal work of McCarl and
Bessler (1989).

The Pratt risk-aversion coefficient is calculated according to varying risk levels. The
procedure used generates a risk-adjusted gross revenue that is equal o the mean of the
gross revenues minus a normal Z value times a standard error (Dillon, 1992). The process
basically adjusts gross revenue to varyving risk levels, where a highly risk-averse scenario
would result in a lower gross revenue level acceptable to the individual than compared to a
lower risk-averse scenario. The Pratt risk-aversion coefficient becomes larger as risk
aversion increases, thus penalising gross revenues more for a higher risk aversion level.

The Pratt risk-aversion coefTicient is simply calculated with the following formula:

F=2Z8,

where

F is the risk-aversion coefficient,

Z is the standardized normal Z value of the level of significance,
And S, is the relevant standard deviation.

The risk-aversion coefficient will become larger as the risk aversion level rises, thus
penalising gross revenues, which raises the likelihood of a cell being enrolled in a filter
strip. Risk aversion levels are used to represent levels of aversion from risk neutrality to a

high risk aversion level.
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2.7.2 MOTAD and Target MOTAD

To include the risk factor, this variability must be measured in some way. The best known
method of solving this problem is MOTAD (Hazell and Norton. 1986). which provides an
estimate of variability using absolute deviations from the average. observed in a
determined temporal horizon. The advantage of using MOTAD appears to be that it refers
directly to the farmer's observations and can be used even with little data and asymmetric
distributions. To implement this in modelling, risk is inserted as a possible objective in the
model, where profit is maximised and risk is minimised. both with their respective weights
in the objective function. In a farm situation, the model can be solved and a calculation of

risk presented to a farmer who only maximises long-term profit

According 1o Warts and Held and Helmers (1984), mean — variance — analysis (EV) and
MOTAD (minimisation of total absolute deviation) have become common methods of
incorporating risk into decision analysis. MOTAD was developed by Hazel as a linear
alternative 10 Markowitz EV analysis. EV analysis has been widely criticised. Markowitz,
according 1o Wans et al. (1984), had resenvations about using variance (as opposed 1o semi-
variance), since variance considers both very high and very low retums as undesirable.

Conversely, semi-variance focuses on low returns. In a MOTAD model, nisk is measured as
linear deviations from the mean. Risk is implicitly undesirable, hence minimised. The
trade-off occurs between mean income (E) and deviations (A). The E-A frontier is
developed by parametrically running the model with regard to mean income and

minimising deviations from the mean income.

Table 2.1 represents the gross margin data for four crops over a six-vear period. Watts et al.
(1984) point out that since deviations are measured from mean income, total negative

deviations must equal total positive deviations,

Therefore, though less intuitively appealing. the objective function (as indicated in Table
2.2) which minimises positive deviations will vield an identical optimum solution to the
other two objective functions. Comparing risk based upon different risk reference points

(as in the case with MOTAD. since the reference point is the mean) is undesirable. if not

erroncous and misleading
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Table 2.1: Gross margin data required

Crop activities

X, X (X |X

Gross margins (Rand per
‘ ha)
Year | Gross Margin | 292  -128 420 | 579
_ Year 2 Gross Margin | 179 | 560 | 187 | 639
Year 3 Gross Margin | 114 648 366 | 379
_Year 4 Gross Margin | 247 1544 1249 1924
' Year 5 Gross Margin | 426 | 182 322 |5
_Year 6 Gross Margin | 259 850 | 159 | 569
_Average 253 443 284 | 516

Table 2.2: Comparison of risk between two hypothetical farm plans

. Farm plan A - B |
Year Deviation | Deviation Deviation
1 Income | from from X3 | Income | from
(Rand) = mean mean (Rand) | mean
| (Rand) (Rand) | (Rand)
X X3 |
" Year | Gross Margin 292 39 -8 420 136 |
. Year 2 Gross Margin 179 -74 105 187 -97 |
_Year 3 Gross Margin 114 -139 170 366 82 '
. Year 4 Gross Margin 247 -6 37 249 | -35
Year 5 Gross Margin 426 173 -142 322 38
_Year 6 Gross Margin 259 |6 25 159 | -125
Expected income (mean) | 253 284 |
| ¥ Neg. Dev 219 150 | 257
N Pos. Dev 219 300 | 257

Assume farm plans A and B (Table 2.2) both lie on the E-A frontier derived by MOTAD.
Farm plan B has a higher income and greater risk, as measured by deviations from the
mean. Therefore, the E-A criteria would not provide a ranking of farm plans A and B.
However, if a common risk reference point or TARGET is used to measure risk. a ranking
may be obtained. Using a target of 284, plan A is less risky (in terms of negative
deviations) than B. Use of a common target as a risk reference point will result in the

ranking of such clearly dominant alternatives.

Table 2.3 represents a typical MOTAD formulation for a farm with 4 crop activities.
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Finally, Target MOTAD will never choose a dominated plan, regardless of the target
sclected. A plan is dominated if another plan exists which has higher income in every

situation or year,
28 A CONCEPTUAL FRAMEWORK FOR INCORPORATING RISK IN A DLP MODEL

This section is based on the work of Grove (2006). As a linear alternative to expected value
variance analysis (E.V), MOTAD dominated the way objective function risk is
incorporated into linear programming models. MOTAD was developed to overcome the
inability of quadratic programming solvers to solve large quadratic programming models.
However, with advances in computer technology and the availability of modern non-linear
solvers such as MINOS and CONOPT, even large quadratic programming models are
solved casily. Thus the need to approximate the quadratic formulation with a lincar
alternative, MOTAD, has become obsolete.

Multi-period risk programming applications are nothing new to South Africa. However, the
assumptions of these models are vague or non existent. More specifically, these rescarchers
fail 10 detail the way gross margins and deviations from mean are discounted to take the
time value of money into account as well as assumptions about inter-temporal correlation
structures. For instance, Nowers (1991) applicd a multi-period MOTAD formulation but
cast the conceptual model within a single-period framework. The objective of this part of
the progress report is to develop the conceptual framework to incorporate risk into a multi-
period quadratic programming framework. To develop the conceptual framework, it is
important to note how the expected value and the variance of a linear combination of
random variables over multiple vears are calculated taking the time value of money into

account,

The following equation is used to calculate the expected present value of the farm plan as
the sum of discounted mean gross margins occurring in different time periods (Bussey,
1978:382):

tlp)- 32

(1))
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I'he variance of the farm plan is calculated as the sum of appropriately discounted variance
and covariance matrixes as follows (Bussey, 1978:384):

.. o, ov(l}Y,)
rp)=Y 2o +2Y Y S0 (
7] Th+i) Z’" (1+i)™

(]

Recognising that Y, and Y, are correlated gross margins in periods r and #, the covariance
between Ya and Y, is defined by the following relationship Cow(YaY,) = psaws, (A = 1)
where 4 is the simple correlation coefficient and @, and », are the standard deviations in
the respective periods. Thus, correlation matrices such as those used in long-term
simulation models to correlate random variables can be used to estimate the covariance

matrix

An important property of equation (2) is that if you want o model independence between
years, the correlation matrix becomes zero, and only the first pant of equation (2) is
applicable. Note, however, that the discount factor is raised to the power of 2t and not t
Extending standard single period (E.V) formulations to a multi-period model using the
logic of equations (1) to calculate the present value of expected gross margins and equation

(2) 1o discount the variance to present value results in the following GAMS code

MINVARCOV SIL'M thuiSISAMEAS (Lul ANDSAMEAS 1L

NG NGO covan L o b=e* (ORD 1)-1))**
¢ SUMGLUGUSINO T SAMEAS (Lu) OR NOT SAMEAS (14
(XX uroonvarO ek e i =n**(ORIM1) - ORIXNg -2

F=» VARIANCE

TARGE ] SUMGEL egm XU ORIXE-1)))) E= lambda .

The objective of the code is to minimise the present value of VARIANCE given a specified
target gross margin (lambda) while optimising the activity levels ((X().1)) of each enterprise
(J) in cach period (1). Critical input to the model is the expected gross margins (egm().t))
and the variance-covariance matrix (covar(j.tj.t)). Table | shows an example of the data

contained in the covar(j.1.j.t) matrix with variance if (j.t) = (j.t) and the covariance if ().t) =

(J.1).
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Table 2.5: Example of parameter table cover (j,t,).t)

| 1

[ X1.11 X2l X1.12 [ X2.12
X111 11264 1424 r -20548 -15627
X211 1424 10585 -27305 -10984

X1.2 -20548 27305 | 125145 29297
[ X212 -15627 -10984 | 29297 93652

Obtaining the data to estimate the full variance-covariance matrix may be troublesome.
However, Professor James Richardson of Texas A&M University (USA) has developed
procedures 1o appropriately correlate random variables both intra- and inter-temporally.
These correlated random variables are then used to simulate sequences of all the random
variables for cach iteration (state of nature). Once these values are simulated, it is possible
to calculate the variance-covariance necessary for use in the EV programming model.
Another alternative is to assume and test a Markovian autoregressive model to estimate the
autocorrelation matrix. Based on discussions with Prof. James Richardson, it was decided
to use the indirect method of calculating the variance-covariance from appropriately

correlated simulated output data.

The procedures used 10 appropriately correlate random variables intra- and inter-temporally
are summarised below. First, the random components of the stochastic variables are
isolated and specifiecd as percentage deviations from the deterministic component.
Calculate the intra- and inter-temporal correlation matrices. Given limited historical data,
Richardson (2003) suggests calculating only a one-year lagged autocorrelation coefTicient.
Next, correlated standard normal deviates (CSND) are generated taking only intra-temporal
correlations into account through the multiplication of the Cholesky decomposed intra-
temporal correlation matrix with an array of independent standard normal deviates. These
CSND are adjusted to account for the inter-temporal correlations during a second matrix
multiplication similar to the process described above. To simulate the random variables
using the inverse transformation method, the appropriately correlated standard normal
deviates are transformed into uniformly distributed variables using the error function.
Appendix B contains a printout of an Excel example demonstrating the procedures above
using standard formulations as with SIMETAR
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2.9 RESEARCH IMPLICATIONS

The various types of market risk are price. gross margin, cash flow. and financial risk. By
not hedging. a producer is exposed to all these risks, be it a price decline for the
commaodities they sell or a price increase for the commaodities they buy. In essence, they are
cash market speculators. In many ways, producers who do not hedge are in the same

situation as a futures market speculator.

The producer's costs of speculating are much greater due to the high costs incurred
producing these commodities. The size of the actual investment in inputs and capital all
increase the risk to the producer. While the futures market speculator may face losses in
addition to brokerage commissions and interest on the margin, these can be limited by
getting out of the market. It can be argued that farmers who are cash market speculators are

in a riskier position than futures market speculators - farmers are literally betting the farm!

With the changes in both support programs and the nature of agricultural markets,
producers have had to become more self-reliant in the arca of risk management. Risk
management is relevant for most operations as a way of limiting risk in terms of price.,
gross margin, cash flow. and financial stability. It is a means of maintaining farm viability

and protecting existing levels of equity.

I'he literature review in this chapter is important to understand the context in which the
modelling framework was developed. It was pointed out that during recent years, the
marketing environment has become more risky and more volatile in terms of both
operational and strategic risks. The chapter also highlighted the importance of external help
100ls that producers and other decision makers should use in developing risk management
strategies. It is therefore important to know what tools are available, the advantages and
disadvantages of cach tool, and how they can be used individually or together to manage
risk. This will help producers 10 become more effective managers and allow them to

continue to be competitive in the global marketplace.

lhe principal purpose of risk-return analyvsis lies in ranking altemative farm plans on the

basis of risk and examining trade-offs between risk and mean income. However. analysing

trade-offs between risk (defined as deviations from mean income) and mean income is
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subject 1o question, since risk is not expressed in a pure sense, i.e. such a risk expression is
not independent of but rather dependent on mean income. Furthermore, in most cases, the
only possible way to reduce (or eliminate) risk in MOTAD (and quadratic programming) is
to reduce (or eliminate) income. Yet, from a practical standpoint, it is not higher income
per se that poses a threat. To the contrary, it is low income, yielding negative deviations
from a fixed level of acceptable target income. While it seems perfectly normal to penalise
negative deviations as a source of risk, it is very difficult to view positive deviations as a
genuine source of risk. That is, do rational producers really attach as much dis-utility to
high income years as they do to low income years? If not, the Target MOTAD model
appears to be a more plausible approach for examining risk-retumn trade offs and, in
addition, is more consistent with risk literature (Watts et al., 1984). Finally, Grove (2006)
has pointed out that special additions to the methodology are necessary 1o use Motad
methodology in multi-period models.

The implications for this research project are the following:

. Risk management in agriculture has become an important part of the management
function for primary producers, industry bodies, and government alike.

e  The use of analytical tools as part of a framework to aid decision makers in
formulating risk management strategies can be extremely useful.

. However, decision makers will only use these analytical tools if the value of these
to00ls can be proved 10 make better decisions.

. Water allocation and water use efficiency is an important component of the New
Water Act (1998). It is therefore of paramount importance to consider the impact of

market risk on efficient water allocation and water use efficiency.

The chapters that follow will discuss the risks for the major irrigation crops that are grown
in the Northern Cape and how micro (in this Volume of the report) and macro (Volume 2
of the report) models can be used to quantify these risks and to develop strategies to reduce
them.




CHAPTER 3

THE NORTHERN CAPE IRRIGATION REGIONS

3.1 INTRODUCTION

The Orange, South Africa’s major river, rises in the Drakensberg in Lesotho, where it is
known as the Senqu. From where the river leaves Lesotho, it flows westward for some
2200 km to finally flow into the Atlantic Ocean at Alexander Bay. At the source of the
Orange River, the rain fall is approximately 2000 mm per annum and decreases as the river
flows westward. At its mouth, the rainfall is less than 50 mm per annum. Evaporation, on

the other hand, increases in a westerly direction (Conley & van Nickerk, 2000).

From Lesotho's border to below the Van der Kloof Dam, the river bed is deeply incised.
Further downstream, the land is low-lying with large arcas under imrigation. The total
catchment of the Orange River (including the Vaal) extends over 973 000 square km, i.c.
about 77% of the land area of RSA (1 268 535 square km). Approximately 366 000 square
km (38%), however, is situated outside the country in Lesotho, Botswana, and Namibia
(Conley & van Niekerk, 2000).

I'he Orange River Project (ORP) was one of the largest and most imaginative projects of its
kind in South Africa. The ORP was built to utilise the unused water of the Orange River,
which, without the Vaal River, represents some 14.1% of the total runofT in South Africa,

and to meet the increasing demand for water in the process.

I'he main objectives of the project were: to stabilise river flow for the generation of hydro-
clectric power, to provide a reliable water supply for users in the Orange River basin, and
to give a new lease of life to water-deficient areas in the Eastern Cape such as the Great
Fish and Sundays River valleys.
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Irrigation in the vast arca downstream of the Vanderkloof Dam. which has tumed
thousands of hectares of arid land into highly productive agricultural land, was made
possible by the construction of the Gariep and Vanderkloof dams. Old established
irrigation schemes such as those at Buchuberg, Upington. Kakamas, and Vioolsdrif have
also benefited because of the regulation of river flows which is now possible (Southern

African places.co.za, 2006).

I'he Gariep Dam, near Colesberg, is the main storage structure within the Orange River.
From here, the water is supplied in two directions. namely westward along the Orange
River (via hydro-electric power generators) to the Vanderkloof Dam. and southward

through the Orange-Fish Tunnel to the Eastern Cape (Southern African places.co.za. 2006).

I'he purpose of this chapter is to give the reader an overview of the Orange River and the
part of the Vaalharts irrigation scheme which falls within the boundary of the Northemn
Cape (see Figure 1.2). In general. the discussion will focus on a description of the irrigation

regions and a briet description of development regions (BEE projects).

Jid VAALHARTS

I'he Vaalharts Valley, situated in the north-east comer of the Northem Cape bordering the
North West Province. was started as an agricultural irrigation scheme during the 1930's
Due to the depression--the aftermath of the terrible drought of the late 20's--the scheme was
initiated to create employment and settle farmers on irmigated land. It derived its name from

the two rivers, the Vaal and the Harts, which flow through it,

A number of towns are dispersed along the valley, of which Vaalharts, Hartswater, and Jan
Kempdorp are the largest. The towns are self-supportive with all modern amenities. The 38
kilometre poplar lane along the road to Hartswater is one of the longest poplar lanes in the

world and was planted in 1937,

Vaalharts is still the largest irigation scheme in South Africa. Main crops include lucemne.
cotton, maize. ground-nuts, and. recently, grapes. citrus, and pecan nuts. while fruits such

as apricots. watermelon. peaches. and olives for the export market are on the increase. As is

the case elsewhere, agriculture diversified considerably during the last decade. Probably the
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most prominent feature of diversification is the Wine Cellar, while the local co-op made
history by producing a very popular charcoal made from compressed ground-nut shells
(Southern Africa places.co.za, 2006).

Most of the Vaalharts irrigation scheme is in the Northern Cape. However, Taung falls
within the boundaries of the North-West province and was excluded from the study.

3.3 DEVELOPMENTS FROM VANDERKLOOF TO DOUGLAS

Only the area from the Vanderkloof dam to Douglas (to the confluence of the Vaal and
Orange Rivers) that falls within the boundaries of the Northern Cape is included in this
study. The main towns in this region are Hopetown and to a lesser extent Orania. There is
no canal system, and all water for imigation is taken directly from the River. The
entitlement is 10 000 m" per ha. The area falls under the jurisdiction of the Free State
region of the Department of Water Affairs and Forestry (DWAF). Almost 80% of the
irrigated arca is planted with maize and wheat. Lucerne is the most common medium- to

long-term crop.
3.4 HISTORICAL DEVELOPMENT OF THE REGION: BOEGOEBERG TO AUGRABIES

The following sections (3.4 and 3.9) and its subsections are primarily based on NCDA
(1996).

3.4.1 Boegoeberg government water scheme

During the economic depression of the carly 1930s, the construction of the Boegoeberg
dam was commissioned by government to relieve the unemployment problem at the time.
The dam was completed at the end of 1931. The original canal of 121 km on the southern
bank of the Orange River was later extended to the present 172 km main canal. Irrigation
farmers at Gariep and Rouxville-West, north of the river, are served by the 48-kilometre-

long branches of the main canal.

In the early 1970s, the Department of Water Affairs built a 40 km canal for the Northern
Orange River Irrigation Board. This canal is connected to the main canal with a siphon.
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3.4.2 Kakamas government water scheme

I'he Kakamas irrigation scheme was initiated in 1898 by the Dutch Reformed Church.
Originally, the southern water-furrow was built on the southem bank of the Orange River.
The north water-furrow and the Augrabies-Rhenosterkop-Noudonzees canal followed later.

On the 17 of September 1964, the scheme was taken over and extended further by the

ovéemment.

o

In 1992, the Kakamas canals were upgraded. The farmers in the region were not allowed
to buy more water rights at that stage, but they were promised an opportunity to buy water

rights in the future.

3.43 Upington Island —~ Main Board

I'his scheme was originally started with the Gifkloof weir, which was built with stone and
concrete in 1908. It was taken over by the government in 1961. Extensions were
completed during 1981. At present, this scheme serves the irrigation areas of Straussburg,
Swartkopeiland, Kanoneciland, Blaauwsckop, Steynsvoor, Louisevale, Olyvenhoutsdrift
South, the communities of Curries Camp, Geelkop, and Eksteenskuil as well as a private

enterprise in Eksteenskuil.

3.44 Upington

T'his scheme is on the north side of the Orange River and was started with the construction
of a weir at Uap in 1888. At present, it falls under the Upington Imigation Board. It serves
irrigation farmers from Uap up to the township Lemoendraai. The main canal is not

concreted
3.4.5 Keimoes
This scheme was constructed before the Kakamas imrigation scheme and serves the 9

irrigation  districts of Keimoes, Brakbosciland. Rooikopeiland, Malanshoek.,

Skanskopeiland, Neilersdrift. Kousas, Onderstckomeiland, and Friersdale. The community

of Soverby has its own weir in the river to supply the community with water.
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3.4.6 Private development within the government water regulated area

The latest and biggest development of the so called “outside™ or "pump™ irrigation arcas
developed when an opportunity arose to buy additional water rights. Private developments
took place beneath Augrabies Falls at Blouputs as well as in the Onseepkans irrigation
board arca. Imigation water at Blouputs is obtained by direct abstraction from the river
whereas a weir and canal serve Onscepkans,

3.5 IMPORTANCE OF WATER IN THE LOWER ORANGE RIVER AREA

3.5.1 Number of farming units

The number of estimated farming units (1996) in the lower Orange River region gives an
indication of the importance of the region to the community. The number of farmers in the

area during 1996 was as follows:

. 1600 commercial farmers
. 90 small farmers on own land

. 149 small farmers on rented land (government or private)

There are about 400 hectares of potential irrigation land at Riemvasmaak. Although no
development work has been started yet, 200 families have been settled there.

3.5.2 Possibilities for development of small farmers

Garden Farmers

Several towns on the banks of the Orange River such as Groblershoop, Upington, Keimoes,
and Kakamas offer the possibility of home garden development to ensure food security for
the inhabitants. Apart from these municipal areas, the informal town settlements also offer
the possibility of home garden development. The potential has not been developed to the
fullest but offers the opportunity for future farmers 1o obtain knowledge and experience of

vegetable growing under irrigation.
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New farmers

Almost all the opportunitics for development projects along the Orange River are
connected 1o irrigation. Established small farmers in the lower Orange River irrigation area
were involved in the agricultural development projects (Eerstekuil, Congregational church
ground). These farmers are relatively well organised and anxious for development, as
opposed to small farmers in the rest of the country. Some of these farmers have up to thirty

vears® experience in small-scale irrigation farming.

Small farmers struggle to survive because their land is usually very small (1 hectare) and is
situated on the flood plain of the Orange River and thus exposed to flood damage. §
hectares is the minimum perceived for a feasible unit, The literacy level of the small
farmers is regarded as the highest in the country. The population is concentrated in centres
along the river, facilitating and improving access 10 schools. clinics and other services.
Training opportunities improved through the attempts of imrigation farmers to uplifi

labourers by means of literacy and management training

The lower Orange River area offers the best opportunity for settlement of new farmers in
< g g

the Northern Cape Province.

Around 160 000 seasonal farm labourers obtain new skills and training every vear when
they do seasonal work on commercial farms. The potential for small farmer support and

development includes the following:

. Supporting existing farmers to be more effective and profitable. Although the high-
risk approach of intensive farming is not necessarily applicable to small farmers. they
can leam the principles of risk and agricultural production management by anending
training periods on currently successful farms.

. Extension services from the Department of Agriculture. farmers. and private

organisations should be co-ordinated to prevent confusion among small farmers. The

Department of Agriculture should strengthen its extension services with highly

trained officers.
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The Congregational church grounds (Currics Camp and Soverby) have "outside land"
available for potential irrigation development, but water will have to be pumped, and only
high-income crops can be considered. A potential extension of 450 to 500 hectares will
provide an additional 1000 employment opportunities (4500 to 5000 dependants at 3 to §
individuals per family will benefit from this). The establishment of a vineyard on the
Eerstekuil rural area can create an additional 1400 farm labourer jobs. At Riemvasmaak, a
potential 133 permanent farm jobs can be created if 400 hectares of dry grapes are
established or 1600 farm jobs if 400 hectares of export grapes are established.

The Agricultural Rescarch Council (ARC) is also involved with extension services in the

region.

3.5.3 Employment opportunities

The fundamental role of agriculture in the lower Orange River arca during 1996 was
highlighted by the following statistics:

. Permanent farm workers £25 000

. Seasonal farm workers + 160 000

When dependants are included, 500 000 people are directly supported by agriculture,
Most of the seasonal workers are recruited in the Northern Cape and Northwestern Cape
Province.

During 1996, it was estimated that one hectare of export grapes provides an income equal
to the Northemn Cape per capita income for 2.96 persons. It was estimated that an additional
31 380 hectares can be put under irrigation if enough water is available. It is clear that not
only can an enormous amount of forcign exchange be ecamed, but employment

opportunities could also double with expansion.

354 Economy

Almost 35% of agricultural production in the Northern Cape contributes 32% of foreign
camings. 25% of these eamings go directly to labour. The area has a healthy, self-
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sustaining economy because more than 90% of carnings in the rural area are spent in the

local economy. making improved services possible.

Ihere is a possibility for expansion downstream of Upington, with limited expansion
possibilities within economic pump distance and a very suitable climate for specialised

crop production.

I'hanks to water availability and the favourable climate. the area can react 1o world market
opportunities. The local business sector is supported by these developments in the form of
soil preparation scrvices, transport services, nursery and plant material supplics. pipes and

irrigation equipment, trellising material supply, etc.

ates, nuts, vegetables, peaches, and citrus hold enormous potential possibilities.

3.5.5 Tourism

I'he tourism industry of the lower Orange River is connected to the adjacent arcas. Tourists
usually visit places like Gemsbok Park, Augrabies Falls and Namaqualand. Upington
ofTers a base from which tourists can casily reach these destinations.  The attractiveness of

the area is directly connected to the availability of water in the Orange River.

3.5.6 Linkages of irrigation development

I'he towns in the region’s infrastructure are almost exclusively developed and maintained
by the imigation farming indusinn. However, the whole region reaps the benefits.
According to local authorities in the region, towns are totally dependent on agriculture for
their existence. More than 70% of the secondary industry activities in the lower Orange
River are connected through forward and backward linkages to agriculture. with lintle
connection to the mining industry. Towns like Groblershoop. Upington, Keimoes. and
Kakamas have a population of more than 100 000 people each. These towns do not have
an alternative water source and are totally dependent on the availability of water from the

Orange River. Also, towns like Pofadder. Steinkopf. Springbok, Concordia, and Port

Nolloth are supplied with water directly from the Orange River.
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There is strong interaction with the livestock industry as well. The local feedlot industry,
which is mainly supplied with Jucerne and grains grown from Orange River water, has a
stabilising effect on the livestock industry. The 600 000 hectare Western Kalahari livestock
production area depends on the municipality of Upington for domestic water as well as
stock watering. The rural areas have no alternative water source. The Geelkoppan stock
farming area also depends on water from the Orange River. The Mier area would also like
to get water from the Kalahari pipeline, but the community’s unfavourable economic
position rules this out.

Optimal usage of national assets like airports, roads, railway lines and irrigation
infrastructure, as well as extended specialised infrastructures such as cold stores, wine
cellars, and grape juice plants, benefits the economy of the whole country. Mines like
Aggeneys are served by water from the Orange River, as will be any potential future mine
developments at Renosterkop (Augrabies and Keimoes).

3.6 IRRIGATION REGIONS, LAND AND WATER USE

Table 3.1 is an estimate of the total irrigation water entitlements in the Northern Cape and
the unused water.

The most important water users along the lower Orange River are local authorities.
municipalities, communities, mining industry, and agriculture. lrrigation water use is the
main economic user in the region. It is estimated that total unused water use entitlements
amount to approximately 14 410 ha or 10 percent of the total. The reader should note
unused canal and river water could not be differentiated in the farm survey. Therefore it
was assumed that the unused percentage is the same for canal and river entitlements. This

may not necessarily be the case.

The hot, arid climate of the lower Orange River makes it a favourable area for the
cultivation of a vast array of different crops. Interviews with farmers during 1996
(Department of Agriculture: Northern Cape, 1996) confirmed that a significant change
towards export grapes was planned for the next 5 1o 10 years. Soil with a high risk of cold
and fluid damage is not suitable for this change. It is desirable that farmers reserve a pant
of their imrigated area for cultivation of seasonal crops. The advantage of this is that
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facilitates water management during periods of irrigation water shortage when available
water can be diverted to long-term crops with a higher income. The development of the
"outside land" and new arcas downstream from Kakamas, with an emphasis on expornt
grapes and other export crops due to the use of micro and drip irrigation, has huge

implications.

Table 3.1: Northern Cape irrigation regions and water right entitlements

Volume'  Total Weigthed
| Area ha | volume Estimated volumeha
Region (ha) | (m'ma) | (mill m’)| Source | unsed (ha)  (m’tha)
Vasl
[Vasrats Nonr arc Wes channel 29.181] 9140 | 2667 | Carw 0
Gansgan 300 0 a7 Carw 0 !
s ch e 381 $ac as Cara («
<8 cana's (Barcey West cara's) 2480 | 11855 2603 Canal | [
Se'ow Vaanans wer 10 Detat 6494 | 94 594 reer 0 ‘
*ans River Spesxop Dam 1663 | 770C 128 Rrver e
|Sub-Total &) 488 3744
Vaaharts - Borehole eatractions 9.750 | 8.000  78.0 9,004,
Dougias 1o Prieska (M.doke Orange) |
Debad to Doulas Wer - % hang | 377 540 M5 River | 48
Debad 1o Doulas Wer - nght hand 2700 | 9740 | 254 | River [ 33 | |
Arrerion Canal 346 CRL T 32 Canal | 4 |
S ckiands canal 1200 | 94 "7 Cara s
Lous Bosman canadl 2700 | 9740 192 Care r
Makar® to conuace - Dougles side C 2 %4C g2 Rrver ‘ ¢ )
Vatsdn® o Bosgosbe g 18 827 | 10 C00 168 3 Rrvee | 202
Sub-tots R | 27,789 268 5 J ) LALA
Vanderhioof - Douglas - Retrives I I ,
Crange-Ret cars 3980 | 11000 438 Caral | £cs
Razhe - Rver adsiracton §7 11.000 11 Cara 12
L owsr R Rovar - Rvar absiTacton (Rache 1o Zoutparsant) j 3938 | 191000 433 | River | %o |
Vanderiog! fret SO km NC part of the nver 5980 | 19000 &858 Hiver 755
|From FS porge’ 1o Mamsar® | 8400 | 14000 85 * e 1029
| Sub-total 22095 2430 i 3 2.806 11.000|
e |
Scegoeteg Canal 7680 | 15000 | 1182 | Cana
Seve’ aUSrachon 1287 | 15000 183 et 13
Sub-total 8.967 1348 | % 15,000
Upington - Kakamas
G oo’ wer 0 Neusbe'g - Canal 13811 185000 2072 [ Canai | 4820
G%oo! war o Neusbe'g - River 2264 | 15000 337 | Rew | 78
waxaras NAS « Augrades (canall 50% 4083 | '5000 @12 Conel | 1425
Sub-totsl 120139 3021 T.028 15,000
Augrabies | Blouputs | |
Kaxamas NAS « Augrases (canall S0% | 4083 | 15200 €12 | Cara 1 745
Rovwr pustr Neusierg -ALg abws 2688 | 5000 370 ~ o 7583
Rrver STMrRO0n AUgrasees - Dorder 767 | 15000 115 [ Rwer | 232 |
Rror aTarazmon (198) o I 1604 | 15000 241 [River | 485 | ’
Sub-total 8923 1338 2724 15 000
Below Blouputs - Alezanderbay | '
Namaws and - Vioc 3ar & Namda | 976 | 15000 146 Rver | 293 |
Onseec«ars canal 314 | 15000 47 Ceral | -
R ansr Kambress - Voo sant 838 15000 125 R ver 2%
Viooisd ! Soumm (canal) ) 800 | 15 c00 | 0 Canal | 180
Eign 30 MOt 'Rrver @hstrachon et 18 0CO 114 Rwer | 208
Sub-Towal = 3 486 £23 1,045 15200
Nambia |
VIOCISd ™ Noh Aussarh o’ ofwrs |Nam ra 1285 | 15000 16 3 Rwer | 286
Sub-Total 1,286 19.3 85 15 000
Tota' aliocation (exclucing borehokes) | 142,922 16059 | taaw 11.236
Estimated percentage unused entitiement 1 10.9%

Source: Main'y DWAF (2006 ) and estimations from sunvey data
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Appropriate development and expansion can be highly sigmficant for the economy and the
accompanying upliftmenmt of communities in the provinge.  Indications are strong that
expansion will benefit both provinee and country. During the 1996 interviews with farmers,
it was found that generally, in South Africa as in most other countries, the main objective is
1o protect viclds. ensure product quality. and mamntain a reasonable income.  Imgation 18

one of the inputs that must be managed well for this objective to be reached

Water restrictions, a series of official investigations, and the new Water Act of 1998 raised
awareness of improved water management. and farmens now have new ideas of water
management and water-saving practices. Interviews with farmers also revealed uncertainty
around the meaning of concepts such as crop water demand. imgation demand, and
irrigation efficiency and how this relates 10 the water quota. Scientists, engineers, and

farmers must understand that farming practices and water balance are iterconnecied.

Imgation systems play an important role in efficient irmgation water use. The amoumt of
water needed for fluid and drip imigation differs considerably due 10 evaporation. Figure
3.1 presents the gross crop water requirements for a combimation of crops in the lower

Orange River under different imgation technologies.
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Figure 3.1: Gross crop water requirements for different irrigation systems

Sowrce Depamtment of Agnoohiune Northern Cague, 1996

The efficiency gains of more sophisticated (but also more expensive) irmgation systems are
clear. The drip svstem is the most efficient, followed by micro. Flood imigation 1s regarded

as more inefficient compared 10 sprinkle, micro, and dnp imgation. However, this 1s purely
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from a technical point of view and does not consider the costs of more efficient irrigation
systems. The latter irrigation systems are also much more management intensive. Also,
land above the canals tends to consist mainly of new developments irrigated with pump

systems.

It is generally accepted that atmospheric demand increases from east to west down the
river. This is only partly true. The maximum average demand, as pointed out by the A-pan
or automatic weather stations (short grass reference), stays relatively constant over a huge
area stretching from Boegoeberg up to the Namibian border and including the adjacent
grazing arcas. The equivalent A-pan cvaporation for January, as calculated by the
Department of Agricultural engineering, University of Natal, is 12.4 mm at Opwag and
12.8 mm at Kakamas. The actual long-term averages noted for January are 12.8 mm and
13.5 mm. There are actually significant local differences. The most important difference is
between the green belt and “outer soils™. The demand at Kakamas, where the weather
station is situated outside the alluvial soils, is a little higher than the equivalent A-pan
average for the area. The readings at the weather station in Upington, situated outside the
alluvial soils, show less evaporation, as expected. One can accept that Boegoeberg,
Upington, and Keimoes weather stations represent the green belt where flood irrigation is
dominant. Opwag and Kakamas are typical of the “outer soils” where drip and micro
irrigation are applied. The long-term average Penman-Monteith reference evaporation for
January and December at Upington island is 6.9 mm/day; the reading at Kakamas (Water
Affairs and Forestry), which is situated outside the flood plain, is 8.7 mm/day. The crop
water requirements that will be used in this study will also be verified through other

existing sources.

With the exception of 4000 ha irrigated mechanically, flood irrigation is the most common
irrigation method on alluvial soils. The alluvial soils were deposited by the floodwaters of
many centuries, so soil texture and composition will obviously vary. The clay contents
differ between 10% and 30%, which can be explained by looking at the flow of water when
the Orange River is in flood.

This variation in soil type must be taken into consideration when planning a flood irrigation
system. The soil in the flood plain has a natural gradient towards the river and along the
flow of the river. The strength of the current and the riverbed length and gradient must be
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balanced to ensure efficient irrigation. This is complicated further by the soil variations.

Also. soil preparation is critical for fertility.

During recent years. the tendency has been to systematically upgrade the efficiency of
flood irrigation through various measures such as laser controlled land leveling. In this

regard, farmers reported water savings of up to 30%

In practice, farmers irrigate according to a schedule that fits the farming programme. In the
case of flood irrigation, small administrations (¢.g. 20 mm) are not possible, unlike with
drip and micro irrigation. Consequently, a farmer will plan a number of irrigation
administrations through the year, according to the demand of the production strategy. It is

not easy to change this trusted recipe because the cffect on the following yvears” vield is

usually unpredictable.

X7 DEVELOPMENT PROJECTS IN THE LOWER ORANGE RIVER

3.7.1 Background

According 10 the Department of Agriculture, Land Reform, Environment and Conservation
(DALEC, 2003a), it is the Department’s mission to establish a sustainable environmental
framework that secks to unlock potential and provide food security through the provision
of efficient and effective service support. The Department is committed to promoting
participation by vouth, women, and men in the agricultural sector. The policies and
objectives of the DALEC must be noted since they will most probably be the driving force

behind these development projects.

3.7.2 Farmer Settlement Policy Considerations

Allocation of State land for production purposes to emerging farmers will be based on

. Resource base capacity;
. Household food security
. Productive value of land.

. Commercial motive;
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. Technology considerations; and

. Economic viability

3.7.3 Settlement Models

The following settlement models were identified by DALEC (2003):

e  State Land — Model 1: State assistance for land improvement and development
planning, facilitating the development process and finally leasing or selling to target
beneficiaries.

. State / Private Sector / Beneficiary Approach — Model 2: Joint ventures of various
natures can be entered into between the state, private sector and beneficiaries with the
eventual aim of releasing developed land to beneficiaries.

. Allocation of Water Rights as Mcans of Farmer Settlement on Private Land -
Model 3: Using the allocated 4000 hectares of water rights in the Orange River
system in the Northern Cape as a method to give emerging farmers access to farming
land.

The Orange River Re-Planning Study (ORRS) was commissioned in late 1994 in order 1o
determine a strategy for the most beneficial utilisation and optimal development of Orange
River water resources. Although the ORRS report was only finalised in 1999, carly
findings suggested the possibility of abstracting additional water along the lower Orange
River for the purpose of emerging farmer development.

In November 1998, the then Minister of Water Affairs and Forestry Prof. Kader Asmal
announced that an additional 4000 hectares of water rights (to the value of R40m) would be
made available along the lower Orange River for this purpose. Agreement was
subsequently reached between the national Minister and the Provincial MEC for
Agriculture, Nature Conservation and Land Reform that the provincial government would
champion a process by which these new water rights would be allocated in support of

emerging commercial farmer development.

In April 2000, the Garicp Spatial Development Initiative (GDSI) was launched with the

purpose of identifying, scoping, and appraising new opportunities for investment on a
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sectoral basis in the lower Orange River arca. In agriculture, the Gariep SDI was tasked
with identifyving prospects for the expansion of commercial farmer development, which has

been afforded a high policy priority by government.

3.7.4 Objectives

I'he objectives of the model should be 1o increase levels of permanent employment and
empowerment of disadvantaged communities through an increase in primary agricultural
production and agro-processing activitiecs, These projects should be planned to ensure
empowerment and generate and sustain a meaningful annual income for the participants.
Environmental. social, institutional. and cconomic sustainability must be aimed at. The
targeted area should be along the middle and lower Orange River and should largely be
achieved through the production of perennial and high value crops with an affinity for

export.

3.7.5 Principles

Models 2 and 3 handle the settlement of emerging farmers mostly on irrigable land, where
the outcome will be determined by the support given by varnious role plavers like
commercial farmers and financiers. In model 2. the land is the property of the state and/or
community, and in the case of model 3, development takes place on

private/state’communal irrigable land without any present water rights

It is foreseen that these types of equity schemes will not used to develop grazing land

because of its low income potential. The following principles and criteria will be used for
these developed models.

9 -

3 7.5 1 Efficient use of water

Although efficient water use is critical for South Africa, the aim of this policy document is

the settlement of emerging farmers and the creation of permanent jobs. To achieve this

aim, high value crops should be promoted where possible.
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3.7.5.2 Environmental sustainability

Environmental sustainability has a number of clements. The one that is most relevant to
the development process is the maintenance of the natural resource base’s productivity. In
particular, projects must ensure that the actions of present generations do not undermine the
capacity of the natural resource base to provide benefits for future generations. Of
particular concern is the maintenance of agricultural and pastoral productivity as rural
populations increase pressure on the natural resource base. Ecological sustainability also
refers to the maintenance of ecological processes, such as the cycling of nutrients and
water, which are basic life support system elements. The functioning of these systems
must be protected so that the survival of communities of people, flora, and fauna is not
endangered. The business plan must include measures 1o ensure that sustained soil fertility
will be maintained and water logging and salination prevented / or dealt with, should such
problems arise. Measures should be implemented to minimise pollution and waste

production.

3.7.5 3 Social sustainability and participation

Social sustainability and participation refers to the extent to which desirable change has
taken root in a society and is accepted by the population to the extent that it will be
supported and maintained by them without external support. The crucial point is that
innovations due to project activities should be appropriate for the recipient society. This
does not only imply that they should be affordable and attractive as a result of the
immediate gains that they offer, but also that they should be casily accepted by the
community and incorporated within their way of thinking. To be sustainable, innovations
must become part of a society’s norms and values of a society and support the people’s
goals. This has implications for the way in which innovations are developed, as they
should be developed by the community itself, where possible, rather than imposed or
introduced from the outside. This means that participation is a crucial element for ensuring
social sustainability. Meaningful participation requires that the recipient community not
only contributes labour to a project but is also involved in the design and management of

the project activities and has control over them.
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3.7.5.4 Institutional sustainabiliry

Ihis refers to the long-term survival of institutions, which can ensure that activities
developed through projects continue and evolve as conditions change. The institutions
involved may be village and community ones or parts of a govenment administrative
structure. Institutional sustainability also refers to the strengths and charactenistics of the
institutions in a community and their ability to continue to operate effectively and provide
sustainable services or functions to the community. The task team should be convinced
that the institutional backup does exist for the proposed projects or that shortcomings are

properly addressed

3.7.5. 5 Economic and financial sustainabilin

This aspect of sustainability refers to the ability of project-initiated activities o cover the
costs involved and produce a net economic benefit. This net benefit should be sufficient to
make 1t worthwhile for the people involved 1o continue to undertake the activities with their
resources and without external support. Hence, a project can be defined as sustainable if
investment in the project results in a long-term flow of economic benefits to the project
beneficiaries without a further flow of extermal funds being required. The task team should
concentrate on the financial feasibility of the project. The number of sharcholders must not
exceed the maximum number of households that can make a living out of the surplus funds
annually available 1o the sharcholders. Aparnt from the number of beneficiaries. the
proposals should also calculate the income stream and indicate all other non-cash benefits

to individual beneficiaries over time
3.7.53.6 Job creation
'he number, quality, and level of permanent and seasonal jobs must be indicated. as well

as how the beneficiaries of the communities would participate in management and decision

making. This will include methods and measures to facilitate enhanced participation in

management and decision making,
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3.7.5.7 Land reform / economic empowerment

Projects should address the principles of land reform in collaboration with the commercial
sector. The extent to which these communities will be empowered will be very important
and must be clearly indicated. Ownership and management must be indicated and
transferred, partially or in total, at some stage. The point of community take-over should
be described and must happen within realistic economic and financial guidelines, within an
acceptable period. The composition of portfolios, explanation and guarantees of
development capital, and the value of contribution of each party should be quantified.

3.7.5.8 Agro-processing

Any additional value adding / further processing of produce will be taken into
consideration. If part of the project, the creation of more jobs and/or raising the income of

people already involved should be quantified.

3.7.5.9 Water rights

Projects should indicate the financial value of water rights and how it will be distributed at
the point of take-over. Preference will be given to proposals where emerging farmers

retain a maximum quantity of water rights.

3.7.5.10 Risk assessment / Reasonable security of investment

The internal risks in the project, e.g. growing a specific crop, fluctuation of market prices,
ctc., should be indicated and gquantified in the proposals. The financial history of the
partner(s) is also important. The project should also indicate how the share interests of
different parties will be protected, e.g. if the entity is liquidated. To minimise the risk for
the settlement policy under this model, the task team should also give consideration to
diversity. The more diverse the enterprises and projects, the lower the risk of failure under
this model if an industry collapsed or experienced economic difficulty. The same would
apply if the projects were spread along the Orange River.
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3.7.5.11 Human resources development

I'he development (training, skills development, etc.) of the historically disadvantaged
group, and how it should be done and financed, must be indicated.

3.7.5.12 Access to social services

All beneficiaries must have access to social services. Linkages to available services must
be indicated and how shortcomings will be addressed

. -

3.7.5. 13 Development and growth considerations

Apart from the risk in awarding all the water rights for one industry or in one geographic
arca, consideration should also be given to development and growth opportunities along the
Orange River area qualifving for water rights. A natural spread of these projects within the
boundaries of natural and economic forces would be 1deal and must be taken into account

by the task team

"3 13 Strategn

Although the additional water rights made available as a result of the ORRS represent a
substantial development opportunity. it is imperative that the deployment of these rights be
r:;lrm;d for maximum success Project t'&'\\'h'pnl\‘rﬂ\ such as Vioolsdnft, Goodhouse,
Henkries, Withank. and Eksteenskuil are all functioning at a sub-optimal level. However,
thev provide possible nodes or focal points where existing agglomerations of irrigation
infrastructure, utilities, agricultural skills, etc. offer expansion opportunitics. In most cascs,
this will entail a parallel process of project rehabilitation and redevelopment. Subsequent
expansions may well be facilitated through the deployment of part of the additional 4000
hectares of water rights. Similarly. albeit from a different basis. large-scale private sector
irigated agricultural development as well as land restitution cases such as Riemvasmaak

and the Congregational Church land near Keimoes offer the prospect ol integrated

development built around existing agricultural capacity




The Northern Cape Irrigation Region 72

3.8 SPECIFIC DEVELOPMENT PROJECTS

This section is based on the “ORANGE RIVER EMERGING FARMER SETTLEMENT
PROGRAMME (OREFSP)" studying the Northern Cape (DALNC, 2006). The primary
aim of the Orange River Emerging Farmer Scttlement Program centres on economic
growth, the development of communities, and economic empowerment through the
development of imrigation land into intensive agricultural production units. Figure 3.2
shows the location of 20 existing or potential development projects’. Table 3.1 is a
summary of the most important projects that have been identified by the DALNC. These
projects have cither already been implemented or are in the planning process. Some of
them already have water use rights, while others will need to apply for the 4000 ha of

surplus water rights set aside for this purpose.

Table 3.2: Current and potential development projects in the Northern Cape

Yotal
Map area | Imrigable |Current andior potential land
no. |Project (ha) | area (ha) |utilisation Phase
Pecan nuts, Vegetables, Lucame
2 |Karoo Water Proect 800 |Maize, Wheat Ground nuts. Cotton  |Planning
Current use s for game farming
3 |Wimbledon 5504 | Unknown |Potansial to some of the land  |Planning
4 |Bucklancs 1749 850 |Not indicated in the repon Stagnant
B emergrg farmers | 100 S5 [Lucerne Maze Wheat. Ground nuts. |Pannng
6 _|Thumelo youth project 176 170 |Wme and table grapes, rasins and LudPantly operational
33ha plamed with Lucerne under prwot
¥mgaton  Along with this s 4 Sha
7 _|Sanddraal ! Arbedsgenot 90 90 |Meriot (wine grapes) and 20ha Pecan |Partly operational
8 _|Edanc female farmer project | 17 17 |Cotton and lucerne Parlly operational
9 |OASIS hydroponcs ? ? HyOropomncs vegetable produchion Implementaton
10 |Blocuso 11136] 286 |Lucerme. wine grapes and table g Implemenabon
11 _|Exstoenskud 621 |Lucerne wine grapes rasons vegetatiPartly operatonal
17 |Kakamas Lucerne 1000  [Lucerne Planning
13 |Riemvasmaak 800 |Table grapes, other irigation crops  |Planning
Essental ol crop, rose geranum, and
14 |Onseepkans (CSIR) 80 the medicinal plant_Hoodva gordonw | Pastly operational
15 _|Onseepkans (Private) 50 [Cash crops Planning
16 Pela 85 Luceme and table grapes Planning
17_|Witbank 185 120 ha lucerne Partly operational |
18 322  Cash crops Planning
19 550 High value crops Planning
20 [Henknes 25 20 ha cates and 5 ha mangoes Partly operatonal
21 |Sancarft . 150 |Lucerme Planning
Total area (ha) 18745 6139

' Please note that there is no no.l project, since the index 1o the report was numbered

according to the map and the first section was the introduction.
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A number of agencics have been identified for the partial funding or financing of these

projects. These include:

. Government agencies through
CASP Funds
Department of Water Affairs and Forestn
ASGISA

. l.and Bank

. Development Bank of SA

Finally, at the time of writing, it could not be established how many applications have been
received for the 4000 ha of water rights (this is surplus water) set aside for development
projects and how much has already been allocated. However, rough indications are that
approximately 3135 ha have already been allocated (Blocuso and Sonskyn). 800 ha are

currently under review to be granted (Karoo), and applications have been made for a major

proportion of the balance

3.9 DEVELOPMENTS IN NAMIBIA IMPACTING ON IRRIGATION IN SA

lhe developments that will impact on irrigation in South Africa will mainly come from
Aussenkehr Farm. According to SAT (2003). the farm is situated in Namibia on the north
bank of the Orange River, 50 km west of the border post at Noordoewer. [t was formerly an
angora goat farm and belongs to Mr Dusjan Vasiljevic, who bought it in the 1980s. The
first development of table grapes started in 1988, and large-scale development commenced
in 1997. The area currently has 1100 hectares under table grapes. The initiatives are jointly
managed by the Grape Valley Management Company and consist of a consortium of

companies which are

. International Fruit Company

. Exotic International Namibia Pty Lid
. Nivex Enterprises Pty Ltd

. Namibian Grape Export Pty Lid

. Orange River Vinevard Investments

. Grape Valley Packers
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Grape Valley Management Company manages all the production units co-owned by
Dusjan Vasiljevic and other sharcholders. All the land at Aussenkehr belongs to Mr
Vasiljevic, with the exception of the Namibian Grape Company and the Namibian
Development Company. This land was sold to the Namibian government, and these

ventures are managed by the government of Namibia.

The infrastructure at Aussenkehr is breathtaking. One of the packing sheds is the biggest
packing shed in the southern hemisphere and has the potential to pack 50 000 cartons per
day. This is one of 8 sheds at Aussenkehr, and during the last season, the region harvested

1.8 million cartons in 8 weeks.

There is also a large punnet packing section. It has 6 pre-cooling rooms, each pre-cooling
36 pallets, and a holding store which accommodates 100 pallets. The Grape Valley
Management Company has recently received EurepGAP accreditation and is in the
process of applying for Tesco’s Nature's Choice and HACCP accreditations.

A pumping station with the capacity to pump 45 million litres (45000 m’ per hour)
supplies the table grape vineyards at Aussenkehr. Soil requires intensive and constant
management. The alkaline soil has a pH of 8.5, and the water is also alkaline. The soil

near the river is rich and becomes progressively poorer away from the banks.

The workers are mostly from Ovamboland, Kavango, and Caprivi in Northern Namibia.
At the height of the harvest season, Aussenkehr has a population of 14 000 people. They
travel great distances 1o come and work on the grape farms and are willing. industrious,
and cager to be trained. The workers build their own reed dwellings, and the village is
neat and clean. The Grape Valley Management Company provides water and sanitation.
Although there are numerous shebeens in the village, employers do not have a problem

with intoxication on duty, and Aussenkehr has no problem with crime or thefi.

Aussenkehr has a small supermarket which provides sufficient supplies for workers and
management. A school for workers® children was provided and is run by the Grape Valley
Management Company, and they have also built a clinic and police station.
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A new site for a proposed 2000 ha table grape development has been identified. It is
seven km north of the river and is 1-2°C warmer than the riverside plantings. The
infrastructure to supply this development with water will cost R120 million and require a
pipcline with a 1.8 m diameter. The developers are approaching the Namibian
Government (Namwater) for assistance with this scheme. A properly proclaimed and laid
out town is planned for development. There are already plans for a service station, a

supermarket. and a bank to open in the region.

The Namibian Grape Company is an investment of the Namibian Pension Fund. They are
the largest producers of table grapes in the area and have a good infrastructure but are
hampered by management problems. and profitability is a concemn. For example, a recent

mainline burst took 4 weeks to repair, and the entire crop was lost.

['he Namibian development Company has established 20 new farmers on 5 hectares cach.
Each new farmer has 2 ha of wable grapes. Dates and lucerne are also cultivated. The
forthcoming harvest will be the first year that these voung vinevards will bear, and they

will be packed in the NDC's packing shed

It is clear from the above background that Namibia (based on present developments
alone) is going to have a substantial impact on the South African table grape industry. not
only in the Orange River region but also in the other producing regions. Namibian grapes
are in the market at least two weeks before Blouputs (carliest area in the Orange River).
The prices which are determined carly in the season normally also dictate what happens
later in the scason, ¢.g. high prices carly in the scason lead to a higher price for the

remainder of the scason.

Previously. this was not a problem due to the relatively small volumes produced.
However, with the current and planned developments, it is expected that Namibian
production will reach at least 3 million cartons within the next three 10 four vears. The

relatively small volumes will therefore become relatively large volumes, considering that

the entire Orange River production at present is approximately 14 million cantons.




The Northern Cape Irrigation Region 77

3.10  IMPLICATIONS FOR MODELLING

The objective of this chapter was to give the reader a detailed overview of the irrigation
regions included in this project. From a modelling perspective, it is necessary 1o consider

the following implications:

®  The objective is to model all the irrigation regions in the Northern Cape to capture
total current and potential future agricultural production. This is necessary to
capture the total irrigation water usage and the total output from irrigation
agriculture with the view of linking the output from the micro models to that of the
macro model and visa versa,

. It is necessary to divide the region into regions that make sense and are practical
from a modelling viewpoint. The first logical division of the irrigation regions
would have been the areas of the Water User Associations (WUA's). However,
there is still much uncertainty regarding the geographical areas of the WUA's, and
it was decided 1o consider other practical considerations such as crop combinations
and stretches of the river. The choice of irrigation regions used in the modelling
exercise is discussed in Chapter 4.

. Since there is much uncertainty regarding the 4 000 ha allocated for development
projects, it was decided to treat this arca as part of the total water allocation for the
Northern Cape. and the theoretical land use for this area is therefore considered to
be the average current land use. However, it will be very simple to deduct this area
for specific development projects and to analyse them as specific projects within the
modelling framework as more information becomes available.

. The area below Blouputs is a long stretch of the Orange River and only contributes
to approximately 3.33 percent (4 471 ha) of total current water use entitlement. It
was therefore considered that carrying out a regional survey will not add value 10
the outcome of the modelling exercise.

e All the major crops that are currently grown in the Northern Cape irrigation regions
should be considered in the models and in the market analysis.

Finally, it is useful to have reference groups to discuss modelling results and farm survey

data. For this purpose, three reference groups were established: the north-eastern regions
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CHAPTER 4

FARM SURVEY AND DATA

4.1 INTRODUCTION

The objective of this chapter is to describe the farm survey results and all the data 10 be
used in the modelling exercise. The next section gives an overview of the sampling
method, followed by the farm survey results and a description of the typical farms. Next,
the aggregation factors and aggregated irrigated regions are described. Finally, the crop

budgets, input coefficients and a chapter summary are presented.

4.2 SAMPLING METHOD

A farm survey was conducted during 2002 to assess the resources, land use, and financial
position of farmers in the Lower Orange River and in the Vaalharts irrigation regions. The

questionnaire is shown in Appendix A.

Stratified random sampling with the unequal sampling fractions method was adopted for
the survey (Snedecor and Cochran (1982). Stratification enables the population to be
divided into subpopulations or strata that are less variable than the original population;
different parts of the population can be sampled at different rates when this seems

advisable. There are several reasons for choosing this method:

. Differences between the strata means in the population do not contribute to the
sampling error of the estimate of the population mean: it arises solely from variations
among sampling units in the same stratum.

. If strata can be used to divide a heterogencous population into fairly homogeneous

parts, a substantial gain in precision over simple random sampling can be expected.
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. In stratified sampling. the size of sample to be taken from any stratum can be chosen
scparately. This freedom of choice provides scope for efficient resource allocation to
strata sampling.

- When different parts of the population present different problems of listing and

sampling, stratification enables these problems to be handled scparately.

Originally, it was envisaged to use the following sub-regions:

. Van der Kloof Dam to Douglas
. Douglas to Boegocherg

. Boegoeberg to Upington

. Upington to Blouputs

. Blouputs to Klein Pella

- Klein Pella to Alexander Bay.

However, to capture all the irrigation regions in the Northem Cape, it was also necessary o
include the Vaalharts imrigation region up to the Vaalharts weir, Barkley West. the reach
below Vaalharts weir to Debat, and the Harts River from Spitskop Dam 1o the confluence
of the Vaal River. Also. the steering committee requested the research team to work with
Water User Association regions as far as possible. After a discussion with DWAF officials,
it was decided not to follow this route since most of the Water User Associations (WUA)
boundaries (regions) are still under negotiation or negotiations have not even started. The
second problem is that the arcas used in previous studies (DWAF, 1998b) did not
necessarily correspond with the proposed WUA regions. In the 2002 survey. the area below

Blouputs was not surveyed, and it was decided to treat this area in the modelling

framework as the average for this Orange River. Discussions with farmers and officials of

farmer co-ops assisted in identifving arcas with relatively homogencous farm structures
along different reaches of the river. Therefore. given all the practical problems regarding

the proposed WU A regions, the following irrigation regions were included:

. Vaal region (Vaal): The Vaalharts region (excluding Taung) plus the Vaal River

below the Vaalharts weir up to the De Bad. Also included are the Barkly West canals

plus the area of the Hants River below Spitskop Dam. The total area represents
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approximately 40 488 ha of river and canal abstractions plus approximately 9 750 ha
borchole abstractions. The total irrigation area (in terms of water entitlement) is
therefore 50 238 ha or 35.15% of the total irrigation entitlement in the Northern Cape
(see Figure 1.2 for the location map).

. Vanderkloof-Douglas-Riet River region (VAkDR): The irrigation region from
Vanderkloof Dam on the Northemn Cape side for a distance of approximately 50km
downstream of Vanderkloof Dam and then the irrigation regions on both sides of the
Orange River up to Marksdrift. Also included are the Orange-Riet canal, the Ritchie
irrigation board, and the arca from Ritchic to Zoutpansdrifi. The total irrigation
region is approximately 22 095 ha or 15.46% of the total water entitlements.

. Douglas - Prieska region (DP): This region includes the area from De Bad to the
Douglas weir, the Atherton, Buckland, and Louis Bosman canal, the arca from
Markdrift to the confluence of the Orange River on the Douglas side of the Orange
River, and the area from the Orange-Vaal confluence to Boegoeberg Dam. The total
irrigation water entitlement area is approximately 27 789 ha or 19.44% of the total.

. Boegoeberg region (Boegoe): The region below Boegoeberg Dam up to the Gifkloof
weir near Upington. The arca represents approximately 8 967 ha or 6.27% of the total
irmgation water entitlement.

. Upington-Kakamas region (UpKaka): The region from Gifkloof weir to Kakamas
including 50% of the Kakamas North and South canals and 50% of the Augrabics
canal. The arca represents 20 139 ha or 14.09% of the total irrigation water
entitlement area.

. Augrabies ~ Blouputs region (AugBlou): The irrigation region including Augrabies,
Blouputs, and Marchand. In this region, there is some overlapping with the Kakamas
region, and it was decided to split the Kakamas North and South Canal and the
Augrabies canal 50:50 between the UpKaka region and the AugBlou region. The
region represents 8 923 ha or 6.24% of the total irrigation entitlement arca.

. The irrigation regions below Blouputs to Alexander Bay (BBlou). This area includes
most of the proposed Onscepkans WUA region, Goodhouse/Witbank, and the
Namaqualand WUA regions. This arca was not surveyed due 1o the extremely high
cost of surveys and low concentration of farming activities. The area represents 4 771
ha (3.34%) of the total irrigation entitlement area of the Northern Cape. For
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modelling purposes. it was decided to use the average survey results for the lower

Orange River to simulate farming activities in this region.

'he total irrigation entitlements in the study region is summarised in table 4.1.

Table 4.1: Summary of water entitlements in the study region

Area Total Number of |

entitiement | Average volume, volume % of total | typical |

Region (ha) per ha (m’)™ | (milion m’) | volume farms |
Vaal* 50238 9.000 452 1 28.2% 4
VdkDR 22.095 11.000 2430 151% K
DP 27.78% 9 660 268 4 16 7% 4
Boegoe 8. 967 15.000 134 5 8 4% 3
UpKaka 20,139 15,000 3021 18 8% 4
AugBlou 8 823 15,000 1338 8 3% 2
Bblou 4771 15.000 716 4 5% 1
Total 142 921 1605 6 1000% | 22

*Including boreholes (5750 ha x 8000m per ha)
** Weighted average for the region (see table 3 1)

Source DWAF (2006)

The purpose of the survey was not to determine the exact situation of water distribution

within these regions. The “borders™ between these regions are therefore “soft™ borders. It

was stated previously that the main purpose was to gather information to compile typical

farms in cach region so as to establish the difference in farm structure, since this largely

determine the impact of market risks on the various systems. A rather simple method of

stratified random sampling was employed using the total water right entitiement in each of

the above regions and setting a target of covering at least 15-20%., but as high as possible a

percentage. of the total imrigated area in cach of the regions. Farmers were selected

randomly from information provided by the Department of Water Affairs and Forestny

However, there is some deviation from the target for the following reasons:

. Since it was not originally envisaged to include the Vaalharts region in the study, the

project team worked on secondary data from a previous study that was conducted in

the area during 2002. Also, the land use is relatively homogeneous, and it was

therefore decided that the S8 farmers (8% of the total water nght entitlement for this

region) that were surveved adequately represent this region.
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The Upington — Kakamas region has many relatively small farming units. It was
therefore not unexpected that although 29% (63 units) of the farming units that were
surveyed are in this area, only 15.7% of the total water entitlement was covered.
However, the authors are confident that these farming units adequately represent the
farming structure of the region.

The Augrabies - Blouputs region was also regarded as an exception at the time, since
the farm structure in the region is relatively more homogeneous than the other
regions and since information on farm structure, production costs, and marketing

arrangements is more readily available compared to the other regions.

SURVEY RESULTS

Regional results

The main objective of the farm survey is to establish the difference in farm structure

between different sub-regions of the river. The data being presented in the following

sections were obtained from a survey of 217 farmers. Table 4.2 shows the number of

farmers in cach of the regions which participated in the survey.

Table 4.2: Number of farmers

Irrigation Percentage

Number | Contribution area Total surveyed of
of to total surveyed | entitiement total

Mlon farmars farmers ha) (ha) entitlement
Vaal 37 17.1% 3 681 50 238 7.9%
[VAKDR 28 12.9% 6 889 22 085 31.6%
DougPrieska 34 15.7% 8 881 27 789 32 4%
[Boegoe 39 18.0% 1.852 8 967 20.7%
UpKakam 63 29.0% 3.171 20.139 15 7%
AugBlou 16 7 .4% 1.054 8 923 11.8%
iToul 217 100.0% 26,037 138,150 18.8%

The reader should be aware that many farmers farm on more than one farming unit. For the

purpose of this study, a whole farm approach is adopted, so the number of farmers that

participated is not that important. Table 4.3 - Table 4.6 show a condensed summary of the

most important parameters regarding the survey results. It is clear from Table 4.3 that there

are substantial differences in farm structure between the sub-regions. Shorn-term crops
dominate the Vaal, Vanderkloof-Douglas-Riet, and Douglas-Pricska regions. In the
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Boegoeberg region, farm structure starts to change to long-term crops. although short-term
crops still make a substantial contribution. Moving towards Upington-Kakamas, long-term
crops start to dominate. while long-term crops are grown almost exclusively in the

Augrabies-Blouputs region.

Table 4.3: Summary of important structural and financial parameters

[TEM o Vasl | VOKDR
ong-tem crops () ¥oC S4e 430 | 1388 o 909 e 4194
SROn-tar= craps (M) 4 86C 10 337 “6 047 oS () 2 565
otal ha 5,761 1088 164 2.081 3,048 1,013 4716
Tvestment per na | G (Rand) 35257 | 333233 _ 32,388 | $5937 | 133601 321670 | 1370%
Gross mcome per ha (Mand 8 658 12 255 1978 17.002 41 540 7 04 45 5%
Dwect costs per na (Rand) 4470 7279 & 389 P o4 4l 44 195 28 950
Tom rargrme  Rang FRLEE 2378 £ 585 7087 17405 | 4EA%4 | 23800
[Oweheaas per ha (Rand) 2 458 2 458 FLLE 4014 5 510 8 850 €258
'eCa%0n Cost Der Ma (Rand) GCe 501 442 G4 1782 2235 1647
NFI per ha (Rand) 824 1917 2480 | 2189 9.204 | 35748 | 8719
Wate’ entmemen: oer "a (M Ma) 9 00C 11 000 G 6&D 15000 | 15000 | 15000 | 15000
(NFI per m' (Rand'm’) 009 | 017 0.28 014 081 238 | 108
T Nt surveyed

A rough calculation of the Net Farm Income per m’ was also made. Table 4.3 represents
some economic parameters for the various regions and gives an indication of the Gross
Income (Gl), Direct Allocatable Costs (DAC), and Net Disposable Income (NDI). The
reader should note that depreciation is not accounted for accurately in the calculations
below since the survey did not collect adequate information to allow for accurate
depreciation calculations. However, assuming a 10-year lifespan for machinery and
equipment and 235 vears for fixed improvements, a rough estimate was made. The analysis
clearly shows that the Augrabics-Blouputs region, where table grape production dominates,
vields the highest return per m’ water (in 2002). However, it is also clear that capital
investment and production costs (and therefore also the risk) are substantially higher than
in the other regions. The Boegoe region retumed the lowest Net Farm Income per volume
of water in the regions where long-term crops are important. This was mainly the result of
a depressed market for dried grapes (in 2002), which is the dominant crop in the region. It
is also interesting to note that in the Vaal region (mainly Vaalhants), the NFI/m’ is the
lowest of all the regions and substantially lower than the other regions where short-term
crops dominate. This can be explained through the fact that farms are generally smaller in

this region, so farmers cannot achieve the same economies of scale as in the Douglas-

Prieska region, for example
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Table 4.4 shows the level of employment in the sub-regions. The regions with the highest

contribution of long-term crops to total area also generate the highest employment.

Table 4.4: Employment (number of labourers)

[TE™ Vaal __DF _|Boegoe Upiaka |AugBiou] Bblou" | Total
Number of permarent labourers 432 337 302 | 346 1329 904 1932 | 5482
Number of casual Abourers - %7 437 180 679 | 2840 1292 | 3745 | 5545
F—m'!! number Of BDOWers 799 | 774 | 482 | 1025 | 4088 | 2196 | S681 | 16007
[Eabourens per ha irgeted 914 | 007 | 0. 080 133 217 | 120 ) 34

* Nt suveyed - average o Boegoe, Upkaka ALGEIOU NG CalcuAmed 1or the total of 4771 ha

It is estimated that approximately 5 482 permanent and 9 545 permanent equivalent
labourers are emploved by the respondents. Table 4.5 represents an estimate of the total
number of farm workers employed on irrigation farms in the Northern Cape. The estimate
shows that approximately 60 000 permanent equivalent labourers are employed.

Table 4.5: Approximation of the total employment for Northern Cape irrigation

agriculture

Tim Vaasl [VOKDR] OF Boegoe UpKaka Bblow* | Total
“nwdmm 767 tadq 508 1506 | 8118 7 4 1832 | 22 550
{Number of casual Wbowrers - (perm equvalent) | 3200 | 888 | 304 | 2054 | 18762 | 11383 | 3746 | 37452
Total numbder of abowrers 6070 | 1572 | 813 | 4460 | 260880 | 19347 | 5681 | 60041
|Mﬁhlm 014 | 007 | 003 | 050 133 217 1.20

* Not surveyec - average for Boegoe, Upcasa wummuwuamn

Table 4.6 represents the arca that was covered by the survey. The objective of 15-20% of
the total irrigated arca was clearly reached, with the exception of the Upington-Kakamas
and the Augrabies-Blouputs region, which were slightly below target. The high coverage in
the Vanderkloof-Hopetown and Douglas regions can be explained by the fact that farms are
substantially larger on average than in the other regions. It was therefore possible to cover a

much larger area in the two weeks that were set aside for the survey in these regions.

The author is confident that the survey results are representative of the sub-regions and that
the modelling results will adequately simulate the response of irrigation agricultural to
external and internal impulses when aggregated to the whole region. Approximately 18%
of the wotal irrigation water entitlement was covered by the survey. Figure 4.1 to Figure
4.6 represents the estimated land use for specific regions. There are evidently substantial

differences in farm structure between the regions
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Table 4.6: Area contribution of sub-regions to total area surveved

TEM Vaal VOKDR| DP | Boegos Upkaka [AugBiou] Bblou | Tota
Canal abstrachon (na 32331, 4077 | 3726 | 7680 | 17854 | 4083 | 914 | 70707
River abst-acton (ha) 8157 | 1mos|2¢060] 1207 | 22¢a | 4840 | 30858 | 6248¢
Boremom abs'rachons (a) 9 780 0 0 | 0 0 0 0 9750
Total /mgahon enttement (Ma) | S0.238 22008 27788 | 8967 20138 | 093] | 4772 s
Pecceniage ca”a alocabon 4% 18% 13% 86% 9% 46% 5% 46%
PeCeNage Nver ahacaner 16% | 82% | &% 4% 11% 5L 1% | e
|Percentage from porehcies B 19% | 0% 0% 0% 0% 0% o% | ™%
Aran s rvevet Ruiow Bio o ts s ded) (hy s08+ | s080 | Aest | ss2 1971 1084 " 2are?
Fe'ceniage of ent terant oz e ew | 3% | 32w | 206 | sew 12% | o tB%
Feccaniage of iotal rNgaton Imgaton ares LB IRE 5‘-47 1945 8 3% t41% | 82% 1 33 100 0%

Source: Survey and DWAF (2002, 2004)

It is clear from Figure 4.1 that wheat and maize represent approximately 53% of total land
utilisation, followed by barley, groundnuts, and lucemne. Figure 4.2 represents the estimated
land usec in the Vanderkloof-Douglas-Rict River region. Almost 90% of the total arca is
used for maize and wheat production (in one vear), followed by lucerne and some other

minor crops.

It is clear from Figure 4.2 and Figure 4.3 that there is no major difference between the

Vanderkloof and Douglas-Prieska regions.

'he dominant crops are maize and wheat produced by crop rotation, where both crops can
be produced on the same land in the same vear. With the exception of Lucerne. there are
virtually no long-term crops. Farm structure changes substantially in the Boegoeberg
region (Figure 4.4). The region is characterised by a combination of short-term (34%) and
long-term crops (66%). The major crop is dried grapes, which represents approximately

28% of total land utilisation.

In the area between Upington and Kakamas. farm structure changes towards a larger arca

with long-term crops (Figure 4.5). Only 3% of the total area ("other plus maize") is used

=0

for short-term crops. Table grapes use 27% of the total irrigation area. It is also clear that

approximately 40% of the area is under dried grapes. This explains the much lower Net

Farm Income compared to the Augrabies-Blouputs region. The Augrabies-Blouputs region
0

(Figure 4.6) is characterised by table grapes as the dominant crop (67.2%). The second

largest area is dried grapes.
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The survev results were also compared 1o previous results WO scts of figures are
avallable: from DWAF(199%5a), which covers the whole niver, and from the Northern Cape
Depariment of Agnculwure (1996), which only covers the area from Bocgoeberg Dam to
Alexander Bay o render the figures of the 2002 survey comparable only the survey
results from Bocgoeberg o Augrabies-Blouputs were consadered. Figure 4.7 < Figure 4.9
represents the comparable results for cach estimate. Clearly, substantial structural change
has taken place since 1996, Unfortunately. the DWAF estimate did not disunguish between

different kinds of grapes
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industry 15 discussed. At this poimt of the report, the reader should just be aware that table
grape prosluction in the Orange River more than doubled from 1996-2003. This tendency
had a huge impact on the region in terms of capital investment in new orchards, pack

houses, cold storage facilines, transport, and the services industry. Obviously, then, a

negative impact on the table grape industry will have region-wide impacts
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Ihe DWAT (1995) probably overestimated the cotton arca sinee the 1996 NDCA estimate
' i

Y ) ' ? . s 9 N
ind the survey 2002 results are relatively of the same magnmitude. Als ¢ 20020 surves

results indicate a reduction of approximately 7 percent in the area of lucerne compared to
the 1996 estimate. A casual observation in the arca shows that the lucermne arca has

B >
increased again since 20602 as

armers have struggled 10 cope with a negative marketing
environment for almost all grape commodinies and have expenienced difficulty in re

ostih LLLLLLINE Id orchards

4.3.2 Typical farms

Ihe large differences between individual farms make o impractical 10 use averages as
critenia for creanng 1y pr\'.ll farms for an area. 1t will be more realistic 1o erealg Iypi al farms
for cach arca based on the median and through discussions with farmers and agncultural
experts 1n the region. The end result must be a farm that 1s representative - typacal for a
specific arca in terms of land utilisanion, debt, and capital investment. The survey data were

used o estabhish the vanance within a region in order to decide on the number of typacal
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farms per region. A large variance in the area irrigated and the land use structure led to the
construction of more typical farms per region. Twenty-one typical farms based on farm size
were thus constructed within the 6 irrigation regions covered in the survey, plus one typical
farm for the area below Blouputs which is basically the average of the arca from
Boegoeberg 1o Blouputs. The detailed results are presented in tables 4.7 10 4.10. The

following can be concluded from the survey results:

. Average farm size in the Vanderkloof-Douglas-Riet and Douglas-Prieska regions is
much higher than in the other regions of the river.

. The size of farms below Boegoeberg does not vary substantially between typical
farms of the same size (e.g. the medium representative farm in every region is the
same size).

. Land use in the Vanderkloof-Hopetown and Douglas-Prieska regions is relatively
homogeneous. The most important crops are maize and wheat on all the typical
farms. However, it scems that larger farms tend to be more diversified than smaller
farms.

. Pivot irrigation dominates the irrigation systems in the Vanderkloof-Douglas-Riet
and Douglas-Prieska regions. Systems change substantially in Boegoeberg, where
flood irrigation dominates. The arca between Upington and Kakamas is also
characterised by flood irrigation. However, the area under drip and micro irrigation
increases mainly because most table grapes are cultivated with these systems. Micro
and drip irrigation systems dominate in the Augrabies-Blouputs region, especially on
the larger farms.,

. The labour requirement per ha is substantially lower in the Vaalharts, Vanderkloof-
Douglas-Rict, and Douglas-Prieska regions than along the rest of the river. Labour
requirement is determined by farm structure. Differences in labour requirement per
ha in the lower parts of the river can be explained by differences in table grape
contribution to total land use. In the Augrabics-Blouputs region, where table grapes
dominate, the labour requirement per ha is clearly much higher than in the other
regions.

. With the exception of Vaalharts and Boegoeberg, there is no clear tendency for
cconomies of scale to exist in terms of labour cost per ha. In both these regions,

labour cost per ha irrigated is clearly much lower on large farms than on small farms.
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. Comparison of capital investment per ha imigated on typical farms in the
Vanderkloof-Douglas-Riet and Douglas-Prieska regions clearly shows that
economies of scale exist. Capital investment per ha irrigated is much higher on small
farms than larger units. However, there seems to be a tendency in the opposite
direction lower down the river. In the Boegoeberg region, there are no substantial
differences, and in the Upington-Kakamas region, there is no tendency at all. The
contribution of table grapes seems to dictate investment per ha. This tendency is clear
in the Augrabies-Blouputs region. Some of the infrastructure required by table grape
farmers can only be afforded by the larger farming units.

. The above observation is explained when liabilities per ha are considered. Although
the liability figures are probably not very accurate, they explain the differences in
capital investment. It is clear that with a few exceptions. they follow more or less the
same trend. High capital investment per ha is accompanied in most cases by high
liabilitics per ha irrigated.

. Overhead expenses per ha clearly indicate economies of scale on the Vaalharts,
Vanderkloof-Douglas-Riet. Douglas-Pricska and Boegoeberg typical farms. where
the costs of small farms are substantially higher than large farms. Economies of scale
are less clear in the lower parts of the river. This can also be explained by the impact
of table grape contribution to irrigated area.

. Although the emphasis is not necessarily on livestock production in this study.
livestock 1s an important industry in the Northern Cape and specifically in some
regions. It should be clear from Table 4.7 that the areas with the most natural veldt
are in the Vanderkloof-Douglas-Rict. and Douglas-Prieska regions. On many of these
farms. the production of livestock contributes substantially to farm income. Livestock
enterprises also play an important role in using crop rests and other own produced
feed. During the survey, farmers also indicated that the livestock enterprise in
combination with grain production makes their farms adapt more flexibly to grain
price reduction. Although livestock is not so important in the farm structure in other
regions, lucermne production makes an important contribution to livestock production
in the Northerm Cape. From the farm survey datwa. it is estimated that there

approximately 10 000 ha of lucerne (approximately 180 000 ton) were produced in

the Northern Cape in 2002, Although a large (unknown) proportion is sold outside of
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the Northemn Cape, farmers indicated that they use a lot of the lucerne on their own

farms for livestock production.

The information contained in the description of the typical farms in this section will explain
most of the results of the market and other risks scenarios that will be analysed in this

project.

4.4 AGGREGATION FACTORS

Typical farms must be aggregated to represent the total irrigation region of the Northern
Cape. Since no data for the total population of irrigation farmers in the Northemn Cape is
available, it was decided to aggregate typical farms to the total water entitlement area for
cach of the identified regions. Table 4.10 show the results of this exercise. Table 4.11
shows that the total water entitlement for the Northern Cape in terms of area (ha) is
estimated to be 142 921 ha. The reader should know that it is very difficult to make an
exact estimate of water entitlements per region since water entitlements (water use rights)
are continuously traded between farmers and regions and therefore change frequently. It
was therefore necessary 1o take a snapshot in time. The estimate in table 4.11 is therefore
based on information obtained from DWAF and the Water User Associations (those
already established at the time) during September 2005. However, the author is convinced

that this information is adequately accurate within the context of this study.

The first step was to calculate the relative contribution of each representative farm to the
total for a specific region. The second step is to use this ratio to aggregate to the area that
was surveyed. Finally, this ratio is then used to aggregate to the total water rights
entitlement per representative farm type, per sub-region, and for the total Northemn Cape

irrigation regions.
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Table 4.10: Representative farm — Liabilities and overhead expenses
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4.5 ENTERPRISE BUDGETS AND OTHER MODELLING DATA

The approach with crop budgets was 10 attempt to capture differences between irrigation
regions. The following notes are important:

. Farmers and experts had several opportunities to comment on these budgets during
work sessions and individual conversations.

e  GWK budgets are updated annually and are regarded as authoritative sources within
the Northern Cape and specifically the middle Orange River.

. Wine budgets are annually updated by Vinpro.

. Optimal Agricultural Business Systems (OABS) updates table grape and raison
budgets annually under contract for the Deciduous Fruit Producers Trust (DFPT).

- The Department of Agriculture of the Northern Cape lost the capacity to update
budgets, and it is not clear if and when they will be able to regain this capacity.

. In order to update the model periodically, all the data must be updated every three to

four years.

The complete Combud budgets are not available in electronic format. Unfortunately, not
even the latest Combud version provides for user-friendly electronic budgets.

45.1 Crop gross margin budgets

Discussions with farmers and industry experts in the region established that the major
differences between regions are appear not so much in terms of production cost (accept for
differences in irrigation technology) but in yield. quality, and price (especially with table
grapes). In some cases, Table 4.12 gives a summary of the most important relative yield

differences between regions.,

Table 4.12 clearly shows that the most significant differences are for table grapes because
of the carly late effect. Although yield decreases slightly towards the West, this region is
carlier than the North Eastern regions, so the average price is substantially higher. In many
cases, better quality has also been reported. The same is true for raisins with regard 1o
quality and therefore average price. It is a fact that the Western regions produce better
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quality raisins than the North Eastern regions. With regard to Luceme. there are no clear
differences. although farmers to the West claim that they can produce better quality lucerne
since the area is drier than, for example, Douglas-Prieska and Vaalharts. Although there are
differences in wheat and maize yields between Vaalharts, Vanderkloof-Douglas-Riet. and
Douglas-Prieska. the author believes that these differences can be attributed to degrees of
specialisation and irrigation technology. The slightly higher maize vield in the Douglas-
Prieska and Vanderkloof-Douglas-Riet regions is mainly due o the fact that most of the
crop is grown under flood irrigation in the Vaalharts region and that the Vaalharts region is
more diversified than the other two regions. Table 4.13 is a summany of differences in
direct variable costs for the different regions. Costs generally tend to be higher towards the

west due to longer transport distances.

Table 4.12: Yield differences (vield unit/ha)

Crop Unit | VaalH VdXDR DP Boegoe | UpKaka | AugBlou

Whaat g01 Ton 85 8.0 8.0 50 50 ‘ 45

Grounan.g01 Ton 30 35 3.5

Maize g1 Ton 85 12.0 12.0 7.0 7.0 8.5

Cotion g01 Kg 30000 | 45000 4.500.0 3.000.0 3.2000 4.800.0

Drydbean g01 Ton 20 20 | 2.0

Sunflower g0 Ton | 0.7 0.7 0.7

Scyabean g0* Ton | 38 38 3.8

Cats g01 Ton 5.0 0.0 . $.0 5.0

Sarey g0 Ton 5.0 00 | 0.0 0.0 0 0.0

CarrotsS g0 Ton 70.0 70.C 70.0

Potatoes gl Ton 35.0 35.0 35.0

Onons g0 Kg $.500.0 $500.0 9.502.0

Seatroot 901 Ton 5.0

Natermelon.g01 Kg 4 000.0 4 400.0 3.550.9

Sweatmel 901 Ton 1.0

Lucers 201 Ton 12.0 5.0 15.0 1S.0 15.0 15.C
Lucern g02 Ton 180 15.0 15 0 50 18.C 21.0

~e..1" g12°g20 3 21000 18800 21830

C .9533,2: Ton 0.0 8.0 8.0

Citrus (g°2°g20 “a &4084C | 432000 | «8820C | 437000 | 448200

RWine Img (g4°g20 Ton 15.0 15.0 15.0 15.C
NN ne ~; 94°g20 Ton 20.0 200 20.0 250 250 250
Orygrape I'ng (g04°g20) |Ton 0.0 250 2S5C | 250

Jugrape Irmg (p4°p20) [Ton 0.0 240 240 | 24C
Tablegr Img (g3°g20 *a'v 0.0 18.5 18C | 18C

g= Growth stage For exa g= Growth stage. ~or axample g3°g20 is the y.ela for full searng frem year 3-20
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Table 4.13: Direct variable costs (Rand/ha)

Crop VaalH VdKDR DP Boegoe | UpKaka | AugBlou
Wheat g01 4 £64 4320 4 995 5164 5354 5,384
Groundn.g01 5278 4 551 5,184

Maze g01 5.056 5737 5684 5230 5,930 5,930
Cotton g01 8.102 6353 8.705 8175 6818 6,175
Drybean.g01 4 BES 6.007

Sunflower g01 3418 4 357

Soyabean gC1 2 581 3 445

Oats.g01 4372 4,563 4713 4477
Barley.g01 5683

CarrotsS g01 4713 4845

Potatoes.g01 35,608 41827

Onions g01 35,770 37,145

Beetroot.g01

Watermelon g01 11,942 12,200

Sweetmel g0*

Lucem 01 4 990 5283 5.870 5,283 5636 6,222
Lucem g02 4 851 4 925 5472 4 925 5636 5,800
Pecan g01 27,383 28,306 28,524

Pecan. (912°g20) 13,865 13,603 13,603

Olves g01 23 4568 29 623 31,104

Olives (910°20) 11304 | 10823 | 11364

Carus.g01 21,351 20.710 20,334 22820
Carus (912°g20) 13 083 12 671 12,441 13838
RWine.Img g01 44 444 43444 45 444
RWine. Irrig.(g4*520) 8,154 8 954 8 654
WWMI'”(JI 36 454 40 764 41 987 42 654 40,767 41578
ViWine Irmg (g4°g20) 8,478 9359 8,529 8817 8 654 9 654
Drygrape Irmig. g01 40943 40175 41288
Drygrape Irmg (g04°520) 8,384 8 854 $.800
Jugrape Irmig 901 43386 | 41365 | 42366
Jusgrape Irrig (p4°p20) 5,654 8 654 7 654
{Tablegr Img 901 153,541 160,541 172.249
Tablegr Img.(33°g20) 70,602 80,802 91,353

452 Crop water requirements

The gross crop water requirements were calculated with the so-called SAPWAT model
(Van Heerden, Crosby & Crosby, 2001). The objective of this section is not 1o give an
overview of the SAPWAT methodology but only to present the results. The water

requirements are presented in tables 4.14 10 4.21.

The most important implication from the SAPWAT crop water requirement estimates is
that double cropping between small grain (mainly wheat) and maize is physically and

biologically possible in most regions, but water allocation is inadequate. Chapter 7 refers to
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this point again in more detail. It is also important to note that crop water requirements for
some crops (mainly lucemme, dates. vine and citrus) in some regions exceeds water
allocation per ha. For example, a farmer with 100 ha of water use entitlement in the
Augrabies region will not be able to irrigate 100 ha of lucerne or grapes since lucermne's
water requirement in this region varies between 16 800 - 25 800 m™ per ha and grapes’
varies between 18 600 ~ 19 800 m™. It will therefore only be possible to produce 75-90 ha
T arnt
LI LS S LY

of luceme. e, it 15 not uncommon that farmers own more water use entitlements

than the actual area they imigate

453 The Sultana factor

I'he Sultana or Thompson seedless grape variety accounts for approximately 40% of table
grape production (55% to 33% depending on the scason) in the Orange River. The
relatively large vanation in Sultanas exported as fresh table grapes 1s due to the vanety's
versatile nature. It is possible to change between table grapes, dried grapes. wine. and even
juice depending on price expectations and climate. This dvnamic therefore had o be

provided for in the modelling structure.

It was therefore assumed that approximately 40% of the current area classified as “table
grapes would be handled by the introduction of a basic Sultana budget (basically the same
as for establishing grapes for wine) which can be converted to raisins. wine. table grapes, or
juice by simply adding the additional costs of preparing the grapes for one of these

products
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Table 4.14: Gross crop water requirements: Vaalharts (mm/ha)

CROP CROPOPTION [IRRISYSTEM JAN [FEB [MAR JAPR TMAY JJUN JJUL TAUG [SEP [OCT [NOV [DEC [IRRITOT
) Medium Flood : Border 120] 120] 120] 120] 60] 60] 60 0] 240] 300] 240] 120] 1560|
Barley Standard Flcod : Border o] 0 0 o] o] 120] 120] 180] 240] 60] © 0 720|
Cabbage_early Autumn plant  |Flood - Border 0] 0] 240] 240] 240 of o 0 o of o 0 720]
Citrus Average Flood - Border 120 120] 120 60| 120] 60] 60| 120] 120] 180] 120] 120] 1320|
Cotton Medium |Flood : Border 300] 180] 60 0 0 0 0 0 o] 120] 120] 120 800]
Groundnut Standard Flood : Border 120] 120] 240] 180] 0O 0 0 0 of o] of 120 780|
Lucerne Semi-dormant__|Flood : Border 120] 120] 120] 60] 60| 120] 60| 60| 120] 120] 120] 180 1260]
Maze-late-plant  |Short variety  |Flood : Border 120] 180] 240 60] 0O 0 0 0 of o o] 120 720|
Oats Standard Flood  Border o] 0 0 o] o] 120] 120] 180] 240] 60] © 0 720
Olives Standard Flood - Border 240] 240] 300 60] e0f 120] s0] 60] eo] 60] 60| 300 1620
Paprika Spring plant___ |Flood : Border 3000 0 0 o of o 0 0 o] 180] 120] 180 780]
Peach Medium Flood : Border 180] 120] 120] 120] eo0f 60] 60 0] 120] 300] 240] 180] 1560|
Peas Standard Flood : Border o] o0 0 o] o] 120] 120 180] 120] o] o o] 540}
PecanNuts Standard Flood : Border 120 0] 120 60| 120] 60| 60| 60| 60| 300] 240] 240 1500|
Plums |Medium Flood : Border 180] 60| 60| 120] 120f 60] 60] 60| 120] 300] 240] 240] 1620]
Pumpkin Spring plant Flood - Border 180 0 0 o of o of 0 o] 180] 120] 180] &60|
Pumpkin Summer plant  |Flood - Border 120 120] 240] 60] of 0O of 0 of 0 o] 120 660|
Vine-table Medium Flood - Border 120] 120] 60] 60| 120] 60] 60] 60| 120] 240] 120] 120] 1260]
Vine-wine Medium Flood : Border 120] 120] 120] 60] 60] 60] 60 o] 60| 120] 120] 120] 1020|
Watermelon_early |Spring plant Flood : Border 0 0 0 o of 0o of o 0] 240] 240] 240 720}
Watermelon_early |Summer plant  |Flood = Border 120] 240] 60 o] 0 0 0 0 o] 0 o] 120 540|
Wheat-med Early June Flood  Border 0 0 0 ol o] 120] 120] 120] 240] 180 0 0 780
Barley Standard Sprinkler - Centre pivot 0 0 0 o] o] 45| 45| 120] 120] 45 0 0 375
_early Autumn plant  [Sprinkler  Centre pivot 0] o] 60] 75| 135 0 0 0 of o 0 0 270

Cotton Medium Sprinkler - Cenire pivot 165 90| 15 of 0 0 0 0 o] 45] 150] 150] 615
Groundnut Standard Sprinkler - Centre pivot 60| 60 135] 105] 15 0 0 of of of o 45 420
Luceme Semi-dormant  |Sprinkler - Centre pivot 150] 150] 60| 60] 60] 45| 30] 45] 75] 60] 150] 150] 1035
Maize-late-plant  [Short variety  |Sprinkler Centre pivot 45| 120] 135] 30] 0O 0 0 0 of o] of 30 360
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Table 4.15: Gross crop water requirements: Vaalharts cont,

|crOP CROPOPTION [IRRISYSTEM JAN [FEB [MAR |APR [MAY [JUN [JuL [AUG [SEP JOCT [NOV [DEC [IRRITOY
Oals Standard Sprinkler - Centre pavol o} OI__ gl_ o] o] as] as] t?ol 120 45 of o] 375
Onion Trspint Autumn |Sprinkler - Centre pevol 0 0 0 ol 75| 60| 60 165] 105 0 of o] a6

Paprika Spong plant Sprinkler  Centre prvol 150 o o 0 0 0 o] of 0l 120] 150] 150] 57

|Peas |Standard Spankler _ Centre pevol 0 of o o o] 7] 60 w0 30 o of o] 315
[Pumpkin Spring plant Sprinkler  Centre pivol o] 15 of o 0 of o] o] o] 13s] 150] 150] 540
[Pumpkin Summer plant  |Spankler  Centre pivol 6] 5] 120] 45 0 of o of o 0 o] 45 345
Watermedon_early |Spring plnt Sponkler  Cenlre prvol of o of o 0 of o o 135] 150] 75 360
Watermedon earty [Summer plant  [Sponkler - Centre pavol 165 120] 30| 0 0 Ol L 0] o] 60 375
Wheal-med [Early June Sponkler  Centre prvol ol o of o ol 45] 90| 165] 150] 105 0 o] 558
Apnicot __|Meawm  ISpeinkler  Drp o 3] 50| 45 0| 1] 1] 15] 60| 65| 120] 30| 585
Cairus Average Spankler  Dop ] 6ol as] 5] as| 30| S0 vs] eo] 5] €o] 60 630
Olives Standard Sprinkler  Dnp 15(_)1 135] 0] 60] 60| as] 30l 30 30| 60| €0 165 975
Peach Medmim Spoinkler  Dop 300 30| 30' 30l 1] 1] 30 eo] 1s0] 10] w0 660|
PecrNuts Standard Sponkler  Dop 30] 30] 30] 30 45/ 30] 30| 30] 13s5] 150] 150] 150 840
Plums |Medwim Sprinkler - Drp sl 60l sl as]  3of 5] 5] 18] 6ol es] 1%0] 150] B85S
Vine-lable [Mecum Spankler  Drp s 30] 15 5] 30 1] 1] 15 30| i8] eo] 6o 438
Vine -wine Medium Spankler - Drp 30 30 3of %] 3] 5] 15] 5] o] eo] 0] 30 330]
Apricol Meowm Sprinker - MICIo spray 30 30] as] 5] 45| 30 30l 30] 13s] 1so] 135] 30 705
Catrus Average Sprinkler - Micro spray 75| ool a5] 8] a5 30| 30 75| eo] 75| o] 60 630
Olves Standard Sprinkler - Micro spray 165] 135] 150] 60f 60| 45] 30] 30] 30| 135] 150] 10| 1140
[Peach Medsum Spankler - Micro spray 30] 30] 30] 30f 30| 15| 15] 60] 150] 150] 1%0] 90| 780
|PocanNuts Standard Speinkler - Macro spray ] 30] 30] 30 45| 3] 30] 30] 135] 150] 150] 150] 840
Plums Medsum Speinkier - Micro spray w60l sl as] 30| 18] 18] 18] 60| e8] 1s0] 150 855
Vine table Medium Sprinkler - Micro spray 1500 751 60] 60] 45 30] 301 0] 30|  60] 150 165 415
Vine-wine Medium Sponkler - MICro spray 30] 30 30 | 30l ] 30 s o] eo] 30 30 345
Cabbage_early Autumn plant _ [Spankler - Quick-coupling of of wo] w00] to0f o o o o0 of of o 300
Oneon Tmspint Autumn [Spenkier  Quick-couphng o] © 0 ol 75] sol wof 125 1wo] 28]  of o] 4%
Peas Standavd Sprnkler  Quick -couphing o o 0 0 o] 150] 100] 150] 100 of of o soo
Purnpkin Spring plant Sponkier  Quick-coupling 150 © 0 0 of o of o] 1s0] 10| 150]  ss0)
Pumnpkin Summer plant_ |Spankler . Quick-coupling 100] 100] 200 50 of o o of of o] 100 550)
Watermeldon_early |Spring plant Sponkler - Quick-couphng o o 0 of o o o o] o] 200] 200] 200] 600}
Watermedon_early [Summer plant_ |Sponkler  Quick-coupling 100 200] 50 of o o of o of 100]  450]




Farm Swvey and data

Table 4.16: Gross crop water requirements: Douglas-Prieska (mm/ha)

CROP CROPOPTION |[IRRISYSTEM JAN |[FEB [MAR JAPR [MAY JJUN [JuL [AUG [SEP |OCT |NOV [DEC |[TOTAL|
Barloy Standard |Flood - Border 1| 0 o] 0 of 120 120] 180] 240] GO 1| 0] 720]
Barley Standard |Flood - Border 0 0 1| 0 | of 120 120] 180] 240] 60| o] 720]
Cotton Medium |Flood - Border 24D 60 0] 0 0 0 of o] ‘20| 180] 240] 300 1140]
Cotlon Medium |Flood : Border 240] 240] 300] 60 0 0 1| 1| 0| 0] 180] 240| 1280|
Fescue grazing Standard |Fiood : Border 240] 240] 300] 240] 60] 120] 60| 120] 180] 240] 240] 300] 2340|
Lucerne Semi-dormant  |Flood - Border 240] 240] 120 60| 120] 60] 60| 180] 300] 240] 240] 300] 2160|
Mauwe-sarly-plant  [Short vanety  [Flood . Border 300 60 0] 0 | 0 0 o] o] 180] 240] 240 1020]
Mawze-late-plant Short varicty Flood | Border 180] 240 300] 60| ]| 0 0 0} 0| 0 0] 120] 900]
Pastures_porennial | Standard Flood | Borders 240] 240] 120] 60| 120] 120 60| 120] 120] 120] 120] 240] 1680|
Peas Standard Flood . Border 0 1 of o] 120 120 180] 120] © 0 0 o]  540]
Vine-wine Medium Flood : Border a00| 240] 120] 60| 120] 60| 60 60| 60| 240] 240] 240] 1800
Wheat-med Early June Flood | Border 0 0 0| 0] o] 120] 120] 120] 240] 240} [ 0| 840]
Wheat-med Late July Flood : Border 0 0 0] 0 0 o] 60| 120 180] 300] 120 o]  780]
Barkey Standard Sprinkler - Cenlre pivot 0 [0 (1] 0 o] 45 90] 165 120] 45 0] 0] 485
Barkey Standard Sprinkler - Centre pvot 0 0 1| 0 0 0 75] 135] 150] 150 00| o] 600
Beans_Dry Medium Sprinkler - Cenlre pivot 45| 120] 150 30 0 i 0 i of 0 0] 0] 345
Beans Dry Shont Sprinkler . Centre pivot 90] 150 105 0] 0 0 0 i | 0| 0 0] 0] 345
Carrol Autumn plant Sprinkler _ Cenlre pivol 0 o] 43] 60| 105] 30 0 1| 0| 0 0] o] 238
Carrol Summer plant Sprinkler - Cenlre pivot 0 GO 75| 105] 6O 0 0 1| 0 0 0 0] 300]
Cotton Medium Sprinkier  Centre pivol | 275] 25 0 (1| of 0 0 of 45| 150] 180] 250] 625
Cotton Medium Sprinkler . Centre pivot 150] 150 150] 30 0 0 0 0| 1| 0 75| 150 705
Fescue-grazing Standard Sprinkler : Centre pivol 150 135] 165] 135 30 75 60 60| 75] 150] 150] 165] 1350
Lucerne Semi-dormad  |Sprinkler - Centrepivot |  200] 200 60| 60] 60] 45 30| 105] 150] 165] 200 200] 1475
Mawe-garly-plant Short vanety Sprinkler - Centre pivol 275 50 0 o] 0 0 0 0] 0 75| 150 230 780|
Mavze-late-plant Short vaw ety Sprinkler : Centre pivot | 120] 135 150] 45 0 | 0 0 0 0 o] 45| 488
Onion Trnspint Autumn  |Sprinkler : Centre pivol 0 0 21 14 80] 100] 75 15 0| 0] 0 0| 308
Onion Trnspint Autumn  |Sprinkler : Cenltre pivol 0 0 0 o] 75 60l 60 165] 150 15 0 0] 525
Pastures_perennal | Standard Sprinkler ; Cenlee pivol 150 150 60| 60| 60 75| 60 60] 150] 165] 150] 150 1280]
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Fable 4.17: Gross crop water requirements: Douglas-Prieska cont.

CROP CROPOPTION |IRRISYSTEM FEB APR AUG NOV |DEC

Peas — |sanard _|Sponkler Centre pivol 0 of 7 15 0 0
Potato Starard Spankler Centre pivol 150 75 0 0 )|
Potato — [Standard [Spenkler Centre pwvot of 0 100 195 o]
Watermelon_early  |Speng plant Spenkler  Centre pivot o| 0 0 200] 180
Watecmelm_cwly Winler plant  |Spenkler  Centre pivot of 0 135 60! 0
VWheal-med Early June Sprnkler  Centre pvot 0 0 150 0 0
Vheal-rmeao Late July Sprnkler  Centre pwot 0 0 60 60 0
buves Slandiwrg Sprokler - Drip 135 60 30 150 150
PecanNuts Standard Spankler  Drip 10 10 10 200] 200
Vine-wane Meaum Spankler  Drip 100 15 15 100 100
Watermelon_early  |Spnng plant Spankler - Drip 0 0 0 0 2001 225
Watermelon _early  [Winter plant Spankler  Drp 3| 0 0 105 200 80 0
Olves Standard Spankler  Micro spray 180 60 a5 30 135] 150 200
PecanNuls Standard Sprnkler - Micro spray 60 60 30 30 200] 200] 200
Vine-wine Medium Sprnkler  Micro spray 100 60 30 30 85| 100] 100
Barley Standard Sprnkler  Quack-couphng 0 0 0 120 180 2| 0 0
Barley Slandard Sprnkler  Quick-coupling 0 0 0 0 0 145 2001 80 0
Beans Dry Nedium Sprnkler - Quick-couplng 51 115 5 0 0 0 0 0 0
Beans Dry Short Sprnkler - Quick-coupbng 140 160 0 0 0 0 0 0 0
Carrot Autumn plant Spankler - Quck-couphng 0 0 G4 80} 0 0 0 0
Carrol Summer plant Sprnkler  Quick-coupling 0 a8 40 | 0 0 0 0
Onion Trnspint Autumn _|Spankler  Queck-coupling 0 0] 481 112 25 0 0 0
Onion Trnspint Autumn_[Spenkler  Guick-coupling 0 o] 60 56 180 40) 0 0
Peas _|Standawa Sprnkler  Cuack-coupling 0] 0| 60 G4 65 0 0 0
Watermeldon_early  |Speng plant Sprnkler  Quack-couphng 0 0 | 0 0 200 200] 150
Watermelon early  [Winter plant Sprnkler Queck-couphng 0 o] i | i | 170 80 0
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Table 4.18: Gross crop water requirements: Boegoeberg (mm/ha)
[crOP CROPOPTION [IRRISYSTEM JAN | FEB | MAR [ APR [ MAY | JUN | JUL [ AUG | SEP [ OCT | NOV] DEC [ IRRITOT
|Citrus Average Flood - Border 300 | 240 | 240 | 120 | 180 | 120 | 120 | 180 | 240 | 300 | 240 | 240 2520
|Cotton Medwum Flood - Border 300 | 240 80 0 0 0 0 0 0 180 | 240 | 240 1260
|Datepalm Standard Flood - Border 240 | 240 | 300 | 240 | 120 | 180 | 120 | 120 | 120 | 120 | 240 | 300 2340
[Lucerne Sem-gormant Flood - Border 0 0 0 0 0 120 | 60 60 | 300 | 240 | 240 0 1020
[Lucerme Semi-dormant Flood - Border 240 | 240 | 180 | 120 | 120 | 120 60 60 300 | 240 | 240 | 300 2220
Maize-early-plant |Short vanety Flood = Border 240 | 240 | 120 0 0 0 0 0 0 0 180 | 240 1020
Maize-lale-plant  |Short varniety Flood - Border 180 | 240 | 300 | 120 0 0 0 0 0 0 0 120 960
[Oats Standard Flood - Border 0 0 0 0 0 120 | 120 | 180 | 300 | 120 0 0 840
|Peas Standard Flood = Border 0 0 0 0 |120]120]120] 300] © 0 0 0 660
[PecanNuts Standard Flood = Border 180 | 120 | 120 | 120 | 120 | 60 | 60 | 60 | 120 | 300 | 240 | 240 1740
Vine-lable Medwum Flood - Border 300 | 120 | 120 ] 120 ] 120 ]| 60 | 120 | 60 | 120 | 300 | 240 | 240 1920
Vine-wine Medwum Flood - Border 300 | 240 | 120 | 120 | 120 | GO 60 60 | 120 | 300 | 240 | 240 15680
Wheatl-med Early June Flood = Border 0 0 0 0 60 60 160 | 120 | 240 | 180 0 0 B840
Wheat med Late June Flood - Border 0 0 0 0 0 60 60 | 300 | 240 | 240 | 60 0 960
Cotlon Medwum Sprinkler  Centre pivol 275 ] 185 | 30 0 0 0 0 0 0 75 | 250 | 250 1065
[Lucerne Sems-gormant Sprinkler - Centre prvot 0 0 0 0 0 45 30 | 135 ] 200 | 220 | 180 0 810
lluoeme Sems-dormant Sprinkler  Centre prvot 250 | 250 | 100 | 100 | 100 45 30 123 | 180 | 198 | 250 | 250 1876
[Maize-early-plant |Short vanety Sprinkler - Centre pivol 250 | 220 | 45 0 0 0 0 0 0 0 75 | 250 B840
Maze-late-plant | Shortl vanety Sprinkler  Centre pivol 180 | 225 | 250 | 95 0 0 0 0 0 0 0 45 79%
Oats Standard Sprinkler - Centre prvol 0 0 0 0 0 S5 135 | 150 | 150 ) 0 0 600
Peas Standard Sprinkler - Centre pivot 0 0 0 0 45 60 | 105 | 150 | 15 0 0 0 375
Wheal-med Early June Sprinkler - Centre prvot 0 0 0 0 15 30 | 150 | 160 | 200 | 105 0 0 660
!Vhoa'-mcd Late June Sprinkler - Centre pivot 0 0 0 0 0 30 i5 150 | 160 | 275 25 0 715
[Citrus Average Sprinkler_Drip. 150 | 135 | 120 | 45 [ 75 |60 | 80 | 115 | 150 | 150 | 150 | 165 | 1395
|Cotton Medium Sprinkler - Drip 275 | 185 | 30 0 0 0 0 0 0 75 | 200 | 215 980
Datepalm Standard Sprinkler - Drip 250 | 250 | 250 | 250 | 60 75 60 60 75 60 | 240 | 250 1880
PecanNuts Standard Sprinkler - Drip 60 60 75 60 20 10 20 10 | 170 | 200 | 200 | 200 1085
Vine-lable Medwm Sprinkler - Drip 200 | 85 60 60 30 15 30 15 45 | 175 | 200 | 220 1135
Vine-wine Medum Sprinkler - Dnp 150 | 136 75 60 30 15 30 15 45 150 | 150 | 165 1020
[Citrus Average Sprinkler Micro spray 180 | 162 | 141 | 45 | 75 | 60 | 90 | 150 | 180 | 160 | 180 | 198 | 1650
Datepalm Standard Sprinkler  Micro spray 250 | 250 | 250 | 250 | 60 5 60 60 5 60 | 240 | 250 1880
PecanNuts Standard Sprinkler - Micro spray B0 BO 100 80 45 30 30 30 175 | 200 | 200 | 20D 1250
Vine-lable Medwm Sprinkler - Micro spray 200 | 120 | 80 80 45 30 30 30 5 195 | 200 | 200 1285
Vine-wine Medium Sprinkler - Micro sprinkler] 150 | 150 45 15 45 30 30 30 75 165 | 150 | 150 1035
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Table 4.19: Gross crop water requirements: Upington-Kakamas (mm/ha)

CROP CROPOPTION [IRRISYSTEM JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC |[TOTAL
Cilrus Average Flood Border 300 240 180 60 120 60 120 180 240 300 240 240 | 2280
Cotton Medium Flood = Border 300 | 240 60 0 0 1 0O 0 0 0 300 | 240 | 240 | 1380
Cotton Medium Flood  Border 240 240 300 60 0 0 0 0 0 0 180 240 | 1260
Datepalm Standard Flood  Bordor | 240 | 240 | 300 | 240 | 240 | 180 | 120 | 120 | 120 | 120 | 240 | 300 | 24G0
L e e Semi-dormant Flood  Bosder 240 | 240 | 300 180 120 120 60 120 180 | 240 | 240 | 300 | 2340
[Maze-late-plant  |Short vanety Flood = Border 300 | 240 | 240 | 240 60 0 0 0 0 0 0 0 1080
[Maze-tate-plant  [Short vanety Flood Border 240 | 240 | 300 | 120 0 [ 0 [1] 0 0 0 180 [ 1080
Ohves Standard Flood ~ Border 240 | 240 | 300 | 240 | 240 | 120 G0 120 60 240 | 240 | 300 | 2400
Peas Standard Flood  Horder 1 0 0 0 0 0 120 | 120 | 180 | 180 0 0 0 600
|PecanNuts Standard Flood  Border 300 | 240 | 240 | 240 120 GO GO G0 120 | 300 | 240 | 240 | 2220
Vine table Meduim — |Flood  Border 300 | 240 [ 120 [ 120 [ 120 ] 60 | 60 | GO | 120 | 300 | 240 | 240 | 1660
Vine - wine Medum Flood Border 300 | 240 120 120 60 60 60 60 120 | 300 | 240 | 240 | 1920
Wheal-med Early July Flood Horder 0 0 0 0 0 0 120 | 180 | 240 | 300 0 0 840
Wheal-med Early June Flood Border 0 0 0 0 0 120 120 180 | 300 60 0 0 780
Mawe late-plant  |5nhor vanety Sponkler Centrepivol | 120 | 200 | 200 | 120 | © 0 0 0 0 0 0 0 640
Mawe late-plant | Shot vanety Sprinkler  Centre pivol 180 180 180 40 0 0 0 0 0 0 0 60 640
Wheal-med Early July Sprnkler  Cente pivol 0 0 0 0 0 0 75 135 185 185 0 0 580
Wheat-med Early June Sprinkler  Centre pivot 0 0 0 0 0 75 60 150 190 15 0 0 490
Carus Average Sprinkler  Dnip 165 | 135 | 120 30 s 60 60 105 | 150 | 150 | 150 | 150 | 1350
Datepalm Standard Sprinkler  Dnp 200 | 200 | 200 | 200 B0 100 80 B0 100 80 200 | 200 | 1720
Olves |Standard _|Sponkier Dop 17220 | 180 | 200 | 60 | 60 | 45 | 30 | 30 |30 | 135 |"150 | 200 | 1340
PecanNuts Standard Spnnkler  Drip 60 GO 75 45 25 25 25 25 50 250 | 250 | 250 | 1140
Vine-lable Medium Sprinkler  Dnip 200 | 100 B0 B0 30 15 30 15 30 140 | 200 | 220 | 114D
Vine-wine Medium Sponkler  Drip 150 | 135 45 30 30 15 15 15 35 120 | 150 165 | 904
Carus  |Average Sprnkler  Micro spray [ 165 | 135 | 120 | 30 75 60 60 105 | 150 | 150 | 150 | 150 | 1350
|Datepialm Standad Sprinkler Micro speay | 250 | 250 | 250 | 2%0 80 100 a0 80 100 80 200 | 250 | 1870
Olves Standard Sprinkler  Micro spray 250 | 225 | 250 60 60 75 G0 60 75 150 150 | 275 | 1690
PecanNuls Standard Sponkier  Micio spray 120 | 108 132 96 45 30 30 30 135 | 250 | 250 | 262 | 1488
Vine-table Medium Sprnkler  Micro sprivy 200 | 100 80 B0 45 | 30 | 30 30 50 140 | 200 | 220 | 1205
Vine-wane Modium Sprinkler  Micro spravy 150 150 75 45 a5 30 30 30 5 165 150 150 | 10495
Cotton Medium Sprinkky  Quick-couphng | 500 | 350 50 0 0 0 0 0 0 150 | 200 | 300 | 1550
Colton Medm Sponkker Quick-couphng | 200 200 | 25 50 0 0 0 0 0 0 150 200 | 1050
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Table 4.20: Gross crop water requirements: Augrabies-Blouputs (mm/ha)
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Table 4.21: Gross crop water requirements: Blouputs

Alexander bay (mm/ha)

[CROP CROPOPTION [IRRISYSTEM JAN [FEB [MARTAPR [MAY [JUN [JUL JAUG [SEP [OCT [NOV [DEC [TOTAL
Hewns_Green Sandad  [Food Border i . ﬂI 180] 120 20 0 0 0 0 o} 0 0 420
[Hoans_Green Standiva Sprnkier - Drp 0 0 751 6O} 60 0 0 0 0 o] 0 0 195
Beans Green Standivd Flood  Botder 0 ol o 0 0 0 0 0] 180] 240] 240 0] 660
Hoeans_Green [Standivd _|Spoekier Dop o o] nI 0 0 0 of of 0 7_{()& |7QI 200 o] 300
[Hngals Standiva food  Dorder & 0 0] 1801 120] 60] 120] 6O 0 0 0 0 0 540
fingals Sanc g Spinkker  Drp 0 o] 60] s0] s0] o] 5] 0 0 o © 0 245
Hongals Standard +hood  Horder 120 uI of o of of UF o] 120 laqﬂ 240] 300 s
Hiingals Standard Sprnkier  Drp 120 0 0 0 0 0 0 0] 45| 115] 230] 260 770
Crus Average Sprnkker  Drp 150] 135] 120] 45] 30] 5] 15] 15| 135] 150] 150] 165] 1125
Cilius Avetange Sponkler Mcrospray | 165] 135 1201 30) 30 15  30) /5% 150] 150) 150] 1500 1

ll."‘!):l'l'l ~[Sandan oot Rorger 2401 240 3] 24D) 120 120 60} 120 60 1201 120] 300 2040
[ Jepaim Standard Sponkker  Diop 200] 200] 200] 200] 40] O] 40] 40] 40] 40] 200] 200 1460
Distepaim Standaag __1Sprekier Micro spray | 2%0) Jn0) 250 250 40 L“_’,,,i‘“. _40r __40 401 200 250 1710
Creon _peppers  [Standarna I od  Border 0 0] 180 60] 120] 60 0 0 0 0 Y D 420
Groen_peppers — [Standadg __|Sprekier Dig 0 0] _75] 60] 60] a5 0 0 0 0 [§ O] 240
Groen_peppers  [Standand I od  Norder 0 of o 0 0 0 0 0] 180] 180] 2a0] 180 70
Green_peppers | Standard Sprokker  Dip ) of ol el o ol of of o] 75| v75] 20c] @0l 540
L ucermne B Sems dormant 1 koa  Border - o /4(){__24(! 80l 1201 120 9>_ O] 0] 120] 1201 2a0] 300 __VGB0)
| uenrme SO Ao mant Sprnkker Quick-couplng 2000 2000 1501 100 100 0 | 0] 250] 200] 200] 250 1650
Misce-civly plant [Short virnety a.l foas  Border - . 240, ZCUI_ 2401 O _4;»_2._ ) 0 0] 0] 120] 180 1020
Mawe eavly plant [Shon varety Sprnkker Quick-couplng 240] 240) 220 0 0 0 0 0 0] 100 70 70
Mingo Stndivd Sprnkke  Drg sl sof o]l vsl as 0] 30] sof 200 200 130] 6GO]  G8s
Marigo Standivd _ISprnkker Micro spray - D 75| blll 60| 60 60 0] 301 105] 200 120I 130] 60} 1060)
Oats Standaa foa  Horder 0 0 o] 120] &o] 120] 120] 6O 0 0 0 0] 48D
Oals Standad Sprnkkr Quick-couphng o] ol o mlw 501 100]  S0] 50 [ 0 o] 350
Pumphin Wiriter planit thod  Horder of of o o] o 0 0] 120] 120] 180] 300] Y80] 900
[Pumpkin Winter plant Sprnkker  Drp 0 oj o 0 0 0 o] ] so] 140] 184] 120 L1455
[Squash baty | Sumener plant f od  Dorder 60] 240] 120] 120] 120 0 0 0 0 0 0 0] 660
Squash-baly Surmere plant Sprnkker  Drp 151 120] 150] 60] 45 0 0 0 0 0 0 0 390
Tomato fabke  likod Border o o 0] of sol 20l 120 120] o] o ol ol o o] 6ol
Tomalo 1 abk Sprokker Do 0 of 75] 60 60 75] 6o 0 0 0 0 o] 330
fomato 1abk Fhood  Horder 240 [0 0 0 1) 0 0 o] 240] 2a0] 240] 0] 1260
Tomato NTave Sprakber  Drp B | 2% nl ol ol ol o nl— o]l eo] 65| 160] 240]  @mos
Vine-tabie Mextann Sprokier  Drip 1s0] oof ®o]l ®ol ol o] ol ol 2of 120l 150 6sl ass]
Ve Ll Mexbaim Sprokber  Micro spray 200 mnl 80 sO) sl 5] 5] 5] Gel 140] 200] 2200 1118
Watermedon_late [Wnter plant I oa  Dorder 0 [ 0 0 0 0 o] 120] 180] 240] 183 0 720
Walormeon_late [Weler planl Sprokker  Dop of o o 0 0 0 o] 60f 105] 195] 105 1) 465,
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4.5.4 Base crop price levels

Table 4.22 presents the 2002 base crop price for each crop product. Since crop prices are
determined on the international market, it should be obvious that only quality, time of

season, and transport cost can make a difference to the farm gate price between regions.

For example, the price of wheat is exactly the same between Vaalharts and Upington.
However, Upington is much further away from the South African market than Vaalharts,

T'he average table grape price for the Orange River for the 2001/2002 season was RS7 per
4.5 kg carton. However, there is approximately a R3 per 4.5 kg carton difference in average
weighted price between Blouputs and Boegoeberg, which amounts to about R12 000 per ha

difference in gross income.

Table 4.22: Base (2002) crop prices

Crop Unit | VaalH | VJKDR DP__ | Boegoe | UpKaka | AugBlou
Wheat.g01 Ton | 1500 | 1500 | 1500 | 1450 | 1450 | 1.400
Groundn.g01 Ton 3913 3913 3913

Maze g01 Ton 1,300 1.300 1,300 1.250 1250 1,200
Cotton.g01 K 39 3.8 38 3.9 3.9 37
Drybean.g01 Ton $.000 5,000 5.000

Sunflower.g01 -seed Ton | 13000 | 13.000 | 13,000

Soyabean.g01 Ton | 2250 | 2250 | 2250

{Cats.g01 Ton 1.000 1,000 1.000 950 950

|Barley g01 Ton 1,650 1,650 1,650 1.650 1.650 1,650
CarrotsS.g01 Ton 140 140 140

Potatoes g1 [Ton | 2168 | 2168 | 2168

Cnions.g01 Unit 15 15 15

Watermelon.g01 Unit | 45 45 45

Lucern.g01 Ton 650 £50 650 850 830 830
Pecan.(g12°g20) Kg 165 16.5 16.5

Olves.(310°g20) Ton 5400 | 5401 5401

Citrus.(12°g20) Kg 16 18 18 15 15
RWine Imig (g4°g20) _ |Ton 1.200 1,200 1250 1,150
WWine.Img (94°g20)  |Ten 725 725 725 650 650 €30
Drygrape.img (g04°g20) [Ten 850 854 854
Juigrape Irrig (p4°p20) [Ten 460 460 450
Tablegr Img (g3°g20)  |Ton 12054 | 12680 | 12728

Source: Farm survey data, GWK, OABS (2002)
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455 Livestock data

Although this project is primarily concemed with irrigated agriculture, some of irrigation
farms, especially in the Vanderkloof-Douglas-Prieska and Douglas-Prieska regions, are
also integrated with an extensive livestock farming unit or semi-intensive feedlot
enterprise. Livestock was not modelled in great detail since it is relatively unimportant on
most of the irrigation farms in the Vaalharts, Boegoeberg, Upington-Kakamas, and
Blouputs regions where irrigation farming is a specialised business (sce Table 4.23). Since
livestock was included in the models in a relatively simple way, the same livestock

enterprise budgets were used.

Table 4.23: Livestock budget summary

| Gross

| Gross income per | Direct costs/LSU* Margin/LSU
Livestock enterprize LSU (Rand) (Rand) (Rand)
Sheep 1273 215 1058
Beef 1198 412 784
Goats | 1145 196 950

* Excluding fixed labour and other cverhead costs

Imbedded in the models is a minimum cost feed ration module that satisfies the nutrient

requirements of the livestock based on three quality measures

. The bulk feed requirement per day per livestock unit
. T'he Total Digestible Nutnient requirement (TDI)
. I'he Total Protein requirement (TPR)

Table 4.24 is a summary of the feed demand per LSU. Table 4.25 shows the nutrient

contents per unit of raw material

Table 4.24: Feed demand per livestock unit (%)

Quality requirement Sheep Bee! Goats
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Table 4.25: Nutrient content of raw materials (%)

QWM Bulk [TON (%) [TRP (%)
Wheat Gran 1 10 65 10.12
Wheat Hay 1 08 10.1
(Oats Grain 1 065 1012
Oats. 1 06 101
gnggm 1 065 012
Barley Hay 1 106 0.1
Maze Gramn 1 08 0.11
Maze Hay 1 053 0 06
Groundn Hay 1 06 011
Lucem Hay 1 063 012
Priux 1 )8 25
Lhay Pmix 1 063 012
Hpveld Pasture 1 106 0 095

The model also specifies maximum and minimum levels of each raw material that may be
included in the feed ration.

4.5.6 Other important data

The model also specifies that a maximum short-term loan of 30% of the value of the capital
investment can be used for operating costs if necessary. This amount must be repaid at the
end of cach year (beginning of the next year) before another short-term loan can be
obtained. However, this amount is not really important since the model is structured in such
a way that the typical farm cannot borrow more money than can be paid back. A 17%
nominal interest rate on loans and a 10% nominal interest rate on a positive bank account
were assumed for the purpose of this study (2002 values). It was assumed that the inflation
rate is 7% and all interest rates are converted to real interest rates since the model is based

on constant prices and technology.

All monetary values are automatically discounted to present value in the model by using a
9% discount rate (14% long-term interest rate minus 7% for inflation plus 2% for

additional risk in agriculture).

The age distribution of long-term crops was obtained from survey data and from the annual
tree/vine census from the Deciduous Fruit Producers Trust (DFPT) and from SA Wine
Industry Statistics (SAWIS). The maximum lifespan of all long-term crops (excluding
lucerne) is assumed to be 20 years. Although this is a bit short for pecan nuts and olives, it

was necessary to simplify the model for computational purposes.
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4.6 SUMMARY AND IMPLICATIONS FOR MODELLING

It is a daunting task to set up a database to run 22 typical farms in seven regions over a 20-
vear planning horizon. The models are structured in such a way 1o enable the database 10 be
updated with relative case. However, there should be no misunderstanding regarding the
input that will be required 1o update all the data from time to time (preferably at least every

two to three vears).

The following implications for the models are important:

. The Stratified Random Sampling method used with unequal sampling fractions
allows the population to be divided into subpopulations (typical farms) that are less
variable than the original population (Northern Cape irrigation areas). It was also
pointed out that different parts of the population can be sampled at different rates
when it is advisable (e.g. due to time and money constraints)

. The irrigation regions were selected to represent typical farms in 7 irrigation regions
for the Northern Cape. Relatively homogeneous areas in terms of farm structure,
water allocation per ha, and physical location of the stretch of river were considered
in selecting the regions.

. For the purposes of this report, the Vaalharts, Vanderkloof'Riet River, and Douglas
Prieska regions are referred to as the North Eastern regions, Boegoeberg as the
middle region. and the Upington/Kakamas. Augrabies/Blouputs. and Below Blouputs
(BBlou) as the Western Regions.

. l'otal estimated water use entitiements for immigation in the Northern Cape (including
boreholes) are estimated at approximately 142 921 ha (approximately 1606 million
m’).

. The North Eastern regions contribute approximately 60%. the middle 8.4%. and the
Western regions 42% 10 total irrigation water use entitiements. However, in gencral,
the Eastern regions produce higher valued crops than the North Eastern regions.

. Aggregation factors are used to aggregate typical farms first to the total for the sub-
region and then to the total for the Northern Cape. A lack of information on total

production for individual crops necessitates estimates based on farm survey data and

total irrigation water use entitlements for the Northern Cape However. 1o reach the
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objectives of this study. the authors believe that the assumptions for aggregating
current (2002) crop production areas to total irrigation water use entitlement in the
ratios calculated from the farm survey data are justified since there is no other base to
work from. It was pointed out carlier that it is quite possible for the actual irrigated
area 1o be over-estimated in this way since several crops use more water than the
water allocation per ha. On the other hand, more crops use less water than the water
allocation per ha.

e There is great variance between typical farms and regions in terms of farm structure,
labour use per ha, and the ratio between canal abstraction and abstraction directly
from the river. This is important for understanding the results of the models, since it
will determine the reaction of cach typical farm to changes in parameters when
scenarios are analysed. Different typical farms will react differently when the same
parameters are changed because of economies of scale, farm structure, water usage,
etc.

. Differences in yield, direct variable costs, and alternative crop prices were discussed.
It should be clear that these differences will also be reflected in modelling results,
especially when the scenarios induce structural changes.

e  Since water is probably the most important input in irrigation farming. crop water
requirements will also have a major impact on modelling results. The demand for
irrigation is a derived demand from the demand / profitability of irrigation crops.
Therefore, if market risks are high and profitability is low, water demand will
decrease for certain crops. In any event, there will be “winners™ and “losers™ since
not all crops are necessarily affected by the same market impacts at the same time.

e  The reader may perceive that because there is less emphasis in this report on the
livestock industry, that it is not important. However, the importance of the livestock
industry in the Northern Cape and the link to irrigation farming has been pointed out.
Since the models are alrcady extremely complicated, the livestock modelling part
was carried out in a fairly simple way by including just three quality parameters (dry
matter or bulk, total digestible nutrients and total protein). This relatively simple way
of handling the livestock enterprise does not imply that the models cannot capture
substitution between feed crops for use as feed on the farm and feed crops that can be
sold for cash depending on crop price levels.
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CHAPTER 5

MARKET PROSPECTS FOR CROPS

5.1 INTRODUCTION

It was pointed out in Chapter 2 that risk management is the systematic application of
management policies, procedures, and practices 1o the tasks of identifying, analysing,
assessing, treating, and monitoring risk. It was also pointed out that effective risk
management involves anticipating possible difficulties and planning to reduce their
consequences, not just reacting to unfavourable events as they occur. The intention of this
chapter is to build on the risk management literature discussed in Chapter 2 and use market
information for selected crops to anticipate market risks. The following general aspects are

important with regard to the market situation for crops:

. Local farmers can expect not to be protected from imports when the Rand is strong
since most of our crops are already close to impon parity price. Therefore local
prices are not expected to rise substantially because of a devaluating exchange rate.

. On the positive side, the tremendous input cost increases experienced since the 2002

scason can be expected to flatten off.

It is not the purpose of this study to do a comprehensive market study for every possible
crop that is physically and biologically adapted for all the imrigation sub-regions of the
Northemn Cape. The reader must be aware that market analysis is part and parcel of farming
activity since the market conditions for most crops can change ovemight. Since the base
year for the models is 2002 only the risk clements affecting the most important crops are
addressed in this chapter from a market study that was conducted in 2002/2003. An
exception is table grapes and dry grapes since several scenarios depend on a good insight

from the reader into the evolution of these industries in the years proceeding the base vear
(2002/2003). This chapter will therefore also include the results of the 2002 market study
for these crops. During 2006 the market analysis was updated for all crops and can be
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found in Appendix A. Most of the information for the market analysis was obtained from
the United States Department of Agriculture (USDA). the Food and Agricultural
Organisation (FAO). and Agri Mark Trends (AMT). specialists in market information for
grains, oil seeds. and livestock. Information pertaining to deciduous fruit was obtained
from Optimal Agricultural Business Syvstems (OABS) which manages an Information
Bureau for the Deciduous Fruit Producers Trust. The most important aspect of this Chapter

i> Lo identify risks and trends and considering strategies to counter them

During 2003, three workshops were held in the Orange River region (Douglas, Upington,
and Augrabies) where participants were asked to assist the research team in identifying
market and other risks for the crops grown in the respective regions. The outcome of these

workshops is discussed in the final section of this chapter (summary and conclusion).

5.2 RISK FACTORS FOR MAIZE PRODL C TION

l'here are many potential risk factors in maize production under irrigation conditions

However. the following were identified as the most important:

. International stocks have a direct correlation with price.
. World consumption is strong and growing as the world population grows
. China. the USA. and the southemn hemisphere countries are the most important to

monitor in terms of production.

. Great volatility of both the area planted as well as production.

. Yield is clearly in a definite growth trend.

. I'he exchange rate is important in calculating import parity. and the strengthening
rand is an important risk factor for local prices

. Local climatic conditions. For irrigated maize, this will not necessarily be short-term
drought periods but micro-climatic conditions as well as hail storms and flood
conditions

. Bio-fuel and the demand for feedstock will most certainly stant 1o play a major role in

the maize industry
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Possible risk reducing strategies:

A timely and accurate market information system including international stocks, weather
reports (in the most important producing countries), crop estimates (local and
international), bio-fuel developments (medium to long-term impact), SAFEX price
movements, exchange rate expectations and world politics that may impact on this, and
world grain reports, etc. Farmers that do not have the capacity to set up a network to obtain
all the necessary information should make use of credible market information service

providers or consultants.

. Farmers should diversify their farming operations as far as possible. This strategy
could include diversification into livestock to make use of crop residuals in the event
of a crop failure and or to use own produced feed crops for livestock production in
the event of extremely low prices. Every individual farmer should work out a risk
reducing strategy for their own individual circumstances.

e  Irrigation farmers are less vulnerable to drought, so more attention should be given to
price risk compared 1o yield risk.

. Crop insurance.

. Input cost cutting strategies to reduce input costs without yield or quality losses.

5.3  RISK FACTORS FOR WHEAT PRODUCTION

I'he risk factors involved in wheat production are largely identical to those for maize:

1. The exchange rate is important in the calculation of import parity, and the strengthening
rand is an important risk factor for local prices.

2. Northern hemisphere production impacts on intemational stock levels and therefore on
the international price for wheat.

3. Local climatic conditions: for irrigated wheat, not necessarily short-term drought periods
but micro-climatic conditions as well as hail storms and flood conditions.

4. Increasing input costs: although the recent strengthening of the rand was supposed to
lead t0 a decrease in input costs, producers believe that input prices do not decline in
relation to the strengthening of the rand.
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. World stocks are also a major determinant of international prices. It is clear that there
is a close correlation between stocks and prices.

. In the long run, demand for groundnuts in the EU, Indonesia, Canada, and, for South
African producers, Japan, will be a major driving force for growth in the industry.

. The demand for better quality nuts is increasing, and other uses, including the edible
market, have increased by nearly 6% per year since the 1992/93 season as the edible
market in Europe expands.

. In South Africa, there is a close correlation between the maize and wheat price and
the production area of groundnuts. Japan is @ major importer of South African
groundnuts. In order to satisfy this market, constant supply and good quality are
important factors. A substantial fluctuation in domestic production makes it difficult
to establish a stable export market. This variation in production volumes is a strategic
risk for the industry.

. Exports are a large part of the total domestic production and represent a substantial
share of total consumption. One result of a small crop is that only a limited quantity
of groundnuts is being exported.

. Exchange rate fluctuations

. Input costs (relative high input cost due to intensive labour requirements).

. Micro-climatic conditions.

Risk reducing strategies for groundnuts will be similar to those for wheat and maize.

5.6 RISK FACTORS FOR VEGETABLES

Considerable fluctuation in the vegetable markets makes medium- or long-term predictions
impossible. However, there is inherently strong local demand for vegetables as part of a
staple diet. Because of the difficulty in market projections as well as the relatively high
management requirement, vegetables are considered 1o be high-risk crops. The three main
vegetables grown in South Africa in terms of value of production are potatoes (R1078
mill.), tomatoes (R459 mill.), and onions (R286 mill.).

It is a fact that farmers react to current market conditions when they make their planting

decisions. However, wise farmers will plant more when present conditions are bad and less
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when conditions are good because they know that chances of conditions reversing next

season are good.

5.7 TABLE GRAPES

The market report for table grapes does not distinguish between an international review
and South Africa. The discussion focuses on a southern hemisphere (SH) perspective. All
the information in this section was obtained from Optimal Agricultural Business Systems
(OABS) and the Deciduous Fruit Information Bureau. OABS is responsible for supplying
the table grape industry with up-to-date logistical and market information and also
manages a statistical database for the industry. The information bureau is independent and

the only source of official industry statistics.

5.7.1 Southern hemisphere supplies

Chile is the biggest competitor against South African grapes in the European market. Table
5.1 shows that South Africa is the largest producer of table grapes in the southem
hemisphere. Australia is not included in these figures since they do not export their product
to the same markets. South Africa, Chile, Argentina, and Brazil are the major suppliers to

the UK and Europe.

Table 5.1: S.Hemisphere table grape exports to Europe and UK (million 55 kg

cartons)

Country

Argentina » 36
Chile_ _ : 17
SA & Namibia 388

Brazil . , ; 20

*2003

Total 1o Europe and UK. : 37 014

2003 Estimate

Figure 5.1 shows that 84% of South African 1able grape exports 2o 1o Europe and the UK
I'he UK is primarily a Scedless market: 30% of Red and White Seedless grapes go to the

UK. Europe receives 63% of the exported crop
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Figure 5.1: Export destinations for South African table grapes

Figure 5.2 represents the export volumes from southern hemisphere countrics 1o the UK

and Furope market duning the 2002 2003 scason
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Figure 8.2: Table grape export suppliers to Europe and the UK

cartons
-

A
From Figure § s clear that grapes from Brasil compete agamst grapes from the

Northern Provinee and early grapes from the Orange River arca, whereas grapes from
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Chile compete against grapes from the Berg River and Hex Valley. Also, although
volumes from Brazil are relatively small, they can have a major impact on price levels
early in the scason. It is therefore of paramount importance for the industry to promote
collaboration berween southern hemisphere exporters to coordinate their efforts where

possible to ensure that markets are not oversupplied.

572 Demand

5.7.2.1 UK Market

The UK. is the most mature market for SA deciduous products. Volume exports of SA
grapes have grown over the past five years. The UK, like the US, has become principally a
seedless market. Grapes (mainly seedless) represent one of the fastest growing fresh
produce products available in the UK portfolio. UK consumers are exposed to grapes over
a 52-week season, from various global sources. SA has an established reputation as a
reliable supplier of quality grapes to the UK market. The main competition to SA grapes

during the SH season emanates from Chile.

The UK has a population of 59.1 million, of which there are an estimated 40 m potential
consumers of grapes. In reality, probably 19 million regularly consume the fruit. There are
22 million houscholds with an average of 2.7 persons per houschold. The latest available
GDP figures are £891 billion with private consumption representing 65.9% of the total.
The unemployment rate is low, around 5%. Inflation rates are low, and interest rates have
tended to be stable.

3.7.2.2 Ewropean Market

Our major competitors are Chile, Brazil, and Argentina. They could prove to be some of
our greatest allies. Fortunately, SA Seedless grapes peak in weeks 4 1o 7 whereas the
Chilean seedless grapes only arrive from week 10. A further complication is that the EU
consumer’'s expendable income is under pressure, as all products have become more

expensive, although fresh fruit has not experienced this same inflationary trend.
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5.7.3  South African production trends
lable 5.2 shows the SA Table Grape Lxports per vancty group from 1997 10 2002 . It 1s
clear that most South Afncan table grapes are in the white scedless group, followed by

black sceded, white seeded, and red seeded

Table 5.2: SA exports prr variety gmup (million 5,5 kg cartons)

VARIETY GROUP 1w 1998 | 1999 | 2000 [ 2000 | 2002
BLACK SEEDED [ s 129l 12a 1.9 1109 |
REDSEEDED 1 09 22 3.9 55| 633 6.7 |
RED SEEDLESS 0.93 23| 27 3 2 a0
WHITE SEEDED <.<' x| 92| 98] 85| 83 |
WHITE SEEDLESS | 6.4 } 9.6 7.8 92| 140 |
Grand Total | 2, T 03] 383 372 3882|3509

Source Palrrack (2003, PPTC Hl""

Figure 5.3 shows table grape intake per region. It is ¢lear that the Northemn Provinee and
the Orange River dominate the carly part of the season (week 44 10 week 20, the Berg
River 1s in the middle (week 3-6), and the Hex River in the muddle 1o late season (week 7

16). Of relevance 10 this study 15 the fact that Namibian grapes are also pant of the carly

sUdsOon
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Figure 5.3: SA table grape intake per region
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The Namibian grapes at Auschenkehr are approximately 10 days carlier than the carliest
grapes on the South African side of the Orange River. The impact of this will be discussed
later in this report.

Table 5.3 is a projection of growth per cultivar for the South African table grape industry
up to 2006. It is clear that White Seedless varieties will be responsible for most of the
growth, followed by Red Scedless and Red Globe. Also, it is clear that the popularity of
White Seeded grapes is dwindling.

Further, total production volume will increase from around 44 million 5.5 kg cartons to
approximately 58 million cartons by 2006, a growth of 14 million cartons in four years
(30% growth). The Orange River region will be responsible for most of this growth. Major

constraints in the other regions are land and water.

Also, the Berg and Hex Rivers, which produce later in the season, are linked to the carlier
regions since prices early in the season dictate prices later in the season. It was pointed out
carlier that Namibian grapes are carlier than Orange River grapes. Substantial growth is
expected for the Namibian industry, which will push production on the South African side

of the river more towards the “middle™ section of the market.

The high prices that farmers received in the Blouputs region in the beginning of the season
will come under pressure in future years. The lower price carlier in the season will also
impact on the other production regions. However, on the positive side, the situation can be
prevented if the South African industry joins forces with its Namibian neighbours and
coordinates marketing efforts to ensure that the price in the beginning of the season is

pushed as high as possible.

Only the future will tell if the two countries can manage to achieve this.
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Table 5.3: Export projections in 4.5 kg cartons X 1000

ActuallActual .~\cluaIlPro£clion

VARIETY 2000 2001 2002 003 [2004 [2005 [2006

Thompson / Sultana SA33| 5.851] 8,958 9900010400010, 800¢1 1,100
Sugraone 2,293 2,943 3.871] 44000 4.8000 5.2000 5,600
Regal Seedless 43 216 782 2,050 2,750 2.950¢ 3,150
Prime Scedless Of 111 396 1.650 2,504 3.5001 4,000
Other 46 45  S1| 1000 901 901 90
Total White scedless 1 7.B15] 9.166]14.058118.10020,530822.54(423.940)
Flame Seedless S0l 632 1,589 1.851] 2,104 2,320 2,520
Sunred Seedless 2,503 2.561| 2,178 2.512 2,374 2.27) 2.172
Crimson Seedless 200 85 253 792 1.500 2.000 2.400
Ralli Seedless 0 X ) - 20 708 150
Other o o o d o d o
Total Red seedless 3.024 3.278 4.0201 5.1604 5.992 6.662] 7.242
Midnight Beauty 0 0 (X 1 10 1000 200
Other I . B R . O .
Total Black seedless a 0 () 1 100 100 2000
Total seedless 10.83912.444{18.07823.261126,542129,30213 1,382
‘Queen of the Vineyvard 141 97 68 60 S(J 00 40
Bien Donne s4 4611 247] 2501 2000 150f 100
Waltham Cross 2. 719 2.042 1,750 2.004 2.000 2.0008 2.0005
Bellevue / Peridot 54 45 3 3 3 3
New Cross 700 25 13 10 I O 0
Dauphine S, 295 4,748 3,992 49008 48008 4.7508 3.5008
Majestic 483 593 5560 500 «)ﬁ 3000 250
Victoria 367 481 563 80(1 900 1.000f 1.000
Muscat Supreme 124 g 8l 81 81 81 81
Ander sI| 42| 671 67 67 67 67
Total White seeded 9.853| 8.572| 8.340f 8.671] 8.511] 8.391] 8.04!
Black Gem 348 3631 351 3501 350y 350y 350
Dan Ben Hannah 1.B89 1.974 1.632 1.900 1.9001 1.800% 1.70:H
'Sonita 164 771 55 55 5§ S5 5§
Alphonse 21460 2,056 1.990{ 1.900{ 1.800 1.7008 1,604
La Rochelle 2,523 2.551) 2,731 2.80( 2.800y 2,800 2,800}
Bonheur 1L.609 1393 1.299 1.2000 1100 1.OOO 1004
Barlinka 3.293 3.144 3.285( 3.100 3.I0:J 3.1001 3.100
Red Globe 1474 6.339 6.723] 7.2001 7.5001 7.800 8.000
Pirobella o o o (1 o
Other y i 90r 123 122 100p 1040
Total Black seeded A 16.49917.933]18.156(18.627] 18.727]18.705(18,705
Total black minus Red Globe]12.02511.59411.433(11.427]11.227/10.905{10,705
TOTAL 37.19138.94944 5745055953, 780156.398{58.1 2§
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Projections per variety group and Red Globe
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Figure S.4: Projected growth per variety group

5.7.3.1 Impact of exchange rate on profitabilin
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lable §.4 shows the weighted average DIP prices for all table grape cultivars in

all regions
L

Although there are substanuial differences between regions, 1t is convenient to calculate a

average price to analyvse the profitability of wble

grapes at industry level. Although the

20022003 calculations are not avlable yet. it s expected that the strengthening of the

rand during the season will reduce the average DIP pnce to approximately R20

Table 5.4: Table grape weighted average DIP* payments per 5.5 kg carton

YEAR
1997 98
1995 99

DIP (Rand carton)
2007
256

19992000
20002001

2001 2002

Note: DIP = Delivered m—‘p:-rl

A calculation was made 1o show the mmpact of

23,08

17,80
43183

the exchange rate fluctuanons. The

calculation is Gurly simphistic in that it is assumed that the cost structure stayvs the same

However, 1t 1s common know ledge that input cost does not come down immediately 1f the

local currency strengthens against other currencies. The assumption 1s therefore not oo far
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fetched, with the exception of transport (shipping) costs. The analysis in Table 5.5 clearly
shows how a strengthening rand exchange rate impacts on farm profitability. It was
mentioned earlier that the average DIP price for the industry is expected to will be
approximately R20 for the 200272003 season. At this price, table grapes are exporting at a

loss.

Table 5.5: Table grape profitability (Rand)

Rand/Euro exchange rate 00| 65 90l 85| 80 12 .
Rand | Rand | Rand Rand Rand Rand Ranc

price (Euro) 800 | 8.00 | 8.00 8.00 .00 500 | 800
4"‘—“—%‘% $0.00 | 8000 | 76.00 7200 68.00 §4.00 60.00
import ta 8§35 | 638 3% 3. 38 838 635 635
IMPOMNens Commssion 603 | 693 660 ) 00 6593 6593 663
Overseas handing costs 7.4 712 712 7.12 712 7.14 712
CIF 59.60 | 5960 | 5580 5160 47.60 43,60 39.60
Insurance 043 | 043 043 D.43 043 043 043
Sea 00 | 900 %00 00 6 00 00 9 00
F 5017 | 5017 | 46.17 4217 3817 M7 30.17
Loacing costs and por tax 153 | 153 153 153 153 153 153
COMITUSSION 417 | 417 189 81 333 308 277

DIP. 4447 | 4447 | 40.75 3703 | 3331 7955 2587
DFPT vy 023 | 023 023 0.23 023 023 023
PPECE levy 024 | D24 0.24 24 D24 024 024
Transporn 10 port 085 | 088 0.85 0.86 086 0.86 085
Produchon and costs 2856 | 2R56 | 2858 28 % 28 50 2856 | 2866
Net Farm Income ﬁn 1458 | 1458 | 1086 7.14 342 0.30 4.02
Stancard caron 450 | 450 450 4 50 4 50 4 50 4 50
Hun per ton 240 | 3,240 | 2413 1,587 760 &7 853

It is important to note that average production costs in the Orange River region are
substantially higher than in other regions because of its remoteness. It is therefore obvious

that lower prices will impact severely on table grape farmers in this region.

5.7.3.2 DIP price trends for the most important cultivars

Figure 5.24 to 527 are included to give the reader a feeling for the massive price
fluctuations which can occur during the same scason and between scasons. The reader
should be aware that the 20012002 scason was approximately two weeks late, which is

reflected in the statistics.
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Figure 5.5: Black sceded price fluctuations
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Figure 5.6: Thompsons price (white seedless) NMuctuations
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Figure 5.7: Sugaraone (white seedless) price fluctuations
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Red Seedless : Flame
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Figure 5.8: Red scedless price fluctuations

It is clear that the season starts with relatively high prices. However, prices decline eveny
week of marketung. It is therefore obvious that the carly regions will be more profitable
than the later regions. Also, price decreases are not moderate but sigmificant. A price can

fall by as much as 30-40% percent within the first two weeks of marketing

5.7.4 Risk factors for table grapes

During 1996, it was estimated that one hectare of export grapes provides an income equal
to the Northern Cape per capita income for 2.96 persons. 1t s clear not only that a great
deal of forcign exchange 1s camed but also that the industry ¢reates substantial
employment opportunities that could be doubled with expansion, However, expansion and

developments in other regions entail substantial risks

. Expansion in the market does not necessanly keep up with the impressive growth in
production

. Developments in Namibia can reduce profitability of table grapes in the Orange
River

. Infrastructure development could be too slow (roads, ports cic.)

. Chmatc nsks: the Orange River 1s known for its uncxpected bail storms in the

harvesting scason as well as unexpected rain

. New “bugs™ in the region: exotic bugs appeared in the region in the 2003 scason
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. New cultivar development: the lifetime of table grape cultivars tends to be much
shorter than for other deciduous fruits.

Production costs in the Orange River (due 1o its remoteness) are relatively higher than in
other production regions. If table grape prices come under pressure, profitability and retum
on capital investment will decline substantially. The author believes that the table grape
industry will remain a high value industry in this region for the foreseeable future.
However, individual farmers should be very careful not to indulge in excessive loan capital
to finance expansions since relative price levels and profitability are sure to come under

pressure in the vears to come.

Implications for risk management strategies:

. Development of a good information system including crop estimates, regional intake
information, shipments, market destinations, and retail prices.

. An cffort to develop the local market to make the industry less vulnerable to
international marketing conditions.

. Good market intelligence about southemn hemisphere competitors, especially Chile
and Brazil,

e A major effort to gain market access 10 new markets, to include a strong partnership
with the National Department of Agriculture.

. A constant effort 1o reduce the logistical cost of export to remain internationally
competitive.

. A constant effort to reduce local on-farm production cost.

. Diversification to enable farmers to absorb adverse marketing conditions.

5.8 DRIED GRAPES (RAISIN)

S.8.1 International overview

In 2002/03, dried grape production in sclected producing countries is forecast to decline by
1%. Table 5.6 and Figure 5.9 shows the contribution to world production of selected

countries.




Fable 5.6 : Dried grape production - selected countrics

Country Estim ated packout
) for 2002 (m etric tonnes)

Creece 4% 000
— lramn o 122 . 000
Turkey o 190 000
US A 336 050
Australia 32.200
C hile 38 000
South Africa 40 . 496
Total 807 . 746

Unfavourable weather condittons are likely 1o affect crop supphies in Turkey and Greece,
while production in Mexico and the United States is projected to be the same as last year
In the southern hemisphere, favourable weather conditions and increased planting areas in
Australia, Chile, and South Africa are expected 1o retum dred grape crops 1o normal levels

TEAQD. 203

South Africa

ureey

24'

Figure 5.9: Contribution of countries to total world production (2002):

The USA s by far the biggest producer of dned grapes in relation to other countries
followed by Turkey and lran, South Atrica is responsible for only 3% of world production

'he total production of dricd grapes includes sultanas, raisins, goldens, and currants. Table

S.7 shows the domestic consumption of major producing countries
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Table 5.7 : Dried grapes - estimated domestic consumption of major producing

countries
Country Estimated domestic
consum@ption (metric tonnes

Greeoce 7.000

lran 20,000

— Turkey 25.000

US A 210.000

Australia 20.000

Chile 4«.000

South Africa 10,500

Total 296.500

Figure 5.10 shows that all of the major producing countries” domestic consumption 1s
forccast to exceed their total production, causing great deficits, especially in the USA and

Australia, which will probably lead to a higher demand for dried grapes by these countries

g 5(XJ.CKXJ - s ’”#—““"“——_‘1
© 400,000

—t— COnsumption
i Production

& \é\ ’ 5‘5\ \?V'
b 14 gd}

Major producing countries

& &
y T

Figure 5,10: The estimated production in relation to domestic consumption

The deficits that these countrics experienced will be countered by imports to satisfy their
demand for dried grapes, making them some of the biggest importers of dried grapes. As
can be seen in Table 5.8, the major producing countries are also the major exporting

countrics of dried grapes
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Table 5.8: Dried grapes estimated exports of major producing countries (ton)

Country Total available estimated | Estimated exports from
product for marketing 1/9/2002 to 31/8/2003
Greece 26.000 17,500
Iran 111,000 80.000
Turkey 231,000 176.000
USA 503,300 102,000
Australia 31,500 9,000
Chile 38,500 23,000
South Africa 36.734 22,173
Total 978,034 439,673
5.8 1.1 Turkey

Turkey is the second largest producer of dried grapes in the world after the United States.
In 2002/03, dried grape production is forecast to fall between 10 and 14% from last year as

a result of heavy rainfall during the harvest season.

Turkey is the top dried grape exporter in the world, with exports valued at more than
R1674" million in 2001/02. Between 1999 and 2001, its total exports averaged nearly
R1944 million. Turkey's top export markets were the UK., Germany. the Netherlands,

Italy, and Australia. Collectively these five markets comprised 69% of the country’s dried
grape exports.

Prices were lower early in the growing season (approximately R6760/ ton of standard 9)
but rose after the rains. Currently, the price is about R8320/ ton for a standard #9 bulk and
about R8840*/ ton for a standard #10. Number 9's and 10’s generally make up a sizable

proportion of the crop and are the first buying choice of many traders.

Dried grape export opportunities to Turkey are minimal. In 2001/02, total imports were
just over RI3 million. Greece was the largest supplier of dried grapes to Turkey,
accounting for nearly 50% of all imports. The U.S. shipped just over R3 million worth of
dried grapes in 2001/02, making it Turkey's second largest supplier of imported dried

* An average exchange rate of R10 40 for the year 2001/02 was used to convert prices from U S
dollars to South African rand.
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grapes. Dried grape imports are unlikely to increase given the high import duty on

imported dried grapes, which is currently at 56.1%.

55812 United States

The United States is a leading world exporter of dried grapes, second to Turkey. In
2001/02, U.S dried grape exports totaled over R1508 million. Between 1999 and 2001, its
total exports averaged over R1684 million. The United States’ largest export markets were
the UK., Canada, Japan, Germany, and Sweden. Collectively, these 5 markets comprised

nearly 64% of its dried grape exports. On average, about 33% of the U.S. dried grape crop

is exported

l'he United States is the largest dried grape producer in the world. The forecast for
2002/03 dried grape production is at 339.411 tons, an increase of 1%. Since 1999, the
industry has been beset with surplus production and stagnant domestic demand. resulting

in large stock inventorics

Dried grape imports totaled more than RI124 million in 2001/02. Chile. Mexico.

Argentina. South Africa. and Iran were the top 5 suppliers of dried grapes

. s o 8
28 1.3 jran

Iran is the third largest exporter of dried grapes behind Turkey and the United States. Iran
is also one of the major producing countries of dried grapes. Iran’s exports for 2002/03 are
forecast at R1080 million. Unfortunately. very little information is available on production
trends for this country

I.4 Greece
Greece is the sixth largest exporter of dnied grapes behind Chile and South Africa. In

2001702, Greece's dried grape exports totaled over R405 million. Between 1999 and 2001,

its total exports averaged R728 million. Increased competition in European markets from

Turkish dried grape exports led the decline in wrade. Greece's largest export markets are

the U.K.. Germany, the Netherlands, Poland. and Australia. Collectively, these 5 markets
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comprise nearly 85% of its dried grape exports. On average, 80% of Greece's dried grape
crop is exported.

Disastrous rainstorms are likely to have a dramatic impact on dried grape production.
Some estimates indicate that between 31 and 67% of the 2002/03 dried grape crop could be
lost. As a result of the smaller crops, exports, which have already been affected by
competition from Turkey, are expected to decline even further. Despite the production
shortfall, Greece is expected to supply export markets with dried grape inventories
collected from previous years. In 2001/02, dried grape imports totaled over R23.9 million.

3.8.1.5 Chile

Dried grape production for 2003/03 is forecast to be 38,000 tons, the same level as the
previous year. Dried grape supplies could increase significantly in the future if discarded
table grapes from new vineyards are diverted to dried grapes. More than 90% of Chile's
dried grape production is exported.

Chile is the fourth largest dried grape exporter in the world. In 2001/02, Chile’s dried
grape exports totaled more than R364 million. Mexico, the United States, Colombia, Peru,
and Brazil were its top export markets. These 5 markets comprised 62% of all exports in
2001/02 season. Between 1999 and 2001, its dried grape exports averaged over R447

million.

Chile’s dried grape imports are insignificant (totaled only R197 600 in 2001/02), of which
75% originates from Mexico. A 7% import tarifl on dried grapes is expected to fall to 6%
in 2003. In addition, an 18% value-added tax is charged on all consumer items, both

domestic and imported.

5.8.1.6 South Africa

South Africa is the world’s fifth largest exporter of dried grapes. In 2001/02, dried grape
exports were valued at R208 million. The devaluation of the rand during the 2001/2002
season boosted exports despite the glut of quality dried grapes on the intemational market.
Canada, Germany, the Netherlands, France, and the U.K. are the top export markets for
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South Africa. These 5 markets comprised 73% of all exports in 2001/02. Dried grape
imports are minimal. Favourable weather conditions are expected to maintain dried grape
production at normal levels in 2003, The 2002 crop of nearly 40,500 tons was the largest
crop since 1997.

J.8.1.7 Mexico

Mexico exported a little more than R41 million worth of dried grapes in 2001/02. with
nearly 92% of the export volume going to the United States. Guatemala. Honduras, Chile,

and Colombia rounded out its top 5 markets

Production for 2002/03 is expected to remain in line with forecasts made carlier at 13.200
tons. Mexico's current cconomic woes could affect crop production in the future as
continued problems with low prices. lack of available credit. and diversion of dried grapes
for wine and juice markets are decreasing planted areas and driving farmers out of

business.

Opportunities for imports to Mexico do exist. albeit for lower priced dried grapes. Chile
remains the dominant supplier to Mexico. accounting for approximately 80% of the
country’s dried grape imports. The United States was the second largest supplier, shipping
over R18 million worth of dried grapes. Under the North American Free Trade Agreement
(NAFTA), both Mexico and the United States allow dried grapes to enter their borders

duty-free. Dried grapes from Chile also enter Mexico duty-free.

38 1.8 Australia

Production forecast for 200203 is estimated at 32,200 tons. Favourable weather
conditions and reduction in wine grape prices are expected to return dried grape production
to normal levels after several yvears of underproduction. Sultanas account for about 90%s of

Australia’s dried grape production.

Australia exported more than R72 million of dried grapes in 2001/02. Canada. Germany,

the U.K.. New Zealand. and Japan accounted for 87% of its exports in 2001/02, Australia’s

dricd grape imports were valued at over R166 million in 2001/02. Turkey dominated the
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market, supplving necarly 65% of Australia’s dried grape imports. Greece, the United

States, Iran, and Chile were also major foreign dried grape suppliers.

3.8.1.9 Most important import countries

Figure 5.11 represents the volumes imported by the most important dried grape importing
countries. World dried grape imports totaled more than R5314 million in 2001/02. The top
dricd grape importing countries were the UK., the Netherlands, Canada, Japan, and
France. The UK. imported more than R1150 million; Germany more than R583 million;
Canada more than R396 million; the Netherlands more than R417 million; Japan more than
R347 million; and France more than R229 million. These 6 countries imported 59% of the

world’s dried grape trade in 2001/02.

Other o ——
France [
» Japan
“§ Netherlands [
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Germany 2
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Figure 5.11: World’s top importing countries of dried grapes

58.2 South African dried grape overview

South African dried grapes are mainly produced in the Orange River on approximately
10000 ha of irrigation land. It is very difficult to establish the exact area under dried grapes
since dried grape cultivars (mainly Thompsons) are often used for fresh grape exports
depending on the micro climate, price, and quality in a specific vear. Table 5.9 and Figure

5.12 represent dried grape production in South Africa from 1997 to 2002. It is clear that
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substantial Auctusations have occurred in local production since 1997 and that local
production duning the 2002 season was back at approximately the same level as in 1997
The decrcases in 1998 and 2001 were due o unfavourable weather conditions in the

Orange River (unexpected rain)

Fable 5.9: Local production of dried grapes in S.A

Type: | 107 | iee | wee | 200 | 2000 | 2002
Unbleached T30 0 T ) 7158 4
Gasden 5045 5912 55 2028 7350 P
Ihomgson seedicss 23950 10451 26722 21622 18552 32092
Total 40195 71063 40358 36359 33200 40139

Figure 5.12 represents the contribution of different types of dned grapes. It is clear that
Thompson scedless dned grapes are the most popular, followed by Golden and
Unbleached which aliemated in second place. Table 5.10 shows the average grading results
for the penod 1992 10 2003, There s clearly substantial fluctuation in quality from vear w
year, for three main reasons: hail, rain, and frost, as Table 5,13 reflects. From Table S.11, it
1s clear that producer pavments in the Groblershoop region for Thompsons dned grapes in
2003 are, with the exception of industnal grade. 1in nominal terms, at the same level as in
1998, However, in real terms, the pnee is substantially lower (only 70%% of the 199K price)

The depressed price has put farm profitability in most regions under severe pressure

45000
40000
35000

J0000 - Unbleached

- Colden
mm Thompson seediess
- Total

25000
20000

15000
10000

1998 1986 2000 2001

Figure 5.12: S AL production trend over 6 years
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Table 5.10: Joint average grading results for Groblershoop / Mylpaal

1992] 1993  1964]  1995] 1996 1957] AVERAGE]
55 4 a4.6 132 351 282 408 ’ : a3 9|
310 462 763 433 541 451 425
70 48 6 1 154 13.1 86 1.7 92
59 42 44 52 46 55 ' 44 51
4479 1454 2313 2.353 1,214 2658 2148 2318
72% 3% 53% a4, 3% S50% 329 50% 46%

1993 1954 1995 1996 1997 2003] AVERAGE

561 536 51 5717 641 503 770 6H.2 539 660 445 iB8.7 58.9

M0 333 445 272 233 3456 128 202 284 189 345 109 26.6

7.0 7.1 133 86 72 8.1 5.1 56 10.1 88 1.3 57 82

59 60 71 65 54 7.0 52 48 75 63 85 47 6.3

1620| 1.180| 1947| 2805| 1025 2275 1.636 3,295 4071 1563 5,511 1900 2478

26% 25% 45% 53% 58% 43% 56% 61% B6% 28% B5% 44'-":] 49%

1092] 1993|1994 1995] 1996 1997 1998 1999 2000 2001 2002 2003] AVERAGE|

holce ( % ) 72.7 58 9 228 34.0 54 5 571 544 72.2 3 62.2 546 77.0 55 1
Standard ( % ) 155 266 62 1 538 337 266 241 16.7 444 217 188 10.3 103
Industrial ( %) 64 86 90 66 65 82 6.1 74 8BS 94 18.7 LY} 87
OF NO VALUE (%) 54 65 61 58 53 8.1 54 57 6.0 6.8 70 44 6.1
Total (Tons) 118 121 as 178 171 336 356 an 151 345 221 275 225
% of Total 2% % 2% % 5% 6% 12% 6% 2% 6% 3% 6% 5%
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Fable S.11: Total payment per grade per product ty pe < Groblershoop/My Ipaal region (Rand per dried ton)

1992 1993 1994 1995 19956 1997 1998 1599 2000 2001 2002 200

2118.23] 3040.00) 2793 24| 2876.21| 3566301 402000 420000] 630000] 595000] 404C.00] 2385000 420000

1558 23| 2700.00| 221523] 2053.12| 2972 96 335000 300000} 450000 440000] 300000 3050000 310000

678.23] 1000.00] 1501 35| 1432 08| 2019 37 222000] 230000{ 310000{ 300000f 210000 1700.00] 140000

1992 1993 1994 1985 1996 1997 1598 1999 2000 2001 2002 2003

3070.00] 3BBO 0O| 4096 23] 5245 52| 5603 66 537000 630000] 8500001 710000] 700000 6600001 7000.00

1810.00| 1980.0C| 2182.44] 2780 85| 360908 3440001 400000 450000 480000 530000 480000 480000

920 00] 1000.00] 131922] 1123.12| 1101 53 1140001 210000} 250000 280000 250000f 130000] 140000

1992 1993 1994 1995 1956 1997 1998 1999 2000 2001 2002 2003

Choice 2350931 2820.001 2910.00] 3633.72( 44651 482000( 4B0000) /7000.00f 680000 470000 480000] 5750.00

Standard 1740.93| 2160.00| 2180.00] 2644 32| 3150 45 3000001 350000] 450000{ 420000 350000f 320000| 325000

Industrial B10.93] 950.00] 1540.00] 1452 B8| 1850 77 1800 00} 220000 3100.00] 250000] 230000] 1400.00f 1400 OOJ
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Table 5.12: Joint average producer realisation for the Groblershoop/Mylpaal (Rand per dried ton)

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003)
2231 BO| 2262 04]  03304] 178348] 305399| 3066.27] 342720] 6137.00] 2018.10] 4358.00] 360360] 5390 00
28055 s2668] 135530 149054| 121626] 91504| 136400] 75150| 213120] 115010 s0240| 48440
sags| @500 11873 74.13 7160 g348] 12810] 18500 23800 23500 24310 11780
2571.92 2407.97 | 3348.14| 4341.85| 4074.79 | 4919.30 | 7073.50 | 6287.30 | 5739.10 | 4749.10 | 6002.00
642 83 837.03 | 108546] 101870 | 122983| 176638| 132183| 143478 | 1187.28 | 150050
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003]
1168 33] 1620 44| 980 43] 1650.57] 228600 2027.09] 3234 00] 435060] 3207.05] 266640] 176170] 3305 4or
a8305| B9910| o8s7s| sssas| 69270 1159.10] 38a00| e2920| 124980 ss7.o00| 105225 23790
47 48 71.00 199 68 123.16 145 39 179.82 117.30 17360 303.00 184 B0 19210 79 80
1718.85| 2599.54| 216588 | 2341.18 | 3124.09] 3366.01 | 3735.30 | 5462.40 | 4759.65| 3418.20 | 3006.05| 3723.10
42071 | 64080 | 54147 | 56530 | 78102 | 84150 | 93383 | 136560| 118001 85455 | 75151 | 930.78
1992 1983 1994 1995 1096 1997 1998 1999 2000 2001 2002 2003
1537 51| 1263.36| 384 12] 127544| 1250 16] 1966.56] 2601.60] 3767.00] 164560 2758.00] 1924 80| 303875
53069] 99792| 166334] 114499 170439] 1353.00| 114450 147150 2557.80| 101500 126080 62725
5677 4560 9394| 23827| 24245| 15480 178.20] 257.30| 242.50] 163.30| 19040 107.80
Total (R/dried ton) 2133.96 | 2306.88]| 2141.40 | 2658.70| 3206.01| 3474.36 | 3924.30 | 5515.80 | 4445.90 | 3937.20 | 3376.00 | 4673.80
[Rand per tresh ton 53349 | 57672 | 53535 | 66467 | BO150 | 86850 | 98108 | 137895] 111148| 98430 | 84400 | 116845
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Table 5.13: Production, reasons for crop damage, and producer realisation for Groblershoop/My Ipaal*

[TOTAL SULTANA INTAKES

GRADE 1992]  1983] 1984 1985 1996 1697 1998 1999 2000 2001 2002 2000] AVE RAGE |
Total (Tons) 620 4 /8% 4 345 5 355 5310 5 265 2 95 540 CREL 5 840 6 483 4332 5021
Oamago Frostiiasl R wn_§ rost/Ravy rostHa Rar . _Dju F'W OsUH 1l Rain Ramn FrostHad |
Crop load Good I Poor Average Good Average | Very Good | Very Poor ] Average Gooo Poo Very Good|Poor

ALL SULTANA TYPES

PRODUCT TYPE 1982 1993 1554 1985 1596 1997 1958 1999 2000 2001 2002 2003
Thompsons 450 641 an 1231 1817 1453 2088 3333 327 a1 2555 1641
OR Sultanas 1535 1680 1140 1172 1176 175 1253 1801 1417 2612 91 2317
Golden Sultanas 49 73 47 12 224 260 559 447 129 152 162 as
Average (R/idned ton) 2034 2393 2158 2815|3217 3466 1540 5582 4673 3905 3108] 4339
Average (RNresh ton) 508 H98 539 629 D4 A6l QR%s 1384 1168 876 177 1065

*Considering the average % contribution of cach of the product types produced annually

4



Considering Figure 5.13. the local industry scems to have reached the bottom of a
depressed market situation and to be in a recovening phase. This 1s mainly due to the

international market sstuation which was deseribed in the previous section
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Figure 5.13: Realisation per ton raisins (all types) for Groblershoop / Mylpaal

Although 2002 is an exception, and it is probably 100 soon o make predictions, OR
sultanas scem 10 be gamning ground at the expense of Thompsons in terms of average

realisation (see Figure 5.14)

HO00
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A000
aielele)

2000
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5 Thompsons D OR Sultanas D Golden Sultanas

Figure 5.14: Composition of realisation Groblershoop/ My ipaal (R / dried ton)
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Figure 5.15 represents the composition of the 1otal crop and explains the observation made
from this figure. In terms of the volumes produced (with the exception of 2002), OR

sultanas are clearly gaining ground
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Figure 5.15: Composition (product type) of the raisin trends

5.8.3  Risk factors in raisin productions

From the background information. it 1s ¢lear several nisks are imvolved in dried grape

production. They are the following

. Chimanc conditions such as frost, hail, and rain duning the harvest. The stanstics
show that farmers only had 5 goodivery good years over a period of 12 vears,
indicating that dried production 1s a risky business, However, the reader must be
aware that there is a strong link between dried grape production and table grape
production in the Orange River. Sultana and Thompson grapes are very versatile and
can be used for both.

. Intemational market conditions: demand for dned grapes is very clastic, a small over
supply normally results in a large price decrease

Exchange rate fluctuations
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. Increasing production costs
. Fragmented export effort and lack of export standards.

. Threat of cheap low-quality imports.

The implication for market risk management strategies are the following:

. Investment in dry infrastructure to reduce the risk of rain during the harvest season.

. Collaboration in the local industry to set and enforce high quality export standards

. Investment in an efficient market information system and communication of this
information to decision makers. This may include crop estimates, market
destinations, international price information, etc.

e Most farmers on dry grape farms in the Orange River region are already diversified.
However, in many cases, it is just with another grape commodity (table grapes, wine.
Juice) exposed to the same climatic and other production risks. These farmers should

also consider diversification, even if it is with the same crop in different arcas.

Innovative marketing strategies in the years to come should be able to increase profit

margins again.

5.9 RISK FACTORS FOR WINE PRODUCTION

Production risks in wine production are relatively low compared to table and dried grapes.
The most important risk factor is to invest a substantial amount of capital to increase the
volume of quality wine from the region without knowing if the region will be able to
change consumers’ perceptions. The challenge of the wine industry in the Orange River is

to change the perception of consumers.

Also, the Northern Cape wine industry is in a relatively advantaged position since the
brandy market is growing and the Orange River contributes 1o a substantial volume of
distilled wine. Finally, the Orange River is also in a position to attain considerably higher
vields than other wine-producing regions in South Africa.
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5.10 RISK FACTORS FOR PECAN NUTS (ALTERNATIVE CROP)

Accurate production data for pecan nuts in South Africa does not exist. The total area under
production is estimated to be approximately 2000 o 2500 ha. The problem in South Africa
is not necessarily a lack of demand but rather to introduce the product to the general public
through generic marketing. The industry is not properly organised, highly fragmented with
very little coordination. Also, on most farms, the crop is just a side line, and production

probably far under the potential of the trees due to relatively low management input

I'he Middle Eastern and European nations. with the Netherlands in first place, have a ven
high per capita consumption. Most nuts from South Africa are directly shipped to
Rotterdam from where it is re-packed and distributed. Substantial potential therefore exists
to add value in South Africa before shipment. A better organised local industry is a

prerequisite for such an operation

South Africa's main competitors are the USA, Mexico, Australia. and Argentina. In spite of
the present economic problems in Argentina, it is expected 10 become our main
competition. Recent research proved that pecan nut oil is the healthiest plant oil. The use of
this oil reduces cholesterol and could play a major role in controlling this discase. Efficient
marketing is the kKeyv for a profitable future for pecan nut farmers. The medium to long-term

prospects are relatively good

S5.11 RISK FACTORS FOR OLIVES (ALTERNATIVE CROP)

Olives are not a well tested traditional crop in the Lower Orange River region. However. in
recent vears, substantial new plantings have been observed in the Vaalharts region. New
untested crops in a region normally constitute a risky business since observed results to

plan from are often lacking. Other risks include:

. Substantial expansions in South Afnca: the local wable olive market is relatively

saturated (Costa, 1998). a small increase in production can lead to an oversupply in

local markets.
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. Also, competition in the international fresh and oil market is strong, and it is difficult
to penetrate these markets especially with the relatively small South African

production volumes.

5.12 PISTACHIO (ALTERNATIVE CROP)

Growth in this industry has been curbed by the relatively long time period required for a
pistachio tree to reach full production, typically ranging from cight to ten years and
resulting in excessive development costs. These significant costs, combined with the long
time horizon for initial investment payback, serve to limit the number of new plantings that
typically occur as commodity prices rise. As a result, overall average camings have
remained fairly consistent as there is a limited tendency for growers to respond rapidly to

anticipated profitability through overplanting (Wikipedia, 2003).

The initial planting of choice was the Kerman variety on the Pistacia Atlantica rootstock,
commonly known as the Atlantica rootstock. However, Atlantica rootstock has since
proved susceptible to the Verticillium Dahliae wilt organism, a discase most commonly
associated with land formerly planted with cotton. Many orchards planted on such cotton
land have suffered significantly and will require eventual replanting. The pistachio
industry recently responded with the development of the Pistacia Integerrima rootstock
(commonly known as Pioneer Gold), which has proven resistant, but not immune, to the
wilt organism. An additional benefit of the Pioneer Gold rootstock is increased vigour and
production as compared to Atlantica rootstock (Wikipedia, 2003).

Mature pistachio orchards exhibit a pronounced alternate bearing cycle similar 1o avocados,
with the entire industry generally rotating between a large crop one year and a smaller crop
the next. This tendency seems more pronounced in orchards planted on the Atlantica
rootstock than in those planted on Pioneer Gold rootstock, especially in marginal orchards

or those lacking in cultural care.

An extensive industry study of this alternate bearing phenomenon has yet to discover a
“cure”, but cerain cultural practices such as summer pruning have shown promise in

reducing variability in production. In order to compensate for increasing crop sizes and the
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alternate bearing characteristic of the pistachio tree, the pistachio industry was faced with
the challenge of effectively marketing the nuts for attractive grower retums. While nut
prices have trended down as production has increased. net resultant revenues, on a per ha
basis, have continued to climb.

As noted, however, revenues per ha are much more a function of vield per ha than of price
per kg. Clearly, the economics of pistachio production are based on high vields per ha.
Orchards which produce at higher vield rates are relatively insulated from swings in nut

prices.

Export markets continue to show promise for additional sales. especially in the Far East
and Japan, Hong Kong. and Taiwan in particular. Most products are sold on the retail or
consumer market, with relatively small amounts being sold for industrial or processing
uses. Given the strong domestic market. per-capita consumption climbed steadily during
the carly cighties as prices declined from historical levels. However, consumption slowed
in the latter part of the decade as prices rose in response to declining production. This
appears to illustrate the industry’s need for a steady, consistent supply and the ability to
accurately forecast future crop sizes.

Overall. the key to continuing profitability for pistachios is contingent upon the growers’
ability to maintain high levels of production and quality standards as well as the industry’s
ability to effectively educate the consuming public as to the superior quality of local
pistachios. Obviously, the impact of the changing global economy and the lifting of the
trade embargo with Iran may impact the industry in coming yvears. Given this background.

the industry could become a viable component of agri-business in the Lower Orange River.
However, very little information is available on the production of pistachios under South
African climatic conditions, and until the crop has been tested in the Lower Orange River.
it should be regarded as a high-risk crop.

5.13 OTHER ALTERNATIVE CROPS

Other altemmatives identified in the Orange River Development Project Replanning Study

(ORDPRS) (1998) for the G5 (Boegoeberg) to GY (Alexander Bay ) regions are
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. Lemon

e  Grapefruit

. Figs

. Special export vegetables
. Paprika

. Grape (juice)

. Granadilla

. Papaya

. Avocado

Unfortunately, very little is known about the successful production and marketing of some
of these crops in the Orange River region since they are not proven crops there. Recently,
an opportunity to produce 400 ha paprika arise because of the situation in Zimbabwe.
However, this market is very closed and only accessible to a few individuals. Also, the

collapse of the Goodhouse paprika project dampened enthusiasm to produce this crop.

5.14 RESULTS OF THE COMMODITY WORKSHOP OF 2003

It was mentioned carlier that many of the risks pointed out during the workshops held in
2003 are similar. For the purpose of the report, all the risks mentioned during the shon-
term crop workshop and the long-term crop workshop are listed in the following two
sections. The reader should note that not all these risks are necessary directly market
related. However, they all eventually impact on production costs and therefore on the

competitiveness of the region in producing these crops.

5.14.1 Short-term crop workshop - Douglas

The following aspects were pointed out, not necessarily in order of importance:

e Mechanisation costs are too high and will increase if the rand weakens again.
. Labour cost too high and not at all linked the Consumer Price Index (CPI)
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. No support from government.

. Lack of research support from government

. Huge fluctuation in international markets

. Land tax will eventually destroy agriculture

. T'oo much politics in agriculture.,

. Yield increases necessary to achieve the same margins--research

. International commodity--price risk. Farmers cannot control this

. Exchange rate fluctuations. Immediate impact on producer prices but delayed impact

on input costs, especially if the rand strengthens

. Economies of scale. Farming operations need to get bigger 1o counter decreasing
profit margins

. Not enough buvers--monopolistic forces at work

. High interest rates and a bigger contribution from loans to operational capital make
farmers more and more vulnerable to financial set-backs.

. Need for a higher producer emphasis on the marketing side. Access to up-to-date
market intelligence has become a prerequisite for sustainable farming operations

. Relatively high capital investment and very low retum--difTicult to attract voung

peopie and Investiors

. Adding value is extremely important but easier said than done
. Need for higher efficiency. More crop per input
. Double cropping is fast becoming a problem in the wheat/maize production regions--

will probably move to two crops in three years, putting pressure on farm profitability

. Organic farming will become NB

For the purpose of this report. it was decided to adhere to exchange rate fluctuations in the

modelling exercise

S5.14.2 Long-term crop workshop - Upington / Augrabies

1

I'he marketing risks and other indirect market concerns raised at the workshop are listed

the following three sections
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5.143 Vine - general comments

. Price pressure

. High input costs

. Lack of support from government to develop new markets
. Tariffs—uncven playing ficld

. Collapsing infrastructure

. Lack of cooperation between farmers

. Input providers get tanifT support, there should be export incentives
. Market access

. Risk of not being able to meet transformation targets

. Loss of government capacity 1o negotiate trade agreements
. Need to develop futures for grapes

. Local industry not well organised

. High taxes

. Huge fluctuations in supply

. Monopolistic input providers

. Not enough cultivars

. Need for more collaboration between emerging and commercial farmers
. Not enough technical support

. Research

. Information--study groups

. Farmers do not have control over many input costs

. l.and tax

. Capital gain tax

. Minimum wages

. [.and reform

. Unstable prices

. Old vines, reduced profitability
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S.14.4 Raisins

. Climate vanation--low vield

. Low prices--exchange rate fluctuations
. Stagnation in traditional uses

- World oversunply

. Stricter demands from buvers--Eurepgap
. Pressure from government policies

. Fragmentation of the industry--more packers and competition

. Liquidation of many farmers, less farmers, problem with rescarch funds
. L.abour problems: costs

. Labour problems: HIV

. Farm safety

. Lack of reliable. accurate. and affordable market information

. Need to develop niche markets
. Increasingly skew playing field
. High input costs

. Product development is crucial--need to add value--lack of innovation

. International prices do not increase in real terms

. Increasing competition from cheap suppliers--less quality

. Input cost increases at higher rate than product prices

- Low labour productiy Iy

. Not enough voung farmers

. Profits of the middle man 100 high--does not share the risks
. Need 1o devel [".‘-.'l.u 1| market

. Reduced land values

S.14.5 Table grapes

. Increasing competition--Chile Braz

. Finance risks--risk sharing (input providers and marketers

. : J\’P\* I market information | CW marscis
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e Need for more market rescarch and more info on exporters

e  Low prices compared to extremely high input costs

. To many exporters that compete for the same markets

e  Lack of reliable market and other financial information

e Climate change risks

e  Uneven risk sharing

e Need to work on products of origin (Orange River region)

. Risk of flaws in quality control--need to increase standards

e Need for better planning--farmers do not do sensitivity analysis
e  Growth in access to new markets is to small

. Share of technical experience is essential

. Exchange rate fluctuations

e Input costs to high, increases risk

. Farmers do not have enough control over cost compared 1o service providers
e Globalisation

e  Retum on capital investment is to low to attract investors

. Economies of scale constantly under threat

. Lack of effective collaboration between farmers

5.14.6 Lucerne

e  Stagnant prices

. High labour costs

e  High input costs

. Lack of support from government
. Less risky than table grapes

. Need for shorter cut period

e Orange River do have a comparative advantage
e Need to cut out the middle man

e  Need for high quality

. Research

e  Value adding
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515 IMPLICATIONS FOR MARKET RISA MANAGEMENT

The intention of this chapter was to give the reader some kind of background on the
marketing environment for selected crops that are grown in the Northern Cape. The project
team realise that this information is already outdated, but since the entire modelling
exercise is based on 2000-2002 prices, it was decided to update the information to 2006 in

Appendix A of this report

The following market risk management implications are important:

. It was pointed out in Chapter 2 that there are mainly two sources of risk to be
managed: operational risk and strategic risk. Operational risk is mainly the risks
involved with day-to-day farm management, the risk of doing the right things wrong,
doing the wrong things wrong. and doing the wrong things right. The latter is
probably the highest operational risk. On the other hand, strategic risk is mainly the
risk of doing the wrong things.

. 'his chapter indicated that having good market information and market intelligence
is probably the most important strategy to counter market risks. It is not possible for
management 1o plan for possible invents if these events are unknown or if
nformation is lacking to formulate good strategic and operational plans

. It was also pointed out carlier that the efficient allocation of irrigation water is a
national concern. Therefore. there 1s a sound argument for government and industry
bodies to invest in information systems 1o enable farmers to make decisions that will
reduce their market risks and that will contribute to a more efficient allocation of
SCArCe Walcr resources.

. Finally. although there are several direct and indirect market-related risks. it is
impossible to analyse the impact of all of these on the efficient allocation of water in
the immigation regions of the Northem Cape within the scope of this study. For the
purpose of this study and to show the link between the micro and macro models, only

two scenarios will be analysed in detail and the results included in this report. These

arc:
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- A scenario that analyses the impact of a long-term trend of reduced table grape
prices--"table grape scenario™.

- A scenario of significant increases in water tariffs--"input cost scenario”.




CHAPTER 6

THE ORANGE RIVER MODELLING FRAMEWORK

6.1 BACKGROUND ON MODEL DEVELOPMENT

The typical farms are the primary production units within a sub-regional modelling
framework. The sub-regional models are therefore an aggregation of typical farms and the
Orange River regional model an aggregation of the sub-regional models. The modelling
framework should therefore be constructed in such a way as to reveal the long-term

economic impact of micro and macro risk factors at farm and regional level.

The advantages of DLP were pointed out carlier in Chapter 2, section 2.8, The objective

function (objective of farmers specified in mathematical terms) is optimised through the
simultancous solution of all time periods (over the planning horizon). Two important

aspects can be concluded from this:

. In a decision framework, the plan in the first year is the optimal direction of actions
with present expectations of the future.

. For a couple of years, the plan indicates the dynamic growth of the farm over time.

The method is dynamic since the time factor is explicitly taken into consideration. The
eventual plan is therefore the best plan given present expectations of prices and technology
available to the farmer. It can be concluded that this method will without doubt give a
fairly accurate estimate of the impact on the long-run economic feasibility of typical farms

and regions within the study area.

The initial objective was to attempt to build a regional dynamic linear programming model

linking all the representative farm models in one modelling framework. However, this idea

was abandoned after one attempt (for the Boegoeberg sub-region). The basic theoretical
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outline is simple. However, with just three representative farms in this model, solving time
became a problem since the model would run for more than 30 minutes on a computer with
a 2.4 gigabyte processor. The author believes that any model that cannot be solved within §
to 10 minutes is impractical and will not be popular in practice since it becomes a time-
consuming process to debug such a large model and run several scenarios in an acceptable
time limit. During 2005, a new GAMS solver with an enormous capacity was released,
CPLEX, which reduced solving time from 30 minutes to approximately | minute. After the
first failed attempt. it was decided to develop the typical farm models as stand-alone
models and to include all the typical farm models in one regional (Orange River) model in
the second step. To study the impact at regional level, it is necessary to build a spatial
model with links between representative farms to see in which direction water will be
reallocated in an environment where farmers are fully informed of market conditions
(optimal situation). This report only deals with phase | (tvpical farm models) and phase 2
(aggregated regional model). A description of phase 3 of the modelling process can be

found in Volume 2 of the reports.

6.2 TYPICAL FARM MODELS (DLP)

I'he basic structure and supporting theory of whole-farm planning models and dynamic
linear programming in particular were discussed earlier in this document. The intention of
this section is to give the reader a schematic outlay of these models. The full GAMS code
for on¢ of the typical farms models is available in Appendix D. Only one of the tvpical
farm models™ GAMS code 1s presented in Appendix D since all the other models are

similar.

A dynamic linear programming model was constructed for cach of the typical farms
Figure 6.1 shows the typical farm modelling structure for sub-regions in the Orange River
I'he models are constructed in such a way that they are exccuted individually for the
different scenarios to analyse the impact of risk factors on an individual farm basis. All the

models were done in this way, but only one is described in this chapter

The basic structure of the models is more or less the same; the differences between the 21

models are in the databases for cach representative farm.
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The following sections give a condensed summary of one of the models (Augrabies-
Blouputs) and are discussed in terms of the algebraic sets, database, variables, equations,
and objective function (also see section 2.5.4). The objective of this description is to give
the reader a feeling for what the models can and cannot do. It is not necessary to read
through all these sections. However, the authors believe that these sections will give
readers with a basic knowledge of lincar programming and GAMS at least some insight

into the structure of the models.

Most of the models have approximately 140 000 rows and 114 000 columns over the 20-

vear planning horizon.

COMMERCIAL OBJECTIVE
Gross income minus:

- Direct cost
- Overhead cost
- Household cost

Maximise surplus

l

RESOURCES ACTIVITIES
- Land - Dryland crop production
- Labour EE———— Irngated crop production
- Water G—— | ® Livestock production
- Capital - Crop and lwvestock
selling activities

- Water buy

- Labour rent

- Short-term loans

- Overhead expenses

- Household expenses

L.

Figure 6.1: Typical farm DLP modelling structure

6.2.1 Sets

Sets are the algebraic notations used to refer to elements that will be used in the modelling
framework. The following sets are standard for all the typical farm models:




The Orange River Modelling Framework i6l

Table 6.1: Typical farm model sets (Augrabies-Blouputs example)
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6.2.2 The database of typical farm models
A database was developed for each of the representative farm models. The databases are in
Microsoft Excel and were developed in such a way that they can casily be updated. The

main parameters are presented in Table 6.2.

The Excel spreadsheet contains the following worksheets:

. All the farm data from the farm survey in one worksheet. These are used to calculate
the coefTicients for the total regional farm survey.
. One worksheet for cach typical farm containing all the farm survey data for the farms

that are included in the group of farms used to construct the typical farms (mainly
farm structure. resource availability. and overhead costs).

. Worksheets containing water. tractor. and labour use for each crop

. A worksheet with all the crop and livestock budget coefficients. These include
yields, price. and direct costs

. A worksheet with the terminal value of long-term crops and of livestock at different

growth stages.
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Table 6.2: Data parameters for representative farm models (66 parameters)
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. A worksheet with discount factors

. A worksheet which contains all the Motad data (risk data) for crops and livestock.
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. Finally, there are worksheets for cach typical farm linking all the data to data tables
constructed in the GAMS code. After all data 1s updated, this worksheet is saved as a

text file which can be read by the GAMS program

6.2.3 Variables of typical farm models

I'he variables can basically be grouped into 10 tvpes

. Livestock production vanables. including livestock numbers, growth in livestock
numbers through reproduction, livestock sales, and livestock purchases

. Livestock product vaniables and sales

. A minimum cost feed balancing model embedded in the DLP to ensure at least a

basic nutritional value of livestock feed

. Crop production vanables and crop sales

. Water. labour use vanables

. Rented input vanables

. Some vanables to use in the water balancing equations

. Overhead costs (including general overheads. household costs, labour etc.)
. Variables that calculate the annual cash flows and end balances

. M 1(risk)y ] [&

I'he purpose of Table 6.3 is 1o present a short summary and description of these variables
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Table 6.3: Description oftypical farm variables (46 basic variables)

Variables nption
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Monthly waler extrachion from source w in year mt m month mo

Damex(imt mo) Extracton from farm dam for enigaton n year mt month mo
TotWSCH(w mt) Total annual extraction from water source w to fil dam plus cwect use in year mt
AFR(.p amt) ransfer of production crop | product p for animal 8 in year mt
TAFR{am1) Tctal anvmal feed max for animal 8 i year mt
Loanst{imt) Short term production loans | n year mi
OC(mt) Overhead costs in year mt
Labourc{mt) Labour Costs per annum in year mt
Ltaxcosi(mt Land tax per annum n year mt
HC(m1) Household costs in year mt
NFncome(mt) Non farm income in year mt
Investmntimt) Investment of surplus funds in year mt
Endb End balance a‘ter recemption of loans
Ancash’lmt) Annua cash fiow in year mt
Endcash End cash balance
Licost(m| mt) Total direct costs per It crop my per annum in year mt
TermiTvalim) b) Sums terminal values for LT crops mj produced with technology b
TermLSvaka) Sums terminal values for Livestock enterpnse a
(Dev.mt) Negative deviabon counter Dev i year mt
SE Motac caiculations of the Standard error
r4 Objective funcson value

6.2.4 Typical farm equations

For the sake of brevity, the mathematical code for the equations is presented in Appendix
D. However, to give the reader some insight into the working of the typical farm modecls,
the equations are presented in Table 6.4,
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Table 6.4: Typical farm equations (64 basic equations)

Cost

Defines function

Landib.mt ma)

Land ubisaton of FnGahon lechnalogy b in year mt month mo

%ﬂ._q_-w Wrgkmmmwﬁm"ﬂ
my b.me) nce

ProcuCHon M) produced with fmgahon lechnology b n year mt weth avasabity

SuRanbal(m b 1) Tolal CONVErSION May NOt AXCAed 1N SPASIAC area of Grapes mi Producad with 18ChAGOgY D I year
Lp. ) Sum Droducson of long-lerm Crop 1 Product P 0 year mt

& 81 p.mt) producton of short-1erm oroes | product P N year mt

sSum (8.m) Sums OJuUCHon Of Iivesiock & m year mit

sumiveny(a me) Ivestock numbers a for specific year mt

MaxiveSa m! Lt Iwesiock 53/es @ in year mt

(Sumbvela. ap mt) Sum byvestock sakes numbers of aremal a product ag i year mt ]

Sumwooka ap mt) Sum wool produchon of sheep a of Product ap In year mt

Labtr(mt) LAbOU! use in penod mit

Ownlabtrmt) rarsfer own labour in year mt

Labrentimt) Labour renl in year mi

| Tracuse(mt) FACIDF use N year mt

Tracrentimt Tracior rent o year mt

WateruseM(mi mo) Total waler use by Imgation crops in yea® Mt Month mo

MwatenBimt mo) MONt"ly Wiler USe DAance In yedr mi month mo

MWschemetrimimo w)  [Monthly water ransier from waler SOurces w in year mt month ma

Awaten,(mt) Annual water use in year mt

AwaterUsm) ANUS waber use Daance n year mi

Schamedalw mt) nce ‘arm dam fil plus QIS IMGAtON Waler Lse O waler S0.UTCH w N year mi

VWschemetlriw mi) Trarsfer of manmum annudl waler Tom waler SOurce w In year mt

(Waterbai(w mt) Subtract water 15 fil farm dams from avaiabity from source w in year mt

F armgam#=(w mi.g)

Salance iing of farm gam with farm dam Capacty

F armasum(me)

SIANCE MONINly water extrachon wih Iransfers 1o il farm dam in year mt

Tamextrmt mo) WAL MU CApACEy 'O FERa3e AT Cam walke! N yed’ Ml Mmors ma

Damexmaximt) Farm aam exirachon Mmay NOt excaed Cam Capacty in year mt

| Stock(fc p mt) Mawmum feed stock it of product p in year mi

Beatrig o mY) Sulk ranster gram g of product D 10 sl or for anmal use In year mi

Bixcatrice p mt) Hulk sransfer of cash crops ¢ product p %0 sell acivibes in year mt

Biicrsaledic p mt) Baance ywid 2isINbution of feed Crops product p wieh availabedty in year mt

Anmaibuia n me) Nutrent transier of Autnent n 1o anenal 8 of bulk ‘eec in year mt )
AnminTON(a n m1) Salance mewnum % TON regured 1or anmal @ nuinart 1 in year mi |
AnmaxTON(a n.m) |Balance maxmum % TON requarea for anvmal 8 nutnent n in year mt

Anmn T3P a nmi) |Satance mewnum % TRO regured for amal 3 nutent n 0 year mt

AnmazTRPLa N me) Balance maxmum % TRP reqgured 10 animal a nuanent n n year mi |
Tandem(a m!) 1Sums total avmal demand 8 1 vear mi |
Masbuleia mt) | Spectes manmyum bulk requirement ‘or anvmal a in year e

Maonciifc o a ml)
Maxpyrchif p a mt

=

fas MANMUM NCUSON Ievels of own Sroduces feed it
MAUMYM NCUSON levels of purcnased feed f product p 'or awmal @ in yoar mi

for anma a n yea' mt

-
Maxveidulv 0 & ™) Speches manmum NCUSON levels of vaidt v product p for anmal 3 in year mt !
Ocostigh. mi) Overhead costs oh in year mt
Labpayioh me) | Payment of annual ‘ADowr COSE oh N yaar Mt
Liaxpay oh mt) {Payment of annual @nc tax oh » yesr mi
Heosach me) HoUSeNold Costs ON In year mt ]
Nonfarmrd mt) Maxmum nonfarm ncome in year mi ]
Loans(l m) All $hort term oans | in year mt
(_)_Eg:"m Cparaung capeal n year mt
Enaoal £nd baance afier bans
Ancashimi) Arnual cash low i year mt 1
Erozasn T End cash ]
MinCrRimy D pl) [ Mrsmum of fix 3rea of IoNg-10rM Crops M Produced with imgaton technology © in year pt
(Maxcrsim b pt) |Maxmum or fx a'ea of long-1enm Crops M) Producad With Irgaton tecnncicgy b in year pt
[MaxSnonio mt) Maximum short-term Crop area oy N year mt ]
MinShorti o ) Mrmum shot-erm crop a'ed o) N year mt —
Marveg mt) Maxmum or fx grea of vegetable Crops in year my
Marspes m, 5 MY Maxmum of spacific vegetabies M) 0roduted wih 1echnalogy g in year mt
Miniv g Mrsmum bvesiocs a8
(Mashwa m Maxmum 10lal vesiock 4 n year m!
Maxiotha m®) Maxmum total vesiock N any Dven year mt
Maxrvec'v p mb MEXMUT 3%y Mmatier avadade of Nalural velt! procuct o In year mt
SE APP Lalculates standart devaton
. -—
lRlSKIW.M) sk TOws ]
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The equations can be grouped into 10 sets:

. Land availability and crop area balances

. Those that convert Sultana grapes to alternative uses

. Crop and livestock product balances

. Livestock numbers and livestock growth

- Input (labour, water, and tractor) balances

. Those that balance water availability from different sources with water usage

. Those that balance minimum cost feed ration specifications

. Equations that force overhead costs into the solution

. Equations that balance loans, investments, and end balances

. Trimming equations to force the observed crop and livestock activities in the base
solution

. Motad (risk) equations

6.2.5 The objective function

Endbal equation calculates a variable named Endb. The objective function basically

consists of the following code:

Cost..

+ Endb

*+ sumimt Ancashfy{mt))

« SUM(te. bomt ), MEAN(c,mit ) * orstic, bomt)* LUPB(c. b))
= SUMGamOMEAN(am)* LSTTO T(amt))

-rap*SE
we=Z

The objective function specifies that the endbalance (Endb) minus the sum of discounted
expected MEAN outcomes minus a Risk Averasion Parameter (rap) multiplied by Fischer's
approximation of the standard error be maximised. Since the deviations from the mean in

year mt are discounted, the SE is also discounted.

Alternatively, it is possible to maximise the annual cash flow (Ancashfl) instead of the end

balance (Endb) minus the Motad specifications.
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6.3 REGIONAL (AGGREGATED) FARM MODEL

e regional modelling framework for the middle and lower Orange River is presented in
Figure 6.2. The model is a lincar spatial equilibrium model designed to represent the main
irrigation areas in the Orange River. This is done by maximising regional producer welfare
surplus of imgators minus the cost of supplying water. Each irrigation region is modelled
using linear programming. The regional sub-models (with embedded typical farm models)
are linked by a model of the river system. Water trading, transaction costs, and changes in
water use are all taken into account. Positive mathematical programming (PMP) 10
calibrate the regional model to the exact observed base year resource use was excluded for
the purpose of this project since it substantially increases computational time, especially if
water trade is allowed. Risks are included in the model using the modified MOTAD

technigue described carlier in this repont

Sub - region | Sub - region 2 Sub - region 3
e Typical farms e Typical farms e Typical farms
\
[ Phasel
" '

Aggregated supply model for Phase 2
: g P —
the Orange River
-
T — S —— I~~~
.
. ) ——
Forward and backward linkages Phase 3
s PUN—

to the Northem Cape province

Figure 6.2: Conceptual presentation of the regional irrigation agriculture model
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The detail of the GAMS code for this model is also not presented in the main report but is
available in Appendix E. However, similar to the typical farm models, the sets, data
parameters, variables, equations, and objective function are discussed.

6.3.1 Regional model sets
The specification of the sets is the foundation for specifying the data parameters, variables,
cquations, and objective function. A description of the 38 sets and their clements is

presented in Table 6.5.

Table 6.5: Regional model sets (38 sets)

I -
Wermenn Latem Hlse Whire Dngraie grage Tabey Taegt Pecan Oses Ca
A eveprses J Sneep Beet Coas Les ey

une—u-.c.-mwm- CU-'-
mmm
Lucem S ivne. Wiere o

fve SAvee Cpupe Axpupe Tetay Topg® Temw, (e (oM

Mh—mhc’mwm%

The reader will note that the sets are not exactly the same as those for the typical farm
models since the model was adapted from an existing model for the Berg River in the
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Western Cape (from a previous WRC project and later updated in a follow-up research

project for the IACC").

6.3.2 Regional model data parameters

I'he database for the regional model i1s largely linked to the databases of the typical farm
maodels in each of the sub-regions (described in section 2) included in the regional model
(Orange River). It is extremely important for this data to match, since it will not be possible
to replicate similar results with the typical farm models embedded in the regional model to

those obtained with the individual typical farm models.

An additional worksheet not included in the typical farm database specifies the aggregation
factors used to aggregate the typical farms and sub-regions to the total for the Northemn

Cape (see Table 4.1 in chapter 4)

lable 6.6 represent all the parameters used in the regional model. They can be divided into

several L.iIL';t'riC\ T'hese include

e Those that specify the number of tyvpical farm in a region (e.g. tvpd

e Specification of the resources that 1s available (e.g. Aland. Veldarea
Maxloan)

e Specification of costs per unit (¢.g. Cascost, Intst. Price)

e Specification of scalars (¢.g. Manl, RAP)

e Specification of resource use per unit of production (¢.g. CRBD, ADCAP)

e Specification of the vield per production unit (YA, YLT)

e Specification of financial parameters (INTST, INTINV)

e Specification of MOTAD parameters (MOTADGM. MOTADA

e main function of specifving parameters is 1o specify the input coefTicients, output

coctlicients and upper and lower bounds for the problem to be solved

" Callaway. Louw & Nkomo (2005)
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Table 6.6: Regional model data parameters (73 parameters)
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6.3.3 Regional model variables

The regional model variables are basically the same as the typical farm models with two

exceptions:

. Labour and tractor hours were excluded since the model is already massive. Although
this is a short-coming of the current model, some compromises had to be made to
enable the research team to embed 22 typical farm models in the regional model (and
solve it in a reasonable time).

. In order 1o provide for temporary and permanent trade in the regional model.
additional variables must be created to deal with this aspect.

. I'he reader will notice that similar variables to those of the typical farms have a set
named “b™ and “t” which refer to the sub-region and the typical farm within the sub-

region respectively.

Table 6.7: Regional model variables (39 variables)
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6.3.4 Regional model equations

Similar to the variables, the reader will note that many of the equations are similar to the
typical farm models. The equations are presented in Table 6.8.

Table 6.8: Regional model equations (60 equations)
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There are additional equations that are not in the typical farm models. These are mainly:
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. I'hose that balance water availability before and after trade every vear of the planning
horizon,
. Equations that balance bulk water supply with sub-region water requirements.

6.3.5 The regional model objective function

I'ne reader will note that the objective function of the regional model is almost identical to
that of the typical farm models with the exception that all the typical farm end values
(Endb) are maximised simultancously minus the Motad specification variables. It is also
important 1o note that all monetary values are divided by a scaling factor to improve on

solving time.

W ¢lfare

*esum((b.Lph)STypdib.tLInvestmnt(b.Lph))

sum{(b.US [ypd(baLEndban

S SUMUG AL LB MEAN (L b ph er LabLph S Tepdihn and TYPLBY and TRINT(Lh) g2 0)) scalefact
- SUMUAbLph O MEAN(A b ph  LSTTO Trabouph S Ty pdibn and TYPrabu gt 0)) scalefuct
sumibrap®(SE(byscalefact))

a4

6.4 SUMMARY AND SCENARIO IMPLICATIONS

The development of any modelling structure is a dyvnamic process. There i1s always scope
for improvement as computational capacity of computers increase and new information and
techniques become available. However, the models that were developed will add
tremendous value to decision making at both policy and farm level. T'he models have been
tested (with the consent of the WRC) on at least four case studies (three on the affordability
of irrigation water and one on the impact of minimum wages and land tax on farm
profitability ) in the region and have proven to be extremely valuable (Louw, 2001a: Louw,
2001b: Louw, 2002: Louw, 2003). Several tests were executed to test the models for
validity including a simple spreadsheet formulation which was calculated manually to
replicate the model results. The authors are therefore convinced that the models are

mathematically correct and produce valid results.

I'he models were developed in GAMS and are solved with the CPLEX solver. The model

output for different scenarios is transformed from a “text™ format into an Excel spreadsheet
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for additional calculations to present results in a user-friendly format. The GAMS code that
generates the report (“text” files) was written in such a way that all the files for every
scenario are exactly the same when they are transformed into Excel spreadsheet files.
Scenario results can therefore be easily compared even when crop combinations and other
activities change from one scenario to another. The model structure is efficient since all the
data files are linked to one worksheet which is compatible with GAMS. The data to run the
models can therefore easily be updated. However, it is not necessary to change anything in
the “master” data file to run scenarios since the GAMS code in the models was written in
such a way that parameters can be changed in the code (for example, relative increases in

market prices or water tariffs) without changing anything in the “master™ data file.

A defensible theoretical structure was developed to examine data intuitively and to permit
comprehensive evaluation. In Chapter 7, these structured theoretical models will be used to
illustrate the capacity of these models to analyse the impact of market risk on efficient

water use and show the link between the regional model and the CGE model (volume 2).




CHAPTER 7

SCENARIO DEVELOPMENT AND MODELLING RESULTS

7.1 INTRODUCTION

This chapter deals with sub-objectives 2 and 3 of the terms of reference:

. To develop a decision-making framework which farmers can use to reduce their risk.
. To compare present water use practices with optimal risk-reducing practices and find

rcasons for deviation.

The development of both the typical farm models and the regional models provides the
analytical framework to analyse alternative risk-reducing strategies (sub-objective 2). In
this chapter, the analytical framework that was developed is used to illustrate its potential
value in reaching sub-objective 3. In Chapter 2, section 2.2.4.2, it was pointed out that
knowledge of the market place is the key to managing market risks. The almost exponential
growth in the table grape industry during the last 10 vears leads the authors to the
conclusion that farmers did not have adequate knowledge 1o foresee that supply would
overtake demand and prices tumble to unprofitable levels. Since it is almost impossible to
illustrate all the typical models (22 in 7 regions) and report on literally hundreds of possible
scenarios, it was decided to illustrate only one typical farm model—specifically, the so-
called “table grape™ scenario. Typical examples of scenarios that can be analysed are the

following:

- Import tarifTs

. Medium- to long-term market outlooks
. Market access scenarios

. Input cost scenarios

. Agricultural policy scenarios that impact on competitiveness

. Impact of exchange rate fluctuations
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. Economy of scale scenarios
. Value adding scenarios

. Efficiency scenarios

. Crop substitution

. Land-reform scenarios

I'he table grape scenario is an extremely uselul case study since it contains all the clements

to illustrate how lack of marketing information can lead to non-optimal resource allocations
and to suggest risk-reducing practices of how the situation could have been managed in a

more effective way.

The same is true for the regional (Orange River) model. The purpose of this report is not to
demonstrate all the possible scenarios that can be analysed since it is possible to analyvze
most macro and micro impacts with this model. Therefore a similar route to the typical
farm models was followed by only demonstrating selected scenarios. It was decided to use
the wable grape scenario in the regional model 10 show which direction water would have
flowed in if farmers had better market information. It was also decided 1o do a water tariff
scenanio to show how overly increased water tanfls can reduce competitiveness because of
increased production costs. This is a typical scenario where increased production costs may

result in a less competitive agricultural sector.

Apart from demonstrating the typical farm models and regional model. the objective of
some sclected scenarios is also to demonstrate the link between the CGE model and micro
economic models. The downward link is demonstrated by reducing the world fruit price in
the CGE model by 20%. The CGE model then calculates the reduction in the South African

fruit price. This scenario is tested on the typical farm and regional models

7.2 GENERAL SCENARIO DESCRIPTION

The marketing situation regarding table grapes was already discussed in previous sections

of this report. However, the following is a short summary of the current and future

expectations:
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e  Table grape production in South Africa and in all the southem hemisphere producing
countries has increased almost exponentially during the past 6-7 years. In South
Africa alone, export volumes have more than doubled since 1999/2000.

. Most production growth in South Africa has come from the Orange River region.
This region has historically been ecarly in the market compared to other production
regions in South Africa and also in the southern hemisphere.

e However, the “carly” advantage of the Orange River has gradually been eroded by
huge increases in export volumes to the UK and European markets, and this situation
is not expected to change any time soon.

. Although progress has been made with market access to China, huge volumes are not
expected 10 be flowing in that direction any time soon.

. Subsequently, the average table grape export price per 4.5 kg in the Orange River has
decreased from R57 in 20002001 to about R44 per carton in 2003/2004 (more than
22%).

. An analysis of the CGE model where the international fruit price dropped by 20%
resulted in almost exactly the same figure. The CGE model showed that the South

African fruit export price will decrease by 22.7%.

73 TYPICAL FARM MODEL

To illustrate the typical farm models, the Augrabies-Blouputs model was sclected to
analyse the “table grape™ scenario since the objective is also to show the link between the
CGE model and farm models.

7.3.1 Farm model scenarios

The observed average table grape prices for four seasons are presented in Table 7.1. It is
clear that since 2001/2002, the average table grape price decreased by almost 23%. It
should be obvious that this reduction in price will not only impact on the profitability of the

table grape farming activity but also on the whole farm level, the regional level and on the

province.
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Fable 7.1: Average table grape price per 4.5 kg carton

Price/4.5kg % change from
Season carton 2001/2002

2001/2002 57 28
2002/2003 58 60 4 05%
2003/2004 47.39 17.27%
2004/2005 44 25 -22 . 75%

Source: OABS (2005)

I'he following scenarios were analvsed

. Base: analysis of present situation R57.28 per 4.5 kg--no vanation in current land use
(meaning that no variation is possible from the base land use)

. Scen | = 10% decrease in the price of table grapes (1G) (R51.55 per 4.5 kg carton)--
no varation in current land use

. Scen 2 = 20%6 decrease in the price of TG (R45.82 per 4.5 kg carton)--no variation in
current land use

. Scen 3 = 30% decrease in the price of TG (R40.09 per 4.5 kg carton)--no variation in
current land use

. Scen 4 = 35% decrease in the price of TG (R37.23 per 4.5 kg carton)--no vanation in
current land use

. Scen 5 = Base price of TG--30% vanation on the current land use--no restriction on
short-term crops in terms of variation from the current land use

. Scen 6 = 10% decrease in the price of TG--30%% vanation on the current land use--no
restriction on short-term crops

. Scen 7 = 20% decrease in the price of TG--30% variation on the current land use--no
restriction on short-term crops

. Scen 8 = 30% decrease in the price of TG--50% variation on the current land use--no
restriction on short-lerm crops

. Scen 9 = 40% decrease in the price of TG (R34.37 per 4.5 kg carton)--30% vanation
on the current land use--no restriction on short-term crops

. Scen 10 = 45% decrease in the price of TG--50% variation on the current land use--
no restriction on short-term crops--unfeasible

. Scen 11 40% decrease in the price of TG, 100% increase in dryv grapes--50%

variation on the current land use--no restriction on short-term crops
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. Scen 12 = 40% decrease in the price of TG, 130% increase in dry grapes—-350%
variation on the current land use--no restriction on short-term crops

. Scen 13 = 40% decrease in the price of TG, 150% increase in dry grapes--50%
variation on the current land use--no restriction on short-term crops

. Scen 14 = 40% decrease in the price of TG, 100% increase in dry grapes--100%
variation on the current land use--no restriction on short-term crops

. Scen 15 = 40% decrease in the price of TG, 130% increase in dry grapes--100%
variation on the current land use--no restriction on short-term crops

e  Scen 16 = 40% decrease in the price of TG, 150% increase in dry grapes--100%

variation on the current land use--no restriction on short-term crops

For simplified analysis, the scenarios can be grouped into four sets:

. Set 1: Scenarios 1-4 show the result of reducing the price of table grapes by between
10-35% (40% is unfeasible6) with no deviation from the current farm structure
allowed.

e  Set 2: Scenarios 5 to 10 are exactly the same as the first set except that a 50% up and
down variation on the current land use is allowed. The reader will note that the farm
only became unfeasible when the table grape price was reduced by 45%.

e  Set 3: Scenario 11-13 is basically a set of scenarios where the price of table grapes is
reduced by 40%, the price of dry grapes increased by 100-150% (this is totally
unrcalistic but for a specific reason), and only a 50% up and down variation in the
current land use is allowed.

. Set 4: Scenario 14-16 is exactly the same as the previous set except that a 100%

variance on the current land use is allowed.

The huge unrealistic increase in the price of dry grapes was introduced since the model was
tested at smaller increases and did not change structurally towards dry grapes. It was
therefore decided 10 make huge increases to determine the price of dried grapes where

structural changes would occur.

® Unfeasible in this sense means that the farm cannot repay the required short-term loans to
balance the annual cash flow within the planning horzon.
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7.3.2 Farm model results

I'he following results are discussed

. Changes in the retum on capital investment
. Changes in the Net Farm Income (NFI)
. Structural changes

. Changes in the capitalised marginal value of land

. Changes in the capitalised marginal value of water

732 I Capualised return on capital investment

T'he return on capital investment was calculated as the sum of the capitalised cumulative
cash flow at the end of the planning horizon divided by the capitalised capital investment to
generate this cash flow. This method is an oversimplification since it assumes the same
capital structure over the entire planning period. However, since the relative changes are
more important in mathematical farm planning models than the actual figures, it is not
important. These simple calculations give the analyst a fairly good indication of how the

return on capital investment will change under different scenarnios (see Table 7.2).

Table 7.2: Farm maodels - return on capital investment

Scenano | Aug 8iou
Base analyss oresent siuabon R57 28 per 4 Skg - no verglon A curent lend use | 374%
38CT " Ihe DN ¢ 2 (R51 55 per 4 Sag caron | 28 0%
Scen2=Same s S gecr in the pnoe of TG (R4S 82 pe 4 Skg carton | 16.5%
Scen 1 Sameas 8 gecr in the pnoe of TG (R&Q 0% pe- & Skg Sarion 3
Scan 45 Same B dec R37 23 per 4 5 kg Canl0f & 35
Sca~ 5 = Sa3me as Sase bu " anat T8 TN NG U8 O 13NN CIops - NC TRSIIC0N O° ST LoD &< 3
ScerfeSaraasScanSout 0% gecr nthennceof TG 34t
Scan T gecr. in the prce & TG sl 8%
e 8 gecr i he pse of TG ' T%
Sca 5 S > nherce st W34 57 o & Seg o | * 95
Scen "0 » Same a5 Scean 5 but 45% cecr in the prze of TG - n'sastie A
Scas “7 » Same as Scer £ out 4% cecr rtheprze of TG "O0% ncrease © fascns %%
Sce~ “7s Sa=eas Scer S5, 405 0etr rinepnse of TC T10% Altease - 3acs 3.0
S * Sa™e 88 Scen S 5. 4 ey ~tepne & 70 S 0N IS 3 %
Sca~ e= Seve s Scen *t oL 4 - e O 00 WCRASE T TASONS < SR LT LNt @S e b
Sce "f e Same as Scen "ot e secr mmepnce o TG "I0% Norease m rasors - ST L oML 972 U * %
Sce” ‘S = Same a8 5S¢ 10Ut 0% 90 ~Mme e o YT 5C%k NCTeE8E M TBEONS - SR LT S0 900G use a’

It should be obvious that in a region where almost 100% of the current land is occupied by

long-term crops. 68% of which are table grapes. the impact of a reduction in the price of
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table grapes will be devastating. The base analysis shows that retumn on capital investment
was more than 37% percent during the table grape boom of the 2000/2001 season.

However, a reduction of 20% in the export price of table grapes causes the return on capital
investment to decrease to 18.5% if structural changes cannot be made. The huge decrease is
reduced to some extent if a 50% variation in current land use is allowed since farmers can
react 1o the reduced price and make structural changes, especially in terms of Sultana
production where it is possible to change to dry grapes, wine, or juice. The analysis also
shows that the farm is still feasible (although only barely) at a price reduction of 35% when
no structural changes is possible and at a 40% reduction if some changes are possible.

The analysis also shows that even with a huge increase in the price of raisins, it is not
possible 1o make adequate structural changes within the 20-year planning horizon 1o

counter a reduction of 40% in the price of table grapes.

Also, the reader should be aware that the 20% reduction in the price of table grapes since
2001 is an average figure. This means that a lot of farmers will have experienced price
reductions of 30% and even more. The results are consistent with regional observations that

many farmers experience tremendous financial problems.

7.3.2.2 Changes in the Net Farm Income (NFl)

Table 7.3 shows the substantial decrease in the NFI with decreasing table grape prices.
When the price of table grapes is reduced by 20%, the NFI per ha decreases from R56 177
in the base analysis to R27 800 per ha in scenario 2. A 35% percent reduction in the price
of table grapes reduces NFI per ha to only R6 520 per ha.

The advantage of a more flexible farming system should be clear when scenarios 5-9 are
considered. If structural changes can be made, the impact can be reduced to some extent. In

these scenarios, a 20% reduction in the price of table grapes results in a NFI per ha of R35

423 compared to R27 800 when no structural changes are possible.
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Table 7.3: Average Net farm Income (Rand per ha)

Scenarto AogBiou]
kaa S7alyws Dresent SA.ah0n HS7 28 per & Shy - NO vaNAton 1N CUMeN and use €8 <77
5cen * = Same a3 Sase but 0% dea n the once of TG (RS1 55 per 4 Skg canon) 4° 989
Scen 2 = Same as Sase but 20% cecr nmmvfaidsozwdﬂqawl 27 800
Scen 3 = Same as 3ase Bt J0% 205 e once of TG (RAD OF per 4 Skg caton) *31842
Scen 4 = Same as Sase DUt 35% Jecr i the prce of TG (K37 70 per 4 3 kg catton & 820
$ » Same a3 Sane Dut ST% vanabion o0 the Corrent W use of 107 -erm CICES - NS reArclon on ST crops BAoTe
[Scen § » Same a8 Scen 5 but 10% der i e pece of TC | 51740
Scan T » Same a8 5Se 5 but 20% decr in ™ pce of TG 35 420
5ce* 8 = Same 83 5¢en & but 0% decr n the pnce of °G 19 108
Scen § « Same as S5cen 5 DUt 40% ety N he Dnce of TG (R34 17 per 4 Seg canon) 2817
Scen *0 = Same as Scen 5 Dut 45% Jecr i the prce o TG - nfeasDie NA
S0en ** = Same as Scen 5 but 40% decr i the pnce of TG 100% increase n rasons 3818
506" ‘2 = Same a3 5080 5 but 40% decr in the orce of TG 130% INCTEAse © TaGNS 4 546
Scen 3 = Same a8 Scen S out 405 Secr 1 Dnce of TS 150N mSeese r rancns § 903
SCen '4 » Same 38 Scen 11 DUt 40% 3ecr 4 e prce of TS 100% ALrease 1 ‘asons - curent LT SO0 WS Lse 1 035
E5cen '8 » Save as Scen 11 DUt 40% decr 1 ™e prce of TG 130% A2rease 0 ‘asons - cure LT cop Wnd use 2.907
[5cen *6 = Save as Scan *1 Dt 40% Jecr in e price of TG 150% MIrease 1 fasons - cument LT 00 Wnd use 4124

Fable 7.4 shows the relative changes in NFI compared to the base analysis. It is clear that
when no structural changes are possible, the NFI is reduced by approximately 25% for
every 10% reduction in price (scenarios 1-3). However. when structural changes is
possible, the NFI increases with approximately 21% at a table grape price of R57.28 per
4.5 kg carton, and the reduction in NFI with every 10% decrease in the price of table
grapes is limited to between 9% (difference in % reduction between Scen 8 and Scen 3)
and 17% (difference in reduction between Scen 6 and Scen 1). It is interesting to note that
the advantage of being able 1o make structural changes decreases with every 10% decrease
in the price of table grapes. The reason is that it is only possible to make limited structural
changes. so the advantage of reducing the negative impact of table grape price reductions is

limited.

Table 7.4: Net farm income (NFI) % change from the Base analysis

[Eenars AugBioy)
5888 870y 2re88™! 12,4007 SE7 78 per 4 Seg - N0 ENALON N CUTEY 0T Use NA
Scen t = Same as Sase Dut 10% Secr in the prce of TG (RE* £5 per 4 Sug canon) -25 3%
Scen 2 = Same as Sase Dut 20% Jecr i the prce of TG (R4S 82 per 4 Sug canton) 50 5%
Scen 3 = Same as 3ase DUt I0% S6cr 0 the orce of TG (R4AD 09 per 4 S« catton) TS BN,
Scan 4 » Same 88 Sase Dul 35% S6cr 1 the orce of 10 (K37 2) par 4 S b3 cato” A8 4%
Scen § » Same a8 Base out 50N vanation £1 the Current Bnd use of IS S CIoDY - RO resncten o~ ST croee 21 2%
Scan & = Same 89 Scen 5 but 105 Secr n ™ prce of TG T
Scan T = Save a8 Scen 5 DUt 20% Secr v e prce of TG 98 V%
Scan 8 = Save a8 5ce 5 DUt 30% cer n e Once 0 TG 58 0%
Scen § = Save as 508~ 5 DU 40% O 0 e Once 0' TG (S34 37 per € Seg caor) 85 0%
Scen 10 = Save as Scar 5 DUt 45% gecr M T Drce Of TG inleasde YA
Scen 11 = Same as Scen & Dut 40% decr n e proe of TS 100% norease in rasons $32%
Scen ‘2 = Same a8 Scen S D 40N Secr e proe of Y5 1305 Aorease 1 rasons 92 0%
Scen *0 = Save as Scen 5 D2 40N Sect S e orce o TS 1505 Aorease 1 fanots 83 5%
5o 14 » Save a8 Scen 17 DAALS GRcr M Te ErCe O T0 TUL R ACTHEM T IR ASTS - GuTEY L Gop NG ube # "%
can 18 » Save 23 Scen 11 B2 40% decr e prce o TG 130% NCuENe 1 rasors - GuTent LT oD and use B
Scan 16 « Save 83 Scan 11 D2 40N decr e proe Of TG 150% NCIBEse i MS0ns - CuTent LT oo and use 2% |
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Finally, it is clear that even very large increases in the price of raisins have a very limited
impact. In comparing scenario 9 with scenarios 11-16, it is clear that there is only a 2-6%
advantage even if structural changes are possible. The explanation for this can be found in
Table 7.5. It should be clear that even with a 150% increase in the price of raisins, table
grapes are still more profitable when the table grape price is reduced by 40%. The reader
should be aware that the interest on short-term loans has not been accounted for in these

calculations.

Table 7.5: Table grape profitability compared to raisins

Netprice | Gross “Groas
per ton income margin | Overheads NFY
price Yield(t) | (Rand ond) {OAC ond)] (Rend) | (Read) | (Rend)
Rasons % 2 854 22 344 9 500 12 44z 13 800 -21 356
|V atle grapes L) 12729 | 290 $1353 1% | Do | 100967
L) 150% ncesse | 2% 2234 SS88C | 9800 45 080 33800 | 12180
_Tade grapes 4C" cecrease 18 7 837 137 472 91383 45 119 3) 800 12319

Notes: * In these analyses, overheads include labour, water, depreciation, and houschold
costs. The table is over simplified since it is assumed that the overhead costs for raisins are

exactly the same. On a raisin farm, overhead costs will be considerably lower.

7.3.2.3 Structural changes

It was pointed out carlier that it is not a simple matter to make huge structural changes on a
farm designed to grow table grapes. In the medium term, however, it is possible to change
between grapes for exports to grapes for other uses. However, this can only be done with
table grapes and can only impact direct costs. In most cases, overhead and fixed costs will
stay almost the same. It is useful to illustrate the possible structural changes by comparing
the total area of crops of a 20-year planning horizon. To illustrate the possible structural
changes in the Augrabies-Blouputs region when table grape price are reduced by 20%, it is
useful to compare scenario 5 (without water trade) and scenario 9 (with water trade) in
Table 7.6. Clearly, there are no significant changes. However, it is important to note that
although the raisin arca does not increase, the sultana arca (grapes that can be converted)
does increase slightly. It is also clear that some structural changes take place towards short-
term crops and towards citrus (the citrus price was not changed). This result is important

since it indicates a more diversified farming system if farmers had better information about

the marketing environment.
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Table 7.6: Possible structural changes (total area over 20-vears)
Crop area (ha) Scen5 | Scend | % Deviation

Red wine 0.0 0.0 NA
White wine 16.2 16.2 0.00%
Rassons 143 1 1431 0.00%
Juice grapes 0.0 0.0 NA
Sultana table grapes 7814 804.3 2.94%

All other table grapes 1022 1 955.6 £.51%
Citrus 16.1 483 200.00%

Lucerm 20 20 0.00%
Short-term 00 54 NA

Total 1980.9 19749 -0.30%
Average land use per annum 990 98.7 -0.30%

lable 7.7 shows the conversion of “standard™ sultanas to cither raisins or table grapes
Clearly. even if the price of table grapes is reduced to 40% and more, there is no indication
of a conversion to sultanas (Table 7.5 explains this). However, if the price of raisins
increases, it is clear that some of the table grapes are converted to raisins, and the volume
converted increases as the price of raisins increases. This result is also important since it
clearly shows the advantage of sultana grapes. However, it was pointed out carlier that
even the huge increase in the price of raisins (which is totally unrealistic) does not improve

the situation significantly,

Table 7.7: Sultanas converted to table grapes or raisins

So'r7% Tavie T Ramams
IScenare A"4 _grape (ton (1en
e Al B et L L R i i st e ' k- .
Scen ' = Soyve as Base du 0N gey A e pnce ¥ 5 RE* 58 ner 4 Sep canen &5 e T8
Gee= 2 * Savg 99 D408 5, a5’y GO = "4 oooa o "5 MAd 82 cer & Sez caten & T T n
Sce~ 1 = Save 39 Base 0 XN gy » e gnce of T3 B4l 15 per 4 Seg cane o8 TN 718
Sces 4 = Sarve an Base 50 325 gecr = e cnce o "0 (RET I8 oer 4 S ag cantae T RL" ] )
Scon § * Same as Base DU A0% WENON O TE LumeT! NG use OF DR eNT GO0 - NG TeEINGE N Gr 37 UUas 53 1% 8
e~ & » Sorve 38 Scar S50 302 Ahe e TH 83 % il
500" 7 * Some 38 5000 S0 20 205 Y Me e s’ G 52 $% v
Scen § = Same 88 328" 5552 X0N Y e 2R ¥ 0 T — 33 o -]
5o 50 Some 88 S0n S 54T A0% 205 N PAce o' TG B4 17 per & Sag cao” 5 ' v 3
Scen *0 = Savwe 88 S2e £ 0.t 454 cer ~ Pepce & TO . Meastie A e A
Scan 't » Save 33 Sca- S0 40N oo m e pce S Y_A 100% PETRALE T TR 58 % 6% 3'3
Scen 11« Sawe as Sces £ 52 405 cecr # Me poce & T0 130N erease IS0 0~ 14 T
pem® 1]+ Sawe a8 Scac S 0 A0% 00 e ptca ¢ 5 ST nCreane it rasons 58 &% ‘37 A8
SCen 14 * Sawe as St 1° 8 40% ey Ae tnca o' TH 00N mUmate M BN - CUTent LT 000 1aNd ue 53 8% ar e
5= 15« Sawe 38 S 1" S A0N 00 "M prca d TH 0N noeae n .t;"r:.."-«'.v:::;rc-lq 51 6% 4 03¢
Scen 16 » Sawe a8 Scen 1° put 40% J00r A e Drca 0 TG 50 MOease M rBsaNs - Cament LT orop lnd oie SI6w ) T8

Standard n this sense means that a stancard sulana budget 8 included in the model With

approximate costs, these grapes can then be converted to raisins, table grapes wine, or juice
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7.3.2.4 Capitalised marginal value of land

Table 7.8 represents changes in marginal land value. It is sometimes difficult to interpret
marginal values since so many things determine their values. For example, the land is only
valuable if there are other adequate resources to utilise the land. If there is no water
available, the land will have a very low value compared to when adequate water resources
are available. Also, if the price of the products produced through irrigation agriculture
decreases, the value of the land will also obviously decrease. However, in spite of the
difficulty of explaining the exact values, they are extremely useful since they indicate the
value of scarce resources and the relative changes between different scenarios. The general
trend in table 7.8 is that marginal land values decrease as the price of table grapes
decreases. This result is also consistent with observations in the region. It is clear that with
a reduction of 20% in the price of table grapes, the value of the land is almost halved. This
creates enormous problems for financers and farmers since it reduces the credit rating of

farmers and increases risk to financers.
The relevance of this result is that it demonstrates the add-on effects of market risks. Not
only does farm profitability decline severely, but there is an immediate impact on land

value, solvability and subsequently on the financing of future farm operations.

Table 7.8: Changes in the marginal value of land (Rand/ha)

4 Sag canon) 116378
Shg canon) 107 632
pric - Shg canon) 85 561
4 » Same as Base tut 35% cger i the pnoe of TG (R37 23 per 4 3 kg carton) 63 158
gen 8§ » Same as Base but S50% vanason on the cument land use of ST0Ps - N0 restncbion on ST orops 164 74D
[Soan 6 = Same a3 Scen & tut 10% cecr Mnopvmd‘fﬁ 113
T = Same s LBt 20% 8 P he prce of 16 X1

(K a3 Scen 5 Bt 30% cecr v the pre of &9 56

§ = Same as Scen 5 but 40% cecr o the prce of TG (R34 37 per 4 Seg canon) 30 466
10 = Same as Scen £ but 45% decr n the pree of TG - infeasibe A

H-s-mu&-\snmua n the proe of TG, T00% naease n asons 20 443
2 = Same as S0en S but 40% Oecr N the price of 1G_ 1 30% IncTease in rasons 22

scen £ but 40% decr 0 the of TG_*150% mcrease in rasons 24 46

T DUl 40% OB 1 T roe of 105 100% FETease In TRIRONS - Cument LT Crop and wae 27959 |

lon 17 Dul 40% Ouce 1 he rce of 10, 1 90% FEreass In TR0nS - cunent L1 Gop Mnd wse %877 |

-amﬁaum.u.nNma"u_'wﬂm-umum~anwm‘. A7 932

7.3.2.5 Impact on the value of water

The value of irigation water is derived from the value of agricultural products. The value
of water can therefore be expected to decrease as the price of table grapes decreases. Table
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7.9 shows the average capitalised marginal value of water converted from a value per m’ to
the value for one ha of water rights (in this case 15 000 m’ per ha). The reader should know
that if farmers paid these values for water rights, they would be bankrupt, since it is
basically the average value of one additional unit (in this case one ha of water rights) of
water. The base analysis shows extremely high capitalised marginal values for water rights
that are not consistent with observations in the Orange River (mainly R10 000-R20 000 per
ha). However, when the restrictions on the present farm structure are released. the values
are more in line with observed water use right values. The general trend which is consistent
with the literature is that marginal values decrease with every decrease in the price of table

grapes.

Table 7.9: Average capitalised marginal value of irrigation water (Rand/'ha)

[Tcenanc
S8 AN%aySs D'eSent SILALCN S5T 28 Der 4 Seg - MO vANNCN N CuMent AN use

Scer * = Same 88 Base DUt 0% Jewr n the prca o' TG (R51 55 per 4 Seg camon

Scer 2 * Same 83 Base Dt 20% decr 1 the prce o' TG (R4S A7 per 4 Sag carton

Scer 3 » Same &% Base Dyt J0N decr 1 the poce o 106 (M40 OF per 4 Shg carton

Scer 4 » Same o Base bt M55 gecr e prce o TC (RST 23 per 4 8w cartor

Scar § » Same 89 Base Dt 505 vir 905% 0 1he SLeN 8RS Ui &F I9NS A8 SrODS - N0 TESTICIen 51 5 croee
328 6 = Same 33 Scan S 0.2 ' decr A e pnce o' 70

Scen 7 = Same 83 Scen SD2 20N gecr nTegnced' T

=
Scen 8 = Same 33 5can 5 Dut J0% decr N e prce o TG
Scer § = Same a8 Scen 5 Dt 40% ecr N Te prce o
Scer 10 = Same 88 Scan S 5.t 455 oecr 1 Se once of TG - ivteasibie
Scen 11 » Same a8 Scon 5 5ot 405 e P once o TC 100N cresse in ransors
Sc0n 12 » S 83 Scen £ 5.t 40% Secr e ance of TO 130% Acrease in rasces
Scan 13 = S 88 5080 £ Bt 40 Secr 4 e 3nce of TG 1505 Acrease i rasors

TGN I per s 'u} CaTon

SCat 14 = Same a8 SCan 11 DL A0S cecr i e orce of TU 100N mtrease i rasces - curet LT Sop et uee
Scer 15 s Same as Scen 1D 40% 0t in Me once o TG 130N ntrease i rsors - cuvent T Sop ane use
Scer 182 Same s Scan 1T DL A0N 0ecr m e ance of TG 150% nCease 0 rasors - Gurent LT o100 ang use

7.3.3 Summary of farm model results

In the introduction to this chapter. it was pointed out that two sub-objectives will be

addressed:

l'o develop a decision making framework which farmers can use to reduce
their risk.
> To compare the present water use practices with optimal risk-reducing

practices and find reasons for deviation

It is possible to ask an almost unlimited number of “what i questions with the modelling

framework that was developed. However, it is not the purpose of this report to illustrate all

the possible scenarios that can be analvsed. The table grape scenario clearly illustrates the
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potential use of this model. The following can be concluded from a risk management point

of view:

. It is extremely risky in the volatile marketing environment of the global village to
specialise in just one crop. This is what many farmers did in the Augrabics/Blouputs
region. When the price of table grapes came down, farmers could not adjust in the
short run.

. A sudden price reduction that is expected to continue in future creates financing
problems. Farmers' solvability and ability to pay back loans are reduced.

. In many cases, fixed costs cannot be reduced in the short or even medium run.

The analysis indicates the following important aspects from a resource allocation and risk-

aversion strategy point of view:

. The difference in farm profitability and farm structure between the base analysis and
when the price of table grapes is reduced clearly shows that farmers did not have
adequate information to adapt their farming practices to reduce market risks.,

. It should be obvious that there is potential for inefTicient irrigation water allocation if
farmers either do not have access to accurate and up-to-date market intelligence or
are inadequately trained to interpret this information. The analysis clearly showed the
huge impact on farm profitability and capitalised marginal land value when the price
of table grapes is reduced. The result clearly indicates that water is not allocated

optimally if farmers do not provide for market risks. This point will be eclaborated on
in the regional model discussion.

. The results indicate that in the case of the Augrabies/Blouputs region, one risk-
aversion strategy would have been a more diversified farming structure including
more short-term crops and the capacity to be more flexible in terms of wable grape
production.

. Since the Augrabies/Blouputs region is remote and far from fresh produce markets, it
should also be obvious that a risk-aversion strategy should include research with
regard to alternative crops for the arca to enable farmers to diversify to other crops
than vineyards.

. The impact of reduced production costs was not analysed in this chapter. However, it

should be obvious that a sensible market risk-aversion strategy will also include
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measures to reduce production costs. One way is to increase economies of scale
through farmers collaborating in terms of packaging and transport logistics. Similar
collaboration between table grape farmers and their exporters to find ways of
decreasing the cost of packaging. for example, could also make a significant
contribution. A low-cost structure is an enormously powerful risk-aversion strategy
in itself, since it reduces the break-even point of production and increases a farm’s
ability to absorb price shocks

. From a national water allocation efficiency point of view, the results imply that it will
be worthwhile for government to invest in market information systems and
information communication to increase water allocation efficiency since efficient
water allocation is in the general public interest

. One possible solution could be in a so-called Public Private Partnership (PPP)
between industry organisations such as the Deciduous Fruit Producers Trust and the
Department of Agriculture.

. Also, there is probably a need to train farmers in the interpretation of market

information and market intelligence.

Finally, although only one market risk scenario was illustrated in this chapter. the model
can be extremely useful for testing risk-aversion strategies for specific typical farms with
different farm structures. Although general risk-aversion strategies can be suggested, ven
specific strategies will need to be developed for different regions, farm structures. and farm

sizes
I'he other tvpical farm models can be used in similar way to that discussed in this chapter
to analyse other irrigations in the Northern Cape and develop risk-aversion strategies for

these regions

7.4 REGIONAL MODEL (TABLE GRAPE SCENARIO)

I'he regional model is useful for looking at the regional impact of marketing risks and other

cconomic impacts. The structure of this model was described in a previous chapter. The
main advantage of the model is that the 22 typical farm models in 7 seven regions are
linked by virtue of being solved simultancously in one objective function and through

water trading
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7.4.1 Regional model scenarios

To enable the farm model scenarios to be compared with the regional model scenarios,
similar scenarios were developed. The major difference is that the models are solved with
and without water trade to get an indication of which direction water trade would take
place in if farmers had more complete knowledge of the marketing environment and used
this knowledge to change their farm structures to be more adaptable to marketing risks. The
reader should note that the practicality of physical water transfer was not considered, so
theoretical water transfers are in question. However, for the purpose of this report and to

develop risk-aversion strategies, this is not important.

The following scenarios were analysed:

. Base = Current land use with no water trade--20% down variation on long-term crop
arca for existing crops--100% up and 50% down variation on short-term crop arca
over the total planning horizon.

. Scen] = Table grape price reduction of 10%--no water trade--same crop variation as
Base.

. Scen2 = Table grape price reduction of 20%--no water trade--same crop variation as
Base

. Scen3 = Table grape price reduction of 25%--no water trade--same crop variation as
Base

. BaseB = Same as Base but 60% up and down variation on the Base long-term crop
arca

. Scend = Same as BaseB--table grape price reduction of 10%

. ScenS = Same as BaseB--table grape price reduction of 20%

. Scen6 = Same as BaseB--table grape price reduction of 30%

. Scen7 = Same as BascB--table grape price reduction of 33%

. BaseC = Same as Base but with water trade allowed

. Scen8 = Table grape price reduction of 10%--same crop variation as Base--water
trade

e  Scen9 = Table grape price reduction of 20%--same crop vanation as Base--water

trade
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. ScenlO = Table grape price reduction of 25%--same crop vanation as Basc--water
trade

. BaseD) = Same as Basc but 60% up and down varnation on the Base long-term crop

arca--water trade

. Scenl ! = Same as BaseB--table grape price reduction of 10%0--water trade
. Scenl2 = Same as BaseB--table grape price reduction of 20%--water trade
. Scenl 3 = Same as BaseB--table grape price reduction of 25%--water trade
. Scenl4 = Same as BaseB--table grape price reduction of 30%0--water trade
. ScenlS = Same as BaseB--table grape price reduction of 33%--water trade

l'o simplify the discussion of the results that follow, the scenarios are grouped into 4 sets:

. Set |: This is the Base scenario (existing land use) plus scenarios | to 3 where table
grape prices are reduced and only very limited structural change is possible. The only
reason for the limited change is that the aggregation factors are based on existing
water use rights which are not necessarily all being used.

. Set 2: This set includes BaseB and scenano 4-7. Scenarios 4-6 are the same as
scenarios 1-3 with the exception that a larger variation from the base long-term crop
area is allowed. Scenario 7 is analysed to determine the maximum reduction in table
grape prices just before unfeasibility.,

. Set 3: This set includes BaseC and scenarios 8-10, These scenarios are exactly the
same as set 1, but water trade 1s allowed.

. Set 4: This set includes BaseD and scenarios 11-15. They are exactly the same as the

scenarios for set 2. but water trade 1s allowed

All the results are discussed in two sets of tables: those including set | and 2 scenarnio
results (without water trade) and those including set 3 and 4 scenario results (with water
trade). In a water market regime, unused water is normally traded. To understand the
direction of water flow. the amount of unused water during 2002 must be estimated. This is

done by calculating crop arca as a percentage of total water allocation from the farm survey

data for each of the regions (see Table 7.10 and Table 3.1).
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Table 7.10: Estimated unused water use rights (2002)

Yotal water | Allocation | Allocation |
allocation not used not used

R!‘ion (ha) (%) (ha)*
VaalH 50648 -17.0% -8610
VakDR 22085 12.7% 2,806
DP 27789 1.2% 333
|Boegoe 8968 1.0% 80
UpKaka 20138 34.9% 7.029
AugBiou 8633 30.5% 2.725
[Bblou™ 4771 30.0% 1.431
Total area (ha) 143341 14,414

*Estimated from survey data
** Rough estimate - no data available

The calculations in Table 7.10 reveal important information to understand in which way the
water flows. Note that the total in the “Allocation not used” column is for all the regions
excluding Vaalharts. According to the farm survey results, it seems as if irrigation farmers
in the Vaalharts region extract more water than their allocation (8 610 ha or 17% more than
the allocation). However, the authors want to make it clear that this could also be a
sampling error: the weighted average water allocation was used, and the total water
allocation for Vaalharts is a rough estimate since the borchole capacity was assumed to be
8 000 m’ per ha, which is not necessarily the case. In the sections that follow, this

observation must be remembered since it explains many of the results.

It is also clear that during 2002, most of the unused water allocations were in the Western
regions (UpKaka, Augblou, BBlou). In total, approximately 14 414 ha or 10% of water use

allocations were unused.
7.4.2 Regional model results
The results of the regional model are discussed under the following headings:

. Changes in the aggregated objective function value. This is basically the net output of
Northern Cape irrigated agriculture.

. Average Net Farm Income per region per annum and changes from the base analysis

. Structural changes per region compared to the base analysis

. Total average land use (arca) per region

. Total and per ha water usage
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. Capnalised retumn on capital investment
. Average marginal value of water

. Water trade between regions

" 4.2 1 Changes in the regional objective function values

Tabie 7.11 and 7.12 show the changes in the objective function when table grape prices are
reduced under various scenarios where less and more varnation from the base (current) land

use 1s allowed, with and without water trade

It is clear from Table 7.11 that when structural changes are limited, the impact of a
reduction in the table grape price alone is severe. When the price of table grapes is reduced
by 20%%, the total net output of the Orange River is reduced by R6.33 billion over 20 vears
(in terms of Net Present Value) or R316.5 million per annum. on average (this is the
cumulative effect of a 20% reduction in the price of table grapes over 20 vears). This figure
gives an indication of the cost of “not knowing”. The fact that table grape farmers did not
foresee that southern hemisphere supply and northern hemisphere demand conditions for
table grapes would cause a long-term reduction in table grape prices resulted in an
extremely high cost for table grape farmers and the cconomy of the Northern Cape

province

I'he results also show that the negative impact of a reduction in the price of table grapes is
slightly reduced when farmers can sell their water right entitlements

lable 7 shows inefficiencies in farm structures. When the land use restrictions are
reduced. the objective function value of the BaseB scenario increases by 37.5%. The reader
should bear in mind that new land use is not necessarily practical and needs more analysis

since the model is not an exact replica of the real world (the model does not necessarily

considers all the restrictions that face farmers)

I'he source of growth in the objective function will be discussed later in this chapter
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Table 7.11: Set 1 and 2 objective function values

Objective function (Ob)) [Base [Sceni |Scen2 [Scen3 |BaseB |Scend |Scens [Scenb |Scend
25277 | 22110 18645 | 17672 | 34 767 | 30.303 | 25,23 | 22,341 | 21,348
3167 | B.331 | -7.305 | 6490 | 5026 | 658 | -2696 | 4128
102.125| 102 089] 102.020] 101 §17| 110.767| 110,137 109.811| 109331 108 645
247 510[216 576|165 709] 178 340| 313,904 | 275 138] 236 618 204 343 134 125
12375 | 10825 | 6285 | 8817 | 15695 | 13757 | 11648 | 10217 | 5706

12.5% | -25.0% | -28.9% | 37.5% | 19.0% | 3.8% | -11.6% | -16.3%

An interesting result is that after the current land use restrictions are removed (Table 7.12),
there is not much to gain from water trade (BaseB compared to BaseC). The objective
function value only increases by about 4.5%. The relaxation of land use restrictions by
itself seems to encourage more optimal water allocation and water trade can apparently do
little to improve on this. However, water trade does reduce the impact of a reduction in
table grape prices to some extent. The contribution of water trade to reducing the impact
varies between 4.5% and about 3%. The combined impact of water trade and a relaxation
on land use is a 42.1% increase in the objective function value (Base compared to BaseD).

Table 7.12: Set 3 and 4 objective function values

Objective function (0b) Base BaseC [Scend |Scend Scentd [BaseD [Scent! [Scenid [Scentd [Scentd [Scents
0% Wiler Fand) 25277 | 26425 | 23,25 | 20094 | "6 753 | 365908 | 31443 | 27 374 | 2543 | 23 480 | 22290
Ot valke change o= Base Wikor Fang) 1148 | -2018 | 5763 | 6524 | '0e25| 6168 | 2087 | 143 | 1757 | 2087
[Tetal Orarge Rver mawor () 702 125 108 548 106 &%) "03 580, 108 436| 116,390 116 726 118,290 178,217 117 882 117 583
05 26 18 ove 2vears Rand) 247 510, 240 968 212105 63 357 171.356| 300 745 254 830 231 414 215,020 | 196.2°6 | 185,588
(O3 serha per amum (sverage) - (Rand) | 12.375 | 12,050 | 10,626 | 668 | BS68 | 15007 | 13242 | 11.671] 10751 | 591 | 8478

devabon from base A5% | 0% 208% 258% ) 421% | 244% | A% | 04N | 1% 118%

Finally, it is important to note that when land use is less restricted in duplicating current
land use patterns, the decline in the objective function with a declining table grape price is
less severe since structural changes towards more optimal land use can be made, given the
assumptions used (the data).

7.4.2.2 Average Net Farm Income (NFI) per region

Table 7.13 to Table 7.16 indicate the change in NFI for scenarios with and without trade
and with restrictive and less restrictive land use at reduced table grape prices.
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Table 7.13: Average NFI per ha per region (Set 1 and 2)

Average per ha (Rand | halannum) Base [Scen! |Scen2 |Scen] [BaseB [Scend [ScenS |Scens [Scen7
\Vaak 392 362 332 332 S8% 455 459 485 435
\V3«DR 1448 | 1448 | 1448 | 1448 | 14'5 | 1475 | 4’5 | 1475 | 1475
:n 00: 1':. -~:v ..:- o-;‘ 1-2‘ tl;‘ 002‘ 'O2‘
25020 4728 | 1587 | 1347 | 10 | 4777 | 3324 ] 213 188 g3
JoKa<a 9535 | 8607 | 3263 | 2547 | 15805 14882 BO8) | AVER | 28577
AsgBo. 21719 ] 14837 7538 | S357 |8 VAV 28475 | 18508 T8 | 5167
Baicy 14483 | 1164 | 705 | 6884 | 22009 16100 ] '€035 ] 8144 | 6 866
Total (average) T404 | 534° | 3267 | 2687 | 26°1| 6935 | 59/7 | 34'3 | 2678
Table 7.14: Change in NFI per region (Set 1 and 2)

Reg on Base (Scen' [Sceni |Scen3 |BaseB |Scend [Scen5 Scen |Scen?
Vaa - NA | 008 8.C% 00% | 266% | 248% | 24 8% | 24 8% 24 3%
vex DR NA 0.0% S C% SO0% 1.9% 3= 19 1.9% * &%
oe NA | OO% | OC% | C0% | 02% | 02% | 02% | C2% | O2%
Scegoe NA 27 1% | -84 % | A2 8% | T52% | 21 6% | -29.8% | -58 5% | 66 5%
UoKaca NA | -335% | 67 2% | +TA4% | 67 4% | 46.5% | -18.7% | B2 2% | -74.1%
AugBioy NA | -328% | -85 3% | -75. "% | 78 5% | 17 3% | -24 O% | B4 5% | -76 2%
884 NA 22 7% | 48 T% | .52 S22% | 11 2% 16 8% 38% |-517%]
Total (average) NA | 28T% | S 8% | 80.7% | T13% | 25.5% | -16.7% | -50.5% | 600%

Table 7.15: Average NFI per ha per region (Set 3 and 4)

Average Ser b (Rang | Saasees Sase Basel Scenl [Scent [Scentd [Sasel 1Scant*® Scent? (SCent] [Scantd [SCen'S
e 3 14'7 | 46 | 140 | *408 ] '35 | 1388 ) T80 | 10| 13¢ 1 Ry
s 1408 | 145 | 488 | va%5 | ta8t | taB8 | 1430 | 145 | a3 | 1435 | 143)
oF 129 | 1130 | 1130 | 1e30 | 1130 | 1132 | 3@ ) 1932 | 1132 | 1132 | 1132
Soezce 2726 | 2784 | 2GeE | 1303 | *030 | 4852 | 3376 | 2181 | 1696 | 1229 | 857

St §535 | 553 | €607 | 3258 | 2317 | 15612 14540 8C8 | S905 | 37 | 28
[Asg8ioy TS 2165 1 afeT] VAN | asdS 3| 25448 | '8 a8t | 17678 THAT | 8§12

g30. ‘A 4E | “4 4d4 B4 | TETA | 5454 | 33035 ) €235 265 | 1SV | 8285 | 73S
Total ‘average) TA04 | 7557 | 5496 | 3423 | 268 | 12745 | 5084 | 6920 | 4820 | 1585 | 2828

Table 7.16: Change in NFI per region (Set 3 and 4)

Region Bose DaseC (3ot [Scend [Scents BaseD [Scentt [Scent2 [S:ent) [Scents Scests
Jan- NA | 267 55 | 251 3% | 258 7% | 458 T | 266 T | 265 % | 265 8% | 245 3% | 250 0% | 254 &%
JDR NA 3% | o™ | o8% | 09 | 28% | ae% [ 3o% | 3t | 32% | 3N
o NA 08% | O8% | obn | of% | 098 | e [ Oon [ Cwn | S | 10%
Boezce NA $°% 1 da0% | ST 0% | L2 20% | TEOW | J38% | 2005 | 37 8% | 54 0 | 54 0%
_zMaea L 13 £7 2% | 78 7o | 5 &% | 45 &% | +*5 2% | AT £ | 452 5% | « 74 D'
A0, NA & | 22 T | 43 4% Fow | 8 I IR L4
|AEc. N2 2% | g2 % | 456% [ S52% | 522% 2% [0 20 0% ] 4 W s 0%
[Total laverage NA  82% | ATSN | A4a% | S41% | THI% | J35% | 8.9% | 259% | 425% ) S18%

It is clear that in the Base analysis. average NFI per ha per annum ranges from R392 per ha

in Vaalharts (the lowest) to more than R21 700 per ha for the Augrabics-Blouputs regions.

However. it is interesting to note that when trade is allowed. the Vaalharts region relatively

gains the most with more than a R1 000 per ha increase in NFI per ha. The explanation for

this can be found in the crop water requirements. Vaalhans is the largest single irrigation

region (33% of the total). where approximately 70% of the crops are wheat and maize. The

average crop water requirement for maize is between 3 600 m™ - 7 200 m™: for wheat. it is
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5550 m’ - 7 800 m® depending on carly or late cultivars. It should be clear that in a double
cropping system on a farm with an average water entitlement of 9 000 m’ per ha, farmers
cannot produce two crops on one ha with one ha of water entitlement since the combined
requirement varies between 9 150 m® and 15 000 m’. Therefore, when trade is allowed,

water flows in the Vaalharts direction, and total land use increases substantially.

The analysis also shows (Table 7.14, Scen 2) that the NFI of Augrabies-Blouputs farmers
decreased by approximately 53% with a 20% decrease in the price of table grapes. The
result is (unsurprisingly) almost identical to that of the individual Augrabies-Blouputs
typical farm model.

The results also indicate a substantial increase in NFI per ha when land use restrictions are
reduced (Set 3 Base C). The NFI in Augrabies-Blouputs increases from approximately
R27 000 10 R44 000 since more table grapes are produced at the base table grape price.
Similarly 1o the discussion of the objective function value, the results indicate that there is
not much difference between trade and no-trade restrictions after land use restrictions are
relaxed. This is because if land use is less restrictive (the calibration constraints), the model
solution is more optimal even without water trade. Therefore, when land use restrictions
are reduced, some inefficiencies are removed, and when water trade is introduced, the

difference is not significant.
7.4.2.3 Structural changes per region compared to the base

Table 7.17 and Table 7.18 indicate the structural changes for the Set 1 and 2 scenarios. It is
clear that when structural changes are restricted and there is no water trade, only small
changes take place (set 1). In the BaseB scenario, where water trade is not permitted but
land use is less restrictive, it is clear that some arcas produce less (BBlou) and other arcas
more (Vaalharts and Boegoeberg) short-term crops. Also, there are significant changes in
the long-term crop area especially in the regions below Boegocberg and the DP and
VDKDR regions, where substitution takes place away from short-term crops in favour of

long-term crops. Table 7.17 and Table 7.18 also indicate that when the price of table grapes
is reduced and structural changes can be made (BaseB and Scend-Scen7), less substitution

takes place towards long-term crops.
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Table 7.17: Change in short-term crop area (Set 1 and 2 scenarios)

Region Base Sceni Scenl |Scen) |BaseB Scend |ScenS |Sceré [Scen7
|Vaal- 26554 | 28554 | 28554 | 28554 [ 25785 | 23796 | 26 784 | 23 785 | 26.788
vaCR 4387 | 1€387 ] 14391143081 135684 | 13584 13584 | 13584 13884
P *6 560 | 16560 | 19550 ) 19550 | 15418 | 15416 15418 | 15475 ] 15416
3oacce 15% | 15% | 1501 [ 1501 ] *549 | 1548 | 1614 | 1522 | 1533
LD%aa 130 130 130 *20 20 *20 21 1'%
AGEIod 6 6 € € | 6 6 6 6 g |
83k, 304 | 307 | 34 ] 3 | 154 | 98 | 206 | 203 | 27 |
Tosal [average ' annum) 84448 | 544458 | 58437 | 52433 [ 65 155 [ 85150 | 65 73° | 55048 | 45 0£C
|Region Sase Sum Sunz Scen) |Base8 |Scend |ScenS |Scené |ScenT |
Jaal~ NA | 00% 00% | €3% | 3% | 43% | 43% | 43%
JoeD= A ‘ 0 2 &% 8% | «&58% | 28% | 2 5%
c? LA ol 00% [ 07% | O7% [ 07% | -07% | £7%
Soegce N~ 0 -~ 8 £s as% | &€ ol 1.3
Lo<a«a oA 0 00% | -78% | -78% | -78% | -75% | €65
AugBioy A 0 02% | 02% | 0'% | 02 93% | 0.9
88ay NA O D % | 1 <55 -4 322% | -5 5% |17
Total (average) NA | C 0% [ 0.0% [ 11% | *9% | 11% | 08% | 0.9%
Table 7.18: Change in long-term crop area (Set 1 and 2 scenarios)
Regon Base |Scen? 8cn2 Scenl BaseB Scend Scen§ Scens Scu'?
/aal [ 7736 | 7736 iz
&= | §77
Boegoe | 5553 5661
Wit U ) 12118 ] 2120
|AugSicy 8073 | 6045 | ACCT | Sc48 | §53 | & : THTE | T ASY |
[BEe, 3528 1 3 5:9 3882 [ 3677 [ 4288 | 4183 | 447 | 4134 | 4 tas |
Total (average ' annum) e E 37583 | 37483 | 45602 | 44 %78 | 44 680 | 44 283 | &3 865
Regior Base ch Scend Sccn) |Base8 Scend [Scend Scend [Scen”
[Vaas N 0O0% | 0.0% 0% |-1B 6% | 185% [ B G% | 1B 5% ]| B &
Yge DR NA OC% | 00% | 00% | S58% ] S€8s | 559% | 5589 | 55.8°
Co o B e 0.8 8 0 250% | 256% [ 2545 | 28 &% [ 250%
Eoegoe A OC% | 03% | 03% [-25% | 28w [ e | 8% | 16%
' - P ——— G p— “
d 3o A 0 s 0.2 e 23 5%, | &1 3% 1% | 364
B0y B 9§ 406% | 326% | S05% | 2845 | 26
E8 oy . ot 12 0% - .
Total (average) -

The situation changes substantially when water trade is permitted. especially in the
Vaalharts region. The total area used for short-term crops increases by approximately 6 980
ha (difference between Base and BasB) or 13.8% of the total water use entitlement in the
Vaalharts region. The reader should know that this is not more land being irrigated but land
being double cropped (see Table 7.19 and Table 7.20). This result confirms the analysis of
lable 7.10. which implied that a significant water shortage in the Vaalharts region prevents

double cropping

However, when the calibration restrictions on the long-term crop area are relaxed (BaseD

compared to Base). substitution towards short-term crops is reduced 10 some extent

Approximately 660 ha less land is cultivated with short-term crops. It is also clear that
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there is a significant increase in long-term crops in the arca downstream, including
Boegoeberg. The total average long-term crop arca increases by approximately 30%
(difference between Base and BaseD). It is also clear that water trade does make a
difference when calibration constraints are relaxed. Approximately 9% more long- and
short-term crops are produced.

The impact of a 20% reduction in the price of table grapes indicates, as expected, that the
average long-term crop area will decrease When structural changes are allowed (BaseD) and
scenarios 11-15), the analysis indicates that the long-term crop arca in the Northern Cape
will decrease by approximately 1%--1.5% for each 10% reduction in the price of table
grapes. However, although it is not shown in the table here, various substitutions take
place:

. More table grapes converted to raisins

e  More citrus in some areas

e  More luceme

. It is generally accepted that the supply function for long-term crops is very inclastic.
This is consistent with the observed situation in these regions.

Table 7.19: Change in short-term crop area (Set 3 and 4 scenarios)

Reguon Base [BaseC ML%LMOMM [Sceni2 [Scent [Scenid [Scens
Vaam 28 554 | 35534 31 33 | 35543 [ daman | 3ansa | Janan | 3a 77 | 34 850 | 34 507
Vox DRt 14381 [ 14370 14371 ] 14380 ] 14388 [ 1387C [ 13873 ] 365 36Ty 13T | 13470
DP 15560 | 10548 | 10548 | 10547 ] 19547 [ 10382 [ 10378 | “0380 | 16378 | 10 380 | 19 380
m 1514 1 526 1521 1 508 1508 1613 | 1588 | 1587 | 15 1457 | 1448
U 120 130 126 128 130 120 118 118 118 117 117
@ ¢ [4 3 [ [ ¢ [ 6 3 o ¢

34 | &7 T 2%e | e | 7 | 204 | 2 | 2 | 227 | 2 |

Totat Tan 7 18,201 10.033 | 10,630 | 10,633 | 16,696 | 10,013 1
Base ] 11 |Scen12 [Scent) |Scen1d [ScentsS

Vaa- NA | 2aan | Jaas | 2aan | Zass | 229% [ 22°9% [ 2298 [ 228 [ 222% | 223%
w8 NA D% | L% 0% | 0% | -20% | -20% | -208% | -28% | -29% | -29%
3 NA D% L% SN ] 0% | 0 | 0% | 0% | 0%% | 08 | -0
Na COB% | C8% J €3N | 04% | 668% | SO | an% | 4% | -t 1% | 4%

Upkacs Na DA% | -O8'% | CE% | 0% | -84a% | -87% | -68% | -6 7% |-103% |-104%
oy A 0 1% 0 1% 0 0% 0:‘ DL eﬁ 0 %% 0 2% 0.2% 2 I%

CEE NA 23% | -20% | -18% | -22% |-327% 1 -272% | -275% | -25 4% | -26 6% | 25 4% |
Total WA | 708% | 10.8% | 0.8% | 108% | B9% | 8% | 8% | 68% | 8% | 67N
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Table 7.20: Change in long-term crop area (Set 3 and 4 scenarios)
Base |BaseC |Scen |Scend |Scenil BaseD Scenil |Scenil |Scenid Scenid [Scenis |

VaaH 7730 | 0005 | 9000 | BOBS | 8084 | 9302 | B30z | 9312 | 9908 | 9290 | 9251 |
Ve 8541 18527 [ ST 15 23° | 2310 S5 | 2383 | 285 T8 | 2370
o 1" S77 | o9 | 996 | 1000 | 1000 1288 1290 | 12 1290 | 1286 | ° 288
| 5003 | 600 | 5718 | 5741 | 5738 5683 S 38 | LTS | S6% | 90 | 6o
Ui [ 923981 12207 | 12206 | 14775)] 4096 17858 17505 | 17 148 | 17 119 | 16671 16 588
AL Crad | 600D | 6099 | 6055 | S92 8540 8009 | o4 | T8S) | V660 | 7EAS

[
3805 | 3625 | 3626 | 3673 | 3500 4388 437 | 4346 | 4332 | 431 | 430
Tannwm) | 37.677 | 38.238  38.254 | 35,198 | 35040 45229 48587 | 48.136 48103 47775 | 47,503

Total (ave:

'I—L—"Lgm Base [BaseC Scend Scens |Scenil Daseo Scenil (Scenisd Scents  Scenis Scenis
VaANH NA | 45% | 46% | 455% | 455 202  202% | 204% | 203% | 201% | 06%
VaOR NA 15% 1 4% 1% TH% S70% S/ I% | TO%| 97 % | S80% | ST 6%
P NA 23% | 22% | dan | 448  S10N SaCH [ 318N [ 330K | 318K | 310 |
l NA O6% | 09% | 1% | 93% 1 Oa% | 13% | '3% | 30% | 44N | 61% |
UpKaxa NA | O7% | OF% | O3% | 0a% | 437% ( e43% | 410K [ 41 3% | 395% | 369%

o L NA 045 | Oa% | JVCTTI% T406% | 324% | 308N | 363% | 36 % 383

'3£ NA S'% | 00% | 0% | 0% [ 217% | 206% | 200% | 201% | 2045 | 201%
Total (aversge) NA 185% | 15% | 14% | 10% 0TS 290% | 2TEN | 277N 26BN | 261N

If the market price of crops is reduced and with it profitability. there is a chain reaction:

. I'here is an immediate impact on solvability since financers consider their risks and
reduce the value of fixed assets to cover loans. knowing that pavback ability is under
threat

. If it is a long-term impact. farmers know that they probably have to change to

alternative crops or cultivars, but they normally experience cash flow problems and

lack the financial resources to change.

When some farms go bankrupt, it is similar to a snowball effect: financers reduce the value

of assets, and the situation in the specific region just deteriorates.

7.4.2.4 Toral average land use

Tables 7.21 and 7.22 shows the change in total irrigation land used per region based on
monthly land use and on total crop production in the Northerm Cape for different table
grape price, water trade, and restrictive land use scenarios. The reader will note that the

area in Table 7.22 is significantly higher than Table 7.2. This is because Table 7.2

considers double cropping and therefore total land use per annum.
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Table 7.21: Northern Cape irrigation land use (Set 1 and 2)-based on monthly

average land use (ha)
Base 1 _|Scen2 |Scen3 |BaseB [Scend [ScenS |Scent |Sceny |
36.200 | 36.200 | 36.290 | 36290 | 36057 | 38 087 | 35057 | 36,057 | 36.057
18880 [T 885 | 1S BAS [ 18 88K | 16 327 | 16 327 | 16 327 | 16 327 | 16 327
20.537 | 20537 | 20.537 | 20 537 | 20,647 | 20 647 | 20,647 | 20,647 | 20.647
7477 | 7.9 71 7179 | 7173 | 7168 | 7168 | 7.2 285
12.240 | 12.251 | 12225 | 12.174 | 17.562 | 17 506 | 17.279 | 16.080 | 16 622
6076 | 6051 | 6013 | 5574 | 8842 | 8088 7665 | 7657
3506 | 3500 | SBB7 | 3678 | 4440 | 4370 | 4353 | 4347 | 4387
Total M'ybﬂd mhg.] 102 125] 102 068] 102 020/ 101 $17] 110,757/ 110,137 [ 108 B11 108 945

108 331
Base |Sceni |Scen2 [Scen) |BaseB |Scend ScenS |Scent |Scen? |
-0 64%

D.00% | 0.00% | 0.00% | -0654% | -0654% | -0 54% -0.64%

DO0C% | 0.00% | 0.00% | 278% | 2.78% | 278% | 278% | 2 78%

0.00% | 0.00% | 0.00% | 0.53% | 0.53% | 0.53% | 0.53% | 0.53%

-0.02% | O.08% | 003% | -008% | -0.18% | 0.26% | 156% | 151%

0.02% | -0.18% | -0.61% | 43.38% | 42 92% [ 41.07% | 38 63% | 35.71%

<0.45% | <1.08% | -1.72% | 40.57% | 32 82% | 30.83% | 25 42% | 25 96%

-0.22% | -0 56% | -0.80% [ 1382% [ 1203% | 11.35% [ 11.16% ] 11.30%

[Total average lang use change 0.04% | -0.10% | -0.20% | 8.45% | 7.85% | 7.63% | 7.05% | 6.656%

Note: These arcas are based on total monthly land use divided by 240 months.

Similarly to the previous section, most changes are in the Vaalharts region and in the
region in and below Boegocberg. Land use in the Base analysis is approximately 119%
compared 10 127% when the calibration constraints are released.

Table 7.22: Northern Cape irrigation land use (Set 1 and 2)--based on total crop
production (ha)

[Region Base |Scen1 |Scen2 |Scen3 |BaseB |Scend |Scens |Scens |Scen?
VaalH 66962 | 54 602 | 66 662 | 66 062 | 68 362 | 68 362 | 68 362 | 68 342 | 68 3437 |
VoROR 30.543 | 30.543 | 30.543 | 30.543 | 30.760 | 30.760 | 30.760 | 30.760 | 30.760
oF 40307 | 40 301 | 40 301 | 40 301 | 40 331 | 4D 331 | 40 331 | 40 331 | 40 331
Boegoe 9127 | 9126 | 9121 | 8117 | 6352 | 6345 | 6336 | 6341 | 6346
LpKaka 13291 (13293113187 | 13136 | 18520 | 18865 | 18642 | 18344 | 17,683
%&m 6415 | 6367 | 6349 | 6310 | 6012 | 8532 | 8426 | 8161 | 8133
u 4550 | 4548 | 4539 | 4526 | 5068 | 5034 | 5017 | 5018 | 5017
Total lang use (ha) 171.149]171.110]171.032] 170 625] 181.826] 181.226] 180 661] 180.318] 176 634
ot waler entelements (ha] | 143 341143 341143 347[ 143 3249 143 381] 143 341 143 341] 143 341] 143 341
Land use as % of enttiement 119% | 118% | 119% | 119% | 127% | 126% | 126% | 126% | 126%
jon [Base |Scen1 |Scen2 n3 |BaseB |Scend |Scens [Scens |Scen?
aslH DO00% | 000% | 000% | 208% | 208% | 205% | 208% | 2 08% |
D 0.00% | 0.00% | 000% [ 071% | 071% [ 071% [ 071% | 0.71%
000% [ 000% | DO8% [TO08% | O08% | 008% | 008%

001% [ -007% | -011% | 246% | 236% | 232% | 234% | 241%

2 0.02% | -0 18% | -0 57% | 43.22% | 42 80% [ 41.11% | 38 85% | 36.12%

0 44% | -9 03% | -1 63% | 40 45% | 33 00% | 31 40% | 27 21% [ 26 78%

lou 028% | -046% | -075% | 11.55% | 10.40% | 10.03% | 10.06% | 10.03%
(Total_lana use 002% | -007% [ -013% | 624% [ 5806% | 566% | 536% | 513%

The impact on total crop production area is significant when trade is allowed, especially
when calibration constraints on the long-term crop area are released (see Table 7.23 and
Table 7.24).
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Table 7.23:

Northern Cape irrigation land use (Set 3 and 4)--based on average

monthly land use (ha)
Region Sase BaseC Scend Scend Scenid |Scer11 Scent2 Scentd [Scenid Scents
Van 35 25C | 43620 | 436%5 182 44 *75 | 42 485 | 44 *B3 | 44 ‘83
VA DR 'S 8A% | " m5T | YK BsE 3 *E 337 | GE 338 | ‘& 343 | 6 34D
cP 20 837 | 2C S48 | 2T S48 20858 | 2C 585 | 20668 | 2C 689
S0820¢ s 17y | T 328 T 236 v 324 ¢ 370 7407 | T 480
Useana 12246 | "233" ) 2338 172 97 237 | 17 028 € 705
ALgBO. 8079 | 604 | &0 T 945 | T asg !:E TETY
830, 180 | 3828 | 35 4845 | 48AR | 4857 | 4%88
Tot a«'»icvr-: .5 "2 *02 123] 10 848] '05 €38 782601 118217117 8521117 583 ]
Regior Base [Bpsal Scond Scentl Scent) Scenid Scenis
vaa o d9% 1 40 20% 2 TA% 12 TR 2T TI% |2 TS%
vae DR % | 00T 2 846% | 2 B8N | 2ABN | 7 BEN%
oP ¢ C5% | C OS% CBa% | CEa% | C6a% | CEa%
Boegoe CE™ . 8% 205% | a70% | 327% | J64% |
Lo%aea CE™ | ."s 40 54% | 40 T3% | 39 02% | 28 38%
Aughioy C 4% o 30 TE% 1 29 28% | 28 *0% | 2% 20%
88cy g 42¢ 2 36% TE B0 | BET1 8 A% A 5%
Tow averape - d use crange 1 737% | 738% 1S8R S TEN 1541515 14%

Note: These arcas are based on total monthly land use divided by 240 months.

'his impact can mainly be explained by the impact of double cropping. It is clear that land

use is approximately 119% in the Base analysis compared to 132¢

more restrictive land use constraints and 138% with less restrictiv

o with water trade but

¢ calibration constraints.

Table 7.24: Northern Cape irrigation land use (Set 3 and 4)--based on total crop

production (ha)

Region | Base [BaseC [Scent [Scend |Scenild (BaseD Scentd |Sceni2 [Scenid |Scenid |Scenls
T | 56 962 | 84 '60 | 54 "6 | 84 16" | 84 162 | B4 607 | 84 5678 | Ba 877 | 84 630 | B4 85C | Ba &3¢
J3e0= 30 843 | 3C 255 3 30773] 37731 30 77C | 32 759
P CY | 4538 42 325 | L 327 42 125
$ 12 3 "5l 3 &80 eLs Qak ced [T
33t | 1339 B 595 | 18645 | 18640 | 18431 | 1807
§4°5 | 4704 S SAC3 | Saas | Hoad | B UaE
- 4 %50 | @ %5 ; €270 ] 5266 | 5273 | ©26
TeM G use "3 'TT *45| *48 886 *GT TS| ST S58[ 157 S33)] 167 48|98 ‘;-.-
"ol OF wae emttements |41 347|434 143 3441443 34% 043 344 a3 34| 443 341)
8°G A B8 . o erttiavent 11% 3 32 . *38% 385 ] @ T "_’~ |
Segon Base BaseC Scend Scert *scwc laub SuM' ‘Sccn'z SuMJ Scenid [Scents |
L dal= 25 647, | 35 54%, | 3¢ a5, | 25 8a% | 28 2% 3 % 1 2% 2% 3% £40-
327 SS8% | 005 o085 | o c ™S 3 e 3 e
o= SC0% | 0.00% ] ©CC ‘Fha ] CC7 927 95T |
Soegoe c63% | 078 Ry . 353 | EEF] L& ) &4
s%asa 4’ ' el 13° S 42% |44 52 &° 35 £ T
R ) 4 444’ | 3E4% | 285 | &% B5S 1* 885 | 26§75, |37 5o% |
RS o, ¥ 0.08% | Q07 | 04N L &5 18£S 1£4°%]
Towl lana se WIT] 1T 32% | *0 23 e o | "5 42% | 15 19% | 14 &3% |

I'he main conclusion from this result is that there are ineffic

iencies in water allocations

(given the limitations of the model). Although most changes (even without trade) are in the

Vaalharts region, there are also substantial changes in the Western regions (Upington-

Kakamas and Augrabies-Blouputs). Consistent with the other results, the model shows
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again that there are only marginal changes in land use after land use restrictions are

relaxed.

7.4.2.5 Total and regional water usage

Table 7.25 and Table 7.26 indicate that water usage increases by approximately 120
million m’ per annum when water trade is introduced. Although this is a lot of water, it
only represents about 7.5% of the total annual water entitlement or about 9 000 ha (almost
equal to the shortage of 8 600 ha in Vaalharts pointed out carlier). However, this is mainly
through water trade of existing allocations (unused water) or inefTicient water use. Most
changes are in the Vaalharts region. It is important to note that when current land use
restricts structural changes, water usage does not change when the price of table grapes is
reduced. The same is true for reductions in the price of table grapes after water trade is

allowed.

Table 7.25: Total regional average water use (mill m’) per annum (Set 1 and 2)

I%:n Base [Sceni [Scen2 [Scend [BaseB [Scend [ScenS [Scené [Scen?
452 | 448 | 448 | 448 | 447 | 447 | 447 | 447 | 447

VekDR 215 | 207 | 207 | 207 | 218 | 215 | 18 | 215 | 215
oP 245 | 244 | 244 | 244 | 245 | 246 | 245 | 246 | 245
Boegoe 134 | 128 | 128 | 128 | 124 | 124 ]| 125 | 126 | 125
UpKaka 220 207 207 206 270 269 264 261 262
Blou 7 81 81 90 114 | 107 | 106 | w04 | 107
?&u 72 86 (] 66 70 70 70 70 70
Total (average / annum) 1438 | 1391 | 1381 | 1390 | 1486 | 1478 | 1473 | 1468 | 1473

Table 7.26 shows that when current land use restrictions are relaxed, water usage in all
regions increases substantially since unused water is used. A very interesting result is that
when water trade is introduced, total water usage increases, but the average crop water
usage per ha is lower than when no trade is possible (Base analysis). This result indicates
that there are gains in water use efficiency with water trade. Even more interesting is a
comparison between Base and BaseC (where water trade is the only difference) and BaseB
and BaseD (where water trade is the only difference). When the price of table grapes is
reduced, water trade analysis indicates that water usage is consistently higher for all the
scenarios when water trade is allowed than when it is not. This analysis is important since
it emphasises the fact that the system is more flexible when trade is allowed and that water

will flow to higher value uses.
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Also, it is obvious that total water usage in the table grape production regions will change
slightly because of structural changes that take place as the price of table grapes is reduced.

However, these are only moderate since water is used for other crops.

Table 7.26: Total regional average water use (mill m’) per annum (Set 3 and 4)

Hegion Sase Basel 'Scend [Scend Scentd [BaseD Scentt |Scent [Scent) 'Scen'd Scents
v agh 450 565 553 543 553 Sak S [ 800 8 (3
[Viz«DA 205 | 200 | 290 | an1 L 211 | 2w | 26 | 219 | a8 | 218 | 2%
o8 148 44 44 44 244 247 i’ 45 247 247 | 247
Boepoe " 135 134 133 135 *33 *5) 134 * M '3 " 38
Jokaea 220 | 33 | 28 | 2 I | 28 N I M| 771
|A_gBioy &" *8e - "ol 1C3 121 (AL T4 118 ‘1€ 198
(B8 | 72 68 | 4 68 (% s 20 . ® | A | 78
Total (average J annum) 1438 1S6] | 1863 | 584 | 1584 | 9671 | 66T | 1660 | 1661 | 661 | 167¢C

lable 7.27 and Table 7.28 show average water use per ha. It is clear that changes in the
price of table grapes do not have a significant impact on average water use per ha if

structural changes are restricted.

Table 7.27: Average water use (mJ3) per ha (Set | and 2)

[Region Base |Scen! |Scen? |Scenl) |BaseB |Scend ScenS |Scenf |Scen?
1'JlolﬁL 12450 | 12345 | 12345 | 12345 | *2407 | 12407 | 12407 | 12407 | 12407
|VakDR 13529 | 13042 | 13042 | 13042 | 13175 ] 13175 13175 | 13175 13175
oe *2118 ] 119665 11868 | 11868 | 11506 | 11806 | 1 S06 | 17608 | 11 508
Bcegoe T8067 | 17844 | 17870 | 17888 | 17280 | 17287 | 17350 | 17284 | 17 208
|UpXaka 17950 ] 16900 | 16903 | 1696 | 15375 | 15383 | 15283 | 15385 ] 15 745
[AugBloy 15937 | 15056 | 15052 | 15133 | 13305 | 13,313 | 13385 | 13828 | 14028
88icy 1831217076 17028 | 17054 | 15842 | 15550 ]| 16080 | 16079 | 16 088
Total (average  annum) 15,567 | 14867 | 14878 | 14885 | 14,985 | 14,985 | 14205 | 14217 | 14,245
m Base Scen! |Scen2 Scend [BaseB |Scend Scen$ |Scené |[Scen’
[Vaakd | 09% | 09% | 09% | 04% | 0.4% | 04% | 04% | 04%
VakOR | -38% | 38% | -a8% | -28% | -28% | -28% | -28% | -28¢
oF 1% 1% 1% | -1.8% «1.8% 1.8% 1.8% -1.8%
Boegoe | 44 | 43% | a3 | Tan | Ta% | TN | TS | -7 E%
|UpKaka | S8% | 58% | 58% |-143% [ 142% ] -150% | -145% | -123%
AugBloy £ 8% 5 39 S 0% | -6 48.5% | -16.0% | -15.9% | -12.0%
BBlou FI1% | <70 £ 9 13.5 12 9% | <12 3% | 12 3% | -12 3%
Total (average ' annum) 45% | 44°% | 44% | 89% | B.9% | -88% | -87% | -85% |

However. when structural changes take place, crop combinations change and water usage
per ha increases, It is also clear that a decrease in table grape prices induces a slight

increase in water use per ha since crops with a higher crop water requirement are produced

(for example, citrus)
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Table 7.28: Average water use (m3) per ha (Set 3 and 4 scenarios)

Base |BaseC |Scend 10 11 [Scen12 [Scents [Scentd [Scents |
H 12459 | 13 TAOAB | "3 AA6 | 13563 | 13870 | 13588 | 3E73 | 13570 | 13568 ] 13 5T
73629 | 12209 | 13241 | "9242 | 13245 | 13356 | 13443 | 13395 | 13365 | 13364 | 3374
92198 | 11873 11873 187 11874 1826 11 82T 1620 ] 1520 11827 | 11528
T8007 | 18025 | 18564 | B3 | 18580 | B 193 | 18207 | 6 321 | 18 420 | 18 445 | '8 508 |
Upkana 7 TI 383 | 17978 | T2°7 | 17284 ] ‘6648 | 15764 5617 ]| 568 | 15633 ] 6275 ]
15637 | 16703 | 5705 | G 84G | T V12 “‘l:'-i 14 1 ‘4304 | 1484 | 15065 ) ‘53%0
18312117226 | 17205 | 172 | 172 ] %6587 | 16761 | “6874 | 17004 [ 17987 | 17 180
I.nm_'n] 1 1‘.;‘ 19487 | 15520 | 15573 | 14788 14 104 E& 14961 15032 1W‘
Scent

Base [BaseC |Scend |Scerd |Scentd |BaseD  Scemtl  [Scent3 Scentd [Scantt |
L] 8 0% 0% 8% 8% L X 895 89 & 9% 8 0% 8 9%
oR 21N ] 2% ] 2% ] 2% ] 1% | 0% ] 10% 1 -12% | <1.2% | -11%
“20% | -20% | 20% | -20% | 10% | -16% | -1 6% | 16% | -1.6% | -16%

2% | 4% | 04% | 0a% | 2 ] 2] I ve ] %] %] 2

%

A% | A% | 4% AT | 128% 11209 ] 30 1305 [ -120% ] 6%

%&- 4B% | 48% | 57% | Ta% |1 0% 1101 ] TO0% | S53% | 38N
ICI ¥ )%
i

?_\ -b!i H6% | 5% | B4% AN | TR | TN | A% | 42
Total Tannum] D.5% | 0% | 03% | 0.0% | B0% | 47% | 48% | 39% | 4% | 2t

7.4.2.6 Marginal value of water

It was pointed out earlier in this report that marginal values are often very difficult 1o
interpret and even more so in huge regional models since so many variables have an impact
on them. Apart from the same factors that impact these values at farm level, there are also
regional impacts when typical farms and regions are linked by water supply equations
where water can be traded. The dual value of the water-use right constraint represents the
capitalised marginal value of water. In water markets, the water-use right constraint will
always be optimally binding since no producer will purchase water unless he uses it
productively, and any producer with an unused portion of his or her water use right will be
better off selling it. The capitalised marginal values for water are presented in Table 7.29
and Table 7.30. The trends are consistent with micro economic theory. It is clear that the
marginal water values are reduced substantially when water trading is introduced.
Theoretically, they should move towards the same value in all uses and towards zero.
However, in a model with differences in transaction costs between different regions and

other restrictions that restrict the flow of water, they can differ.

Table 7.29: Marginal value (Rand/ha) of water (Set 1 and 2)

Region Base |Sceni |Scen2 |Scen3 |BaseB |Scend |Scens |Scens |Scen’ |
Vaal— 10.449 | 10449 | 10.440 | 10,445 | 10,485 | 10.485 | 10.485 | 10,485 | 10.485
[VokDR 122431122431 12243112243 | 12,199 [ 12,199 ] 12196 [ 12196 | 12199 |
OP 11215111215 [ 11215 [ 112151 11,795 1 11,795 ] 11,795 | 11,795 | 11.765 |
Boggoo 14 310 ] 14305 | 13655 | 13850 ] 15740 124540 12200 | 1212 11,858
[UpKaka 105 105 105 180 | 5040 | 8120 | 4155 | 5220 | 5400
AugBlou 285 285 285 285 300 | 288 285 285 300
8Blou 2220 | 1.785 | 2160 | 2175 | 7005 | 7.125 | 6660 | 6480 | 6135
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It is also clear that within the water market regime, water flows from lower marginal value
regions to higher marginal value regions (from UpKaka, Augblou, BBlou to VaalH,
VAKkDR and DP). It was pointed out carlier that this consists mainly of unused water
entitlements traded to supply more water for farmers 10 produce more wheat and maize in a
double cropping system. The result does not imply that the wheat'maize double cropping
combination is more profitable than table grapes but that water is scarcer in the North

Eastern regions than the Western regions

Table 7.30: Marginal value of water (Set 3 and 4 scenarios)

Regon | Base |BaseC [Scend [Scend [Scenil BaseD Scent! Sceni2 [Sceni] Scentd Sceni$
Vaal~ | 10445 | 1026 | Q25 | 2025 | 1026 | 9806 | 2187 | 1653 | 1844 | 1571 | 2043
VakDR 12.243 0 0 0 0 0 c | O 0 0 0
oP 19295] 1101 | 1101 | 1109 | 1101 | 1100 ] 111 | 1 ] 1 | i | 1A
Soegce 14310 | 3645 | 3645 | 3545 | 3545 | 3480 | 2810 | 2855 | 3210 | 3480 | 3810
UoKara 108 870 873 870 | 8055 | 835 | &8s 870 835 §15 | 1545
Slou 285 | 2400 | 2400 | 2400 | 2400 | 2418 | 2400 | 2400 | 2400 | 2400 | 24!S
88kou 2220 0 | O 0 0 0 a | 0 0 0 | O

It is also clear from the results that the value of water in general is reduced when the price
of table grapes decreases

4.2 7 Water Trade

It is important to refer back to Table 7.10 to explain the direction in which water flows. It
was pointed out earlier in this chapter that the farm survey data gave nise to the observation
that a major shortage of irrigation water exists in Vaalharts. Table 7.31 illustrates the
direction of water flow when water trade is activated in the model. For the purpose of this
report, only temporary trade was activated. since the time to solve the model increases
substantially when both temporary and permanent trade is activated. It is also imponant to
note that it was assumed that water can be transferred between regions. However. it is not
important for this report since the main objective is to show the direction of water flow.
The relatively high marginal values recorded for the North Eastern regions explain the
relatively large volume of water traded from the Western regions to the Vaalharts region
since water typically flows from surplus to shortage (from lower valued to higher valued

use). However. it is also clear that the water market is also active in other regions where

trade takes place within the same region and between regions in the same area.
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Table 7.31: Trade flow (BaseC scenario)

=
Contribution
Total volume | Total from |to total trade

Area from  |Area to (mill m*) (mill m*) (from)
AugBilou UpKaka 0.13

(AugBlou VdkDR 0.18

AugBlou AugBloy 0.52

[AugBlou DP 0.64

AugBlou Boegoe 0.88

[AugBlou Vaal 53.83 56.17 38.10%
BBlou Vaal 6.16 516 4.18%
|Boegoe UpKaka 0.11

Boegoe DP 04

|Boegoe VdkDR 1.39
|Boegoe BBlou 1.51 .

[Boegoe Vaal 10.96 14.37 9.75%
DP AugBloy 0.08

DP DP 0.15

DP UpKaka 0.16

DP BBlou 04

DP Boegoe 04

DP Vaal 1.41 26 1.76%
UpKaka UpKaka Q.14

UpKaka AugBlou 0.79

UpKaka DP 0.85

UpKaka BBlou 2.02

UpKaka VdkDR 2.34

UpKaka 8.03

UpKaka Vaal 4187 56.14 38.08%
Vaal Vaal 1.57 1.57 1.06%
VdkDR VdkDR 0.21

VakDR OP _ 0.54

VdkDR AugBlou 1.1

VdkDR BBlou 1.83

VakDR UpKaka 2.71

VdkDR Boegoe 3.81 1041 7.08%
Total trade over 20-years 147 42 147 42 100.00%
Average trade per annum (mill m°) 7.37

The analysis in Table 7.32 shows that when the price of table grapes is reduced by 25%,

the volume of water that flows from Augrabies-Blouputs to other regions increases from

56.17 million m’ to 61.18 million m’. The result is therefore consistent with expectations. It

is also clear that water mostly flows away from the traditional table grape producing
regions. The reader should be aware that the results do not show trade between individual

typical farms. The explanation for water flowing from Vaal to Vaal, for example, is the

major differences in typical farm structure and economics of scale within a region. Total

average water trade is approximately 7.37 million m’ for the BaseC scenario and increases

slightly to 7.47 million m' per annum for scenario 10. This is not even 0.5% of the total

annual water entitlement of approximately 1600 million m’.
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Table 7.32: Trade flow (Scen 10 scenario)

%
Contribution
Total volume| Total from |to total trade
Area from |Areato (mill m*) (mill m*) (from)
ALgBIo. DP 0.1
AugSilou VdkDR 0.57
AugBlou |Boegoe 3,32
AuaSlaL. Vaal 57.13 61.13 4 47%
BBlcu Vaal 48 48 3.268%
{Boegoc UpKaka C.11
Boegoe AugBlou 0.12
Boeagoe Soegoe 0.28
Boegoe DP 0.7
Boegoe 8B8lou 1.22
Boegoe VakDR 1.85
Boegoe Vaa 8.38 12 45 B 455
DP AugBlou 0.02
o] VakDR 0.07
DP 0P 0.15
DP JoKaka Q.28
DP |Boegoe 0.45
DP 8Blou 0.53
DP Vaal 1.58 3.12 2.12%
UpKaka UpKaka 1.05
UpKaka |DP 1.15 A
UpKaka |VdxDR 1.6
UpKaka AugBilou 1.96
UpKaka 88lou 3.56 |
UpKaka Soegoe 12.35 ||
UpKaka Vaal 32.38 54 05 BE6% |
Vaal Vaal 1.68 166 13%
Vd«<DR Dp 04
(Vd«<DR AugBlou 0.82
[Va<DR UpKaka 3.07
Vd«DR Boegos 378
Vd<DR SBlou 3.87 12.15 8.24%
Total trade over 20-years 1498.37 149.37 101.32%
|Average trade per annum (mill m") 7.47

An analvsis of the BaseD) and Scenl8 scenarios (Table

restrictions are relaxed reveals interesting results.

7.33) where current land use

It is clear that land use restrictions (calibration constraints) prevent water from being used

optimally since. compared to the previous two scenarios. water trade decreases in general.

Some water still flows to the Vaalharts region. but the volume is substantially reduced.

Also. less water flows from the waditional table grape producing regions 1o the other parts

of the Northern Cape since these farms can make structural changes (assuming that they

had better knowledge of the market risks and marketing environment when they started
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planning their farms). It is also clear that there is more water trade within and between the

traditional short-term and long-term crop regions.

Table 7.33: Trade flow (BaseD scenario)

Total Total
volume |from (mill|% Contribution to
Area from |Area to (mill m?®) m’) total trade (from)
AugBloy UpKaxa 0.2
AugBloy  |VdkDR 0.97
AugBlou DP 212
AugBlou 6.1
AugBlou _|Vaal 32 14 4153 195.2%
[BBlou Vaal $02 502 23%
oe DP 047

VdkDR 0.48

BBlou 1.32
Boegoe UpKaka 2652
Boegoe AugBilou 318
[Boegoe _|Vaal 2276 3137 14.5%
DP UpKaka 0.18
OP AugBlou 0.25
:_5_3 BBlou 1,58
oF Boegoe 426
DP Vaal 7.05 13.29 6.1%
UpKaka UpKaka 0
UpKaxa AugBiou 0.04
UpKaxa VakDR 0.21
UpKaxa Vaal 42 93
UpKaka _|Boegoe 49 82 63 43.0%
Vaal Vaal 6.2 6.2 2 9%
VokDR oF 1.2
VakDR UpKaxa 1.4
VdkDR BBlou 1.62
Ivau DR___|AugBiou 2.43
VdkDR Boegoe 18.88 25.71 11.9%
(Total trade over 20-yean 21612 | 21612 100.0%
Average trade per annum (millm] 10.81

Table 7.34 also shows that even when the price of table grapes is reduced by 33% (just

before unfeasibility), trade away from the traditional table grape regions does not

necessarily increase.

The explanation is that if farmers had the knowledge to plan for such situations, farming

structures would be more diversified and the impact of declining prices reduced. It is clear

that the volume of water traded away from Upington/Kakamas almost halved. Water trade

flow analysis is of paramount importance to gaining more knowledge on existing water

allocation efficiency and predicting the direction of water flow during different marketing

environment regimes.
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Table 7.34: Trade flow (Scen 15)

Total Total | % Contribution
volume |from (mill] 1o total trade

Area from |Area to (mill m*) m’) (from)
[AugBioy  [VAkDR_ 126
[AugBlou Boegoe 5.51
AugBiou \Vaal 47 82 54 69 34 8%
BBlou \Jaal 17.19 17.19 10.9%
Boegoe Boegoe 0.08
Boegoe DP 027
Boegoe VaxDR C42
‘ oe UpKaka 0.5
|Boegoe AugBlou 0.83
Boegoe BBilou 1.29
Boegoe Vaal 12.83 16.23 10.3%
DP DoP 0.02
DP VdkDR 0.31
DP UpKaka 1 34
E’ AugBlou ! 43
DP Boegoe 2.71
DP BBlou 3.06
DP Vaal 3.58 12 45 7.9%
{UpKaka AugBlou 0 65
UpKaka VakDR 1.9
|UpKaka DP 2.35
|UpKaka BBlou 281
|UpKaka Boegoe 7.95

pKaxka Vaal | 3008 4575 29 1%
Vaal Vaal | 205 2.05 1.3%
VokDR UpKaxa | 074
VekDR 28lou 1.04
VaekDR DP 1.27
VekDR Soegoe 1.36
VekDR VakDR 202
VekDR AugBlou 254 8.97 5.7%
Total trade over 20-yaa’s 157 33 157 33 100 0%
Average trade per annum (mill m°) 7.87

The results clearly indicate that water will not necessarily be traded away from the table
grapes regions at the lower table grape price since farmers will make structural changes in

the long-run and use the water on other crops

7.5 REGIONAL MODEL (WATER TARIFF SCENARIO)

Water being the most important input in irrigation agriculture, it was decided to run some
scenarios 1o determine the sensitivity of farm profitability 10 water tarif¥s. For this purpose.
it was also decided to use the regional model and not the typical farm model since it would

also be interesting to look at the impact of water trade. The following scenarios were

analysed
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e  Basc = Current land use with no water trade 20% down variation on LT crop and 5%

down variation on ST crops--20% LT crop and 100% ST crop variation over the total

planning horizon

. Scenl = Same as Base but 50% increase in water tariffs--no water trade

. Scen2 = Same as Base but 100% increase in water tariffs--no water trade
. Scen3 = Same as Base but 150% increase in water tariffs--no water trade
. Scend = Same as Base but 200% increase in water tariffs-—-no water trade

- ScenS = Same as Base but 250% increase in water tariffs--no water trade

- BaseB = Same as Base but water trade

. Scen6 = Same as BaseB but 50% increase in water tariffs--water trade

e  Scen7 = Same as BaseB but 100% increase in water tariffs--water trade
. Scen8 = Same as BaseB but 150% increase in water tariffs--water trade
. Scen9 = Same as BaseB but 200% increase in water tariffs--water trade

. Scenl0 = Same as BaseB but 250% increase in water tariffs--water trade

. BaseC = Same as BaseC but 20% decrease in price of table grapes and 10% for

maize and wheat--water trade

- Scenl ] = Same as BaseC but 50% increase in water tariffs--water trade
. Scenl2 = Same as BaseC but 100% increase in water tariffs--water trade

. Scenl3 =« Same as BaseC but 110% increase in water tariffs--water trade

Table 7.35 compares 2002 water tariffs with 2006 water tariffs. It is important to note that

these water tariffs are average values within the model regions.
Table 7.35: Average Northern Cape water tariffs (Rand per ha)

2002 2006 % Change

River | Canal | River | Canal | River | Canal
Vaal 82 718 374 946 | 358% | 32%
Viak B85 562 168 752 98% | 34%
OP _ 58 | 280 | 168 | 407 | 190% ] 45%
[Boegoe 85 | 750 | 262 | 1149 | 208% | 53%
|UpKaka 85 584 262 720 | 208% | 21%
AugBiou 85 | 500 | 262 | 720 | 208% | 44%
Bblou 85 500 262 720 | 208% | 44%
Average 81 | 657 | 261 | 773 | 211% | 39%

It is clear that the highest increases were on river water use entitlements (between 98-

358%). The canal water use entitlement tariff increased by 30-50%.
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Fable 7.36 shows the water tanffs for increases in increments of 50%. The rcader may
think that these tariff increases are totally unrealistic. However. water tariff increases of
between 100% and 358% have already occurred in most irrigation regions since the tariff

increases started from a very low base tariff.

Table 7.36: Northern Cape water tarifls (Rand per ha for 2002)

> 1 8as¢ | 50% 100% 1 150% | 200% | 250%

River | Canal | River | Canal ' River Canal| River Canal River | Canal| River | Canal
Vaa 50 <l 225 8583 300 584 375 | 1105 | 450 1325 525 1547
VakDR BS 562 127 5] 843 170 1124 | 2125 ] 1405 | 255 1685 | 287 5| 1657
DP 58 280 87 420 116 560 145 700 174 | 840 | 20 980
Boegoe 85 780 | 127 5| 1125 170 1500 | 2125 | 1875 | 255 | 2280 | 287 5| 262%
UpKaka 85 554 2;: 851 170 1188 | 2125 | 1485 | 255 1782 | 297 5| 207
|AugBicy 85 SO0 1275] 780 170 1000 | 2125 | 1250 255 1800 | 29875 | 1750
B o BS | 500 | 1275] 750 | 170 | 1000 | 2125 1250 | 255 | 1500 [ 287 5] 17
To simplify the discussion of the results, the scenarios are divided into three sets:
- Set 1: Base analvsis and scenarios 1-5. Water costs are increased in steps of a 50%
increase from the 2002 costs to 250% of the base tanifT.
. Set 2: BaseB plus scenarios 6-10. The only difference between Set | and 2 is that
water trade is allowed
. Set 3: BaseC plus scenarios 11-13., In these scenanos, water costs are increased in a

scenano of reduced table grapes and grain prices.

T.5.1 Water tariff scenario results

Similar to the table grape scenarios. the results of the regional model water tariff scenarios

are discussed under the following headings

Changes in the aggregated objective function value--basically the net output of
Northern Cape irrigated agriculture.,

e Average Net Farm Income per region per annum and the changes from base

analysis
e Total average land use (area) per region
e Total and per ha water usage
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o Capitalised return on capital investment
e Average marginal value of water

e Water trade between regions

7.5.1.1 Changes in the aggregated objective function value

Table 7.37 to Table 7.39 represent the objective function value for different scenarios. It is
clear that when water trade is not possible (set 1), the objective function value decreases by
about 1.1% in scenario | and 6% in scenario 5. Analysis also shows that the tempo of
decrease in the objective function accelerates with every incremental increase. In the
beginning, it is a 1.1% decrease for a 50% increase in tariffs, while the decrease is 1.3% for

the last incremental increase.

Table 7.37: Objective function value (Set 1)

|Objective function Base | Scen1 | Scen2 | Scend | Scend | Scen5
|Objective (Milson Rand) 28509 | 26183 | 27,856 | 27.526 | 27 182 | 26,798
[Total Orange River irmigation (ha) 106.273] 106.210] 106.139] 106.000] 105.777] 105.622
Oby per ha over 20-years (Rand) 268.263] 265,352 262 4501 259.6791256.974]253.726
Ob) per ha per annum (average) - (Rand) | 13413 | “3268 | 13122 | 12084 | 92840 | 12 686
% deviation from base A11% | -23% | -3.4% | 4.7% | 6.0%

The analysis in Table 7.38 shows that when trade is possible, the objective function value
increases by approximately 4.2% from the base analysis. However, when the tarifTs are
increased, the reduction from BaseB occurs approximately at the same rate as the scenarios
without trade.

Table 7.38: Objective function value (Set 2)

Objective function Base | BaseB | Scen6 | Scen7 | ScenB | Scen§ | Scen10
Objectve (Milkon Rand) 28509 | 206053 | 29386 | 20124 | 28 877 | 28834 | 28 31
Total Orange Rwer irmgation (ha) 106.273] 114.191] 114,132] 114.083] 114 035] 113.983] 113,914
Obj per ha over 20-years (Rand) 268.263[260.025| 257 474| 255 288|253 228[251.212| 249,238
Oby per ha per annum (average) - (Rand) | 13413 | 13001 | 12874 | 12.764 | 12661 | 12561 | 12 462
*% deviation from base 4.2% | 31% | 2.2% | 1.3% | 0.4% | -0.4%

Table 7.39 shows that a substantial impact when the price of table grapes is reduced by
20% and the price of grain by 10%.
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Table 7.39: Objective function value (Set 3)

Objective function BaseC | Scen11| Scen12 | Scen1d
Qpjective (Million Rand) 21421 ] 21064 | 20,751 | 20690
Teotal Orange River imgation (ha) 113497 113422 113.323]913331
Qb par ha over 20-years (Rang 188.736] 185.714] 183.114| 182 553
Obj per ha per annum (average) - (Rand 9437 §.288 9.158 9128
% daviation from base NA A7% | -3.1% | -3.4%

'he maximum water tarifl increase under this scenario is 110% (Scenl3). The reader
should be aware that not all farms are unfeasible at this tariff. However. the model is
structured in such a way that all the farms must be feasible, otherwise the results are
unfeasible. Although water tariffs are a relatively small portion of total production costs
with long-term crops (less than 19), it is otherwise with short-term crops (between 5-
12%). Obviously, in the North Eastern regions where land use is dominated by maize and
wheat. the impact will be more severe than in the Westem regions where long-term crops
dominate.

5.1.2 Average cumulative Net Farm Income (NFI) per region

Table 7.40 represents the average NFI per region. The analysis clearly shows that the NFI
decreases more in the regions where wheat and maize dominate than where long-term

Crops arc grown.

Table 7.40: Total cumulative Net Farm Income (Mill Rand) - Set 1

Region Base | Scenl | Scen2 | Scend | Scend | Scens
Vaal- 397 348 271 225 190 159
VaxDR b4as 530 614 546 877 662
oe f24 LR 554 520 485 451
Boegoe 604 584 565 545 526 507
UpKaxa $325 5255 =187 2113 S038 4067
Aug8lou 4570 4555 4515 4525 4508 458G
B8iou 18137 1815 1632 1628 1626 623
Total (average / annum) 2028 1887 1966 1936 1907 | 1880
mnon - Deviation from base Base Scent | Scen2 | Scenl | Scend | ScenS
Vaal~ NA w17 3% | <27 6% | 43 4% | -52 1% | -59.9%
VauDR NA 2.1% | ~4.7% | -7 4% 10 4% | -12. 7%
oP NA S8% | -11.1% | -16 7% | -22 2% | -27 7%
Bosagoe NA 3 2% -6 5% -8 7% | -130% | -16 1%
UpKaxa NA -1 3% -2 6% -4 0% -5 4% -5 7%
AuzBisy NA -0.3% 0 8% «0.9% «1 3% «1.9%
CEER NA -0.2% Q. 3% 0. 5% 0.7% 0 9%
Total (average) NA -1.6% -3.1% -4 6% -6.0% -7.3%

When trade is possible, the impact of increasing water tarniffs is reduced to some extent (see

lable 7.41).
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Table 7.41: Total cumulative Net Farm Income (Mill Rand) ~ Set 2

Region Base | BaseB | Scené | Scen7 | Scend | Scend | Scen10
Vaalk 387 1417 1259 1123 986 850 719
VakDR £24 650 630 | 615 | 604 591 §77
DF ©24 628 | 600 572 27 €15 487
[Bosgoe 604 | 613 | 605 | 600 | %57 | €96 | 563
UzKaxa B328 | 5320 | 5255 | 5217 | 5177 | 543 | 8120
(AugBioy 4570 4966 465 4853 4547 4044 4638
BBlou 1637 | 1644 | 1641 | 1638 | 1638 | 1632 | 1626
Total (average / annum) 2029 | 2177 | 2137 | 2103 | 2070 | 2039 | 2009
Region Base 8 né | Scen? | Scond | Scend | Scen10
VaalH NA [2568% 217 0% ] 18256% | 148 3% 1114 2% | 810%
VaxDR NA | 06% | -08% | 468% | 52% | 81% | -105%
DP NA | 08% | 37% | 82% | -127% ] -173% | -21.8%
Boegoe NA 16% | 01% | -06% | -11% | -1.0% | -1 6%
[UpKaka NA | 0% | 13% | -27% | -28% | -34% | -36%
eaem NA | 0% | 03% | ©3% | 05% | -0.5% | 06%
BBiou NA | Oa% | 02% | 00% | 02% | O3% | 0O&%
Total (average) NA | 7.3% | 5.3% | 3.6% | 2.0% | 0.5% | -1.0%

The set 3 scenarios in

Table 7.42 show that when the prices of table grapes and grain are reduced, some typical
farms in the Douglas/Prieska region become unfeasible at water tariff increases of more
than 110%. The total regional Net Farm Income is reduced by 9.9% at a 110% tanff

increasc.

Table 7.42: Total cumulative Net Farm Income (Mill Rand) - Set 3

Region BaseC |Scen11 [Scen12 |Scen1d
VaalH 733 592 442 419
VakDR 294 287 279 277
DP 162 134 106 100
283 264 249 248
UpKaka 1965 1900 1822 1808
Mm 1884 1878 1869 1867
BBlou 905 01 896 896
Ioul (average / annum) 890 851 809 802
Region BaseC | Scen11| Scen12| Scen13
VaalH NA -19.2% | -398% | -42.9%
VdkDR NA 26% | 54% | 61%
DP NA -17.4% | -34 7% | -38.2%
|Boegoe NA 67% | -121% | -126%
UpKaka NA -3.3% | -7.3% | -8.0%
Au NA -04% | -08% | -0.9%
BBlou NA 0D4% | -09% | -10%
Total (average) NA | 44% | -9.1% | -9.9%

7.5.1.3 Total average land use per region

Table 7.43 represents the average monthly land use per region. It is clear that there is only
a slight decrease in the total production area.
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Table 7.43: Total Northern Cape crop area based on crop production (ha) - Set 1

Fm Base | Scent | ScenZ | Scend | Scend | ScenS
[Vaar B8 857 | 65 855 | 65 890 | 66 855 | 66 855 | 65 854
ga‘uc‘-ﬁ 30615 ] 30615 | 30615 | 30613 | 30807 | 30581
DP 40311 | 40311 | 40317 [ 40311 | 40310 | 40 31C |
Boegoe 9306 | 9305 | 9204 | 9285 | 9272 | 9225
UpKaka 15584 | 15546 | 15508 | 15416 | 15338 | 15275
AugSiou 7558 | 7583 | 7558 | 7550 | 7450 | 7 448
BBlou $035 | 5035 | 5033 | 5025 | 5025 | 5028
Total @ANC use (na) 175 347|175 295)] 175219| 175069 1 /4 850) 174 728
=oTal c‘ﬁ waler enttiaments (ha) 143 241143 341143 341743 341|143 341|141 341
[Land use as % of anttiement 122% 122% 122% 122% 122% 122%
Region Base | Scen1 | Scen2 | Scenl | Scend | ScenS
VaalH 0.00% | 0.00% | -0.05% | -0.06% | -0 05%
VakDR 0.00% | 000% | -0.01% | -0.05% | -0.11%
DP 0.00% | 000% | 0.00% | 0.00% | 0.00%
Eceqoe 0.01% | -0.13% | -0.18% | -0.37% | -0 87%
UpKaka -0.25% | -0.49% | -1.08% | -1 58% | -1 06%
AugBlou 0.15% | -0.52% | -0.62% | -1.81% | -1.97%
EBiou 0.00% | 0.04% | 0.21% | -0.21% | -0.21%
(Total lanc use <0.03% | -007% | -0.16% | -0.28% | -0.35%

Although not shown here. the results for the Set 2 scenarios are similar, However, when the
prices of table grapes and grain are reduced, the situation changes, and it is clear that more

short-term crops are produced since land use increases from 122% to 134%.

Table 7.44: Total Northern Cape crop area based on crop production (ha) - Set 3

ngon BaseC | Scen11| Scen12| Scen1l
Vaal+ 84 397 | 84 338 | 54,292 | B84 320
VakDR 30632 | 30630 | 30627 | 30627
D# 40295 | 40.301 | 40.308 | 40.312
Boegce 9 378 9.377 9.3583 9 385
Upxaka 15 360 | 15 307 15229 | 15 219
Augﬁlou 7 454 7 457 7470 7473
BBlou 5113 5118 5105 5108
(Total land use (ha) 192 626] 192 527 | 192.394| 192 422
Total OR water entitlements (ha) 143 3411143 341 143 341|143 341
Lang use as L of enitiemeant 134% 134% 134°% 134°%
Region BaseC | Scen11| Scen12 | Scen13
Vaal+ NA DO07% | -0.12% | -0 08%
VakDR NA 001% | -0.01% | -0 02%
DP NA 001% 0.03% 0 04%
Boegoe NA 001% | -0.14% | -0.12%
UpKaka NA 0 34% | -0.88% | -0 §2%
AugBlou NA 0.04% 021% 026%
Eglou NA 0.07% -0.14% | -0.13%
[Total land use NA 005% | -012% | -0 11%

The same trend (compared to set | and set 2) follows in Set 3 where increasing taniffs do

not bring about significant changes in land use. which changes by less than 0.5% in total.
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7.53.1.4 Total and per ha water usage

Table 7.45 represents crop water usage for the Northern Cape. It is clear that total water

usage declines with increasing water tariffs if no water trade is possible.

Table 7.45: Northern Cape total crop water usage (Mill m’) - Set 1

&gbn Base | Sceni | Scen2 | Scen3 | Scend | Scens
VaalH 452 448 448 448 448 448
VdkDR 218 210 210 208 208 207
DP 250 | 244 | 244 | 244 | 244 | 244
Boegoe 135 | 125 | 125 | 123 | 123 | 122
UpKaka 252 229 221 218 213 21
AugBiou 108 | 102 | o6 | o | o6 | 96
(BBlou 72 | 69 | 69 | 68 | 69 | 68
Total (amgc / annum) 1487 1427 1415 1409 1401 1397

If all water tariffs increase by 250%, total annual crop water usage declines by 90 million
m’ or about 6.8%. The result is consistent with the theory that demand for irrigation water
is relatively inelastic especially for long-term crops and corresponds with previous work in
the Berg River (Louw, 2002).

When water can be traded, water usage increases initially since water flows to the North
Eastern regions. However, as water tariffs increase, demand decreases but less than in

scenarios where water trade is not allowed (see Table 7.46).

Table 7.46: Northern Cape total crop water usage (Mill m’) - Set 2

[Region Base | BaseB | Scenb | Scen? | ScenB | Scend | Scen10
VaaH 452 | 557 | 596 | 596 | 596 | 595 | 565
VokDR 218 | 213 | 212 | 211 | 211 | 211 | 210
DP 250 | 245 | 245 | 245 | 245 | 245 | 244
|Boegoe 135 137 137 137 137 137 136
UpKaka 252 | 238 | 237 | 23% | 237 | 237 | 237
AugBiou 108 | 110 | 190 | 190 | 110 | 110 | 110
BBlou 72 76 76 76 76 76 75|
Total (average / annum) 1487 | 1614 | 1613 | 1610 | 1610 | 1609 | 1607

Table 7.47 represents the Northermn Cape's total water usage for Set 3 scenarios. The results
indicate that total water usage increases with increasing water tariffs since structural

changes are probably towards crops with higher water use.
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The conclusion reached is that increasing water tariffs will not necessarily lead to a decline
in total water usage. If farmers can make structural changes to other crops when the price
of table grapes and grain are reduced, the new combination of crops may use more water

even if it is more expensive.

Table 7.47: Northern Cape total crop water usage (Mill m’) - Set 3

Region | BaseC | Scent1] Scen12| Scen1d
VaalH 600 599 | 599 600
VdkDR 212 212 213 213
DP 245 245 245 245
Boegoe 137 137 136 136
UpKaka 231 232 | 233 234
AugBlou 106 106 | 108 107
BBlou 75 75 76 78
Total (average / annum) 1607 1607 1610 1611

7.5 1.5 Capitalised return on capital investment

Table 7.48 and Table 7.49 represents capitalised retumn on capital investment for the Set |
and Set 2 scenarios respectively. Similar to the NFI results, the impact of increased in
water tariffs is more severe in arcas where wheat and maize dominate. The most significant
change is in the Vaalharts region if water trade is not activated. The retumn on capital

investment is reduced from 4% to 1.6% when water tariffs increase by 250%.

Table 7.48: Capitalised return on capital investment (%) - Set 1

_g_ognon Base | Scen1 | Scen2 | Scen3 | Scend  ScenS
VaaH 4 0% 33% 2.7% 2.3% 1.5% 1 6%
VdxDR 74% 7.2% 7.1% 6 9% 68% 8.5%
DP 56% | 52% | 49% | 46% | 43% | 40%
Boegoe 118% | 115% | 11.1% ] 10.7% | 103% | 9.9%
UpKaka 24.7% | 243% | 240% | 23.7% | 23 3% | 23.0%
AugBlou 336% | 335% | 334% | 333% | 332% | 33.1%
BHiou 355% | 355% | 354% | 353% | 353% | 35.2%

Table 7.49: Capitalised return on capital investment (%) = Set 2

[Region | Base | BaseB | Scené | Scen7 | Scen8 | ScenS | Scen10/
vaalm % | 14.2% | 127% | 11.0% | 6.9% | 8.5% | 7.2
VakDR T8% | 7.3 T1% | 6% | 6% | E6
oF S6% | £3% | 5% | a8% | 46% | 43
Boegoe | 11.8% | 120% | 11.9% | 11.8% | 11.7% | 11.7% | 116%
UpHaks 47% | 24E6% | 243% | 242% | 24 0% | 238% | 23 7%
Augsicy 8% | 3387 33.5% | 33.5% 334% | 334&% | 334
ESloy §% | 35.7% | 356% | 355% | 35.5% | 354% | 353¢
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However, when trade is possible, return on capital investment increases significantly,
especially in the North Eastern regions, where the impact of the increased water tariffs can

be absorbed 1o some extent through increased production of wheat and maize.

The Set 3 scenarios are interesting (Table 7.50). In Scenario 13, water tariffs are increased
to a point just before unfeasibility of the model. However, it is only at the point of
unfeasibility in the Douglas/Prieska region. The other regions are still feasible even with a
huge increase in water tariffs. The results clearly show that there is less impact in long-term

crop regions than in wheat/maize production regions.

Table 7.50: Capitalised return on capital investment (%) — Set 3

Region BaseC [ Scen11]Scen12] Scen13
VaalH 74% | 60% | 44% | 42%
VdkDR 34% | 33% | 32% | 32%
DP 14% | 12% | 09% | 09%
Boegoe 56% | 52% | 49% | 49%
UpKaka 91% | 88% | 84% | 84%
AugBlou 12.7% | 12.7% | 126% | 126%
BBlou 196% | 19.5% | 19.4% | 19.4%

7.5.1.6 Average marginal value of water

When water tariffs increase, the effect is similar to water scarcity. The results in Table 7.51
and When the price of crops is reduced, capitalised marginal water value will obviously
decrcase. Tables 7.52 to 7.53 indicate that the increase in marginal values is generally

smaller than in the Set 2 scenarios (Base crop prices).

Table 7.52 are important. In general, capitalised marginal value of water increases in all

regions as water tariffs are increased.

This result is even clearer when water trade is activated. Table 7.51 shows huge increases
in the marginal value of the water, especially when water tariffs are increased by more than
150%.
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Table 7.51: Average capitalised marginal value of water (Rand per ha) - Set 1

[Region Base | Sceni | Scen2 | Scen3 | Scend | Scens
VaaH 10467 | 10926 | 10845 | 10626 | 11 835 | 11.736
VdkDR 12298 | 12133 | 12067 | 11879 | 11,704 | 11 627
DP 11,235 ] 11,727 | 11640 | 11,727 | 12.703 | 12 597
Boegoe 17950 | 17570 | 17.355 | 16620 | 15985 | 15.650
UpKaka 105 6875 1,245 1.830 2400 2.970
Melou 285 945 1,620 | 2280 | 2.940 3615
BBlou 7.395 7.245 7.365 7.215 7.170 7.215

When the price of crops is reduced. capitalised marginal water value will obviously
decrease. Tables 7.52 to 7.53 indicate that the increase in marginal values is generally

smaller than in the Set 2 scenarios (Base crop prices).

Table 7.52: Average capitalised marginal value of water (Rand per ha) - Set 2

Region Base | BaseB Scens | Scen7 | Scen8 | Scen9 | Scen1d
Vaal+ 10467 | 1026 | 1456 | 1464 | 2485 | §385 | 12 240
Va«<DR 12.298 0 | 2409 | 2405 | 8503 | 12023 | 15532
oP 11235] 1101 | 2116 216 7467 | 10558 | 13.640
85egce | 17650 ] 1180 | 2380 | 2360 | 5185 | 8770 | 8440

UpKara | 105 870 | 5870 | 567C 5,255 | 20 040 | 24 84C
AuzBlou | 285 2400 | 6515 | 6915 | 15255 | 20040 | 24 84C
88icu ] 7385 0 ] O | 0 6450 | 11250 ] 16 110

Table 7.53: Average capitalised marginal value of water (Rand per ha) - Set 3

Region | BaseC | Scen11]| Scen12 | Scen13
VaaH 1.035 1044 3.141 3. 807
VdkOR 0 728 1.034 | 12387
DP | 1111 1.121 3.371 4 088
Boegoe | 1500 | 7.655 | 17.125 | 18630
UoKaxa | 870 5670 | 10455 | 11415
AugBlou <400 4 835 5055 5550
EBlou | 0 1080 | 5055 | 5550

7.3.1.7 Water trade between regions

Table 7.54 and Table 7.55 show the theoretical direction in which water will be traded and

the total volume of water trade.,

Almost 74% of the total water traded in the BaseB analysis is from a number of regions
towards Vaalharts. The average total water trade per annum is about 7.8 million m™ (less

than 0.5% of the total annual water supply to agriculture. It was pointed out carlier in this

chapter that according to the farm survey data there is a relatively large shortage of
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irrigation water in the Vaalharts region (8 610 ha or 77 million m’). It is therefore not

surprising that 73.6% of the water trade is towards Vaalharts and mainly from the

AupKaka, AugBlou, and Bblou regions.

Table 7.54: Water trade - Scenario BaseB

Total volume| Total volume |9 of total

From To ~ (millm®) | to(mill m®) |trade
VdkDR AugBlou 1.61

DP AugBlou 0.97

Boegoe AugBlou 0.21

AugBlou AugBlou 0.61 34 2.2%
VdkDR BBlou 1.25

DP BBlou 048

Boegoe BBlou 329

UpKaka BBlou 25 7.52 4.8%
UpKaka Boegoe 12.41

AugBlou Boegoe 0.54

VdkDR Boegoe 374 =

DP Boegoe 1.19 17.88 11.4%
VdkDR DP 0.47

DP DP 0

Boegoe DP 0.13

UpKaka DP 1.05

AugBlou DP 0.52 2.17 1.4%
VdkDR UpKaka X

DP UpKaka 0.3
|Boegoe UpKaka 0.76 3.16 2.0%
Vaal Vaal 3

DP Vaal 2.58

Boegoe Vaal 14 35

UpKaka Vaal 35.41

AugBlou Vaal 53.55

BBlou Vaal 6.6 11549 736%
VdkDR VdkDR 0.41

DP VdkDR 0.3

UpKaka VdkDR 6.1

AugBlou VdkDR 0.54 7.35 4.7%
Total trade over 20-years (mill m°) 156.97 100.0%
Average annual water trade (mill m’) 7.8

Total annual water entitlement (mill m°) 1606

Water trade as percentage of total entitiement 0.5%

With a 150% increase in water tariffs, water trade increases. The main reason for this is

structural changes towards more profitable crops. Total water trade increases to

approximately 0.77% of total annual water allocation.
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Table 7.55: Water trade - scenario 8
%T % of
Total volume | volume to total
From To (mill m®) (millm®) | trade
VdkDR AugBlou 2.1
DP AugBlou 142
Boegoe AugBlou 0.34
UpKaka AugBlou 1.54
AugBlou AugBlou 0.15 5.55 2.24%
VdkDR BBlou 142
DP BBlou 057
Boegoe 8Blou 532
UpKaka BBlou 348 10.78 4 36%
UpKaka Boegoe 11.24
[AugBlou Boegoe 024
VakDR Boegoe 213
DP Boegoe 1.1 14.71 5.94%
VdkDR DP 0 47
DP DP 0.01
Boegoe OP 277
UpKaka DP 7.72
AugBlou DP 13.82 24 79 10.02%
UpKaka UpKaka 3.37
VdkDR UpKaxa 0.67
DP UpKaka 049 453 1.83%
Vaal Vaal 2.96
DP Vaal 1.36
Boegoe Vaal 16.25
UpKaka Vaal 49 28
[AugBlou Vaal 54.77
BBlou Vaal 4 83 128 45 52 30%
VdkDR VdkDR 0.12
DP VdkDR 03
Boegoe VdkDR 209
UpKaka VdkDR 22 91
[AugBlou VdkDR 13 46 57.69 2331%
Total trade over 20-years (mill m°) 247.51 100.00%
Average annual water trade (mill m°) 12.4
Total annual water entitiement (mill m’) 1606
Water trade as percentage of total entitlement 0.77%

lable 7.56 represents water trade volumes for the BaseC scenario (decrease in crop prices).

Most of the water trade is towards Vaalharts and Boegoeberg and Vanderkloof. An average

of 6.8 million m” of water trades annually — less than the BaseB scenario. The results

indicate that less water will be traded when crop prices are reduced.
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Table 7.56: Water trade - scenario BaseC

Total
Total volume | volume to | % of total
From To (millm®) | (milm®*) | trade
Boegoe AugBlou 012
UpKaka AugBlou 0.18
VdkDR AugBlou 1.77
DP AugBlou 072] 279 2.1%
VdkDR BBlou 045
DP BBlou 0.23
|Boegoe BBlou 135 203 1.5%
UpKaka Boegoe 926
VdkDR Boegoe 1
DP Boegce 0.48
Boegoe Boegce 0.01
AugBlou Boegoe 052] 11.27 8.4%
VdkDR DP 1.13
DpP DP 0.1
Boegoe DP 0.02
UpKaka DP 0.52
lA_ugBlou DP 1.75 3.52 26%
VdkDR UpKaka 04
DP UpKaka 04
Boegoe UpKaka 041 1.21 0.9%
Vaal Vaal 208
oP Vaal 1.88
|Boegoe Vaal 11.13
UpKaka Vaal 3355
AugBlou Vaal 49 45
BBlou Vaal 6581 104.91 78.5%
DP VdkDR 004
Boegoe VdkDR 066
UpKaka VdkDR 453
Lugam VdkDR 266 7.88 5.8%
Total trade over 20-years (mill m’) 13362 | 100%
Average annual water trade (mill m’) 6.68
Total annual water entitiement (mill m’) 1606
Water trade as percentage of total entitiement 0.42%

The results in Table 7.57 are of great significance. When the tanifT of water increases by
110% in scenario 12, water trade increases threefold. Approximately 444 million m* trades
over the 20-vear planning horizon (22 million m* per annum or 1.38% of the total annual
allocation). About 139 million m’ are traded in the direction of Vaalharts.




"
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Table 7.57: Water trade - scenario 12

Total

Total volume | volume to | % of total
From To (mill m*) (mill m*) | trade
VakOR |AugBlou 123
oP |AugBloy 0.3
Soegoe AugBlou 37 45
UpKaka AugBloy 084 39 82 8.96%
VdkDR BBlou 245
oP BBlou 0.1
8oegoe BBlou 625
UpKaka BBlou 0.8 85.85] 14.82%
AugBlou Beegoe 0.58
VdkDR Boegoe 6.08
DP |Boegoe 205
HBoegoe Beegoe 88
UpKaka Bcegoe 76.15 S6.66] 21.76%
VakDR DP 15
oP oP .01
Boegoe |DP 11.14
UpKaka oP 10.05
AugBicu DP 16.06 38.77 8.73%
VdkDR Upxaka 032
Soegoe Upxaka 3.75 407 0.82
Vaal |Vaal 2.1
oP Vaal 163
8oegce Vaal 2265
UpKaka |\Vaal 56.72
AugBicu Vaal 52.27
8Blou Vaal 382 136.3] 31.36%
OP VexDR 0.22
Soegoe Vox DR 18 84
UpKaka |VokDR 13.72
AugBlocu Vo DR 282 56.78] 13.46%
Total trade over 20-years (mill m’) 444| 100.00%
Average annual water trade (mill m’) 22
Total annual water entitlement (mill m*) 1606
Water trade as percentage of total entitiement 1.38%

It is also significant to note that in terms of contribution to total trade. much less is traded
towards Vaalharts and more to Boegoeberg, BBlou, DP and Augrabies/Blouputs. However,
in terms of total value. more water flows to Vaalharts (139 million m" compared to 104.9

million m” in BaseC). The reason for this (although not shown in the table) is a significant

increase in crops such as citrus, pecan nuts and olives.
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7.6 SUMMARY

It was pointed out in the introduction that this chapter deals with sub-objectives 2 and 3 of

the terms of reference:

e  Todevelop a decision-making framework which farmers can use to reduce their risk.
. To compare present water use practices with optimal risk-reducing practices and to

find reasons for deviation.

It was also pointed out that the development of both the typical farm models and the
regional models provides the analytical framework to analyse altermative risk-reducing
strategies (sub-objective 2). The table grape scenario is an extremely useful case study
since it contains all the elements 1o illustrate how a lack of marketing information can lead
to non-optimal resource allocations and to suggest risk-reducing practices for managing the

situation more effectively.

The following conclusions can be drawn from the typical farm model results:

. The result of the CGE model corresponds with the observed reduction in table grape
prices in the Orange River. The CGE model calculated that the local farm level price
(Delivered in Port) will decrease by 22% if the intemational price of fruit is reduced
by 20%. It was pointed out in Table 7.1 that the observed reduction is 22.75%. This
result is important 1o illustrate the link between CGE (macro economic) and micro
cconomic models.

. The typical farm model scenarios showed that a 20% decrease in the price of table
grapes reduced the retum on capital investment from 37.4% in the base to around
18.5% (reduction of more than 50% in Net Farm Income). This represents a huge
decrease in profitability. It is also important to note that a 20% reduction in the price
of table grapes is an average in reduction. There are substantial variations between
the price that farmers actually receive since it will depend on markets where the
farmers sell their fruit and the cost structure of the exporter. In this regard, farmers
can reduce their risks. For example, it was pointed out that a reduction of around 40%
is unfeasible (farmers go bankrupt), but, on the other hand, there will also be farmers
with a less than 20% reduction since they are actively involved in marketing their
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product. From a risk management point of view, it is therefore important for farmers
to get involved on the marketing side of the supply chain. This is not only true for
table grape farmers but for all crop farmers as it is a powerful marketing risk-
management tool.

. It was also pointed out that marketing information is the key to managing marketing
risks. In this regard, industry organisations such as the Deciduous Fruit Producers
Trust and the so-called Joint Marketing Forums (JMF 's) should play an important
role. In the JMF's, producers and exporters collaborate to share supply (crop
estimates, fruit intake, and shipments) and demand (Southern hemisphere shipments
and price information for alternative markets) information.

. limely and accurate fruit intake and shipment information, the availability of
accurate market compliance information, and price information are obviously keys to
efficient marketing decisions. In this regard, government can play an extremely
important role by forming partnerships with industry organisations o develop
information systems to improve the accuracy and timeliness of information, thereby
creating an environment where the private sector can take advantage of marketing
opportunities and reduce marketing risks.

. I'he results also clearly indicated that a more diverse farming structure is a key
strategy to reduce marketing risks. The results indicated that optimum farm
structures, after a reduction in the price of table grapes, are different 10 observed farm
structurcs. If farmers had had better marketing information and the skills o interpret
il they would have taken other production decisions. The results clearly show that
farm structures would have been more diversified. More diversified farm structures
enable farmers to absorb market failures more efficiently than specialised farm
structures.,

. A huge increase in the price of raisins does not necessarily combat the reduction in
table grapes. Since Sultana grapes are more flexible than other table grapes. the
results indicate that farmers do alternate between grapes for exports and grapes for
raisins when the price of table grapes is reduced. Of course, it Is not an optimum
market risk reduction strategy since farmers need to produce what the market wants
What the market wants changes over time, so it will not be feasible to produce
Sultanas alone. However, since Sultanas represent approximately 45% of the total

table grape crop mix, it is part of the nsk reduction strategy to some extent. The

result also corresponds with the observed reaction of table grape farmers in the
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Orange River. It is not uncommon 1o hear industry leaders and exporters talk about
the “Sultana factor™ which creates enormous challenges for crop estimates since it is
unknown before the scason how many farmers will convert from export to raisin
grapes.

. One outcome of marketing risks that is extremely difficult to manage is its impact on
the value of land. Since 2002, the observed market value of land has been reduced by
more than 50%. Farms sold in excess of R150 000 per ha were auctioned for less than
R70 000 per ha. The impact on financing should be obvious since financers react to
the observed value of land because their security is reduced. Farms that were solvent
became insolvent over a short period just because of a property re-valuation. Analysis
shows that the model results are consistent with what has been observed. The average
capitalised marginal value of the land decreased from R204 000 per ha (Base) to
R107 000 ha with a 20% reduction in the price of table grapes. One way of managing
this risk is 10 ensure that financing decisions are very conservative and that more
emphasis is placed on ability to pay than property value. Proper price and yield
sensitivity analysis should accompany any application for production loans. In the
opinion of the authors, banks have also been guilty in this regard. They should play
an important role in reducing marketing risks by being more conservative and
insisting on proper sensitivity analysis.

. Capitalised marginal water value decreases with a reduction in the price of table
grapes. The results are consistent with the micro economic theory that demand for
irrigation water is derived from the demand for irrigation crops. From a policy point
of view, this result is important. The spirit of the new water act is (o use water 1o its
highest value. The indirect effect of inability to manage market risks is the creation of
potential for inefficient water usage. It has been pointed out that it is extremely
difficult 1o change the farm structure on a farm designed to produce table grapes.
However, if the farms were designed to be more flexible in coping with marketing
risks, they would have a greater ability to absorb them.

. It was also pointed out that a reduction in the cost structure of farms should be part of
marketing risk management. On the one side, farmers and marketers should
continuously strive to reduce production and supply chain costs. On the other hand,
government should also play an important role in reducing the cost of doing business.
For example, agricultural labour, land, and water policies should consider the risks

involved in agriculture (variation in crop yield and price and natural disasters).
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. I'he importance of training farmers in market analysis and market intelligence has
been mentioned. A casual observation in the region is that many farmers still do not
have adequate training to cope with the post-deregulation marketing environment,
especially new, emerging and older farmers. The Department of Agriculture, in
partnership with industry bodies, can play an extremely useful role in educating these
farmers to cope with marketing risks

. Finally, it was pointed out that although only one market risk scenanio was illustrated
in this chapter, the typical farm models can be extremely useful to test risk-aversion
strategies for specific typical farms with different farm structures. Although it is
possible 1o suggest general risk-aversion strategies. very specific strategies will have

10 be developed for different regions. farm structures and farm sizes

I'he results of the regional model came to more or less the same conclusions as the table

grape scenario plus the following additional conclusions:

. The overall conclusion regarding the regional model is that it is extremely useful for
indicating the direction water will trade in, to remove inefTiciencies from overall
water allocations.

. By analvsing scenarios with and without water trade. it is possible to theoretically
identify regions with surplus water and inefTiciencies in water allocations, on the one
hand. and on the other hand to identify regions with water shortages

. The analysis showed that approximately 10% of total water use right allocation in the
Northern Cape was unused during 2002, Most of the unused water was in the
Western regions below Boegoeberg. On the other hand, the analysis showed that

-

there was a shortage of approximately 8 600 ha (77 million m’) in the Vaalharts
region. It can therefore be concluded that farmers cither extract more water than their
allocation or do not irrigate optimally (sub-optimal irmigation). The authors believe
that the latter is most probably the case since DWAF uses aerial photographs to
identify these farmers. and the penalty for over abstraction is heavy.

. When the price of table grapes is reduced by 20% and structural change is
impossible. the total net output of the Northermn Cape is reduced by R6.33 billion over
20 vears or R316.5 million per annum (this is the cumulative effect of a 20%
reduction in the price of table grapes over 20 vears). This figure gives an indication

of the cost of “not knowing™.
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e  The analysis also indicates that farmers who can make structural adjustments will
adjust their farm structure to the reduction in the price of table grapes.

. When water trade is possible, it can contribute to reducing the impact slightly.
However, the results indicate that there is no significant difference between scenarios
where structural change is possible and the same scenarios but with water trade. The
result is that inefficiencies will be removed from the system through a combination of
structural changes and water re-allocation.

. When water trade is activated in the model, most trade is towards Vaalharts. This
result can be explained by the calculations made to determine where water shortages
exist. In general, water flows from regions of unused water to those where there is a
shortage.

. It was also pointed out that the wheat/maize double cropping system needs between 9
150 and 15 000 m’ depending on cultivar (ecarly/late). It is therefore obvious that it is
not possible to do double cropping in a region where the average water use allocation
is 9 000 m® unless crops are irrigated sub-optimally.

. The reduction in the Net Farm Income per region is almost identical to that of the
typical farm model for Augrabies/Blouputs. This is no surprise since the same data
are used in each of the models.

. Significant structural changes are induced by a reduction in the price of table grapes.
Although this is not shown in the results, most of the changes in long-term crops are
towards olives, pecan nuts, citrus, and luceme. This result is imporant since,
similarly to the typical farm model, it emphasises the importance of a diverse farming
structure 1o cope with market risks.

. It was also pointed out that the impacts of a long-term market trend (such as a
reduction in the price of table grapes) pose serious long-term financial problems to
farmers. Even if they want to make structural changes, their financial situation and
reduced property value prevents them for obtaining finance to make these changes.

. The analysis also shows a substantial increase in land and water use in the Vaalharts
region when trade is possible. Land use increases from 119% to 138% when
calibration restrictions are released and water trade is possible. Overall water use
efficiency increases since water can relocate from water surplus regions to water

shortage regions.
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. Crop water usage per ha is also an indication of water use efficiency. Although water
markets induce an increase in total water usage, water requirements per ha decrease
when water trade is activated.

. The results also show that crop water usage per ha increases when the price of table
grapes is reduced, indicating that structural changes induced by reduction in the price
of table grapes will not necessarily be more water efficient.

. An analysis of capitalised marginal water value reveals important information. The
analysis clearly shows that water is generally traded towards the regions with the
highest marginal water value, from the Western regions to the North Eastern regions.

. Although relatively large volumes of water trade over the 20-year planning horizon,

less than 196 of the total annual water allocation is traded

Water tariffs are a major issuc for irrigation farmers and government. To gain some insight
into the impact of water tarills, several scenarios were analysed--with trade, without trade,
and with reduced crop prices. These scenarios fall into the category of increasing input cost
impact on farm profitability and the ability 1o absorb market risks. The following can be

concluded from the analysis

. Water tarifl increases to the order of 100-200% have not been uncommon in the
Northern Cape since 2002. The tarift for direct abstraction from the river. in
particular, increased significantly

. Water costs as percentage of total production cost vary from less than 1% for most
long-term crops to between 5-12% for short-term crops. It is therefore obvious that
increased production costs will impact more negatively on farm profitability in
regions where most crops are short-term

. I'he result indicates that without water trade, the impact of a 150% increase in water
tariffs is the reduction of total irrigation farming value (objective function value) by
about 3.4%. This amounts 10 a cumulative effect of R290 million in present value
terms over the 20-year planning horizon

. lhe analysis also indicates that water trade reduccs the impact of an increasing water
tariff to some extent since water is allocated more efficiently.

. When the price of table grapes is reduced by 20% and grain by 0% the results are

significant since it is a fairly realistic scenario that has unfolded during the last few

vears. The results indicate that grain farmers can now not absorb more than a 110%
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increase in water tariffs. However, at the same time it is pointed out that not all farms
are in the same position. The impact on regions where long-term crops are produced
is insignificant.

. The total Net Farm Income is reduced by 9.9% when crop prices are reduced and
water tariffs increase by 110%.

e The results also indicate that structural changes are insignificant at base analysis crop
prices when water tarifls are increased. However, when crop prices are reduced,
significant structural changes take place. However, they are not induced by higher
water tariffs, but by reduced crop prices.

e At a water tarifl increasc of 250%, the total water usage only declines by
approximately 6.8%. This result is consistent with results from other studies that
indicate a very inelastic water demand function for agriculture and specifically for
long-term crops.

. Also, the result indicates that when crop prices are reduced and water tariffs are
increasing, the net result will not necessarily be a reduction in total water usage since
farmers will make structural changes and the new structures may use more water,

e  Both the results in the previous two bullets are important from a water demand
management point of view. They indicate that water tariffs in agriculture are not
necessarily an efficient tool to induce more efficient water use. There are other,
market-related factors that carry more weight when farmers make crops production
decisions.

. In genceral, capitalised marginal water value increases in all regions as water tariffs
are increased. This result is even clearer when water trade is activated. Table 7.51
shows huge increases in marginal water value, especially when water tariffs are
increased by more than 150%. The explanation for this result is that increased water
tariffs raise water scarcity value,

e  The water trade results are similar to the table grape scenarios. Water flows mainly to
the Vaalharts region. The result also indicates that more water will trade at higher
water tariffs. Also, the results indicate that when crop prices are reduced, there will
be a reduction in water trade compared to a scenario with the same water tarifT but
base crop prices.

. The results also indicate that when both crop prices are reduced and water tariffs are
increased, trade increases substantially, from about 6.8 million m’ to approximately

22 million m’. This result is important since it shows that reduced crop prices
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CHAPTER
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

8.1 INTRODUCTION

This study focused on quantifying market risk impact on efficient irrigation water use and
determining the multiplier effects of irrigation accompanied by a shift in production
patterns with reference to the middle and lower Orange River on the total economy of the
Northern Cape. It was pointed out in this report that the study was extended to include parts
of the Vaalharts imigation scheme and borchole irrigation 10 enable the modelling

framework to simulate the total contribution of irrigation agriculture in the Northern Cape.

Project sub-objectives (not necessarily in the sequence in which they were addressed) were:

. To identify and quantify risk factors in irrigation agriculture
. l'o develop a decision-making framework which farmers can use 1o reduce their risk.
. l'o compare present water use practices with optimal risk-reducing practices and to

find reasons for deviations from the optimal.

This volume of the report only addressed sub-objective 1-3. The other sub-objectives were

covered in Volume 2. They are:

- To identify and quantify the relevant products and economic sectors in the Northemn
Cape economy.

. T'o make distinguish between irrigation and non-irrigation agricultural sectors.

. To derive the relevant coefficients for the Northern Cape from the national input-
output model by using the product balance approach.

. To develop a policy framework on effective water management for regions where

irrigation agriculture makes a major contribution to the economy.
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This chapter involves a summary and conclusion of the most important findings of this

study and recommendations for further actions and research,

8.2 SUMMARY OF FINDINGS AND CONCLUSIONS

All the objectives of this project were reached and more. Instead of just simulating the
middle and lower Orange River, the Vaalhans region and irrigation from borcholes were
also included. The most important findings are summarised in three sections: literature
review, the development of a decision-making framework and finally a comparison of
present water use practices with optimal risk reducing practices

> B Literature review

a) The various tvpes of market risk are price, gross margin, cash flow, and financial
risk. By not hedging. a producer is exposed to all these risks

b) The size of the actual investment in inputs and capital all increase the risk to the
producer,

¢) Changes in both support programs and the nature of agricultural markets have
forced producers to become more self-reliant in the arca of risk management. Risk
management is relevant for most operations as a way of limiting risk in terms of
price, gross margin. cash flow, and financial stability. It is 2 means of maintaining
farm viability and protecting existing levels of equity

d) The literature review in this chapter is important to understand the context in which
the modelling framework was developed. It was pointed out that during recent
vears, the marketing environment has become more risky and more volatile. both
in terms of operational and strategic risks.

¢) The literature review highlighted the importance of external help / twols that
producers and other decision makers should use in developing risk management
strategies. It 1s therefore important to Kknow what tools are available, the advantages
and disadvantages of each tool. and how they can be used individually or together
to manage risk. This will help producers 1o become more effective managers and
allow them to continue to be competitive in the global marketplace.

) The principal purpose of risk-retumn analysis lies in ranking alternative farm plans

on the basis of nsk and examining trade-offs between risk and mean income
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g)

h)

i)

i)

k)

However, analysing trade-offs between risk (defined as deviations from mean
income) and mean income is subject to question, since risk is not expressed in a
pure sense: i.¢. such a risk expression is not independent of but rather dependent on
mean income. Furthermore, in most cases, the only possible way to reduce (or
eliminate) risk in MOTAD (and quadratic programming) is to reduce (or eliminate)
income. Yet, from a practical standpoint, it is not higher income per se that poses a
threat. On the contrary, it is low income, yielding negative deviations from a fixed
level of acceptable target income. While it seems perfectly normal to penalize
negative deviations as a source of risk, it is very difTicult 0 view positive
deviations as a genuine source of risk. That is, do rational producers really attach
as much dis-utility to high-income years as they do to low-income years? If not,
the Target MOTAD model appears to be a more plausible approach for examining
risk-return trade offs and is also more consistent with risk literature (Watts et al.,
1984). Finally, Grove (2005) pointed out that special additions to the methodology
are necessary 1o use Motad methodology in multi-period models.

The DLP technique has been extensively used in other countries, especially the
USA and Europe, and, as already mentioned, SA. Any attempt to simulate the farm
system should at least include the objectives of the farm unit, the resources
available to reach these objectives, and alternative activities to reach them. It is an
extremely useful tool to analyse “what if” questions.

Risk management in agriculture has become an important part of the management
function for primary producers, industry bodies, and government alike.

Analytical wols as part of a framework to aid decision makers in formulating risk
management strategies can be extremely useful.

However, decision makers will only use these analytical wools if the value of these
tools can be proven to make better decisions.

Water allocation and water use efficiency are important components of the New
Water Act (1998). It is therefore of paramount importance to consider the impact

of market risk on efTicient water allocation and water use efficiency.

8.2.2 Development of a decision-making framework

The first step in the development of a decision-making framework is to describe the

system. In this study, the system is imrigation agriculture in the Northemn Cape. The second
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step is to develop a modelling framework to enable decision makers to get a better

understanding of how the system reacts to impulses (negative or positive) from the outside

(the environment). In this study, the impulses are those with a direct or indirect link to the

market risks discussed in the previous section and specifically those that will be discussed

in the following section. The following is a brief summary of the conclusions:

&)

b)

<)

¢)

)]

h)

The almost 143 000 ha of imrigation land (water usc entitlement) makes a
substantial contribution to the Northemm Cape economy in terms of forward and
backward e¢conomic multipliers. Volume 2 of this report gives a detailed
description of the contribution of agriculture.

Irrigation agriculture is also regarded as an important vehicle for the redistribution
of wealth through several development projects which are either already in
operation or in the planning phase.

lherefore 1t is of paramount importance that decision makers make objective
decisions to ensure that water is allocated efficiently to ensure a maximum
contribution to economic growth. Water should be used in its highest value.

It was alrcady pointed out that models can be extremely useful tools in a decision-
making framework to assist in making more objective decisions,

[t was also pointed out that market risk can result in inefficient water use if not
managed properiy

The objective of developing the decision-making framework in this study was o
mode! all the imigation regions in the Northem Cape 10 capture total current and
potential future agricultural production. This is necessary to capture total irrigation
water usage and total output from irrigation agriculture with the view of linking the
output from the micro models to that of the macro model and vice-versa.

It is necessary to divide the region into regions that make sense and are practical
from a modelling viewpoint. The first logical division of the irrigation regions
would have been the areas of the Water User Associations (WUA's). However,
there is still a lot of uncertainty regarding the geographical areas of the WUA's, so
it was decided to consider other practical considerations such as crop combinations
and stretches of the river

Since there is a lot of uncertainty regarding the 4 000 ha allocated for development

projects. it was decided to treat this arca as part of the total water allocation for the

Northern Cape. Theoretical land use for this area is therefore considered to be the
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i)

k)

m)

n)

average current land use. However, this area can very casily be deducted for
specific development projects which can be analysed as specific projects within the
modelling framework as more information becomes available.

The area below Blouputs is a long stretch of the Orange River and only contributes
approximately 3.33 percent (4 471 ha) of total current water use entitlement. It was
therefore considered that doing a survey in this region will not add value 10 the
outcome of the modelling exercise.

The description of the region in chapter 3 enabled the researchers to demarcate the
total irrigation into 7 modelling regions. A farm survey of the regions revealed
major differences in farm structure and economies of scale for the North East,
Middle, and Western parts of the Vaal, Riet, and Orange River. From the farm
survey data, 22 typical farms were developed to be included in the decision-
making framework. There is a large variance between the typical farms and the
regions in terms of farm structure, labour use per ha, and the ratio between canal
abstraction and abstraction directly from the river. This is important to understand
the results of the models since it will determine the reaction of each typical farm to
changes in parameters when scenarios are analysed. Different typical farms will
react differently when the same parameters are changed because of economies of
scale, farm structure, water usage, etc.

It is therefore possible to develop risk-reducing strategies for different farms in
different regions.

The North Eastern regions contribute approximately 60%, the middlc 8.4%., and
the Western regions 42% to total irrigation water use entitlements. In general, the
Eastern regions produce higher valued crops than the North Eastern regions.
Aggregation factors are used to aggregate the typical farms, first to the total for the
sub-region and then to the total for the Northern Cape. A lack of information on
total production for individual crops necessitates estimates based on farm survey
data and total irrigation water use entitlements for the Northern Cape. It was
pointed out that it is quite possible for the actual irrigated area to be over-estimated
in this way since several crops use more water than the water allocation per ha. On
the other hand, more crops use less water than the water allocation per ha.

Since water is probably the most important input in irrigation farming, crop water
requirements do have a major impact on modelling results. The demand for
irrigation is derived from the demand / profitability of irrigation crops. Therefore,
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if market risks are high and profitability is low. the demand for water will decrease
for certain crops. In any event. there will be “winners™ and “losers™ since not all
crops are necessarily affected at the same time by the same market impacts

0) The importance of the livestock industry in the Northem Cape and the link to
irrigation farming were pointed out.

p) The choice of interest rates and discount rates in this study is not really important
since they arc paramcters that can casily be changed

q) It was also pointed out that the maximum amount of short-<term loans specified is
also not that important since the models are structured in such a way that the
typical farms will never borrow more than what is absolutely necessary and can be
repaid within one vear,

r)  Finally, modellers often say “Garbage in, Garbage out™. This saying is of course
the essence of any decision-making framework. especially on the scale of the
modelling exercise that was conducted in this study. However, the research team
discussed the data used in this study on numerous occasions with several
stakeholders and are convinced that it is the best information available at present
[his does not imply that there is no scope for improvement as new information

becomes available

In the second step of the development of a decision-making framework to analyse market
risk. a market study was done to identify market risk factors for the most important crops
grown in the Northern Cape. This effort is of paramount importance and should not be
regarded as a once-off exercise. The market analysis in chapter 5 is for 20022003 and the
update in Appendix A for 2006. However, they should be regarded as examples of analysis
to be included In a decision-making framework. The following 1s a summary of the

conclusions from this exercise:

a) It was pointed out that there are two main categories of risk: operational risks and
strategic risks.

b) Operational risks refer to the risks of doing things wrong and strategic risks to the
risk of doing the wrong things

¢) Market risks can fall in both categories. For example. an operational market risk

may be the risk of exporting fruit through unreliable exporters whereas a strategic

marketing risk may the risk of exporting fruit to the wrong market or, from an
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industry point of view, uncoordinated uncontrolled expansion of production. In the
latter case, the risk is that supply will outgrow demand in the long run.

d) It is clear from the analysis that there are direct and indirect operational and
strategic market risks for all the crops that were analysed.

¢) Some of the market risks can be regarded as generic for all crops (e.g. exchange
rate fluctuations and tariffs) and others are crop specific (e.g. competition for South
African table grapes from other Southern Hemisphere countries).

f) Some of the generic marketing risks that were highlighted are:

e  Price pressure
o Lack of support from government to develop new markets
e  Tariffs - uneven playing field

e Lack of cooperation between farmers

* Input providers get tariff support, there should be export incentives
e Loss in governments capacity to negotiate trade agreements
e Lack of market Information

o  Unstable prices

e Stagnation in traditional uses

e  World oversupply

o  Stricter demands from buyers - Eurepgap

¢ Lack of reliable, accurate and affordable market information
e Need to develop niche markets

e Profits of the middle man too high - does not share the risks
e Need to develop the local market

e  Exchange rate fluctuations

g) Some of the indirect risks identified are:

. High input costs
. Collapsing infrastructure
. Input providers get tariff support; there should be export incentives

. Risk of not being able to meet transformation targets

. Local industry not well organised
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. High taxes

. Monopolistic input providers

. Not enough cultivars

. Need for more collaboration between emerging and commercial farmers
. Not enough technical support

. Research

. Land tax

. Capital gain tax

. Minimum wages

. Land reform

. Old vines, reduced profitability

. Climate variation - low yield

. Fragmentation of the industry - more packers and competition
. L.abour problems: HIV

. Farm safety

. Increasing skew playing field

. L.ow labour productivity

. Reduced land values

. Risk of flaws in quality control - need to increase standards

. Need for better planning - farmers do not do sensitivity analysis
. Share of technical experience is essential

. Economies of scale constantly under threat

. Lack of effective collaboration between farmers

h) Finally there are crop-specific risks. Table grapes, for example, face increasing
competition from Brazil and Chile in the UK and European markets, and there is a
risk that they will not be able to move more fruit to China to normalise the UK and
Europe market in the medium term. For another example. grain prices in South

Africa largely depend on the production of the USA.

In the third step of the decision-making framework, the typical farm model and the regional

model were developed. The following can be concluded from the modelling exercise:
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J)

k)

)

m)

n)

The development of any modelling structure is a dynamic process. There is always
scope for improvement as the computational capacity of computers increases and
new information and technigues become available.

The models that were developed will add tremendous value to improve decision-
making at policy and farm level.

The models have been tested (with the consent of the WRC) on at least four case
studies (three on the affordability of irrigation water and one on the impact of
minimum wages and land tax on farm profitability) in the region and have proven
to be extremely valuable (Louw, 2001a; Louw, 2001b; Louw. 2002; Louw, 2003).
Several tests were executed to test the models for validity including a simple
spreadsheet formulation, which was calculated manually to replicate the model
results. The authors are therefore convinced that the models are both
mathematically correct and produce valid results.

The models were developed in GAMS and are solved with the CPLEX solver. The
model output for different scenarios is transformed from a “text™ format into an
Excel spreadsheet for additional calculations to present results in a user-friendly
format. The GAMS code that generates the report (“text” files) was written in such
a way that all the files for every scenario are exactly the same when they are
transformed into Excel spreadsheet files. Scenario results can therefore be
compared without difficulty even when crop combinations and other activities
change from one scenario to another.

The model structure is efficient since all the data files are linked to one worksheet
which is compatible with GAMS. The data 1o run the models can therefore casily
be updated. However, it is not necessary to change anything in the “master™ data
file to run scenarios since the GAMS code in the models was written in such a way
that parameters can be changed in the code (for example, relative increases in
market prices or water tarifls) without changing anything in the “master™ data file.
A defensible theoretical structure was developed 1o examine data intuitively and to
permit comprehensive evaluation. In Chapter 7, the theoretical structured models
were used to illustrate the capacity of these models to analyse the impact of market
risk on efficient water use and show the link between the regional model and the
CGE model (volume 2).
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823 Comparison of present water use practices with optimal risk-reducing

practices

I'he most important findings for this sub-objective are discussed in three sections: typical
farm model table grape scenarios, regional model table grapes scenarios, and regional

model water tanfY scenarios.

§.2.3.1 Typical farm table grape scenario

The following is a summary of the main findings and conclusions from the typical farm

maodel table grape scenario results:

. I'he result of the CGE model corresponds with the observed reduction in table grape
prices in the Orange River. The CGE model calculated that the local farm level price
(Delivered in Port) would decrease by 22% if the international price of fruit is
reduced by 20%. It was pointed out in table 7.1 that the observed reduction is
22.75%

. T'he typical farm model scenarios showed that a decrease of 20% in the price of table
grapes reduced the retum on capital investment from 37.4% in the base to around
18.5% (reduction of more than 50 in Net Farm Income). This represents a huge
decrease in profitability. It is also important to note that a 20% reduction in the price
of table grapes is an average in reduction. There is substantial variation between the
prices farmers actually receive since they depend on the markets where farmers sell
their fruit and on the cost structure of the exporter

. I'he results also clearly indicated that a more diverse farming structure is a key
strategy to reduce marketing risks. The result shows that optimum farm structure
after a reduction in the price of table grapes is different to observed farm structure. If
farmers had better marketing information and the skills to interpret this information,
they would have taken other production decisions. A more diversified farm structure
enables farmers 1o absorb market failures more efficiently than a specialised farm
structure

. A huge increase in the price of raisins does not necessarily combat the reduction in

table grapes. Since Sultana grapes are more flexible than other table grapes. the

results indicate that farmers do aliernate between grapes for exports and grapes for
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raisins when the price of table grapes is reduced. It is of course not an optimum
market risk reduction strategy since farmers need to produce what the market wants.
What the market wants changes over time, and it will therefore not be feasible 1o
produce Sultanas only. However, since Sultanas represent approximately 45% of the
total table grape crop mix, they form part of the risk reduction strategy to some
extent. The result also corresponds with the observed reaction of table grape farmers
in the Orange River.

The impact of marketing risks on the value of land is extremely difficult to manage.
A casual observation is that since 2002, the observed market value of land has been
reduced by more than 50%. Farms sold in excess of R150 000 per ha were auctioned
for less than R70 000 per ha. The impact on financing should be obvious since
financers react to the observed value of land because their security is reduced. Farms
that were solvent became insolvent over a short period just because of a re-valuation
of the property. The analysis shows that the model results are consistent with what
have been observed. The average capitalised marginal value of the land decreased
from R204 000 per ha (Base) to R107 000 ha with a 20% reduction in the price of
table grapes. One way of managing this risk is to ensure that financing decisions are
very conservative and ability 10 pay is emphasized more than the value of the
property. Proper price and yield sensitivity analysis should accompany any
application for production loans. In the opinion of the authors, banks have also been
guilty in this regard. They should play an important role in reducing marketing risks
by being more conservative and insisting on proper sensitivity analysis.

The capitalised marginal value of water decreases with a reduction in the price of
table grapes. The results are consistent with the micro economic theory that demand
for irrigation water is derived from demand for irrigation crops. From a policy point
of view, this result is important. The spirit of the New Water Act (1998) is 10 use
water in its highest value. The indirect effect of inability to manage market risks is
that it creates a potential for inefficient water usage. It was pointed out that it is
extremely difficult to change the farm structure on a farm designed to produce table
grapes. However, if farms were designed to be more flexible to cope with marketing
risks, they would have a greater ability to absorb marketing risks.

Finally, it was pointed out that although only one market risk scenario was illustrated
in this study, typical farm models can be extremely useful to test risk-aversion
strategies for specific typical farms with different farm structures. Although it is
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possible 1o suggest general risk-aversion strategies, very specific strategies will have

to be developed for different regions, farm structures, and farm sizes.

8.2.3.2 Regional model table grape scenario

'he results of the regional model came to more or less the same conclusions with the table

grape scenario plus the following additional conclusions:

. I'he overall conclusion regarding the regional model is that it is extremely useful o
indicate in which direction water will trade to remove inefficiencies from the overall
water allocations.

. By analysing scenarios with and without water trade, it is possible to theoretically
identify regions with surplus water and inefficiencies in water allocations on the one
hand and, on the other hand, regions with water shortages.

. I'he analysis showed that approximately 10% of total water use right allocation in the
Northem Cape was unused dunng 2002, Most of the unused water was in the
Western regions below Boegoeberg. On the other hand, analvsis showed that there
was a shortage of approximately 8 600 ha (77 million m’) in the Vaalharts region. It
can therefore be concluded that farmers either extract more water than their
allocation or they do not irrigate optimally (sub-optimal irrigation). The authors
belicve that the latter is most probably the case since DWAF uses aerial photographs
to identify these farmers and the penalty for over abstraction is heavy

. When the price of table grapes is reduced by 20% and structural changes cannot be
made. the total net output of the Northern Cape is reduced by R6.33 billion over 20
vears or R316.5 million per annum (this is the cumulative effect of a reduction of
20" in the price of table grapes over 20 vears). This figure gives an indication of the
cost of “not knowing”™.

. The analysis also indicates that if farmers can make structural adjustments, they will
change their farm structure to adjust to the reduction in the price of table grapes.

. When water trade is possible, trade can contribute 10 reducing the impact slightly.
However, the results indicate that there is no significant difference between scenarnios
where structural change is possible and the same scenarios but with water trade. This

means that inefficiencies will be removed from the system through a combination of

structural changes and re-allocation of water.
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. When water trade is activated in the model, most of the trade is towards Vaalharts,
This result can be explained by the calculations made to determine where water
shortages exist. In general, water flows from regions with unused water to those with
a shortage.

. It was also pointed out that the wheat/maize double cropping system needs between 9
150 and 15 000 m’, depending on cultivar (early/late). It is therefore obvious that
double cropping cannot be done in a region where the average water use allocation is
9 000 m’ unless crops are irrigated sub-optimally.

. The reduction in the Net Farm Income per region is almost identical to that of the
typical farm model for Augrabies/Blouputs. This is no surprise since the same data
are used in each of the models.

. Significant structural changes are induced by a reduction in the price of table grapes.
Although this is not shown in the results, most of the changes in long-term crops are
towards olives, pecan nuts, citrus, and lucerne. This result is important since, similar
to the typical farm model, it emphasises the importance of a diverse farming structure
to cope with market risks.

. It was also pointed out that the impacts of a long-term market trend (such as the
reduction in the price of table grapes) pose serious long-term financial problems to
farmers. Even if they want to make structural changes, their financial situation and
the reduction of the value of their properties prevents them from obtaining finance to
make these changes.

. The analysis also shows that a substantial increase in land and water use in the
Vaalharts region when trade is possible. Land use increases from 119% to 138%
when the calibration restrictions are released and water trade is possible. Overall
water use efficiency increases since water can be relocated from water surplus
regions 1o water shortage regions.

. The crop water usage per ha is also an indication of water use efficiency. Although
water markets induce an increase in total water usage, water requirements per ha
decrease when water trade is activated.

. The results also show that crop water usage per ha increases when the price of table
grapes is reduced. This result indicates that the structural changes induced by the
reduction in the price of table grapes will not necessarily be more water use cfficient.

. An analysis of capitalised marginal water value reveals important information. The

analysis clearly shows that water is generally traded towards the regions with the
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highest marginal value for water. i.e. from the Western regions to the North Eastern

regions.

1

. Although relatively large volumes ¢

water are traded over the 20-vear planning

|

honzon, less than y of the total annual water allocation 1s traded

T

3 P s 1] e '/ ’ . 141
3 .0 RKegional model waier iariyy scenario

Water tantls are a major 1ssue for tion farmers and for government I get some

msight on the impact of water tanftis several scenarios - with trade, without trade. and

where crop prices are reduced - were analyvsed. These scenarios falls into the category of

the impact of increasing input cost on farm profitability and also on the ability to absorb

market risks. The following can be concluded from the analysis

. Water tantl increases since 2002 to the order of 100-300% are not uncommon in the
Northern Cape. Especially the tariff for direct abstraction from the river increased

significantly

. Water costs as a percentage of total production cost varies from less than 196 for most
long-term crops to 5-12% for short-term crops. It is therefore obvious that increased
production costs will impact more negatively on farm profitability in regions where

'L C major ':- A LrOps arge ‘}'I r-erm

|
. ¢ ¢ ficates that without water trade. the impac 2 150% increase in water
tariffs is the reduction in total irrigation farming value (objective function value) by
about 3.4 [his amounts 10 a cumulative effect of R290 million in present value

terms over the 20-year planning horizon

. he analysis also indicates that water trade reduces the impact of an increasing water
tariff to some extent since water 15 allocated more efficiently
. When the price of table grapes is reduced by 20% and grain by 10%, the results ar
gnificant since 1t is a fairly realistic scenario that has unfolded during the last few
vears. lhe results indicate that grain farmers cannot absordb more than a |||
crease in water tariffs. However. at the same time, it is also pointed out that not a
farms arc in the same position. The impact on regions where long-term crops are

. The total Net Farm Income 1s reduced by 9.9% when crop prices are reduced and

water taniils increases by | 10%6
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The results also indicate that structural changes are insignificant at the base analysis
crop prices when water tariffs are increased. However, when crop prices are reduced,
significant structural changes take place, although they are not induced by the higher
water tariffs but by the reduction in crop prices.

At a water tariff increase of 250%, total water usage only declines by approximately
6.8%. This result is consistent with the results of other studies that indicated a very
inelastic water demand function for agriculture and specifically for long-term crops.
Also, the result indicates that when crop prices are reduced and water tariffs are
increasing, the net result will not necessarily be a reduction in total water usage since
farmers will make structural changes and the new structure may use more water.

Both the results in the previous two bullets are important from a water demand
management point of view. They indicate that water tariffs in agriculture are not
necessarily an efficient tool to induce more efficient water use. There are other,
market-related factors that carry more weight when farmers make crops production
decisions.

In general, capitalised marginal water value increases in all regions as water tarifls
arc increased. This result is even clearer when water trade is activated. Table 7.51
shows huge increases in marginal water value, especially when water tariffs are
increased by more than 150%. The explanation for this result is that an increase in
water tariffs increases the scarcity value of the water.

The water trade results are similar to the table grape scenarios. Water flows mainly to
the Vaalharts region. The result also indicates that more water will trade at higher
water tarifls. Also, the results indicate that when crop prices are reduced, there will
be a greater reduction in water trade than in a scenario with the same water tarifT but
base crop prices.

The results also indicate that when both crop prices are reduced and water tariffs are
increased, water trade increases substantially from about 6.8 million m' to
approximately 22 million m’. This result is important since it shows that the
reduction in crop prices increases the sensitivity of farms 1o increasing water tariffs.
The result of these scenarios also shows that the water market becomes more active.
Although the total volume of trade towards Vaalharts increases (139 million m’ than
104.9 million m’ in BaseC). the relative contribution to total trade decreases. The
reason for this (although it is not shown in the analysis) is a significant increase in

crops such as citrus, pecan nuts and olives.
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I'he scenario results illustrated the extremely useful role that models can play in farm
planning and agricultural policy formulation. The study also illustrated the interaction
between the CGE model, farm models, and the regional model. Although it could have
added value 1o analyse several more scenarios, the authors believe that these should be
dealt with in a technology transfers project where specific scenarios can be analysed in
delail in collaboration with the various stakcholders and the results transferred to all

relevant stakeholders

8.3 RECOMMENDATIONS

The following recommendations are a logical outflow from the findings and conclusions:

. The first overall recommendation is that a Technology Transfer Project (TTP) should
be formulated and funded by the Water Research Commission. The authors believe
that the effort to develop the analytical tools used in this study will all be in vain if
there is no effort 1o implement them in the Northern Cape. Within the scope of this
report. it was impossible to analyse and make recommendations regarding all
potential risks for irrigation farmers. A technology transfer project can address
several more scenarios and be used to refine existing scenarios even more.

. Flowing from this. it was proposed that a Northerm Cape Agricultural Risk
Management Policy Framework (ARMPF) should be developed and that Marketing
Risk Management Forums (MRMF) be established on different levels to discuss
marketing risks and develop strategies 10 manage them. The analytical framework
developed in this study can play an extremely useful role in analysing these risks. It
is also proposed that innovative ways be found during the proposed TTP 1o fund
these forums. There are several possibilities. for example. funding them through
statutory funds such as the WRC levy or through a partnership between government
agencies such as the NAMC, industry organisations such as the DFPT and Grain SA.
and the financial institutions (sce Volume 2).

. I'he MRMFs should be constituted in such a way that knowledgeable industn

representative, financers, marketing experts, and other experts in the supply chain be

represented in order to really make a difference (see Volume 2).
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It was also pointed out that marketing information is the key to managing marketing
risks. In this regard. industry organisations such as the Deciduous Fruit Producers
Trust and the so-called Joint Marketing Forums (JMF's) should play an important
role. In the JMF's, producers and exporters collaborate to share supply (crop
estimates, fruit intake, and shipments) and demand (Southern Hemisphere shipments
and price information for alternative markets) information. The grain industry and
other commodities already have industry organisations and make marketing
information available. However, it is proposed that there should be more emphasis on
market risk management.

Timely and accurate crop estimate, crop intake and shipment information, the
availability of accurate market compliance information, and price information are
obviously the keys to the efficiency of marketing decisions. In this regard,
government can play an important role in partnerships with industry organisations to
develop information systems to improve the accuracy and timeliness of information,
thereby creating an environment where the private sector can take advantage of
marketing opportunitics and reduce marketing risks. In this regard, the proposed
MRMFs could be an important communication vehicle where market data and
information are collated, interpreted, and transformed into messages that could be
communicated to irrigation farmers.

The results also clearly indicated that a more diverse farming structure is a key
strategy to reduce marketing risks. In this regard there should be a continuous
rescarch effort 1o find altemmative crops for the imrigation regions of the Northern
Cape.

One way of managing this risk is to ensure that financing decisions are very
conservative and that ability to pay is emphasised more than property value. A proper
price and vicld sensitivity analysis should accompany any application for production
loans. In the opinion of the authors, the major financial institutions have also been
guilty in this regard. They should play an important role in reducing marketing risks
by being more conservative and by insisting on proper sensitivity analysis. They
should also be actively involved in the proposed MRMFs.

The spirit of the New Water Act (1998) is to use water to its highest value. The
indirect effect of inability to manage market risks is that it creates a potential for

incfTicient water use. Since efficient water allocation and water use is a national
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issue, there is a good argument for govermment 10 support innovative ways of
reducing market nisks.

It was also pointed out that a reduction in the cost structure of farms should be part of
marketing risk management. On the one hand, farmers and marketers should
continuously strive to reduce production and supply chain costs. On the other hand,
government should also play an important role in reducing the cost of doing business.
For example, agricultural labour, land. and water policies should consider the risks
involved in agriculture (variation in crop vield and price and natural disasters). The
proposed MRMF can potentially also make a important input in the formulation of
agricultural policies. even if it is just to make policy makers aware of the importance
of a low cost supply chain as a strategy to cope with market risk.

I'he importance of training farmers in market analysis and market intelligence was
pointed out. A casual observation in the region is that there are still many farmers
that do not have adequate training to cope with the new marketing environment afier
deregulation. Especially new, emerging, and older farmers that fall into this category.
I'he Department of Agriculture, in partnership with industry bodies, can play an
extremely useful role in educating these farmers to cope with marketing risks. There
is also a need to train farmers in whole farm planning and in methodologies to
analyse altemative crops and how 10 introduce them in an existing farm structure

By keeping transaction costs low, an active water market should be encouraged.
When water trade is possible. it can contribute 10 reducing the impact of market risks
in the long run since it will encourage the relocation of water. However. the results
indicate that there is no significant difference between the scenarios where structural
change is possible and the same scenarios but with water trade. Therefore
inefficiencies will be removed from the system through a combination of structural
changes (induced by better market information) and the re-allocation of water.

The results indicated that high water tarifls in agriculture are not necessarily an
efficient tool to induce more efficient water use. There are other. market-related
factors that carry more weight when farmers make crop-production decisions
lherefore, the conclusion is that an effort in providing farmers with better market
information will better increase the efficiency of water allocation and water use.
Terms of reference for the TTP should be developed in close collaboration with all

stakeholders in agriculture in the Northern Cape. As a minimum. it is proposed that

the TTP provide at least for the following:
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The establishment of MRMFs (even if it is just a pilot project) for at Jeast
grain and fruit. After the establishment of the MRMFs, it is proposed that
the TTP team go through an intensive exercise with these forums 10 run
scenarios that they identify as critical for their industries.

An intensive model implementation exercise with the Department of
Agriculture of the Northern Cape. In this exercise they should be asked to
identify the issues that they would want to analyse and choose, for example,
the top three.

A similar modelling exercise with the Department of Water Affairs and
Forestry.

o A similar exercise with organised agriculture

. Finally it is recommended that one of the first actions of the proposed TTP should be
to inform decision makers at all levels about the extremely useful role that models
can play in farm planning and the formulation of agricultural policies. There should
also an effort 10 point out the interaction between the CGE model, the farm models,

and the regional model.
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