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Résumé

L'objectif de cet atide est de présenter un modde de smulation pour I'aide a la décison appdé AWARE
(Action-research and Watershed Andyses for Resource and Economic sustainability). Ce modée est en cours de
développement par le Centre pour I'Economie e la Politique Environnementde en Afrique (CEEPA) en
collaboration avec le Ministére des Eaux et des Foréts sud africain (DWAF).

La nouvele loi sur I'eau sud africane (NWA, 1998) favorise la gestion intégrée e décentrdisée de la ressource
hydrique dans un contexte inditutionnd rénové Développement socid, croissance économique, intégrité
environnementde e équité dans l'accés & l'eeu sont les objectifs dés du nouveau cadre juridique et
réglementaire de gestion de la ressource. Des nouveles entités (Catchment Management Agencies - CMAS, et
Water Usars Associations - WUAS) sont en cours de condiitution aux niveaux régiona et loca. Ceci souligne
I'approche décentrdisée et paticipaive adoptée dans ce pays pour la gestion de la ressource hydrique
Toutefois, pour ére effectifs, de tels changements radicaux demandent des temps relativement longs. La mise en
oavre du NWA doit en outre fare face a pluseurs questions socides dans un contexte de déficit hydrique
générdist, retards et inégdités dans les infrestructures d approvisonnement en eau. Par conséquent, la gestion
e le contrle de la demande en eau sont vus comme des taches crucides des nouvelles CMAs. L’ approche
adoptée se base sur un processus d'adtribution de licences, a travers lequel des autorisations d'usage de I'eau sont
dlouées aux différents demandeurs. Ce processus souléve des nombreuses questions concernant les critéres de
priorité dans I'alocation des licences. Par exemple on peut = demander avec quele frégquence et comment ces
licences devraient étre révisées, ou encore qud serait I'impact de certaines stratégies d' alocation ?

AWARE e un outil de smulation spécifiquement congu pour moddiser des dynamiques de systéme au niveau
du bassin versant. Le modde évadue différents scénarios représentant des dratégies potentidles de gestion de
I'eau en fonction de leur efficacité économique, viahilité environnementde et équité socide. L'aspect centrd des
Stratégies smulées et représenté par |'attribution de priorités a certains groupes d'usagers de la ressource, dans
un contexte de compétition entre ceux-d.

AWARE évaue I'impact économique (production, crégtion d'emploi) e environnementa (présarvation de la
réerve écologique des différents scénarios Smulés qui représentent des dratégies dternaives de gestion de
I"eaul.

Aprés avoir illustré le cadre juridique e inditutionnd dela gesion de I'eau en Afrique du sud, I'aticle
présentera la dructure et les principaux résultats du modde. Dans une derniére partie, nous discuterons de
I'utilitt d'un modde d'ade a la décison/négociaion pour faciliter le processus de gestion décentrdiste de I'eau
dansle pays.

S, Fadlfi is researcher a the Centre de Coopéation Internationde en Recherche Agronomique pour le
Développement (Cirad-Tera), Montpdlier and research fdlow a the Centre for Environmental Economics
and Palicy in Africa (CEEPA), University of Pretoria

R.M. Hassan isthe Director of CEEPA, University of Pretoria



Summary

The purpose of this paper is to illustrate a decisonsupport simulation model caled AWARE (Actionresearch
and Waershed Andyses for Resource and Economic sudtainability). This mode is being developed by the
Centre for Environmenta Economics and Policy in Africa (CEEPA) in collaboration with the Department of
Water Affairs and Forestry (DWAF) in South Africa

The new Nationd Water Act of South Africa (NWA, 1998) promotes integrated and decentrdised water
resource management in a new inditutional environment. Socid development, economic growth, ecologicd
integrity and equity of access to water are key objectives of the new water resource management regulation.
New management entities (eg. Catchment Management Agencies - CMAs, and Water Users Associations -
WUASs) are currently being established a regiond and locad levels, emphaszing a lagdy decentrdized and
participatory approach to water resource management. Such radicad inditutional changes, however, require a
relatively long time frame to come into effect. The implementation of the NWA faces many socid questions and
economic uncertainties, within a context of water scarcity, backlogs and inequdities in infrestructure and water
supply. Management and control of water demand is accordingly seen as a mgor task of the newly established
CMAs. The approach adopted relies on a licensing process through which water use authorisations are dlocated
to various applicants. This process raises a number of questions as to how to prioritise between different uses
and users when and how licenses should be revised and what the impact of certain licenang drategies might
be?

AWARE is a smulation tool specificdly desgned for modeling system dynamics of catchment level water
management. The modd evauates dternative action scenarios representing  potentid water  management
srategies for economic efficiency, environmenta sugtainability, and socid dedrability. The core emphasis of
simulated water strategiesis on alocation of priorities among competing groups of water users.

AWARE evauates the socio-economic (i.e. output and employment levels) and environmenta (preservation of
the ecological reservg consequences of dmulaled scenarios representing  dternative water  management
drategies.

After illugtrating the legd and inditutiond background to water management in South Africa, the paper presents
the dructure and the main results of various modd smulations. A discusson of the ussfulness of a
decision/negotiation support tool in facilitating the process of decentrdised water management in the country is
finally provided.



1. I ntroduction

The new Nationd Water Act of South Africa (NWA, 1998) promotes integrated and
decentralised water resource management under a new inditutiona environment (Hamann &
O'Riordan, 2000; Perret, 2002). Socid development, economic growth, ecologicd integrity
and equity of access to water are key objectives of the new water resource management
regulation. New management entities (Catchment Management Agencies — CMAs and Water
Usars  Associations - WUAS) are currently edtablished at regiond and locd leves
emphaszing a lagdy decentrdized and paticipaiory gpproach to waer resource
management. Such radica inditutiond changes, however, require a rddively long time-
frame to come into effect. The implementation of the NWA faces many socid quesions and
economic uncertainties, within a context of waer scarcity, backlogs and inequdities in
infrastructure and water supply.

Management and control of water demand has been identified as a mgor task of the newly
edablished CMAs The apprceach adopted for water alocation to economic uses rdies on a
licensng process through which water use authoristions are granted to various gpplicants
This process raises a number of questions (Farolfi & Perret, 2002) as to how to prioritise
between different uses and usars, when and how licenses should be revised, and what the
impact of cetan licenang draegies might be? The decison-making process for water
management in South Africa deds largely with regulating a complex sysem of interactions
between multiple biophyscd and socio-economic entities coexising in a watershed. This
process must dso comply with and serve the economic, socid, and environmental objectives
of the NWA.

Decison support tools like Sysem Dynamic Modds (SDM), which are able to take the
ecologicd and socio-economic  dynamics into account, provide a relevant framework for
facilitating the dedgn and implementation of waer management drategies SDMs use
powerful  Smulaion moddling techniques for framing, underganding, and discussng
complex issues and problems (Radzicki, 1997). SDMs dlow easy dynamic representations
and long-term scenario-based smulations to predict outcomes of policy decisons (Codanza
& Gottlieb, 1998). Where long-term <tudies or experimentd manipulaions are not posshble,
as in the case of evaduding the implications of CMAS water dlocation drategies over a long
period of time dmulaion modds can fadlitate overcoming exiding data and knowledge gaps
(Costanzaet al ., 1993).

This dudy devedops an example of SDMs gpplication to Smulating water dlocation
decisons in South Africa The developed modd, cadled AWARE (Action research and
Watershed Andyses for Resource and Economic sudtainability) is a smulation modd that
explores the impact of different Srategies of water dlocation on the key objectives of the
NWA at the watershed level. The Stedpoort area, a sub-basin of the Olifants river caichment
in the northeast South Africa has been chosen as the case study area. The results of two
versons of the modd (AWAREL and AWARE2) were smulated. AWARE1 adopts a
relativdy smpler sructure of the modd, based on redrictive assumptions about the water
demand and output supply behaviour of the competing water users. The smplicity of the
sructure of AWAREL is attractive to policy uses and negotiation processes and it is dso less



data intensve. Some of these assumptions were relaxed in AWARE2 to show how solutions
will differ under dternaive, more redistic complications of the structures of water demand.

The paper is organised in 9x sections. The following two sections present the structure and
some smulations run with AWAREL. Sections 4 and 5 illudrate the structure and show some
results of AWARE2. A discusson of the ussfulnes of a decison/negotiation support tool in
facilitating the process of decentralised water management in the country is then provided in
section 6

2. Thestructure of AWARE1

AWARE has been devedoped by the Water Resources Program of the Centre for
Environmentd Economics and Policy in Africa (CEEPA) in collaboration with the
Department of Water Affairs and Forestry (DWAF) in South Africa. AWARE is a smulation
tool specificdly desgned for moddling sysem dynamics of cachment levd water
management. It is based on a smplified representation of the Stedpoort watershed. The
mode evauates dterndive action scenarios, representing  potentid  water  management
drategies aming to promote economic efficiency, environmentd sudanability, and socid
desirdblity in water use and dlocation The core emphasis of smulated water dtrategies is on
dlocation of priorities among competing groups of water usrs. In order to estimate the actua
annud volume of water received by the usars, the modd cdculates the water avalable in the
watershed, the yidd, corresponding to the surface plus ground water (about 25% of the
naturd mean annud runoff) to which the annud ussble return flow from irrigation, urban
uses, mining and bulk indudrid ectivities is added (DWAF, 2002). CMA dlocetion drategies
determine the reconciliation between yield and demand for water.

2.1.  Water supply and allocation mechanisms of AWARE1

AWAREL uses a water supply and dlocation system that follows the CMA drategies and
procedures as defined in the NWA, which ae described below. Water entittements are
dlocated and issued by the CMA according to the objectives emphessed in the Nationd
Water Act. Environmentd objectives have been identified with the preservetion of the
ecologicl resarve!, while provison for basic humen nesds? are guaranteed through the
equitable digribution of the resource among rurd and urban households for domedic uses.
After satidfying the ecologicd reserve requirements and basc human needs, the remaining
water is to be dlocated among competing economic ectivities according to the principles of
improving the economic efficiency of water use for grester socid benefits (Hassan, 2003).
Economic use sectors indude irrigetion agriculture, livestock production, plantation foretry,
industries and mines. Applications from these sectors for water licenses provide an estimate
of water demanded If the avalable water, after satisfection of the ecologicd resave, is
higher then the indicated requirements by dl the users, i.e the case of water abundance, each
user will receive an entitlement for the amount of water it has requested. However, if the

! The ecologicd resarve, as specified in DWAFWQS (2002), p. 15, is “the quantity and quality of water
required in a basn to protect aquetic ecosystems in order to secure ecologicdly sustainable development and use
of the relevant water resource”. DWAF has set the ecological reservein Stedpoort at 95 million m3/year.

2 Defined in chapter 3, part 3, of the National Water Act as an amount of water corresponding to 25 |/person/day

(NWA, 1998).



water demanded exceeds the volume avalable to support licenses the CMA dlocates water
according to one of five Strategies bdow®:

1) No prioritisation. All users receive licenses for a percentage of the amount of water
that they have requested. This percentage is the same for dl usersand depends on the
available resource volume.

In order to preserve the basc human needs in addition to the ecologicd reserve, the following
water dlocation drategies give priority to rurd and urban domestic uses. Theresfter, one or
more productive sectors are given priority:

2) Smallholders are issued with licenses first. The rest of the users share the remaining
unlicensed water proportionately, so that dl users receive licenses for a percentage of
what they have requested.

3) Large-scale irrigation farmers are given priority and the rest is dlocated as in Srategy
2.

4.) Mines are given priority and the rest is dlocated asin strategy 2.

5.) Mines and industries are given priority and therest isdlocated asin drategy 2.

Each type of user is charged a gctor-dependent price per unit of water for which they receive
entittements. These entittements  charges are then collected to conditute the annua revenue
of CMA.

Each usr makes an annud assessment of the amount of water it receives. If the water
entitlement islessthan satisfactary, acomplaint of water shortage is sent to the CMA. .

2.2. Thewater demand module of AWARE1
AWAREL includes eight water use sectors:

Large-scde commercid irrigation agriculture
Smdlholder irrigation faming

Livestock producers

Forestry farms

Mining

Industry

Urban households

Rurd households

cONO U AWNE

Each sector is composed by a number of users (tab. 1). The demand for water by the users of
the above sectors is moddled as a function of the water price, or charge, applied by DWAF.
The modd was firgt solved using the following smple linear demand function:

Wi = ajj — bijP; (1]

% This process of prioritisation corresponds to the Compulsory Licensing asindicated in the NWA (part 8).



Which specifies the quantity of water demanded by each user i of sector | (Wgj) as a linear
function of the water price faced by the sector (Pj). The intercept and dope of the demand
curve are measured by the parameters a and b, which are the same for dl users of one sector.
The water demand for the whole sector j is the sum of the water demand of dl users
belonging to this sector, asindicated in [2].

Wi = 5 Wi [2]

i=1

Different levels of a and b have been used for the different sectors based on assumptions
meade about ther likely eadicities to own price shifts (tab. 1). For indance, demand for water
by indudry, mines large-scde famers, and urban domestic users have been assumed to be
more responsive to own price changes (i.e larger b) compared to the other sectors®. Rurdl
communities are supposed to receive water (basic human needs) at O price.

Table 1 — Water users, water charges defined by DWAF, and water demand
parameters per sector

Sectors Nb of units** Price of the water a b
licences* in water in water demand

Rim® demand function** function*

Rural communities 20 0 025 0
Urban communities 5 00208 0.75 721
Smallholders irrigation farming 6,000 00153 0000038 000013
Large-scale commercial irrigation agriculture 200 00153 04 392
Livestock producers 20 00215 0055 023
Mines/quarries 20 00215 08 9.30
Forestry fams 30 00219 004 046
Industries 30 00215 0.2 140

Source: * DWAF (2002), ** our estimations
2.3.  Output generation and value addition in AWARE1

This verson of AWARE uses very smple fixed coefficients for production technology to
generate ecanomic output and employment in the water use sectors included. Fixed ratios
were used to generate Vdue Added (VAD) in Rand (R) and employment in men/day per n
of water. Data on the gross geographic product (GGP) and employment in the Olifants basn
were obtained from Urban Econ (2000) and the Nationd Water Resource Strategy (DWAF,
2002), which were used to cdlibrate the modd for the Steelpoort sub-basin.

2.4.  Thedynamics of AWARE1

AWAREL employed smple growth assumptions to drive changes in demand and supply over
time. The time unit is one year. The different water use sectors were assumed to grow (or

“A magjor CEEPA research effort is currently underway to measure water demand parameters from factua fidd
survey datain the Stedlpoort basin in order to improve this component of the modd.



decrease) at annud fixed rates. This then in turn drives changes in demand for water, using
sectors  fixed coefficients for production and water intake. On the other hand water supply
was assumed to dtay a the current yidd leve in the Stedpoort sub-basin of 61 million m® per
year (DWAF, 2002).

3. Simulations of AWAREL1

AWAREL was smulated over a 25year period to cdculate changes in a number of sodo-
economic indicators, namedy GGP and employment in consequence of the dterndive water
Srategies adopted.

To obtain the scenarios illugtrated in this section, the following sectors growth/decrease rates
were introduced: mining and industry grow a 5%lyear, commercid agriculture declines by
1% per anum, smalholder farming increases a& 1%/year and domestic use grows a 4%/year
and 2%/year in urban and rurd aress, respectively.

Under the above assumptions of fixed water supply and the structure and scenarios of changes
in water demand over time, the current negative water balance (deficit) of -34 million m” in
Steel poort increases to reach -60 million m® by year 25.

The CMA mugt implement in this Stuation a process of compulsory licensing, consiging of
the adoption of one of the drategies of water dlocation above illustrated. AWARE smulates
the sodo-economic and environmental outcomes during the andysed period according to the
adopted drategy. Because the objectives of environmenta sudtaingbility (preservation of the
ecologicd reserve) and socid equity (satisfaction of domestic needs) are set as prioritiesin
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Figurel — Allocating water to commercial farmers and domestic usersfirst:
impacts on the Steelpoort sub-basin GGP (R), formal employment (n. employees),
and on the ecological reserve (million nt)

the smulated drategies, it is interesing to understand the changes in economic efficiency
consequent to the adoption of each strategy.



Two drategies of water dlocation are shown here, the one giving the highest priority to
commercid agriculture (strategy 3 illustrated in section 2.1), and the other giving the highest
priority to mines and industries (rategy 5 illudtrated in section 2.1).

When a draegy giving the highest priority to commercid agriculture is adopted, the mode
produces the scenario illustrated in figure 1. Because the sum of the demand for water coming
from domedtic users and commercid farmers is higher than the avalable yidd in Stedpoort,
no water is allocated to other users and the ecologica reserve is patialy depleted. According
to the modd’s methods for water dlocation, this happens only when the sectors to which is
given priority ask for a quantity of water higher than the avalable yidd. Given the smulaied
decresse ratio (-1%/year) of the commercia farmers water demand, the ecologica reserve
recovers over time, though not reeching the levd of 95 million m*® set by DWAF for
Stedpoort. The figures indicating the economic efficiency of the Strategy decrease (GGP from
0.25 to 0.20 hillion Rand; forma employees from 8,500 to 6,500).

Figure 2 shows the impacts on the same outcomes of a drategy giving the highest priority to
mines and indudtries, having preserved the ecologicd reserve and the domestic uses. Already
a year O of the dmulation, it is possble to observe a much higher economic efficiency of this
drategy compared to the previous one (GGP = 224 hillion Rand; 26,300 forma employess).
The smulated development of the prioritised sectors brings an even better performance over
time, but a year 20 imposes to use a portion of the ecologica reserve.
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Figure2 — Allocating water to mines, industries, and domestic usersfirst:
impacts on the Steel poort sub-basin GGP (R), formal employment
(n. employees), and on the ecological reserve (million nt)

This portion is much smaler, and appears only a year 24, if a higher user charge is applied to
the mining sector and to indudry (from 0.0215 to 0.04 R/m3). The adoption of economic
ingruments by DWAF results in a reduced economic performance (lower GGP and forma
employment), but preserves the ecologicd reserve. The following section is dedicated to the
use of economic instruments for water management.



One should andyse the above results with very critica precautions given the limitations of
AWAREL. Firdly, the modd assumes that supply remains fixed over time a current water
yidd levels, while demand seedily grows or decreases. Secondly, the modd caculates trends
in demand independently. It does not derive an equilibrium solution & which the water price
adjuss to clear the market, causng demand to adjust to the fixed leve of water supply.
Subsequently, the Stuaion could only be managed through command and control messures
such as top-down dlocation rules. This leaves no room for usng market-based water
dlocation ingruments such as setting water prices with the am of re-dlocating water based
on economic efficiency rules & maket dearing points. In addition, the above modd used a
vay redrictive production dructure that did not dlow for subditution among inputs in
production. Wheress usng more flexible production dructures that dlow for input
aubdiitution will require subgantid effort and data to implement, solving the modd for
market clearance is less demanding. The following sections adagpted AWAREL to investigate
the wae dlocaion under equilibrium conditions and associated  socio-economic
implications.

4. The structure of AWARE2

This verson of AWARE relaxed some of the redrictive assumptions of AWAREL outlined
above. More precisdy, it invedigates water dlocation draegies under maket clearing
conditions. To this end, an equaion for equilibrium condition has been introduced in the new
verson of themodd:

Wi = Ws [3]

Where Wy is the tota water demand and Wk corresponds to the water supply (yield) in the sub
basin. Under this condition, the price of water is determined endogenoudy, forcing demand to
adjust.

To determine water demand in the basin, a smple sum of water demand for each sector has
been cdculated.

Wa= § W, (4

j=1
Where Wy is the water demand for sector j as calculated in section 2.
Wd: a-bP [5]

Where a and b ae parameters cdculated by the modd by running severd smulaions a
different levels of P.

Ws=Y [6]
Where Y isacongant and corresponds to the water yield in the sub-basin.

The equilibrium price P found through equations [3], [5], axd [6] can be rdated to the red
water pricesfor the different sectors using price determination equations such as



Pi=P(1- S) [7]

Where P;j is sector j water price as defined by DWAF, P is the equilibrium price, and Sj isthen
the water price subsidy gpplied to each sector.

AWARE2 solves for the equilibrium price under the current water supply and demand, as
wedl as production (GGP) leves, given different a and b valuesfor the different sectors.

This new module enables AWAREZ2 to find the following results:

1. Cdculate current water subsidies (i.e. the difference between what water users pay now and
the equilibrium price P);

2. Then implement various water demand management drategies by changing § for some
sectors (eg. subsidise some and remove or reduce the subsdy from others). This is equivaent
to usng maketbased ingruments (the price) for water dlocation, which can then be
compared to the alocation regimes of the command and control measuresillustrated above.

5. Simulations of AWARE?2

The modd cdculaes the equilibium price P in Stegploort, under the current conditions, at
0.0489% R/nT. As a consequence, P; for the different sectors as defined by DWAF (teb. 1) are
not sufficient to force the equilibrium between Wy and Ws. This result explains the water
deficit (-34 million m) presently existing in Steelpoort and the need for a compulsory
licenang process.

The following table (tab. 2) indicates the levels of S; for the different sectors. With the
exception of the rurd communities, that receve the amount of water corresponding to their
basc human needs free of charge, dl the other sectors are subjected to a subsidised water
price, with respect to the caculated equilibrium price P. §; goes from 55% of P for the
forestry sector, to 69% for the commercid famers and smdlholders. Mines and industries
pay 44% of the cdculated equilibrium price.

Table 2 — Water subsidies per sector

Sectors S S
R/m® % of P

Rural communities 0048% 100%
Urban communities 002816 58%
Smallholders irrigation farming 003366 6%
Large-scale commercial irrigation agriculture 003366 6%
Livestock producers 002746 56%
Mines/quarries 002746 56%
Forestry fams 002706 55%
Industries 002746 56%




According to this result, there is room for the adoption of market-oriented dtrategies in the
Sted poort water management.

The smulations beow illusrate some outcomes deriving from the application of a waer
price P; equd to the equilibrium price P cdculated by the modd to the sectors that are
assumed to have higher waer demand dadicity (commercid farmers, mines, indudtries).
These sectors are dso the main water users in Stedpoort. The prices for the other sectors
remain at the levelsindicated in table 1.

The results of the adoption of such a weter management strategy are first depicted making the
hypothess that there is no change in the sectors sSze over the Smulated period. Then,
increase and decrease rate are introduced.
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Figure3 — Applying P; =P to industries, mines, and commercial farmers:
water demand (million n?) and balance reconciliation (million m3)
in the Steelpoort sub-basin

Figure 3 shows that, if there is no change in the Sze of the sectors over the studied period,
aoplying P; =P to indudries, mines, and commercid farmers influence their water demand so
that the equilibrium between Ws and Waq in Steelpoort is dmost reached. In other words, it is
an effective drategy for reaching the equilibrium between water demand and supply.

The following smulation (figure 4) employs the same sectors growth/decrease rates used in
section 3, and applies P; =P to indudries, mines, and commercid farmers, where P is the
equilibrium price & year 0.

Giving priority to smdlholders and domestic uses (drategy 2 in section 2.1), the ather sectors
recave entittements proportiondly to the ratio Ws AMu Because smdlholders represent a
minor quota of water demand in Stedpoort, this Strategy can be consdered as a market-
oriented water dlocation drategy. In fact it gives priority under a command and control
criterion to the most socidly sendtive sectors (domestic uses and smdlholding farmers), then
it alocates water according to the response of the remaining sectors to the fixed water prices.



The modd in its present form does na condder sectors responses in terms of improvement
of the efficiency in water use, or exchange of entitlements among users. Nevertheless, some
relevant consderations can be made.
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Figure4 — Allocating water to smallholders and domestic usersfirst, P; = P for
commercial farmers, mines and industries: impacts on the Steelpoort sub-basin
GGP (R), formal employment (n. employees), the ecological reserve
(million n7), and on water shortage (million nt)

Firgly, the ecologicd reserve is presrved over the whole smulated period. Secondly, weter
shortage (Wy not satisfied) is maintained a a reasonable level (24 million m/yeer) a year 25,
if compared to the 60 million m* of the scenarios illustrated in section 2, where water prices
were those indicated in table 1. Thirdly, the economic indicators (GGP and formd
employment) a year O are redively close to the levels of the above-mentioned scenarios.
Insteed, over time they suffer the limitation in water demand by the sectors that have the
highes water productivity (mines and indudries) due to a higher water price. This triggers
GGP and employment levels a year 25 corresponding to 50% of the leves in the drategies
that give priority to the most productive sectors.

The reduced economic performance in the sub-basin can be interpreted as the opportunity cost
of environmenta preservation and of socid equity achievement.

On the other hand, the increased water price for some users has a postive effect on the CMA
revenue (the latter passes from 1.4 million Riyear a year 25 for the drategy 5 a current
prices to 23 million Riyer for the draegy 2 imposng Pj=P for the above mentioned
sectors). The additiond amount of money coming from the adoption of an economic-oriented
drategy could be used by the public sector for creating a fund amed a subsdisng those
usrs willing to improve thar waer-use efficdency through managerid or technica
investments. A “gick and carrot” system would be put in place in this case, where the price
for water entittements represents the negative incentive to the over-use of the resource, and
the subddies fadilitate pro-active atitudes towards improved water use. Market-oriented tools
like water prices and subgdies are in fact likdy to induce users to increese their efficiency in
water use. Thisissue will be explored in future versons of AWARE.



Moreover, the modd cdculates the equilibrium price P dynamicdly in function of the
increase/decrease rates assumed for the different sectors. Figure 5 shows the trend of P for the
sectors  growth/decrease rates used in section 3. This result dlows adjusting overtime P; for
the various sectors by changing S.
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Figure5 — Equilibrium price (R/n?) dynamics for given increase/decrease rate
in the different sectors

6. Discussion and per spectives

The modd presented in this paper looks a the impacts on socio-economic and environmentd
indicators of different water management drategies adoptable in Stedpoort, a sub-basin of the
Olifants river basin in South Africa It is an attempt to anayse water policy implementation at
the locd levd and from an integrated viewpoint. Because of the complex nature of the
problem, the modelling choice congisted of a sysslem dynamic model (SDM) cdled AWARE.

The smulations presented show the rdevance of such a tool for the interpretation of possible
scenarios consequent to the adoption of different water dlocation drategies among the
various dakeholder groups in the basn. The peculiaity of the modd lies in its multi-
objective character that corresponds to the multiple criteria of the South African Nationd
Water Act. Socio-economic outputs, as wel as the preservation of the ecologicd reserve are
explored for severd water management Strategies.

The two sub-modds illustrated (AWAREL and AWARE2) look & the problem from different
perspectives.  the firs submodd focuses on the dlocation of weter entittements among
sectors potentidly in conflict for the scarce resource through command and control Strategies.
The second sub-modd invedigaies water dlocation draegies under market  clearing
conditions

A third versgon of the modd (AWARE EE) is presently under congtruction. It is an adaptation
to the dudied redity of a smulaion modd to illusrate feedbacks among resource
consumption, production and factors of production in ecologicakeconomic  systems
(Woodwedl, 1998). The modd employs a Cobb-Douglas production function of the form
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Y=a* L’KWH, where Y is the output, L is human capitd input, K is the services of man-made
cpitd, a is the levd of technology in production, and W is water available for production. b,
¢, and d are congtant, and sum to one, indicating congtant returns to scale.

The dggnificant variations in the output of the modd runs illusrate the sendtivity of these
models to even smdl changes in specifications. Only once data from current fidd surveys is
avalable, can the modd be satisfectorily cdibrated. Until then, the greatest vaue of the tool
is not prediction or forecading, but reveding the interconnections between drategic decisons
and ecologicd and socio-economic dements of the sysem. To that end, AWARE helps
understanding the concept of conflict in the use of a scarce resource and provides a bass for
discussion among different groups of interest.

At its present stage of development, AWARE can be of rdlevant interest as a negotiation
support tool, facilitating discussons and didogue among dakeholders. Once in place, CMASs
can use tools such as AWARE for fulfilling ther role as fadilitators within the participatory
process leading to waer entittements for different groups of sakeholders. Guiddines on how
to use AWARE to this purpose and a game role derived from the model arein preparation.
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