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1. Executive summary

Government smallholder irrigation schemes (SIS) were developed in former homeland areas of South Africa
during the apartheid era, mostly for community food supply purposes. The parastal entities that used to support
them have gradually collapsed from the early 1990's. These schemes are now facing serious problems and an
uncertain future, owing to low yields, deteriorating infrastructures, limited access to services, weak and unclear
institutions regarding water and land, and lack of support.

Although representing a small percentage of irrigated land at country level, their location in deep poor rural
areas represents a potential for poverty alleviation and food security in such areas.

The central and provincial governments aim to both revitalise SIS and curtail the financial burden of their
maintenance and operation costs. Most schemes are earmarked for rehabilitation and transfer to users
associations in the Northern Province and the Eastern Cape Province.

In recent years, many countries have embarked on a similar process to transfer the management of irrigation
systems from government agencies to water users associations (or other private sector entities). However, most
professionalsinvolved are still unsure about whether to adopt reforms and how to design and implement them.

In South Africa, it is very difficult for decision-makers and operators to evaluate the potential for long-term
sustainability, then to organise rehabilitation and transfer accordingly, owing to a context of low participation,
weak local institutions, and lack of information regarding farmers’ strategies, land tenure arrangements, cropping
systems, household socio-economics, and so on, which eventually determine the potential for cost recovery and
economic viability.

A research team from CIRAD' and the University of Pretoria proposes an action-research approach of SIS, in
three steps:

Collecting information on the socio-economic and technical circumstances at household and scheme
level

Capturing data into a model that calculates both the costs incurred by scheme management, and the
possible contributions by farmers to cover these costs in a context of management by a water users
association
Running the model on a scenario-testing basis, evaluating the impact of certain measures or decisions,
or certain farmers' strategies.

The following principles form the background of the approach:

Establishing and sustaining multi-disciplinarity and partnership, meaning that engineers, agronomists,
extension agents, economists, development operators, farmers, decision and policy makers are
involved in the process

Considering local and specific circumstances, meaning that, although generic, the approach takes
account of peculiarities and adaptsto local circumstances

Developing and using atypology of farmers, i.e. groups with similar strategies and characteristics

Acquiring a managerial vision of the scheme, i.e. the management entity provides irrigation water and
related services to farmers, who, in turn, pay back for such services (client-supplier relationship,
although farmers partake to the management)

Modelling then running simulations as ways to demonstrate and show the likely results of certain
decisions or measures, to fuel discussion and make people interact, to challenge hasty judgements and
support sound decisions, to raise new questions, and to foresee issues and problems.

! CIRAD is a French research organisation, specialised in co-operation on agriculture, animal sciences, forestry, food
processing and development support for the developing countries. CIRAD stands for “Centre de Cooperation
Internationale en Recherche Agronomique pour le Developpement”.



The approach itself has been developed for 15 months in two neighbouring schemes of the Northern Province.
In-depth field surveys first allowed an accurate understanding of the schemes. A typology was developed. This
first step revealed the huge inner diversity of the schemes, in terms of farmers' strategies and performances. A
model (Smile?) was devel oped on a spreadsheet programme (MS Excel ™). It considers

the costs incurred by irrigation water supply and related services (capital/refurbishment, maintenance,
operation of the scheme, management and staff-related costs);

land allocation, cropping systems and the farmers’ strategies, which all define the farmers’ capacity and
willingnessto pay back water services costs;

theirrigation-water charging system (costs considered, choice of pricing, of base).
Scenarios were then tested. The simulations show that:
the current situation is not viable, as costs are hardly covered;

total costs can hardly be reduced, since the bulk lays on capital and maintenance costs (however, a
partial rehabilitation may prove more costly in the long run than atotal one);

the current biggest problem is the majority of non-farming plot occupiers, with low capacity and
willingness to pay water fees,

low land productivity also strongly limits farmers' income and capacity to pay back water services;

even slight changes can significantly improve the situation (i.e. reduction of the proportion of non-
farming occupiers, shift from mere subsistence towards more commercial farming, increased cropping
and improved cropping systems, etc.)

A number of recommendations measures and decisions may be drawn from the simulations. Operators and
decision makers should especially address inner land tenure arrangements, farmers’ training, access to markets
and services. An inescapable prerequisite to sustainable management is the establishment of a sound local
managing organisation, which cost isincluded in the model.

Although requiring accurate and reliable background data, the methodology shows huge potential for decision-
making support and for investigation on sound management pathways. The conceptual framework that is
proposed here form the basis for the development of simplified and well-targeted questionnaires, to address
further schemes.

The present report is a working document. Readers are most welcome to react
and comment on it. Please sent your reactions and comments to:

sperret@nsnperl.up.ac.za (Sylvain Perret)

2 Smile stands for “Sustainable Management of Irrigated Lands and their Environment”



2. Introduction

Over the past three decades, the world’s net irrigated area has increased by 73 percent, from 150 million hain
1965 to 260 million ha in 1995 (FAO, 1998, quoted by Gonzalez, 2001). However, during the same period, the
irrigation sector has been increasingly exposed to new challenges and changing driving forces, i.e. competing
demands for water, emerging environmental issues, persistent and even pervasive food insecurity and poverty.

At the same time, many countries have also increasingly embarked on a process to transfer the management of
irrigation systems from government agencies to water users associations (or other private sector entities).
Professionals in many countries are in the process of considering or adopting such reforms. Some are still
unsure about whether to adopt reforms and how to design and implement them. This process, the so-called
Irrigation Management Transfer (IMT), includes state withdrawal, promotion of the participation of water users,
development of local management institutions, transfer of ownership and management, and so on. A number of
successes as well as failures have been already reported and analysed (FAO, 2001). South Africa has just
cautiously initiated IMT in government smallholding irrigation schemes located in former homeland areas.

CIRAD and the University of Pretoria have launched a research programme which aims to assist decision-
making on rehabilitation and management transfer of smallholding irrigation schemes to local management
structures, then to pave the way for a sustainable management of these schemes on the longer run.

The present document aims to report back preliminary outcomes of the programme, which developed a modelling
approach for assessing the economic viability of specific schemes of the Northern Province, earmarked for
rehabilitation and transfer.

The report first quickly describes the situation of smallholder irrigation schemesin SA, the current process of
rehabilitation and transfer, and the numerous questions regarding sustainability and prospects of such schemes.
The simulation approach to sustainability is then presented (principles and conceptualisation). Finaly,
scenarios are tested on a case study scheme where afirst simulation tool has been devel oped.

2.1. The plight of smallholding irrigation schemes in SA

At present, South Africa has an estimated 1.3 million ha of land under irrigation for both commercial and
subsistence agriculture. As described in table 1, due to history and past policies, different types of irrigation
schemes have evolved in South Africa. These schemes consume about half the currently available water
resources of the @untry and contribute to aimost 30 % of the total agricultural production (Backeberg &
Groenewald, 1995). The agricultural sector contributes to about 3% of the country’s GDP.

Smallholding irrigation schemes —SIS- cover approximately 46000 to 47500 ha (Bembridge, 2000; NP-DAE, 2000)
as former Bantustan schemes, and about 50000 ha as garden schemes and food plots. As awhole, such schemes
account for about 4% of irrigated areas in SA. It is estimated that half of them are located in the Northern
Province (about 175 schemes represent 20000 to 22000 ha). It is also estimated that two thirds of South Africa’s
SIS are dedicated to food plots, the purpose of which is subsistence, and that 200000 to 230000 rural black
people are dependant at least partially for alivelihood on such schemes.

In spite of such arelatively small contribution, it is believed that those schemes could play an important role in
rural development, since they can potentially provide food security, income and employment opportunities.

In the Northern Province, it is acknowledged that most SIS are moribund and have been inactive for many years
(NP-DAE, 2000). Several causes have been mentioned, i.e. infrastructure deficiencies emanating from
inappropriate planning and design, and/or poor operational and management structures, both beneficiaries and
government assigned extension officers lacking technical know-how and ability, absence of people involvement
and participation, inadequate institutional structures, inappropriate land tenure arrangements. In the Eastern
Cape and Kwazulu-Natal, most schemes are also facing major infrastructural and institutional problems, along
with local political power games that have characterized these schemes from the outset, and that hinder effective
problem solving.



Following the dismantlement of apartheid, management agencies were liquidated and government gradually
withdrew from its past functions in SIS (services, technical advise and extension, training, marketing and
financial support).

Tablel. A typology of the existing irrigation schemesin SA

Type of scheme Private Irrigation board White Bantustan Food plots,
schemes schemes settlement schemes community garden
schemes schemes...
Period of 1650 1912 onwards 1930s-1940s 1950s-1980s -
development onwards
Number - 300 250 -
Total area 450 000 ha 400 000 ha 350 000 ha 40 to 50 000 ha 50 000 ha (est.)
Scheme size 2to 10000 20to 60000 ha | 40to 120000 ha | 30 to 2000 ha 1to 30 ha
(range) ha
Average farm size - - 40ha Initially 1.3- From several m3 to
per beneficiary 1.7ha, lessthan 1 ha
sometimes
more
Scheme ownership Private Private Government Government Communities,
CBOs...
Land tenure Private Private Private Mostly Communal
Communal

Scheme Private Capital = Government Government NGOs, CBOs,
development and investment 2/3 private + various donors,
mai ntenance and running | 1/3 Government Departments,

costs communities

Compiled by Perret (2001)

Since the late 1990s', provincial governments have set up rehabilitation and management transfer programs
throughout the country (ECRA, 2001; NP-DAE, 2000); however, the processes are implemented very cautiously
and slowly. For provincia departments, the underlying ideais undoubtedly to curtail the heavy financial burden
of SIS, as most of them are not contributing © the commercial agriculture stream. On the other hand,
departments would like to promote the emergence of small-scale commercial farmers, as well as the community
subsistence function of the schemes (food security).

Likein European transition economies (former eastern block countries), these schemes were constructed with no
consideration for operating costs or production economics (Svendsen, 2001). Like in such situations, national
and provincial governments might be tempted to transfer “uneconomical” schemesto users.

Still, all rehabilitation and reactivation efforts face the same dilemma, i.e. how can the social and economic
aspects of SIS be reconciled?

2.2. A new water management policy

Since 1994, the South African Government has undertaken massive reforms aiming to address rural poverty and
inequalities inherited from the past apartheid regime. Amongst other programs, it has adopted an ambitious new
water legislation, which culminated in the acceptance of anew National Water Act (NWA, Act 36 of 1998).

The Act provides an opportunity to re-think the paradigm underlying water management in South Africaand to
develop new institutions. It breaks drastically with the previous water laws in the sense that past key concepts
are discarded (e.g. the riparian right to use water). Water is now considered a common asset. The right to use
water is granted to users, most of whom have to be registered and licensed, and should pay for this right. Also,
other core concepts of water management under the new dispensation are decentralization, and water service




cost recovery. The Act promotes equity, sustainability, representativity and efficiency. Its key objectives are:
social development, economic growth, ecological integrity and equal access to water. The Act distinguishes
national areas of water management from regional and local ones. New management entities (Catchment
Management Agencies and Water Users’ Associations) will be established in order to achieve the aims of the
Act. These institutions are to be established at regional and local level respectively, emphasizing a largely
decentralized and participatory approach to water resource management.

Direct consequences of the Act are: State withdrawal from most former commitments, controls and financial
support, decentralization and the transfer of power to local management and decision-making structures (CMAs
and WUA ), water users’ registration and licensing.

2.3. WUAs as local irrigation management structures

Water Users Associations (WUAS) potentially form the third tier of water management and will operate at local
level. These WUAS are in effect co-operative associations of individual water users who wish to undertake
water-related activities for their mutual benefit. The role of the WUA is to enable a community to pool financial
and human resources in order to carry out more effectively water related activities. Irrigation management forms
one of the key activities to be performed by WUAs (DWAF, 1999 & 2000).

It is envisaged that a WUA would take over most irrigation management functions, i.e. water distribution rules,
organising maintenance, collection of water supply charges and financial management, and possibly later, the
management of investment, credit to farmers, marketing contracts, input supply, and so on.

These tasks are responses to institutional and political requirements as well as to operational needs with regard
to adifficult situation. They imply:

0] the emergence and sustainability of WUAs aslocal institutions,

(i) their ability to carry out technical and financial management functions.

2.4. Issues and stakes

All the above raises a series of questions and demandsinvestigation at different levels:

2.4.1. At Government level (policy making)

Which policies and measures should accompany the IMT process? (designing training programmes, level of
rehabilitation, new waterworks and resource development, resource and waterworks-related pricing policy, land
tenurereform, service and input supply, etc.)

What is the current situation of the schemes earmarked for rehabilitation and transfer? Do these schemes have
any prospects, any sustainable development potential? To which conditions? Is it possible to prioritise, i.e. to
drive funds towards sel ected promising schemes? How to choose them?

Isit realistic to transfer al costs incurred to the local management entities? In other terms, can capital costs be
covered by the farmers’ contribution?

2.4.2. At WUA level (collective management of irrigation)

How can one help an emerging local institution to become a collective, representative and sustainable structure
for negotiation, decision and management, in a changing and uncertain environment?

Or in other terms: How can one implement the building up of alocal organisation, managing water distribution,
maintenance and financial aspects?

More specifically, how can the tariff structure take into account farmers’ capacity and willingness to pay, aswell
as cost recovery requirements? How can the water pricing strategy and the water charging system take account
of the different issues at stake, i.e. equity, poverty alleviation, resource conservation, economic viability?



2.4.3. At farmers’ level (farming and cropping systems management)

What is the current situation in terms of cropping systems and, more generally, income-generating systems in
the schemes? Are they compatible with a cost-recovery approach of the scheme’ s management? In other terms,

are farmers capable to pay, are they willing to pay?

What are the prospects and potential for changes and/or improvement in cropping systems?



3. The Smile approach

3.1. Overall objective

As described in previous sections, smallholding irrigation schemes of SA are currently facing major changes
(Government withdrawal, rehabilitation and transfer of ownership and management; in one word, that is
privatisation, although some form of public-sector support may remain).

Owing to current policies, and depending on the stakeholders ability to adapt and react, the processis likely to
eventually end up with two scenarios (although it may take some time, either way):

continuous degradation (which is the current trend) then collapse; this means that alarge majority of the
remaining cultivated plots would be eventually rain-fed,

or some form of sustainable self-management, which means that a large majority of plots would be
cultivated and irrigated, and that the neighbouring communities would benefit from it.

This second scenario is being promoted by central and provincial governments which aim to revitalise SIS
through rehabilitation, and to curtail the financial burden of their maintenance and operation costs through a
transfer of ownership and management. Most schemes are earmarked for rehabilitation and transfer to users
associationsin the Northern Province and the Eastern Cape Province.

Although both provinces have drawn plans (NP-DAE, 2000; ECRA, 2001), it remains difficult for decision-makers
and operators to evaluate the potential for long-term sustainability, then to organise rehabilitation and transfer
accordingly, owing to a context of weak participation and local institutions, and lack of information regarding
farmers’ strategies, land tenure arrangements, cropping systems, household socio-economics, and so on, which
eventually determine the potential for cost recovery and long term sustainability.

The questions listed in chapter 2 remain pending and require investigation in most schemes.

The overall objective of the approach is to accompany and support decisons and actions undertaken by
development operators, in a process of rehabilitation and transfer of management to local entities.

A series of specific objectives consist of answering the questions listed in chapter 2.

The Smile approach strives to go beyond mere observation, qualitative participatory methods (Gosselink &
Thompson, 1997) or general organisational principles (Ostrom, 1992), and to avoid complex systemic
representations, although benefiting from those seminal works. Its objective is to facilitate decision-making and
strategy development.

Before presenting the approach and the tool itself, it is necessary to describe briefly the principles and the
conceptual framework, then some key practical features that are specific to the approach.

3.2. Principles, theoretical background

3.2.1. A managerial perspective of irrigation schemes

A major prerequisite to a self-management scenario is the establishment of a sound local management entity
(e.g. aWater Users’ Association). Such processis not directly addressed through the Smile approach. However,
the model includes management options and takes account of the management costs incurred, which may help
making certain decisions at the outset (staff, management assets, etc.).

Having a self-management perspective on SIS means acknowledging the following mode of operation:
The management entity (WUA) providesirrigation water and related services to farmers.

Such services generate costs: capital costs (provision for further refurbishment), maintenance and
operation costs, and personnel-rel ated costs.



Partial or total cost recovery supposes that the management entity charges the farmers according to a
system to be established (which involves defining a cost recovery strategy, choice of a water pricing
method, choice of abase, determining fees, etc.).

The farmers tap into their monetary resources (generated by irrigated or rain-fed cropping systems, by
off-farm income-earning systems) to pay these water service fees.

Itisaclient-supplier relationship, although farmersindeed partake to the management entity.

In other words, a scheme can be seen as a firm with two interacting productive units, performing various
functions in a given natural, institutional and economic environment (Rey, 1996; Le Gal, 2001). A number of
flowstake place between the different sub-systems: flows of water, money, labour, products, and information.

On one hand, the collective management entity (supplier) “produces’ water with certain characteristics
(quantity, quality, costs, etc.). It has to perform two types of functions. a hydraulic function (water supply,
operation and maintenance) and a financial function (cost recovery, water pricing and fees fixing, financial
management).

On the other hand, individual farmers (clients) “transform” this water in products through their productive
systems (irrigated cropping systems), then possibly in money if they market these products. Thus, farmers
perform two types of functions: agricultural production (cropping system, irrigation systems at plot level) and
commercialisation.

Figure 1. A conceptual framework for the management of irrigation schemes(adapted from Le Gal, 2001)

A
Collective | Technical Financial
management management
| Water charging system
Individual Production Income
Technical Economic

Smallholder families seldom rely solely on the production of an irrigated plot. It is common for irrigated plot
holders to have rain-fed cropped areas, livestock, non-farm sources of income and so on (Chancellor, 1999;
Merle et al. 2000). One should consider the whole income-earning system of smallholder irrigation farmers while
reckoning their capacity and willingness to pay water fees.

Water pricing and the water charging system form the key interface between farmers and the management entity.
Defining crop production strategies, organising commercialisation, striking a balance between water supply and
demand, developing a management information system, and the like, are also key subjects for both farmers and
the WUA (Le Gd, 2001).

3.2.2. Action research

It is now acknowledged that mere technology generation and transfer, or market forces are not enough to bring
about the necessary changes that have to occur in agricultural and resource-management systems faced with a
quickly changing economic, legal and social environment. For such changes to occur, renewed approaches



require facilitation of collective learning and negotiated agreement (Jiggins & Roling, 1997). Action-resear ch
strivesto play thisfacilitation role. As defined by Liu (1994), it combines:

the convergence of a will for change and a research intention, which entails a two-fold objective, i.e.
problem solving and knowledge generation (with local and generic scope),

an ongoing long-term joint project between researchers, development operators and users,

acommon ethical framework negotiated and accepted by all stakeholders.

Several previous experiences show that projects inspired by action-research can efficiently support local
development (Valleyrand, 1994; Albaladejo & Casabianca, 1997; Perret & Legal, 1999). The tricky and essential
point is to implement properly the participation of stakeholders, not only while collecting data but also during
recurrent, interactive workshops (information sharing, discussions about scenarios, solutions seeking, etc. See
Section 3.3).

A recent trend in management-oriented researches is to proceed through direct intervention within the targeted
organisations (Moisdon, 1997). Intervention-research means that the researcher is no longer an external

observer, analysing managerial processes, then prescribing possible improvementsin line with optimal solutions
(such an approach refers to operational research). He/she is actually embarked in a common work with the
individual and collective stakeholders. The prescription dimension takes part of an inner process in which
control, strategy, piloting, ongoing learning are central.

3.2.3. Supporting decision making with models and scenario-testing tools

Human organisations (such as irrigation schemes) are complex systems, meaning that no simple representation
can encompass or exhaust their scope, interactions, implications, issues, and dynamics (Le Moigne, 1990).
Furthermore, they evolvein uncertain environments (e.g. climate, markets, resource, etc.).

Complexity and uncertainty cal for strategy. Rather than striving to stick to a long pre-established trajectory,
developing a strategy in complex and uncertain environment means developing a step-by-step approach,
striving to foresee, adapt to, and benefit from any new issue, emerging situation or unexpected event, according
to abroad guideline and several main objectives (Avenier, 1997).

Besides, human organisations are not only constituted by individuals and assets, but also by knowledge, rules
and information, enabling monitoring and assessment of the activities performed, and orienting behaviours and
choices. Very often, this information is combined to stand as a workable synopsis, in various forms such as
indicators, worksheets, management boards, schedules, and production forecasts among others. These
formalised representations of the organised activity are called management tools (Moisdon, 1997).

Owing to the increasing complexity and dynamics of organisations, and to the increasing uncertainty of their
economic environment, management tools no longer seek optimal solutions and one-way prescriptions or
recipes, but rather favour information, learning processes, adaptability, discussion, collective awar eness, and
so on.

Such an instrumental approach aims to support and accompany the knowledge and exploration of reality. Its
main objective is to help a group of stakeholders sharing a common representation, making decision and
developing an adaptative strategy on the process they are involved in, and anticipate the possible evolution.

As such, developing a management tool represents an intervention into the organisation, as the structure of the
model is based on dynamic links with the conceptual representation of the organisation and the rules structuring
intervention. Developing management tools goes along with developing the organisation itself, and its strategy
(Moisdon, 1997), which may prove crucia in the context of the establishment of WUASs as local management
entities.

Modelling then running simulations may fuel discussion and make people interact, challenge hasty judgements
and support sound decisions, raise new questions, and foresee issues and problems.
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3.3. Practical features

3.3.1. Athree stages approach
The approach implies three phases:

Data collection, which includes field visits, farmers' and operators' interviews, literature review on
infrastructures (e.g. pre-rehabilitation reports), crops, farming systems, markets, local institutions, and
so on. Information is required on the socio-economic and technical circumstances at household level

Data processing and model development; future developments will benefit from the existing model
(Smile) which may be adapted to other situations rather than actually be redeveloped. The model
evaluates both the costs incurred by scheme management, and the possible components of cost
recovery in a context of management by a water users’ association. Prior to model development, it is
necessary to develop atypology of farmers’ strategies and practices (see below)

Running the model on a scenario-testing basis, evaluating the impact of certain measures or decisions,
or certain farmers' strategies on agricultural and production features, land allocation, costs and cost
recovery, economic indicators, equity- and sustainability-related indicators. Thissupposes interactions
with experts and local stakeholders

3.3.2. The need for accurate data

The more accurate and reliable the data, the better the modelling and simulation development. In spite of the
numerous reports that have been written on most schemes earmarked for rehabilitation and transfer, it proved
very difficult to gather the necessary information for modelling then simulation purposes. This called for multiple
contributions and partnerships with knowledgeabl e experts (see below), and proved crucial in choosing the case
study schemes: Dingleydale - New Forest (DD-NF) (see chapter 3.5).

Concerning infrastructure, most data are usually lacking since the schemes were managed by former
independent homeland authorities and have only been recently re-transferred to the South African authorities.
In DD-NF, recent studies have been undertaken prior to rehabilitation and offer very accurate and reliable data
(AWARD, 1999; ARC-LNR, 1999h).

Concerning the communities and their farming practices, studies have been undertaken on some case studies,
but often focusing on certain issues such as gender or productivity for example. For this study, economic data
were of mgjor importance. In DD-NF, most economic data were made available via two complementary surveys
both undertaken in 2000 on the farming households: a quick pre-feasibility survey based on alarge sample (200
households) undertaken by Loxton Venn & Associate (Mitchell, 2000) and a more comprehensive survey done
by CIRAD, based on a similar sample size (Merle & Oudot, 2001). Data on the whole communities would have
been very helpful, but were not available.

Concerning management entities and their strategies, DD-NF offered, once again, a good compromise. It doesn’t
have aWUA yet, but as apilot project, atransitional development steering committee has been established.

3.3.3. Multi-disciplinarity and partnership

The approach requires interest and commitment by a number of individuals and institutions. Partnership and
multi-disciplinarity have been established and sustained during the course of the project. Engineers,
agronomists, extension officers, economists, development operators, farmers, decision and policy makers were
first involved mostly on an individual and informal basis during the two first phases as listed above. Then some
key experts and stakeholders have been involved in an informa and flexible, yet very efficient, steering
committee for the last phases. Members of the Agricultural Research Council, Department of Water Affairs and
Forestry, International Water Management Institute, Water Research Commission, Provincial Departments of
Agriculture, consulting agencies (Loxton Venn & Associates) have been involved at different stages.

1



3.3.4. Diversity of strategies: the need for atypology of farmers

A strategy may be defined as the combination of processes (plans, decisions and acts) that an individual or a
group of individuals (a firm, a family, etc.) develop purposively, and which aim at changing/transforming their
social, economic and/or physical environment. Such processes combine resources and/or techniques and/or
knowledge and know-how (Olivier de Sardan, 1995).

Farmers develop strategies as responses to a changing and uncertain environment, in order for them to
duplicate/reach/transform a given life style that corresponds to an objective, as groups and/or as individuals.
The crops, crop management segquences, cropping systems, animals and animal production systems, farming
systems, off-farm activities, and so on, that the farmers combine and mobilise reflect such strategies (Yung,
1998).

Within an irrigation scheme, diverse strategies may develop, depending on each household's history,
composition, objectives, and so on.

On the one hand, it isimpossible to take account of each and every household’ s characteristics; on the other, it
is irrelevant to consider the scheme homogeneous; hence a typology that groups households with similar
strategies and characteristics, with regard to a given objective. For example, Lamacq (1997) built up farm
typologies according to action models, aiming at modelling water demand. Merle et a. (2000) developed a
typology of households in Dingleydale-New Forest scheme in South Africa, mostly according to their social and
micro-economic traits, and to their production and marketing styles. Such atypology has been simplified and re-
focussed on production/marketing styles (because of their importance in a self management perspective), then
used for modelling purposesin the case study (see chapter 3.5).

3.4. Developing the model: conceptual framework

The approach as a whole takes root in the above principles and practical traits. The conceptual framework on
which the model is developed is presented hereafter, then afirst version of asimulation tool is briefly described.

Four input modules form the basis of the model, asinterfaces for data capture by the user:

The “cost” module is independent. Each cost-generating item is listed, with its capital, maintenance &
operational costs, personnel costs. This module generates a series of output variables that reckon the
costs incurred by the scheme and its management (i.e. capital costs, maintenance costs, operation costs,
personnel costs) (seefigure 2).

A “crop” module is aso independent. Each potentially income-generating and/or irrigated crop is listed
with its technical and economic features (e.g. management style, cropping calendar, water demand, yield,
production & marketing costs). This module generates a series of micro-economic output variables (i.e.
gross and net margin par ha, and per n?) (seefigure 3).

These two first modules generate output variables that are used by other modules (The reader may refer to
appendices where cal culations are presented).

A “farmer” module, in which the different farmers' types are documented, along with their cropping
systems (combination of crops), average farm size, percentage of scheme’s size, willingness to pay for
irrigation water services; this module generates a series of type-related output variables (e.g. aggregated
income per type, crop calendar) and scheme-related output variables (e.g. number of farmers, aggregated
water demand, income) when combined with the “scheme” module (seefigure 4).

A “scheme” module, in which some characteristics of the scheme are listed (e.g. size, rainfall patterns,
tariff structure); this module is combined with the “farmer” and “cost” modules, and generates output
variables on water pricing, tariff, cost recovery rate, contribution per type, and so on (seefigure 4).

All four modules may be documented independently and feed a database. The initial inputs (rea data) form the
base scenario. Additional scenarios may be tested through the capture of non-real / prospective data (e.g.
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alternative crops and cropping systems, immerging types, changes in management patterns, new infrastructures,
and so on).

These four modules generate a number of output variables that stand as interesting indicators:

The economic variables from the “cost” module form the unavoidable base to the scheme's cost
recovery strategy, they answer the question as to how much does it cost to operate the scheme in a
sustainable manner (regardless of who isgoing to pay for it).

The micro-economic and hydraulic data from the “crop” module make crop comparative evaluation
possible in terms of profitability, land productivity, water productivity, improvement potential, and
overall water consumption.

The “farmer” and “scheme” modules generates together a number of micro-economic, socio-economic,
and technical variables which make it possible to address social and equity concerns (total number of
farmers, area per type, number of farmers per type), economic performance issues that give some
information on the farmers capacity to pay back water services (type net income, scheme total net
income), hydraulic performance and water scarcity issues (total water consumption, overall weekly
water balance).

Figure2. The“cost” module: input classes and output variables

Irrigation Assets Management Assets
Type # Type #
Name # Name #
Allocation (%) q Allocation (%) q
Unit # Unit #
Number Of Units q Number Of Units q
Cost Per Unit q Cost Per Unit q
Depreciation (%) q Depreciation (%) q
Working Life (year) q Working Life (year) q
Annual Maintenance (%) q Annual Maintenance (%) q
Annual Operation Cost q Annual Operation Cost q
n m
Personnel Overheads
Type # Type
Name # Annual Cost q
Allocation (%) q q
Work Time Unit #
Number Of Unit q
Cost Per Unit q
r
Output variables: 1 [Total Capital Cost q
(all in Rand per annum) 1 JTotal Maintenance Cost q
1 JTotal Operation Cost q
1 [Total Personnel Cost q
1 [Total Annual Cost q

1 [Total Annual Cost Per Ha q |




Figure3. The“crop” module: input classesand output variables

Crop Production Costs
Crop Name # Crop Name #
Management Style # Input Type #
Average Yield (unit/ha) q Commercial Name #
Crop Market Price (R/unit) q Quantity (unit/ha) q
Home Consumption (%) q Input Market Price (R/unit) q
n mxn
Crop Calendar Marketing Costs
Crop Name # Crop Name #
Week Number q Marketing Cost Type #
Presence b Cost (R/ha) q
Water Demand (mm) q pxn
52*n
Output variables: n Crop Gross Margin (R/ha) q
n] Crop Production Cost (R/ha) ¢
n Crop Marketing Cost (R/ha) g
n Crop Net Margin (R/ha) q
n] Crop Net Water Cons (m3/ha) g
n Crop Margin Per M3 (R/m3) q

However, such indicators do not answer the questions asto
who is capable and willing to pay for irrigation water services;

what should be the charging system to meet objectives such as affordability, increased production,
intensification (on farmers' side), or sustainability, equity, cost recovery, water savings (at scheme level).

A fifth module, a “charging system” module, is subsequently created and fed with data from the “cost”,
“farmer” and “scheme” modules (see figure 4). It forms areal interface between these four modules and aims at
answering the above questions. Also, this module deals with hypotheses regarding the possible water pricing
and charging systems to be set up. As most smallholding irrigation schemes have not reach such points, there
are no existing data. The user must imagine scenarios to feed this module, whereas the four first modules may
use actual data.

Depending on choices made at scheme level (tariff structure, fixed component of a possible binomial charging
system, actual water fees) and to farmers willingness and capacity to pay, a number of output variables
highlight the economic viability of the scheme (total cost recovery rate, operation and maintenance costs
recovery rate) but also equity issues (actual contribution per type).

The conceptual framework corresponds to the need for a generic formalisation. It has been actually developed in
parallel with the development of a first version of a simulation tool, which corresponds to the local
circumstances of the case study scheme. It ultimately proved extremely useful (1) to structure the questionnaires
when investigating further schemes, and (2) to develop an improved simulation tool on other software platforms.
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Figure4. The“farmer” and “ scheme” modules

n
n
n
n

52*m*n

3.5. A first simulation tool

Farmer

. input classesand output variables

Farmer Type

Type Name
Type Area (%)
Irrigation Water Use
Willingness To Pay (R)
Average Farm Size (ha)

o o T o H#

n

Cropping Systems

Crop Name
Management Style

Crop Area (ha)

mxn

Output variables:

Area Per Type (ha)

Number Of Farmers Per Type

Type Net Income (R/ha)

TypeNetWaterCons (m3)

Kol ol (ohy Vo)

[

Type Cropping Calendar

52

52*m*n

Scheme

Scheme Management

Scheme Name
Total Area (ha)

Fixed Component Binomial (R)
Tariff Structure

#* o o #

1

Weekly Water Availability

Week Number

Rain Fall Median (mm)
Resource Median (m3)

52

Total Number Of Farmers

Number Of Irrigation Farmers

Potential Irrigated Area (ha)

Scheme Total Net Income (R)

Kol Toly oy Vo)

Total Water Cons (m3)

Overall Weekly Water Balance

ol Ko}

Scheme Cropping Calendar

Water charge system and cost recovery

Output variables:

1 |Componentl (R/ha)
1 ]Component2 (R/ha)

Water Fees (R/ha)

Actual Water Fees (R/ha)

Expected Contribution Per Type (R)

Actual Contribution Per Type (R)

o o jo o

1 JActual Water Fees Recovery (R)

1 JTotal Cost Recovery Rate (%)

1 JOM Cost Recovery Rate (%)

3.5.1. Dingleydale-New Forest as a case study

A simulation tool has been developed (Touchain, 2001), based on such a conceptual framework, and from data
collected in the Dingleydale - New Forest irrigation scheme. This scheme was chosen as a case study. It isone
of the pilot projects in the Northern Province through the Water care Program (i.e. a scheme earmarked for
rehabilitation then transfer by the Provincial Department of Agriculture). With 1600 ha under flood irrigation, itis
the largest scheme of the Northern Province. It is actually composed of two schemes sharing parts of their
infrastructure and used by different communities. Merle & Oudot (2000) showed that the scheme is typical, and

displays anumber of traits that are common to other SIS:
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alarge mgjority of non-farming plot occupiers,

a diversity of practices and performance among irrigation farmers, yet generally little productive and
subsistence-oriented,

asimple conception of infrastructures (dam and canals, operating under gravity), yet deteriorating,
alack of support services, aweak agri-business environment, and missing markets,
water allocation and water availability problems, especialy in winter.

Although in a virtual state of collapse, this scheme appears to be in a better shape than other schemes in the
country, with a30% land use ratio and a diversity of crops being grown apart from grain maize. This seemsto be
linked with an early autonomous development and the closeness for many years of atomato factory as a market
outlet. Besides, the scheme is one of the best-documented schemes (see chapter 3.3).

3.5.2. Principles

Moisdon (1997) listed a number of characteristics that are deemed indispensable to enable a management and
decision-making support tool to reach its goals; it should be:

Simple; the tools must be user-friendly, easy to use and to understand, yet with a sound compromise
between accuracy and simplicity,

Flexible and fragile: the tool should not be fixed but should be revised and adapted overtime, according
to the users’ requirements; the tool may evolve, or even be discarded, according to new circumstances or
rising questions; such a short life cycle isimportant to sustain interest, focus and participation around a
common problem-solving purpose,

Interactive and discussible: in the context of intervention research, it is important that the process of
development itself create a multilateral dynamic of retroaction and revision of choices; scenarios will
neither be ranked or rated; the tool is not prescribing, but rather facilitating discussion, investigating
possibilities, then supporting decision; the outputs form arange of indicators,

Decentralised: the tool should be made available and used at different levels of decision.

Following these principles and the conceptual model, it was decided to develop a prototype of a tool on a
spreadsheet software: Microsoft Excel ™.

3.5.3. Main features

The prototype follows the principles of the conceptual model, although with some alterations: it does not
consider weekly crop calendars but just cropping seasons (winter vs. summer crops), neither it considers water
balance at crop, type or scheme levels.

Owing to the spreadsheet platform’s characteristics and limitations, the tool is made of 3 types of spreadsheets,
all belonging to asingle MS Excel file;

3input/output boards, namely “farmer”, “cost” and “charging system” boards, whereby data are captured,
then output variables, indicators and graphs are reported;

3 calculation sheets, whereby cal culations are made for each of these boards;

2 data-storage sheets, whereby background information on infrastructures and crops are captured and
stored.

An additional sheet displays the summarised output of a simulation for printing or demo purposes. The user
may keep record of any scenario and its outcome, just through file saving.

Such afirst attempt proved easy to develop, to use and to adapt, although with several limitations:
The user must be familiar with Excel.

The different input areas are open and unprotected, allowing mistakes. If running smulations is easy,
capturing background data remains awkward.
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Thereisalack of an actual database attached to the model.
If certain modul es become bigger, some calculations will be limited or impossible.

Finally, the model has a limited genericity and cannot be applied to every situation without major updating
and adaptation.

3.6. Running simulations

3.6.1. Principles

A scenario-testing approach basically refers to a comparative approach whereby the user attempts to see how
changes in certain inputs affect outputs and indicators. Thus, the approach lies much on two important
principles:

A base scenario should be defined, reflecting a management and water charging system being applied to
the current situation. The most realistic and likely features of a water charging system and of a local
management entity are chosen according to information collected.

A number of realistic alternative scenarios should be defined. They include changes that are very likely to
occur and/or that are likely to affect much output indicators.

The definition of scenarios must be done in close partnership with a number of stakeholders and experts (see
chapter 3.3).

It is also advisable not to test a scenario that includes too many changes at once, since it may become
impossible to identify their individual weigh and impact. Changes may be combined afterwards, when each
individual impact iswell known.

3.6.2. Examples in the case study scheme

3.6.2.1. A base scenario

The base scenario data feeds a first simulation that provides a number of output variables, graphs and
indicators, as shown displayed in figure 5. The base scenario may be summed up as shown in table 2.

Table 2. Base scenario

Modules  Current situation Hypotheses on non-existing components
Cost Existing infrastructures once rehabilitated Full rehabilitation option but no new
waterworks.

Basic management assets and personnel
that are deemed necessary

Crop Existing crops with their current features (gross and
net margins, yields, etc.)

Farmer Existing types (non farming land occupiers,
subsistence farmers, transition farmers), with their
existing features (farm size, crop combinations, net
income, willingness to pay, etc.)

Scheme Current size Basic tariff structure (per ha)
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Figure5. Synoptic board with the resultsfrom a base-scenario simulation

Scenario : Base Scheme size (ha) 1611
Number of Farmers 1391
Total Water Demand 2410 000 m3
Farmers 1 2 3 4 5
% of the scheme surface per type 70% 25% 5% 0% 0%
average surface per farmer (ha) 1 17 3 4 01
willingness to pay 200 200 Q Q Q
max levy (% of farm income) 20% 20% 20% 20% 20% Oexpected contribution
before water levy 0 213 33277 0 0
after water levy -200 -88 31026 0 0 B eal contribution
Water Charaina Svstem
chosen tariff structure 3
chosen levy 750 Riyear/ha |
lrecommended levy 750 Riyear/ha |
total R 1,208,870
covered R 357,057
pcovered = 851 8 o provision for
Infrastructures re“_"b'Shmem
B maintenance

new works 0
full rehabilitation 1 X
lnartial rehabilitarion 0 B operational
maintenance rate for concrete 0.50%
life time of concrete works 45
water allocation (% new dams) 0%

o et o

Land use in Summer Land use in Winter

O maize Biomatoes
Bry beans

B Groundnuts Oonions

5 Ocabbages

Sweet potatoes Bhillies

a

DOfallow land Dgreen pepper

fallow land

The outcome highlights that the current farmers' strategies and cropping systems do not make it possible to
cover the costs. Less than 25% of thetotal cost isrecovered (R 357 000 over R 1 208 000).

3.6.2.2. A “partial rehabilitation” scenario

At the time of the study, the rehabilitation strategy and means were still discussed. It appeared interesting to
test a “partial rehabilitation” scenario, whereby concrete furrows for secondary conveyance are refurbished
instead of being replaced by pipesin the “full rehabilitation” scenario.

Thetotal cost then raisesto over R 1 600 000, mostly because of the much heavier maintenance costsincurred.

3.6.2.3. A “land use and maize productivity” scenario

Low yields and partial land use cause low productivity at scheme and community level, and also generate low
income at farmers’ level, which in turn make impossible for them to pay back water services.

A “land use and productivity” scenario may be tested. It considers the same types of farmers, but assumes that
after training sessions on maize production techniques, on-farm experimentations and demonstration plots, and
the like, the two farming types (subsistence farmers and transition farmers) have intensified maize production,
thus increased their yields, and their land use in winter (see table 3). Such scenario supposes also better access
and support to farmersin terms of input / output markets, and possibly credit.

The results show a slight increase in land use in winter. However, the major outcome is the improved cost
recovery ratio, since subsistence farmers start making some money out of maize production and can pay back
water services (seefigure 6).
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Such a scenario presupposes the necessary integration/combination of interventions (training + input/output

markets + credit, etc.).

Table 3. Changes between the base scenario and a*land use and maize productivity” scenario
(percentages indicate the proportion of the type area covered with maize with a given management stylein

winter)

Scenario

Subsistencefarmers

Transtion farmers

Base (current situation)

Low yield (1t/ha): 50%

Averageyield, partly harvested in green
(3t/ha): 30%

Land use and maize
productivity

Low yield (1t/ha): 10%

Averageyield (3t/ha): 20%
Averageyield, partly harvested in
green (3t/ha): 20%
High yield, partly harvested in green
(7t/ha): 15%

Averageyield, partly harvested in green
(3t/ha): 20%

Highyield, partly harvested in green
(7t/ha): 20%

Figure 6. Synoptic board with theresultsfrom a“land use and maize productivity” scenario

Scenario : Land use and productivity Scheme size (ha) 1611
Number of Farmers 1391
Total Water Demand 2630000 m3
Farmers 1 2 8 4 5
% of the scheme surface per type (Y 2504 =07 0 0
average surface per farmer (ha) 1 1Z 2 4. Q1
willingness to pay 200 300 0 0 200
max levy (% of farm income) 200 200 200 200 200 Dexpected contribution
before water levy Q Q Q
Y -200 6314 39247 Q Q Byeq) contribution
Water Charaina Svstem
chosen tariff structure 2
chosen levy 750 Rlyear/ha
VY 750 Rlyear/ha
total R 1,208,870
covered R 588,201
o Bprovision for
Infrastructures o re@b'Shmem
new works 0 maintenance
full rehabilitation 1 o X
|partial rehabilitation 0 operational
maintenance rate for concrete 0.50%
life time of concrete works 45
water allocation (% new dams) 0%
water allocation (% existing dams) 500%

Land use in Summer

Omaize
BGroundnuts
Bsweet potatoes

Dtaliow land

Land use in Winter

Biomatoes
Bdry beans
DOonions
I:lcabbages
Bchillies
Bgreen pepper
Diallow land

3.6.2.4.

It is clear that the overwhelming proportion of non-farming plot occupiersis a major cause for poor economic
viability of the scheme (see figure 4). It has been observed that unclear land rights and poor information prevent

A “land arrangements” scenario
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farmers from developing innovative inner arrangements (sale, renting, lending, leasing, or swapping
arrangements, permanently or temporarily, etc.) (Merle & Oudot, 2000; Lahiff, 1999). Alternative scenarios may
be developed on such bases.

As an example, a “land use arrangements” scenario may be imagined. It processes the same data than the base
scenario except for farmers types. Non-farming plot occupiers cover only 35% instead of 70%. The land has
been redeployed towards subsistence farmers. There is a shift towards commercialisation strategies (type 4) and
also the creation of anumber of food plots (see figure 6).

Figure 6 shows the outcome of the simulation, which highlights a significant improvement in land use and
production, yet with much higher water consumption. Cost recovery is slightly improved. Above all, land use
rearrangements and the creation of small food plots have an impact on social issues (more women involved in
food plots), equity (more families benefiting from the scheme) and food security (increased production). The
number of farmers, thus families, involved in the scheme is about 1400 in the base scenario (current situation). It
reaches more than 1800 in that example.

Figure 6. Synoptic board with the resultsfrom a “land rights arrangements’ scenario (the arrow spotsthe
changes from the base scenario)

Scenario : Land use and farmers strategies Scheme size (ha) 1611

Number of Farmers 1890

Total Water Demand 5182000 m3

3 4
% of the scheme surface per type  fr——25% 500 5% 5% (7 —
average surface per farmer (ha) 1 17 3 4 01
willingness to pay 200 300 ol ol 200
max levy (% of farm income) 200 200, 200 200 200 Bexpected contribution
before water levy o] 213 33277 67291 1411
vy -200 Byeal contribution

chosen tariff structure 3
chosen levy 750 Rlyear/ha |
Lrecommended levy 750 Rlyear/ha |
total R 1,208,870
covered R 436,248
o provision for
. B maintenance
new works 0
full rehabilitation 1 X
; iitation 9 B operational
maintenance rate for concrete 0.50%

life time of concrete works 45
water allocation (% new dams) 0%
jon (% existi ) 50%

Land use in Summer Land use in Winter

Bmaize Biomatoes
.dry beans

BGroundnuts Donions
I:lcabbages

DOsweet potatoes Dchilies
o

Dtallow land dreen pepper
Diallow land




4. Conclusion

The approach that is described in this document takes root in the circumstances of smallholding irrigation
schemes, and in the new institutional and water policy framework of South Africa (see chapter 2).

Such situation generates a number of development-related questions (see chapter 2.4). The Smile approach
consists of trying and answer some of those questions.

4.1. Conceptual framework and principles

It relies on a number of background principles, orientations and concepts that have been chosen (see chapters
3.1to 3.3), among which it seemsimportant to highlight the following:

Establishing and sustaining multi-disciplinarity and partnership, meaning that engineers, agronomists,
extension agents, economists, development operators, farmers, decision and policy makers are
involved in the process. More specifically, data collection, model development, scenario development
and the outcome of simulation should be discussed or implemented collectively.

Acquiring and sharing a vision of self-management, and of long-term autonomous viability of the
scheme, i.e. including economic perspectives into the analysis, along with social and technical ones.

A conceptual model has been developed, as aframework (see chapter 3.4). Beyond the case study and the pilot
tool that has been developed, the model makesit possible:

to share acommon representation on the subject,
to gather information in an homogenous and exhaustive manner,
to develop further simulation tools, and reach genericity.

Several frameworks and guidelines have been proposed for SIS assessment (Field et a., 1998; ARC, 1999; De
Lange et a., 2000; Bembridge, 2000), although not having generated a common platform for data collection,
processing, and then decision support.

4.2. A pilot tool on a case study

A first pilot tools has been developed, based on case study data (see chapter 3.5). Scenarios have been tested
(see chapter 3.6). The simulations show that:

the current situation cannot lead to sustainability, since costs are hardly covered,;

total costs can hardly be reduced, since the bulk lays on capital and maintenance costs (however, a
partial rehabilitation may prove more costly in the long run than atotal one);

the current biggest problem is the majority of non-farming plot occupiers, with low capacity and
willingness to pay water fees,

low land productivity also strongly limits farmers' income and capacity to pay back water services,

even slight changes can significantly improve the situation (i.e. reduction of the proportion of non-
farming occupiers, shift from mere subsistence towards more commercial farming, increased cropping
and improved cropping systems, etc.)

A number of recommendations measures and decisions may be drawn from the simulations. Operators and
decision makers should especially address inner land tenure/access arrangements, farmers' training, access to
markets and services. An inescapable prerequisite to sustainable management is the establishment of asound
local managing organisation, which cost isincluded in the model.

Although requiring accurate and reliable background data, the methodology shows huge potential for decision-
making support and for investigation on sound management pathways.
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4.3. The way forward

Even though Smile has been ultimately specifically designed to try and match the current questions, issues and
stakes of SA’s smallholding irrigation schemes, previous and still on-going works paved the way for such an
approach, in Senegal, Brazil, Reunion Island, Tchad, Mali, where CIRAD and its partners are operating (Synoptic
review by Le Gal, 2001).

In turn, someinteresting aspects rise from the Smile experience in South Africa:
A strong and sustained interest from a number of various stakeholders,
The unique opportunity to work collectively, in a multi-disciplinary manner,

The situation in SA shows a huge diversity and definitely demands further investigations, as the IMT
processisjust unfolding now.

That generates a unique opportunity to develop further an action-research programme.

The approach is not completed yet. Further developments are currently taking place, with two major
orientations:

Addressing other situations (other schemes of the Northern, Eastern Cape and Kwazulu-Natal Provinces),
within which the team is willing to apply the Smile approach, trying and answer strategic questions on the
sustainability of schemes earmarked for rehabilitation and transfer. Such situations are also likely to feed
back the conceptual framework.

Developing the tool as such (a software), aiming to ultimately provide an investigation and decision-
making tool to scheme managers, consultants and stakehol ders.

Those two orientations are indeed very interactive. It is expected that the first one feed the second, providing
some generic character to the software. In turn, it should be easier to collect relevant data in line with the
existing framework.

Our wish is that the partnership that has been established, and proved efficient and successful so far goes on,
for usto assist asuccessful transfer, then a sustainable management of smallholding irrigation schemesin SA.
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6. Appendices

6.1. Documentation on input classes and attributes

6.1.1. Cost module

6.1.1.1. Irrigation and management assets

Type: e.g. dam, canal, pipe, weir, vehicle, etc.

Name: if any, e.g. for adam

Allocation (%): for the given asset, percentage of the use and/or resource allocated to the scheme (e.g. for adam)
Unit: 1 for apunctual asset (e.g. adam, aweir), meters (e.g. cana, pipe, fence) or else

Number Of Units: number of unitsfor the given asset (e.g. n meters of pipe)

Cost Per Unit: cost per unit for the given asset (e.g. Rand per meter for fencing, Rand for a dam)

Depreciation (%): percentage of theinitial value of the asset (capital) that islost at the end of itsworking life

Working Life (year): time period during which the asset is operating, before being sold (e.g. vehicle) or refurbished
(waterworks)

Annual Maintenance (%): percentage of the initial value of the asset (capital) that is allocated annually to its
maintenance during itsworking life

Annual Operation Cost (Rand): amount that is spent annually for the operation of the asset (e.g. vehicle, pump)

6.1.1.2. Personnel
Type: e.g. water bailiff, pump station attendant, accountant, manager
Name: Name of the person

Allocation (%): percentage of time alocated to the scheme operation, maintenance, and/or management by the
given person

Work Time Unit: work time unit, as used as a basis for salary/fees (e.g. hour, day, month, session)
Number Of Units: number of work time units

Cost Per Unit: cost per unit (e.g. Rand)

6.1.1.3. Overheads
Type: e.g. telephone bills, transport costs, etc.
Annual Cost (Rand): evaluating the amount that is spent annually for the given item

6.1.2. Crop module

6.1.2.1. Crop

Crop Name: e.g. maize, tomato, etc

Management Style: e.g. summer maize, low inputs, low yield (1t/ha)
Average Yield (unit/ha): e.g. 1 ton/ ha

Crop Market Price (R/unit): e.g. R1500/ ton



Home Consumption (%): Percentage of harvested product that is not marketed (i.e. self consumed, given to
relatives, etc.)

6.1.2.2. Crop calendar

Crop Name

Week Number (1-52): sets up the 52 annual weeksin atable

Presence (Boolean): identification of the weeks when the crop is grown, from planting to harvest

Water demand (mm): weekly water demand by the given crop, from planting to harvest

6.1.2.3. Production costs

Crop Name

Input Type: e.g. fertiliser, herbicide, insecticide, labour

Commercid Name: if any

Quantity (unit/ha): e.g. kg / ha, bag / ha, hours of Iabour per ha, etc.
Input Market Price (R/unit): R200/ kg, R7 / hour, etc.

6.1.2.4. Marketing costs

Crop Name

Marketing Cost Type: e.g. packaging, transport, transaction costs, etc.
Cost (R/ha): evaluating the amount of the given marketing cost

6.1.3. Farmer module

6.1.3.1. Farmer Type

Type Name: e.g. non-farming land occupiers, subsistence farmers, large commercia farms, etc.
Type Area (%): percentage of the scheme’ s areathat the given type occupies

Irrigation Water Use (Boolean): specifies whether the type is using irrigation water or not

Willingness to pay (Rand): amount that the typeiswilling to pay for water services, although they are not earning
an income from their plots, e.g. R200/ year.

Average Farm Size (ha): Average farm size in the given type, i.e. cumulated area of theirrigable plots, e.g. 1,5 ha

6.1.3.2. Cropping Systems
Crop Name
Management Style

Crop Area (ha): area allocated within irrigable plots to the given crop on an annual basis (on average)

6.1.4. Scheme module

6.1.4.1. Scheme Management
Scheme Name: if any
Total Area(ha)

Fixed Component Binomia (Rand / ha): in case of a binomial water pricing system, thisis the proposed figure for
thefirst (fixed) component, e.g. R200 / ha (see appendix 6.2.4.1).



Tariff structure (afigure from 1 to 6) : defines the water pricing system to be set up (see appendix 6.2.4.1).

6.1.4.2. Weekly Water Availability
Week Number (1-52): sets up the 52 annual weeksin atable
Rainfall Median (mm): propose aweekly rainfall figure for each week (median figure)

Resource Median (m3): propose aweekly water resource figure that is available to the scheme (median figure) (from
adam, ariver, amain primary cana, etc.)

6.2. Calculations

6.2.1. Cost module

6.2.1.1. Capital Costs
Input classesinvolved: Irrigation Assets, Management Assets

Capital Cost=  [Allocation * Number Of Units* Cost Per Unit * Depreciation / Working Life]

Total Capital Cost = éassets Capital Cost

6.2.1.2. Maintenance Costs
Input classes involved: Irrigation Assets, Management Assets

Maintenance Cost = [Allocation * Number Of Units* Cost Per Unit * Annual Maintenance]

Total Maintenance Cost = & assets Maintenance Cost

6.2.1.3. Operation Costs

Input classesinvolved: Irrigation Assets, Management Assets, Overheads

Total Operation Cost = a assats [Annual Operation Cost + Annual Cost]

6.2.1.4. Personnel Costs
Input classes involved: Personnel

Personnel Cost = [Number Of Unit * Cost Per Unit * Allocation]

Total Personnel Cost =8 [Personnel Cost]

6.2.1.5. Total Costs

Total Annual Cost = [Total Operation Cost + Total Maintenance Cost + Total Capital Cost + Total Personnel
Cost]

Total Annual Cost Per Ha = Total Annual Cost / Total Area (from the scheme management module)

6.2.2. Crop module

6.2.2.1. Production Costs
Input classesinvolved: Production Costs

Production Costs = [Quantity * Input Market Price]



Crop Production Cost =& Production Costs

6.2.2.2. Marketing Costs

Input classes involved: Marketing Costs

Crop Marketing Cost = a Marketing Costs

6.2.2.3. Crop Gross Margin
Input classesinvolved: Crop

Crop GrossMargin= [Average Yield* Crop Market Price]

6.2.2.4. Crop Net Margin
Input classes involved: Crop, Production Costs, Marketing Costs

Crop Net Margin= [Crop Gross Margin — Crop Marketing Costs - Crop Production Costs]

6.2.2.5. Crop Net Water Demand

Input classesinvolved: Crop Calendar
Crop Net Water Cons= @ wes [Water Demand * 10]
{Crop Margin Per M3 = [Crop Net Margin/ Crop Net Water Consg|

6.2.3. Farmers’ strategies & the scheme

6.2.3.1. For each type

Input classes involved: Scheme Management, Farmer Type, Cropping Systems + outputs from module “ crop”
{n} Area Per Type= [Type Area* Total Areaq)

{n} Number Of FarmersPer Type = [Type Area* Total Area/ Average Farm Size]

{n} TypeNet Income = a crop [Crop Net Margin* Crop Ared]

{n} Type Net Water Cons = [5. crop (Crop Net Water Cons* Crop Ared]

{52* n* m} Type Cropping Calendar = agraphic output of [Crop Calendar] in 52 weeks

6.2.3.2. At scheme level

Input classes involved: Scheme Management, Farmer Type + outputs from module “ farmer”

{1} Total Number Of Farmers = étype Number Of Farmers Per Type

{1} Number Of Irrigation Farmers= étype Number Of Farmers Per Type (excluding non-farming types, i.e.
Irrigation Water Use = n)

{1} Potential Irrigated Area= étype [Type Area% * Total Area] (excluding non-farming types, i.e. Irrigation
Water Use=n)

{1} Scheme Total Net Income= [(étype Type Net Income) * Total Area)

{1} Total Water Cons = 5type [Type Net Water Cons]



Resourceavailable at plot = Resource Median — (Resource Median * Conveyance |0ss%)

Resour ce actually available = Resource available at plot — (Resource available at plot * Irrigation |0ss%o)

{52} Overall Weekly Water Balance = [ ype { @ wop (ResOUr ce actually available + (Rainfall Median * 10* Area) —
(Water Demand * 10* Area)}]

{1} Scheme Total Net Income= [(é.type Type Net Income)]

{52* n* m} Scheme Cropping Calendar = agraphic output of é’ltype [Crop Calendar] in 52 weeks

6.2.4. Water pricing & cost recovery

Input classes involved: Scheme Management, Farmer Type + output variables fromthe “ cost” module

6.2.4.1. Determining water rates
IF Tariff Structure =1 (payment per ha, total cost recovery, everybody pays according to the area owned)
THEN Componantl =[Total Cost/ Total Area)

Componant2 =0

IF Tariff Structure = 2 (payment per ha, O& M costs recovery, everybody pays according to the area owned)
THEN Componantl =[(Total Operation Cost + Total Maintenance Cost) / Total Areag)

Componant2 =0

IF Tariff Structure = 3 (payment per irrigated ha, total cost recovery, those who irrigate pays according to the area
owned)

THEN Componantl =[Total Cost/ Potential Irrigated Area]

Componant2 =0

IF Tariff Structure = 4 (payment per irrigated ha, O& M costs recovery, those who irrigate pays according to the area
owned)

THEN Componantl =[(Total Operation Cost + Total Maintenance Cost) / Potential Irrigated Ared]

Componant2 =0

IF Tariff Structure = 5 (bimodal tariff, per ha & irrigated ha, total cost recovery, everybody pays according to the
area owned but depending on irrigation)

IF Irrigation Water Use=n

THEN Componantl = [Fixed Component Binomial] or [(Total Capital Cost+ Total Maintenance Cost) /
Total Area)

Componant2 =0

IF Irrigation Water Use=y



THEN Componantl = [Fixed Component Binomial] or [(Total Capital Cost + Total Maintenance Cost) /
Total Ared]

Componant2 =[Total Operation Cost / Potential Irrigated Area]

IF Tariff Structure = 6 (bimodal tariff, per ha & irrigated ha, O& M cost recovery, everybody pays according to the
area owned but depending on irrigation)

IF Irrigation Water Use=n

THEN Componantl = [Fixed Component Binomial] or [Total Maintenance Cost/ Total Area]
Componant2 =0

IF Irrigation Water Use=y

THEN Componantl = [Fixed Component Binomial] or [Total Maintenance Cost/ Total Area]
Componant2 =[Total Operation Cost / Potential Irrigated Area)

For each type:

{n} Water Fees =[Componentl + Componant?)]

6.2.4.2. Determining actual water fees
IF Water Fees > Willingness To Pay
THEN Actual Water Fees= Willingness To Pay

IF Water Rate =< Willingness To Pay
THEN {n} Actual Water Fees=Water Fees

6.2.4.3. Contribution per type
{n} Expected Contribution Per Type = Water Fees* Average Farm Size
{n} Actual Contribution Per Type = Actual Water Fee* Average Farm Size

6.2.4.4. Cost recovery rate

{1} Actual Water Fees Recovery = étype [Actua Contribution Per Type]
{1} Total Cost Recovery Rate =[Actual Water Fees Recovery /Total Cost* 100]

{1} OM Cost Recovery Rate =[ Actual Water Fees Recovery / (Total Operation Cost + Total Maintenance Cost) *
100]



