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I ntroduction

Some of the key outcomes of the Earth Summit held in Rio in 1992 werethe
recommendationsthat water should be treated as an economic good, thet water
management should be decentrdized, and that farmers and other stakeholders should
play amore important role in water management (Keeting, 1993). Such
recommendetions originated mogtly from the new chalenges and changing driving
forces that the world' s irrigation sector has been increasingly facing over the past
three decades, that are competing demands for water, emerging environmenta issues,
persgent food insecurity and poverty, and financid difficulties. Many countries have
embarked on aprocessto transfer the management of irrigation systems from
government agencies to private sector loca entities. Mogt professionds and operators
are il unsure about what reforms should be adopted and how to design and
implement them. This process, the so-cadled Irrigation Management Transfer (IMT),
includes gate withdrawa, promotion of the participation of water users, deve opment
of locd management inditutions, trangfer of ownership and management, and so on.
A number of successes aswel asfailures have been dready reported and andysed
(Vermillion, 1997; FAO, 2001). South Africahasjust cautioudy initigted IMT in
government smallholding irrigation schemes located in former homeand aress.
CIRAD and the University of Pretoriaare carrying out aresearch programme which
amsto as3g decison-making on rehabilitation and management transfer of
gamdlholding irrigation schemesto locad management gructures, then to pave the way
for asugtainable management of these schemes on the longer run. The present paper
amsto report back preliminary outcomes of the programme, which developed a
moddling gpproach for assessing the economic viahility of specific schemes of the
Northern Province, eermarked for rehabilitation and trandfer.

The paper firg describes the Stuation of smalholder irrigation schemesin SA, the
current process of rehabilitation and transfer, and the numerous questions regarding
sugtainability and prospects of such schemes. The principles of the Smulaion
approach are then presented. Finally, scenarios are tested on a case study scheme
where afirg smulation tool has been developed.

Paper presented at the Rural & Urban Development Conference 2002, National Institute for Economic Policy, 18-
19/04/2002, Johannesburg, Published in the proceedings. ISBN Number: 0-620-28854-X



The plight of smallholding irrigation schemesin SA

At present, South Africa has an estimated 1.3 million ha of land under irrigetion for
both commercid and subsistence agriculture. Owing to history and pagt policies,
different types of irrigation schemes have evolved in South Africa (Perret, 2001).
Smdlhalding irrigation schemes (S'S) cover gpproximately 46000 to 47500 ha
(Bembridge, 2000; NP-DAE, 2000) as former Bantustan schemes. SIS account for
about 4% of irrigated areasin SA. It is estimated that haf of them are located in the
Northern Province (about 175 schemes represent 20000 to 22000 ha). It isdso
edtimated that two thirds of South Africals SIS have subsstence asamain purpose,
and that 200000 to 230000 rurd black people are dependant a leest partidly for a
livelihood on such schemes. In spite of such ardatively smdl contribution, it is
believed that those schemes could play an important role in rurd development, Snce
they can potentidly provide food security, income and employment opportunities.

In the Northern Province, it is acknowledged that most SIS are moribund and have
beeninactive for many years (NP-DAE, 2000; Bembridge, 2000). Severd causes have
been mentioned, i.e. infrastructure deficiencies emanating from ingppropriate
planning and design, and/or poor operaiond and management Sructures, both
beneficiaries and government assgned extension officers lacking technica know-how
and ability, absence of people involvement and participation, inadequate inditutiond
dructures, ingppropriate land tenure arrangements, and a history of dependency
(WM, 2001). In the Eastern Cape and Kwazulu-Nata, most schemes are dso facing
mgor infrasructurd and indtitutiona problems, dong with locd politica power
games tha have characterized these schemes from the outset, and that hinder effective
problem solving. Following the dsmantlement of gpartheid, management agencies
were liquidated and government gradudly withdrew from its past functionsin SIS
(services, technicd advise and extenson, training, marketing and financia support).
Snce the late 1990s , provincid governments have st up rehabilitation and
management transfer programs throughout the country (ECRA, 2001; NP-DAE,
2000). The processes are however implemented very cautioudy. For provincid
departments, the underlying ideais undoubtedly to curtail the heavy financid burden
of SIS, asmogt of them are not contributing to the commercid agriculture sream. On
the other hand, departments would like to promote the emergence of smdl-scde
commercid farmers, as wdl as the community subsstence function of the schemes
(food security). These schemes were congtructed with no consideration for operating
cods or production economics. Nationd and provincid governments might be
tempted to trandfer “uneconomica” schemesto users. All rehabilitation and
reactivation eforts face the same dilemma, i.e. how can the socid and economic
aspects of SIS be reconciled?

A new water management policy

Since 1994, the South African Government has undertaken massive reforms aiming to
address rurd poverty and inequdities inherited from the past regime. Among other
programs, it has adopted an ambitious new water legidation, which culminated in the
acceptance of anew Nationa 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 inditutions. Among others, some new core concepts for
water management are decentraization and water service cost recovery. New
management entities (Catchment Management Agencies and Water Users
Asocidions) will be established a regiond and locd leve respectively, emphasizing



alargely decentraized and participatory approach to water resource management. The
direct implementation features of the Act are: State withdrawa from most former
commitments, controls and financid support, decentrdization and the trandfer of
power to loca management and decision-making structures (CMAs and WUAS),
water users regigration and licensing.

Water Users Associations (WUAS) potentidly form the third tier of weater
management and will operate at locdl leve. These WUAS are in effect co-operdive
associations of individua water users who wish to undertake water-related activities
for their mutud benefit. The role of the WUA is to enable a community to pool
financia and human resourcesin 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, organisng maintenance,
collection of water supply charges and financid management, and possibly later, the
management of investment, credit to farmers, marketing contracts, input supply, and
L on.

Poalicy issuesand questionson SIS

As described in previous sections, smdlholding irrigation schemes of SA are
currently facing privatisation, dthough some form of public-sector support may
remain. Owing to current policies, and depending on the sakeholders ahility to adapt
and reect, the processis likely to eventudly end up with two scenarios (although it
may take some time, either way):
continuous degradation (which isthe current trend) then collapse; this means
that alarge mgority of the remaining cultivated plots would be eventudly rain-
fed,
or some form of sustainable sef-management, which meansthet alarge
majority of plots would be cultivated and irrigated, and that the neighbouring
communities would benefit from it.
This second scenario is being promoted by centrd and provincid governments, which
am to revitdise SIS through rehabilitation, and to curtail the financid burden of their
maintenance and operation costs through atransfer of ownership and management.
Most schemes are earmarked for rehallitation and trandfer to users associationsin
the Northern Province and the Eagtern Cape Province. Although both provinces have
drawn plans (NP-DAE, 2000; ECRA, 2001), it remains difficult for decison-makers
and operators to evauate the potentia for long-term sugtainability, then to organise
rehabilitation and transfer accordingly. All the above raises a series of questions, and
demands invedtigation & different levels.
At Government level (policy making)
Which policies and measures should accompany the IMT process? (designing training
programmes, level of rehabilitation, new waterworks and resource deve opment,
resource and waterworks-reated pricing policy, land tenure reform, service and input
upply, etc.). What is the current Stuation of the schemes earmarked for rehabilitation
and trangfer? Do these schemes have any prospects, any sustainable development
potentia? To which conditions? Isit possible to prioritise, i.e. to drive funds towards
sdected promising schemes? How to choose them? Isit redlidtic to transfer dl costs
incurred to the locd management entities? In other terms, which costs may be covered
by the farmers  contribution®?



At WUA leve (collective management of irrigation)

How can one hep an emerging local indtitution to become a collective, representetive
and sugtainable structure for negotiation, decision and management, in achanging and
uncertain environment? Or in other terms, how can one implement the devel opment
of alocd organisation, managing water digtribution, maintenance and financia
agpects? More specificaly, how can the tariff sructure take into account farmers
capacity and willingness to pay, as well as cost recovery requirements? How can the
water pricing strategy and the water charging system take account of the different
issues & ke, i.e. equity, poverty dleviation, resource conservation, economic
vighility?

At farmers level (farming and cropping systems management)

What is the current Stuation in terms of cropping systems and, more generdly,
income-generating systems in the schemes? Are they compatible with a cost-recovery
gpproach of the scheme' s management? In other terms, are farmers cgpable to pay,
are they willing to pay? What are the prospects and potentid for changes and/or
improvement in cropping systems?

The Smile approach
Overall objective

The overall objective of the approach isto 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 consst of answering the questions listed in chapter 1.3.
The Smile gpproach drives to go beyond mere observation or quditative participatory
methods, or generd organisationd principles, and to avoid complex systemic
representations, athough benefiting from those semind works Its objectiveisto
fadilitate decision-making and strategy development. Severd frameworksand

guiddines have been proposed for SIS assessment (Fidd et d., 1998; ARC, 1999; De
Lange et d., 2000; Bembridge, 2000), dthough not having generated acommon

platform for data collection, processing, and then decison support.

Principles, theoretical background
A managerial per spectiveof irrigation schemes

A mgor prerequisite to a self-management scenario is the establishment of a sound
locd management entity (eg. aWUA). Such processis not directly addressed through
the Smile gpproach. However, the modd includes management options and takes
account of the management cogts incurred, which may help making certain decisons
a the outsat (dtaff, management assats, etc.). Having a self -management perspective
on SS means acknowledging the following mode of operation:
The management entity (WUA) providesirrigation water and related services
to farmers.
Such servicesgener ate costs: cgpitd cods (provison for further
refurbishment), maintenance and operation costs, and personnetrelated costs.
Partid 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 srategy, choice of awater pricing method, choice of abase,
determining fees, ec.).



The farmerstap into their monetary resour ces (generated by irrigated or rain-

fed cropping systems, by off-farm income-earning systems) to pay these water

service fees.

It isaclient-supplier relationship, athough farmers indeed partake to the

management entity. Public or private sector stakeholders may aso contribute to

drike the financia baance (through subsidies or sponsoring).
In other words, a scheme can be seen as a firm with two interacting productive units,
performing various functionsin a given naturd, inditutional and economic
environment (Rey, 1996; Le Gd, 2001). A number of flows take place between the
different sub-sysems flows of water, money, labour, products, and information.
On one hand, the collective management entity (supplier) “produces’ water with
certain characterigtics (quantity, qudity, codts, etc.). It has to perform two types of
functions: a hydraulic function (water supply, operation and maintenance) and a
financid function (cost recovery, water pricing and feesfixing, financid
management).
On the other hand, individud farmers (clients) “transform” thiswater in products
through their productive systems (irrigated cropping systems), then passibly in money
if they market these products. Thus, farmers perform two types of functions:
agricultura production (cropping system, irrigation sysems at plot level) and
commercidisation.
Smdlholder families sddom rely solely on the production of anirrigated plat. It is
common for irrigated plot holders to have rain-fed cropped aress, livestock, non-farm
sources of income and S0 on (Merle et d. 2000). One should consider the whole
income-earning system of smallholder irrigation farmers while reckoning their
cgpecity and willingness to pay water fees. Water pricing and the water charging
system form the key interface between farmers and the management entity (seefigure
1). Defining crop production srategies, organisng commercidisation, griking a
baance between water supply and demand, developing a management information
system, and the like, are ds0 key subjectsfor both farmers and the WUA (Le G4,
2001).

Figure 1. A conceptual framework for the management of irrigation schemes
(adapted from Le Gd, 2001)
Collective Technica Financia
management management

| Water charging system

Individual Production Income
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Action research

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



gpproaches require facilitation of collective learning and negotiated agreement
(Jogins & Raling, 1997). Actionresear ch drivesto play thisfadilitation role. As
defined by Liu (1994), it combines:

the convergence of awill for change and a research intention, which entalls a

two-fold objective, i.e. problem solving and knowledge generation (with locdl

and generic scope),

an ongoing long-term joint project between researchers, devel opment

operators and users,

acommon ethica framework negotiated and acocepted by al sakeholders.
Sa/erd previous experiences show that projects inspired by action-research can
efficiently support local development (Valeyrand, 1994; Perret & Legd, 1999). The
tricky and essentid point is to implement properly the participation of stakeholders,
not only while callecting data but dso during recurrent, interactive workshops
(information sharing, discussions about scenarios, solutions seeking, €c.).
A recent trend in management-oriented researches is to proceed through direct
intervention within the targeted organisations (Moisdon, 1997). I nter vention-
r esear ch means that the researcher isno longer an externa observer, andysing
managerid processes, then prescribing possible improvementsin line with optimal
solutions (such an approach refers to operationa research). Helsheis actudly
embarked in a common work with the individua and collective stakeholders. The
prescription dimension takes part of an inner process in which control, strategy,
piloting, ongoing learning are centrd.

Supporting decision making with models and scenariotesting tools

Human organisations (such asirrigation schemes) are complex systems, meaning that
no Smple representation can encompass or exhaust their scope, interactions,
implications, issues, and dynamics. Furthermore, they evolve in uncertain
environments (e.g. climate, markets, resource, etc.). Complexity and uncertainty
call for strategy. Rether than striving to stick to along pre-established trgjectory,
deveoping a gtrategy in complex and uncertain environment means developing a
step-by-step gpproach, striving to foresee, adapt to, and kenefit from any new issue,
emerging Stuation or unexpected event, according to a broad guiddine and severd
main objectives (Avenier, 1997). Besides, human organisations are not only
condtituted by individuals and assats, but aso by knowledge, rules and information,
enabling monitoring and assessment of the activities performed, and orienting
behaviours and choices. Very often, thisinformation is combined to dand 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 incressing complexity and dynamics of organistions, 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, lear ning processes, adaptability, discussion, collective awar eness
andsoon.

Such an insrumenta gppraach ams to support and accompany the knowledge and
exploration of redlity. Its main objective isto help a group of stakeholders sharing a
common representation, making decison and developing an adaptetive Srategy on the
process they areinvolved in, and anticipate the possible evolution. As such,
developing a management tool represents an intervention into the organisation, asthe
gructure of the modd is based on dynamic links with the conceptua representation of



the organisation and the rules structuring intervention. Developing management tools
goes dong with developing the organisation itsdf, and its srategy (Moisdon, 1997),
which may prove crucid in the context of the etablishment of WUAs as loca
management entities. Moddling then running smulaions may fue discusson and
meake people interact, chalenge hasty judgements and support sound decisons, raise
new questions, and foresee issues and problems.

Practical features

A threestagesapproach

The approach implies three phases:
Data collection, which includes fidd vidts, famers and operators
interviews, literature review on infragtructures (e.g. pre-rehabilitation reports),
crops, farming systlems, markets, locd ingtitutions, and so on. Information is
reguired on the socio-economic ard technical circumstances a household
level
Data processng and modd development; future developments will benefit
from the existing modd (Smile) which may be adgpted to other Stuations
rather than actudly be redeveloped. The modd evauates both the costs
incurred by scheme management, and the possible components of cost
recovery in a context of management by awater users associaion. Prior to
modd development, it is necessary to develop atypology of faamers
Strategies and practices (see below)
Running the modd on a scenario-testing basis, evauating the impact of certain
measures or decisions, or certain farmers' drategies on agricultura and
production festures, land alocation, costs and cost recovery, economic
indicators, equity- and sustainability-related indicators. This supposes
interactions with experts and loca stakeholders

The need for accurate data

The more accurate and rdliable the data, the better the moddling and smulation
development. In spite of the numerous reports that have been written on most schemes
earmarked for rehabilitation and trandfer, it proved very difficult to gather the
necessary information for modelling then smulation purposes. This caled for

multiple contributions and partnerships with knowledgegble experts and proved

crucid in choosing the case sudy schemes: Dingleydde - New Forest (DD-NF).
Concerning infrastructure, most data are usudly lacking since the schemes were
managed by former independent homeand 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, 1999b). Concerning the communities and their farming practices,
studies have been undertaken on some case sudies, but often focusing on certain
issues such as gender or productivity for example. For this sudy, economic data were
of mgor importance. In DD-NF, most economic data were made available viatwo
complementary surveys both undertaken in 2000 on the farming households a quick
pre-feagbility survey based on alarge sample (200 households) undertaken by Loxton
Venn & Associate (Mitchdl, 2000) and a more comprehensive survey done by
CIRAD, basad on asmilar sample sze (Merle et d., 2000). Data on the whole
communities would have been very helpful, but were not available. Concerning
management entities and their drategies, DD-NF offered, once again, agood



compromise. It doesn't have aWUA yet, but as apilot project, atrangtiona
development steering committee has been etablished.

Multi -disciplinarity and partner ship

The gpproach requires interest and commitment by anumber of individudsand
inditutions. Partnership and multi-disciplinarity have been established and sustained
during the course of the project. Engineers, agronomigts, extension officers,
economigts, development operators, farmers, decision and policy makerswerefirst
involved maostly on an individua and informa bags during the two first phases as
liged above. Then some key experts and sakeholders 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 Affairsand
Foredry, Internationd Water Management Ingtitute, Water Research Commission,
Provincid Departments of Agriculture, consulting agencies (Loxton Venn &
Associates) have been involved at different stages.

Diversity of strategies: the need for atypology of farmers

A drategy may be defined as the combination of processes (plans, decisions and acts)
that anindividud or agroup of individuds (afirm, afamily, eic.) devdop

purposively, and which am a changing/transforming their socia, economic and/or
physcad environment Such processes combine resources and/or techniques and/or
knowledge and know-how (Olivier de Sardan, 1995). Farmers develop drategies as
responses to a changing and uncertain environment, in order for them to
duplicatelreach/transform a given life style that corresponds to an objective, as groups
and/or asindividuas. The crops, crop management sequences, cropping systems,
animas and anima production systems, farming systems, off-farm activities, and so
on, thet the farmers combine and mobilise refledt such grategies (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 is
impossible to take account of each and every household' s characterigtics; on the other,
it isirrdevant to consder the scheme homogeneous, hence a typology that groups
households with smilar srategies and characterigtics, with regard to agiven

objective. For example, Lamacq (1997) built up farm typologies according to action
modes, aming a moddling water demand. Merle et d. (2000) developed atypology
of househalds in Dingleydde-New Forest schemein South Africa, mostly according
to their socid and micro-economic traits, and to their production and marketing styles.
Such atypology has been smplified and re-focussed on production/marketing styles
(because of their importance in a salf management perspective), then used for
moddling purposes in the case study.

Developing the modéel: conceptual framework

The approach as awhole takes root in the above principles. The modd’ s conceptua
framework takes into cong derations the economic agpects of scheme' s management,
and addresses some technical indicatorsin order to check that scenarios are redistic
(e.g. water resource availability). Further technical details and ca culations about the
mode may be found in Perret and Touchain (2002).

Four input modules form the basis of the information system, as interfaces for deta
capturing by the user (seefigure 2). Each cod-generating item islisted in the “ cog”
module. This module generates output varigbles that reckon the cogtsincurred by the
scheme and its management (i.e. capital costs, maintenance costs, operation costs,



personnd cogts). Such information answer the question as to how much doesit cogt to
operate the scheme in a sugtainable manner (regardless of who is going to pay for it).
Each potentialy income-generating and/or irrigated crop islisted with its technica

and economic features (e.g. management style, cropping caendar, water demand,
yield, production and marketing cogts) in the “crop” module. This module generates
micro-economic output varisbles (e.g. gross and net margin par ha, and per n) that
alow comparative evauation of cropsin terms of profitability, land productivity, and
weter productivity.

A “farmer” module captures the different farmers' types, with their cropping systems
(combination of crops that have been documented in the crop modul€e), average farm
Size, percentage of scheme' s sze, willingnessto pay for irrigation water services.
This module generates type-related output variables (e.g. aggregated income per type,
crop caendar) and scheme-related output variables (e.g. number of farmers,
aggregated water demand) when combined with the “scheme” module. A “scheme”’
module lists the scheme' s characteridtics (e.g. Size, rainfal and resource-availahility
patterns, tariff sructure). This module is combined with the “farmer” and “ cost”
modules, and generates output varigbles on water gricing, tariff, cost recovery rae,
contribution per type. This alows answering the question as to who may pay, and

how much, for water services. It dso generates some socid and equity-related
indicators, and resource related indicators (e.g. totd number of farmers, area per type,
number of farmers per type, type net income, scheme tota net income, totd water
consumption, overal weekly weter baance).

Theinitid inputs (real data) form the base scenario. Additiona scenarios may be
tested through the capture of non-red / prospective data, especidly when the given
scheme has not yet been rehabilitated or tranferred (e.g. dternative crops and
cropping systlems, emerging farmers' types, changes in scheme s management
patterns, options for a charging system, new infrastructures, and so on).

Figure 2. The modd’s conceptud framework

Data-capturing modules: the information system

Crop module

Cost module LL Scheme module

Farmer module

Costsincurred Capacity to pay

Willingnessto pay

Scenario-testing outcomes
Options for awater-charging system
Economic viability indicators
Equity-related and socia indicators
Water resource related indicators




A first smulation tool

Dingleydale-New Forest asa case study

A smulation tool has been developed (Perret & Touchain, 2001), based on such a
conceptud framework, and from data collected in the Dingleydde - New Forest
irrigation scheme. This scheme was chosen as a case study. It is one of the pilot
projects in the Northern Province through the Water care Program (i.e. a scheme
earmarked for rehabilitation then trandfer by the Provincid Department of
Agriculture). With 1600 ha under flood irrigation, it is the largest scheme of the
Northern Province. It is actudly composed of two schemes sharing parts of their
infrastructure and used by different communities. Merle et d. (2000) showed thet the
schemeistypicd, and displays anumber of traits that are common to other SIS

alarge mgority of non-farming plot occupiers,

adiversty of practices and performance among irrigation farmers, yet

generdly little productive and subs stence-oriented,

asmple conception of infrastructures (dam and cand's, operating under

gravity), yet deteriorating,

alack of support services, awesk agri-busness environment, and missing

markets,

water dlocation and water availability problems, especialy in winter.
AIthough inavirtua state of collgpse, this scheme appearsto bein abetter shape than
other schemes in the country, with a 30% land use ratio and a diversty of crops being
grown gpart from grain maize. Also, the schemeiswdl documented.

Principles

Moisdon (1997) listed a number of characteridtics that are deemed indispensable to

enable a management and decision-making support tool to reechitsgods it should

be:
Smplethe tools must be user-friendly, easy to use and to understand, yet with
asound compromise between accuracy and Smplicity,
Hexible and fragile: the tool should not be fixed but should be revised and
adapted overtime, according to the usars' requirements; the tool may evolve, or
even be discarded, according to new circumstances or risng questions, such a
short life cyde isimportant to sustain interest, focus and participation around a
common problem-solving purpose,
Interactive and discussible: in the context of intervention reseerch, it is
important thet the process of development itsalf create a mulltilatera dynamic of
retroaction and revison of choices;, scenarios will naither be ranked or rated; the
tool isnot prescribing, but rather facilitating discusson, investigating
possihilities, then supporting decison; the outputs form arange of indicators,
Decentralised: the tool should be made available and used & different leves of
dedison.

Following these principles and the conceptud modd, it was decided to develop a
prototype of atool on aspreadsheet software (Microsoft Exce ™).

Main features

The prototype follows the principles of the concgptua modd, athough with some

dterations: it does not consder weekly crop cadendars but just cropping seesons

(winter vs. summer crops), neither it consders water balance a crop, type or scheme




levels. Owing to the spreadsheet platform’s characteristics and limitations, thetodl is
mede of 3 types of Joreadshedts, dl beonging to asingle
3 input/output boards, namely “farmer”, “cost” and “charging system” boards,
whereby data are captured, then output variables, indicators and graphs are
reported,
3 cdculation sheets, whereby cdculations are made for each of these boards;
2 data-gtorage sheets, whereby background informeation on infrastructures and
crops are captured and stored.
An additiond sheet digplays the summarised output of asmulation for printing or
demo purposes. The user may keep record of any scenario and its outcome, just
through file saving. Such afirg atempt proved easy to develop, to use and to adapt,
dthough with severd limitations
The user must be familiar with Excel.
The different input areas are open and unprotected, alowing mistakes. If running
amulationsis essy, capturing background data remains avkward.
Thereisalack of an actud database atached to the model.
If certain modules become bigger, some cdculations will be limited or
impossble
Findly, the modd has alimited genericity and cannot be applied to every
Stuation without mgor updating and adaptation.

Running smulations

Principles

A scenario-testing gpproach badicaly refers to a comparative gpproach 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
systemn being gpplied to the current situation. The most redigtic and likdly
features of awater charging system and of aloca management entity are chosen
according to information collected.
A number of redidic dternative scenarios should be defined. They indude
changesthat are very likdly to occur and/or that are likely to affect much output
indicators.
The definition of scenarios mugt be done in dose partnership with a number of
stakeholders and experts.
It is aso advisable not to test a scenario that includes too many changes at once, Snce
it may become impossible to identify their individua weigh and impact. Changes may
be combined afterwards, when each individua impact iswell known.
Examplesin the case study scheme
Abase scenario
The base scenario data feeds afirs smulation that provides a number of output
variables, grgphs and indicators, as shown displayed in figure 3. The base scenario
may be summed up as shown in teble 1. The outcome highlights that the current

farmers drategies and cropping systems do not make it possible to cover the codts.
Lessthan 25% of thetota cost isrecovered (R 357 000 over R 1 208 000).

Table 1. Base scenario

Modules Current stuation Hypotheses on non-existing



components

Cost

Crop

Farmer

Scheme

Exiging infrastructures once
rehabilitated

Exigting crops with their current
features (grossand net margins, yidds,
etc.)

Exigting types (non farming land
occupiers, subsistence farmers,
trangtion farmers), with their existing
features (farm size, crop combinations,
net income, willingnessto pay, etc.)
Current Sze

Full renabilitation option but no
new waterworks.

Basic management assets and
personnd that are deemed

necessary

Basic tariff Structure (per ha)




Figure 3. Synoptic board with theresults from a base-scenario simulation

Scenario : Base Scheme size (ha) 1611
Number of Farmers 1391
Total Water Demand 2410 000 m3
Farmers
% of the scheme surface per type 70% 25% 5% 0%
average surface per farmer (ha) 1 1.7 3 4 0.1
willingness to pay 200 300 0 0 0
max levy (% of farm income) 20% 20% 20% 20% 20% Dexpected contribution
before water levy 0 213 33277 0 0 T
after water levy -200 -88 31026 0 0 B real contribution

Water Charaina Svstem

chosen tariff structure

chosen levy 750 Rlyear/ha

recommended levy 750 Rlyear/ha

total R 1,208,870

covered R 357,057

uncovered 851,813 Doprovision for
refurbishment

new works

full rehabilitation 1 .

partial rehabilitation 0 Doperational

maintenance rate for concrete 0.50%

life time of concrete works 45

water allocation (% new dams) 0%

water allocation (% existing dams) 50%

Land use in Summer Land use in Winter
Omaize Htomatoes
Bdry beans
B Groundnuts DOonions
Ocabbages

O sweet potatoes Bchillies

o
Ofallow land green pepper

DOfallow land

A*“ partial rehabilitation” scenario
At the time of the study, the rehabilitation strategy and means were il discussed. It
appeared interegting to test a“ partid rehabilitation” scenario, whereby concrete
furrows for secondary conveyance are refurbished instead of being replaced by pipes
in the “full rehabilitation” scenario. Thetotd cost then rasesto over R 1 600 000,
mostly because of the much heavier maintenance costs incurred.

A*“land use and maize productivity” scenario

Low yidds and patia land use cause low productivity at scheme and community
level, and s generate low income a 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, ort
farm experimentations and demondration plots, and the like, the two farming types
(subsistence farmers and trangtion farmers) have intengfied maize production, thus
increased their yidds, and their land use in winter (see table 2). Such scenario
upposes Ao better access and support to farmersin terms of input / output markets,
and possibly credit.

The results show adight increase in land use in winter. However, the mgor outcome
isthe improved cog recovery ratio, sSnce subsistence farmers start making some
money out of maize production and can pay back water services (seefigure4). Sucha
cenario presupposes the necessary integration/combingtion of interventions (training
+ input/output markets + credit, etc.).






Table 2. Changes between the base scenario and a “land use and maize

productivity” scerario

(percentages indicate the proportion of the type area covered with maize with agiven

management syle in winter)

Scenario Subsistence farmers Trandgtion farmers
Base (current Low yidd (1t/ha): 50% Averageyidd, partly harvested in
Studtion) green (3¢/ha): 30%

Land use and maize Low yidd (1tha): 10%
productivity Average yidd (3t/ha): 20%
Averageyidd, partly
harvested in green (3t/ha):
2%

High yidd, partly harvested
in green (7t/ha): 15%

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

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

Figure 4. Synoptic board with the resultsfrom a “land use and maize productivity” scenario

Scenario : Land use and productivity

Farmers 1 2 3 5

Scheme size (ha) 1611
Number of Farmers 1391
Total Water Demand 2630 000m3

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

4
% of the scheme surface per type 70% 25% 5% 0% 0%

average surface per farmer (ha) 1 17 4 01

willingness to pay 200 300 0 0 200

max levy (% of farm income) 20% 20% 20% 20% 20% Dexpected contribution
before water levy 0 8090 41498 0 0

after water levy -200 6814 39247 0 0 Breal contribution
Water Charging System

chosen tariff structure 3

chosen levy 750 Rlyear/ha

recommended levy 750 R/year/ha

total R 1,208,870

covered R 588,201 -

uncovered R 620,669 B provision for

ntrastrugtures | e
Infrastructures

new works 0

full rehabilitation 1

partial rehabilitation 0

maintenance rate for concrete 0.50%

Land use in Summer

O maize
B Groundnuts

Osweet potatoes

Dfallow land

Land use in Winter

Btomatoes

B dry beans
Donions

O cabbages
Bchillies

D green pepper
Ofallow land

A*“land arrangements’ scenario

It is dear that the overwheming proportion of non-farming plot occupiersisamgjor
cause for poor economic viability of the scheme. It has been obsarved that unclear
land rights and poor information prevent farmers from devel oping innovaive inner
arangements (sale, renting, lending, leasing, or swapping arrangements, permanently
or temporarily, etc.) (Merleet d., 2000; Lahiff, 1999). Alterndtive scenarios may be

developed on such bases.



Asan example, a*“land use arrangements’” scenario may be imagined. It processesthe
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
subsigtence farmers. There is a shift towards commercidisation strategies (type 4) and
a0 the creation of anumber of food plots (seefigure 5).

Fgure 5 shows the outcome of the Smulation, which highlights a sgnificant
improvement in land use and production, yet with much higher water consumption.
Cod recovery isdightly improved. Above dl, land use rearrangements and the
cregtion of smdl food plotshave an impact on socid issues (more women involved in
food plots), equity (more families bendfiting 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 Stuation). It reaches more than 1800 in that
example.

Figure 5. Synoptic board with theresultsfrom a*land rights arrangements’
scenario (the arrow spots the changes from the base scenario)

Scenario : Land use and farmers strategies Scheme size (ha) 1611
Number of Farmers 1890
Total Water Demand 5182 000 m3
Farmers 1 2 3 4 5
% of the scheme surface per type 35% 50% 5% 5% 5%
average surface per farmer (ha) 1 1.7 3 4 0.1
willingness to pay 200 300 (o] 0 200
max levy (% of farm income) 20% 20% 20% 20% 20% Dexpected contribution
before water levy 0 213 33277 67291 1411
|after water levy 2200 88 31026 54289 1336 ] Breal contribution
Water Charaina Svstem
chosen tariff structure 3
chosen levy 750 Riyear/ha
recommended levy 750 Rlyear/ha
total R 1,208,870
covered R 436,248 -
uncovered R 772,623 D provision for
refurbishment
Infrastructures .
new works 0 B 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’ 50%
Land use in Summer Land use in Winter
B maize HEtomatoes
Hdry beans
B Groundnuts DOonions
Ocabbages
0O Sweet potatoes Dchillies
Itis DOfallow land g Bgreen pepper
. Dfallow land
cond hip

gpproach is adequately addressed, documented, implemented and discussed, and (2)
the principles of sdf-management, autonomy and economic viahility must be
acknowledged among dl stekeholders
The modeling gpproach as such makesit possible to share a common representation
on the subject, to gather information in a homogenous and exhaugtive manner, and to
develop further smulation tools, and reech genericity. A fird pilot tools has been
developed, based on case study data, and scenarios have been tested. The results from
the case sudy scheme are likdly to echo much broader anong SISin South Africa
the current Stuation cannot leed to sustainability, Snce costs are hardly
covered;



total costs can hardly be reduced, since the bulk lays on capitd and
maintenance cogts (however, apartid rehabilitation may prove more codtly in
thelong run than atotd one);
the current biggest problem is the mgority of non-farming plot occupiers, with
low capacity and willingness to pay water fees,
low land productivity dso strongly limits farmers' income and capecity to pay
back water services;
even dight changes can significantly improve the Situation (i.e. reduction of
the proportion of non-farming occupiers, shift from mere subsstence towards
more commercid farming, incressed cropping and improved cropping
systems, €tc.)
A number of recommendations measures and decisons may be drawn from such
smulations. Operators and decision makers should especidly addressinner land
tenure/access arrangements, farmers' training, access to markets and services. An
inescapable prerequisite to sustainable management is the establishment of asound
locd managing organisation, which cogt isinduded in the modd. Also, public and
private sectors should consider intervention on the financia balance of the schemes,
in order to achieve long-term economic viahility (in the form of subsidies or
sponsorship on capitd costs, accompanying programmes, and the like).
Although requiring accurate and reliable background data, the methodology shows
huge potential for decison-making support and for investigation on sound
management pathways.
The approach is not completed yet. Further developments are currently taking place,
with two mgor interactive orientations
- Addressing other stuations (other schemes of the Northern, Eastern Cgpe and
Kwezulu-Nata Provinces), within which the team iswilling to goply the Smile
goproach, trying and answer srategic questions on the sugtainability of schemes
earmarked for rehabilitation and transfer. Such Stuations are dso likdly to feed
back the conceptud framework.
Devdoping the todl as such (a software), aming to ultimately provide an
investigation and decison-making tool to scheme managers, conultants and
sekeholders.
Our wish isthat the partnership that has been established, and proved efficient and
successful so far goes on, for usto assst a successful trandfer, then a sustainable
management of smdlholding irrigation schemesin SA.
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