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5. Explore a vanety of scenarios and estimate the changes in the value and price
of water resources through appropriate modelling. when negotiated and law ful
transters of nghts to available water resources take place within or between
eXISHing uses.

In order 10 address these objectives. it was necessary that proper Natural Resource
Accounts be drawn up for the Vaal River system, for the period 1980-1998. Natural
Resource Accounts. which supplement a country’s traditional national economic
accounting system. are designed to assist in the analysis and design of sustainable
development strategies through the optimization of natural resource utilization over the
long term.

For development planning purposes, the geographic extent of the Vaal River system is
normally defined from a water use point of view and this practice has been followed in
this study. This differs from the practice in other areas where planning takes place
strictly within the boundanes of catchments. An example of this is that the Tshwane
Metropole was included in the study area, because most of the water it uses is transferred
from the Vaal River system to it, although 1t actually 15 in the Crocodile catchment.

Due 10 the significant difference in the tvpe of water use in the study area, the nver was
divided into two sections for purposes of this study. namely the "Upper Vaal™ and the
“Middle Vaal™. The Upper Vaal user area as defined for this study closely corresponds to
the Upper Vaal catchment., except for the inclusion of the Crocodile catchment. The
Middle Vaal study arca includes the whole Middle Vaal catchment as well as a portion of
the Lower Vaal carchment. The water use of the Upper Vaal is mainly industrial and
domestic whilst that of the Middle Vaal is mainly agricultural

The supply of water was sub-divided into surface water and ground water. The main
walter use seclors are:

Municipal use (subdivided into Household. Light Industry and Parks)
Irrigation use

Aftorestation use

Electricity use and

Heavy Industry use

For modelling purposes, a system dynamics model of the Vaal River system was
developed. STELLA, a software package for developing system dynamics computer
maodels, was used 10 model a vanety of complex systems by attempting to understand the
underlying relationships between the different parts of the system. For the purpose of this
study, the total system has been consolidated into two “dummy dams™ represented as the
Upper and Middle Vaal systems. In practice these dummy dams represent the Vaal and
Bloemhof dams respectively.







attractive. Therefore theory and practice are not compatible. For purposes
of this study, 1t was assumed that industries will only be willing 1o pay
more for water in the Vaal River system area if they denive a locational
advantage from remaining there.

. As far as electricity use is concemed, a demand schedule was obtained by
distinguishing between two cooling systems in power generation stations,
In South Africa eleciricity is mainly generated by coal based power
generation stations.  Two altemative cooling systems are used in these
power stations, namely wet and dry cooling systems. A wet cooling
system uses much more water than a dry cooling system to gencrate the
same amount of electricity. In a wet cooling system = 2.23 | of water
is used to generate 1 kWh of electneity compared with the 0.22 / of water
per kWh of electneity in a dry cooled system. However, building a dry
cooling system s much more costly than a wet one. The running costs of
a dry cooling system are also slightly higher.

By applying the demand schedules above. the economic value of water for the total Vaal
River svstem was calculated to be R12.3 billion for 1998, Of this total the contribution of
the Upper Vaal is R11.6 billion (87 %) and that of the Middle Vaal R1.7 billion (13 ®.).
It is important 1o note that this 1s a flow variable, 1.¢. it 1s a recurrent value,

Regarding the sectoral contribution 10 economic value, municipal use is by far the most
prominent sector, contributing 81 %e 1n 1998 in the Upper Vaal. In the Middle Vaal
municipal use in terms of economic value is also dominant (93 %s). although the most
water used (physical units) 1s by imgation.

Concerning the analysis of cost and revenues, it is important to note that over the last 10
vears the Department of Water Affairs and Forestry (DWAF) has gradually phased in the
policy that a specific catchment’s revenue should pay for the delivery cost of the relevam
water. One of the designated catchments in terms of this policy was the Vaal River and
the policy resulted in revenue received from water tariffs being more than the delivery
cost of the water including the cost of major water schemes. The total revenue for 1998
was calculated to be in the order of R1,682 billion. compared to a delivery cost of
R1,547 billion. This implies an over recovery of R125 million.

The last objective of the study was to test the rehability of the model, by generating
illustrative water management scenarios.  Scenarios explored included different climatic
conditions and various views on population growth, specifically taking into account the
impact of AIDS. Although some of the assumptions are probably unrealistic, interesting
conclusions could be derived from these scenarios.







hev will need is being collected and maintained

I'hev need 10 ask whether the data

accessible tormat. It this 1s not the case, they need to 1ake steps 10 remedy the situation.




MAPR

B A

FHEE NV AN

RINVER CATCHNEN]

- WAL NN

N

BUATEME A

BB

| B8

1 iesern

Na

M

“
AMInDEROen

)
A

MAWCLAATLL

PIRTRRMARY I



Table No.

11

‘s

-
s

W

.‘-

LIST OF TABLES, MAPS, FIGURES, CHARTS & GRAPHS

Page No.
Magisterial Districts included in the Study Area 14
Water supply classification 16
Water use classification 18
Total gross use of water in the Vaal River system 26
Water balance in the Vaal River system for 1998 36
Total water balance: Upper Vaal system 38
Total water balance: Middle Vaal system 39
Water balance: Towal Vaal system 40
Composition of water supply in the Upper Vaal system )

Composition of water supply in the Middle Vaal system 45
Composition of water supply in the Total Vaal system 46
Composition of water use in the Upper Vaal River svstem 47
Composition of water use in the Middle Vaal River system 48
Composition of water use in the Total Vaal River system 49

Revenue and Direct Production Costs of Dominant crops in

the Vaalhans Imgation Scheme 63
Calculation of Gross Farmung Income 63
Calculating of Net Income for the Average Farm Unit 63
Economic value for wate xjv  ctor 74
The economic value of water in the Vaal River system 75

Delivery cost of raw water for different sectors 78







ASY

Chart No.
il Composition of water supply in the total Vaal

River system (1984 and 1998%) 42
3.2: Composition of water use in the total Vaal

River system (1980 and 1998) 43
S.1a: Economic Value per Use Component: Upper Vaal 76
S.1b: Economic Value per Use Component: Middle Vaal 76
5.2: Economic value of water in the Vaal River

system (1980 and 1998) 77
Graph No.
4.1 Consumer demand curve 51
4.2: Demand curve: Households: High Income: outdoor 60
4.3: Demand curve: Households: High Income: indoor 60
4.4: Demand curve: Households: Low Income: indoor 61
4.5: Demand curve: Households: Low Income: outdoor 61
4.6: Demand curve: Imgation 67
4.7 Demand curve: Municipal: Light Industry 69
4.8: Demand curve: Heavy: Industry 70
49 Demand curve of water use: Electricity 71

410 Demand curve: Elecinicity use 2



ICRONYMS

THE VALLE OF WATFRAS AN FCONOMIC RESOLRCEIN THE VAN
RIVER SASTEM




Demand schedule (curve):

Efficiency of water use:

Elasticity:

GDP:

Input Output table:

Lower income level:
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N

Raw water:

LIST OF DEFINITIONS

A curve depicting the relationship between a dependent
vanable (water use) and an independent vanable (price,
where price is proxied by tariff).

Efficient water use occurs when the marginal revenue
derived as a result of delivering water 1o a sector is greater
than the marginal cost of delivering water to that sector.

This refers to the price elasticity of demand for water. This
concept measures the proportional change in the quantity of
water demanded as a result of a proportional change in the
water tanff.

The measure of the total gross value added (total value of
the goods and services produced within the country less
raw materials and other goods and services consumed
during the production process) in all residemt producing
units.

This is a matrix indicating the sectoral imterrelationships in
an cconomy. It forms the nucleus of any model that
analyses and projects the economy on a sector-to-sector
basis.

This income level refer to incomes below R26 900 pa.
(calculated from a SAM compiled by Conmingarth
Economists) (2002).

Net farm income 1s defined as gross product margins minus
farm fixed costs.

Net income of farmers i1s obtained by subtracting a
management fee and capital yield from net farm income
(NFI).

Water in a dam or river before it is purified or bulk
distnbuted.







CHAPIER ONE

BACKGROUND

1.1

ORIGIN OF THE PRESENT PROJECT

Water is a scarce resource in South Africa and future economic development may
be increasingly resiricted if water is allocated and used inefficiently. Water
supply has raditionally been augmented in line with growing demand: however,
in view of the increasing shortage of new supply options. water demand
management and specifically the optimization of water distribution is coming to
be of increasing importance. At present, national policy is moving towards water
demand management through administrative intervention.  Thus there is a
growing need to understand the economic features of water demand management
arcas in South Africa. This study aims 10 make a contribution to that
understanding.

Each ecconomic sector has its own justification for the utilization of water.
However. an increase in one sector’s share of water will result in an opportunity
foregone by another sector. Thus, it 1s useful 1o understand how a market would
allocate the water in the Vaal River system by assessing the economic advantages
of the use of water resources by the various economic sectors.  This can be done
by obtaining the information needed n a structured way through Natwral
Resource Accounting (NRA). In tum this would make it possible to rationally
negotiate the allocation of water in order 1o maximise total economic and social
development.

National Resource Accounts, which supplement a country’s traditional national
economic accounting svstem, are designed to assist in the analysis and design of
sustainable development strategies through the optimization of natural resource
utilization over the long term.

RESEARCH INITIATIVE

In addressing the efficient management of water resources, the Water Research
Commission (WRC) commissioned a research project in 1998 10 determine the
value of water in selected catchments of South Afnca. The WRC put the research
project out to tender.







and lawful transfers of nights to available water resources take place
within or between existing uses.

Given the overall scarcity of water in South Africa, 1t is important for the
country’s economic well-being that these objectives should be met. However, as
will become clear in the report, the atempt to meet the objectives was
significantly constrained by the unavailability of data of good quality. This
situation deserves the attention of relevant authorities.

OBJECTIVES

It follows from the previous section that the essence of the project is to develop a
model of the economic forces of supply and demand that are present in the Vaal
River catchment. in order 10 examine the consequences that would result if water
in this catchment were 10 be transferred between water users. In wn, this
simulated water supply and demand will generate economically efficient
allocations of water 1o serve as guidelines to decision makers,

There are two prerequisites to a study of this nature, namely:

a) a model structure must be created. and
b) the model must be populated with data.

a)  Creating the model structure

A system dynamics model was developed 10 simulate & marker clearing
process, taking into account supply and usc structures.

b) Populating the model with data

For the model to gencrate reliable results, it should be based on a
consistent data base where demand equals economic usage''.  The
consequence of this is that a fairly complete natural resource accounting
svstem had 10 be compiled for the Vaal River system as part of this study.

In compiling these accounts the following objectives listed in section 1.2
above were achieved:

1. The water balance for the historical penod 1980-1998 was
determined.

2. Demand schedules for water for the imponant water use sectors
were denved.

3 I'he economic value of water was determined.

Usage takes into account the residual (water entering the sea) plus evaporation




THEORY AND PRACITICE OF NATURAL RESOURCE ACCOUNTING

W hy Include the Environment in the National \ccounts
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sustained productivity of the economy, and economic production and

consumption activities may impair environmental quality by overloading natural sinks
with wastes and pollutants. By not accounting for the private and soc:al costs of the use

of nawral resources and the degradation of the environment. conventional
accounts may send wrong signals of progress 1o decision makers who may
then set society on a non-sustainable development path.”

According 10 Lange and Hassan™' National Resource Accounts, also known as
environmental accounts or “green” accounts, are designed to comect the
shortcomings of the SNA by including the following:

Measurement of wealth. A couniry’s wealth is critical in assessing its
well-being.  The National Resource Accounts include all of a nation’s
“natural capital” (such as minerals, fishenes. and wildlife) which is ofien
not included at all. or is only partly included. in the national accounts.

Consumption of wealth. Well-being also depends on whether natural
capital 1s being maimtained for future gencrations, or is being depleted.
The National Resource Accounts record the extraction of non-renewable
assets like minerals. or unsustainable harvests of renewable assets like
forests, as depletion of “natural capital”. Consequently, National Resource
Accounts provide more complete assessments of the rate at which assets
are growing or bemng used up.

Dependence of economic activity on the environment. [he national
accounts often do not record the use of natural resources. like fuelwood or
forest products. which are essential to hivelihoods but are not traded in the
market. While some countries attempt to estimate the value of these
essential goods, the coverage is usually incomplete in national accounts.

National Resource Accounts estimate these non-market resources and
Services.

Cost of environmental degradation and pollution.  The National
Resource Accounts record the cost of degradation of natural capital
resulting from economic activities, like soil erosion. bush encroachment,
or water pollution.

4

Lange. GM & Hassan, RM (1999), Nanural Resource Accounting as 2 Tool for  Sustamable

Macroeconomic Policy: Application in Southemn Africa. ILON Policy Brief
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was considered to be extremely difficult and complex, requinng the resolution of

intractable methodological problems and the costly generation of a large amount of data.
As a result, lintde or no action was taken to include the environment in the national

1.4.3

daccounts

However, realities and perceptions change. It is now clear that human activities
can profoundly affect, and are profoundly affected by, basic environmental
svstems and functions with sigmficant implications for national economies and
humanity as a whole. It has also become evident thar all countries at different
stages of cconpomic development have experienced environmental depletion and
degradation.

Yet without svstematic, quantitative, structured relationships between the
environment and the economy, it is hard to know not only what are the vanous
economic causes of environmental damage, but also how such damage might be
remedied. It is therefore not surprising that the inclusion of the environment in
the SNA became regarded as a necessity. The difficulties of such inclusion
became a problem to be solved rather than an insurmountable obstacle.

The revised SNA (1992) for the first time explicitly included natural resources in
its balance sheets and accumulation accounts, and introduced environmental
accounting in a satelhte accounting framework. Natural  assets such as land,
subsoil assets and uncultivated forests are included in the balance sheets provided
that institutional units (households, government units, corporations and

non-profit organizations) exercise effective ownership over these assets and draw
economic benefits from them™'.

National Resource Accounts are cumrently constructed by a number of
industnalized countries, including Norway, Sweden. the Netherlands, Japan,
Gemmany. France, Italy and the UK. Some developing countnes are
mstitutionalizing the construction of national resource accounts, including the
Philippines, Indonesia. Korea, Mexico, Colombia, Costa Rica, as well as
Namibia. Botswana, and South Africa. Many other countnes have constructed
National Resource Accounts on an experimental or intermuittent basis.

Advantages of the E i Water U
As already mentioned in the background to this document, water is probably one

of the main nawral resources affecting economic growth in the strongest
cconomic regions of southern Africa. Water resource accounting for the country

United Nanons, 1999, Integrated Environmental and Economic Accounting. Operational Manual
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Chapter | T'his chapter has dealt with a general background discussion of the
project as well as the theory and practice of National Resource Accounts.
Chapter 2: A framework of water resource accounts for analysing the Vaal

River system 1s presented and a general background to the
modelling svstem 1s given. The supply and the use sides are
discussed in deta!
Chapter 3: A historic water balance 1s denved in this chapter (objective 1)
Chapter 4: I'his chapter denves demand schedule curves in order to attempt 10
establish pnice demand elasticities for the main user categones
(ohjective 2).

Chapter 5: I'he value of water for each sub-catchment 1s determined here and
15 then compared to the supply cost (objectives 3+4).

Chapter 6: Ihis chapter explores various policy and pricing scenarios
(objective 5).

Chapter 7: Conclusions and recommendations are presented.

CHAPIER THWO

METHODOLOGY

This chapter does not directly address any study objective as such. However, it
paves the way to addressing these objectives by establishing the technical
instruments necessary to do so. The first component of this chapter is the discussion
of a framework of water resource accounts for the Vaal River system. The second
component is the discussion of the mathematical modelling system that was used to
simulate a water market for the Vaal River system.

2.1 FRAMEWORK OF WATER RESOURCE ACCOUNTS FOR THE VAAL
RIVER SYSTEM

In this section the most important aspects of the water resource accounts that this
study compiled for the Vaal River system are discussed.

211 Iypeof Accounts

Water resource accounts consist of water stock accounts and water flow accounts
1.¢. supply and use. In this study only the flow accounts of the Vaal River were
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necessary, is for the account of the specific user. In order to determine the cost of

water for a specific water use, it is necessary 1o start a1 the retail tanfl of water and
subtract reticulation, storage, bulk and purnification costs.

Although raw water is the most appropriate measure with which to evaluate the
efficiency of water use, there is & problem associated with it in the case of the
Vaal River, namely that water used in agriculture in the Middle Vaal is of a very
low quality. This is due to return flows which enter the system below the barmage.

It should be noted that for modelling purposes it has been assumed that raw water
quality is homogenous. Differemt qualites of water, however. would have
resulted in different values of water.

For development planning purposes, the Vaal River system is normally defined by
the varnious stakeholders from a water use point of view, This differs from the
normal practice where planning takes place strictly within the boundaries of
catchments. For purposes of this study the study area was defined from a user
management perspective. The study area was further subdivided into an Upper
Vaal user area and a Lower Vaal user area. Although the names of these two user
areas are the same as for the water management areas as defined by DWAF, they
do not coincide geographically as explained hereafier. The study area. as defined
for this study. encloses more or less the whole Vaal River catchment svstem,
namely the Upper, Middle and Lower Vaal system as depicted in Map | (provided
at the beginning of this report). It deviates, however, in the sense that a portion of
the Lower Vaal catchment 1s excluded, whilst the Crocodile catchment was added
to the Upper catchment. The reason for the latter is the inter-linkage of the
Tshwane Metropole to  the rest of the industrial metropolis of Gauteng.
Although Tshwane is actually in the Crocodile catchment, water 15 mainly
transferred from the Vaal system to it

The magisterial districts included in this study arca are shown in Map 2 and listed
in Table 2.1.
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TABLE 2.1: MAGISTERIAL DISTRICTS INCLUDED IN THE STUDY

AREA

[ PPER U SER REGION MIDDLE U SER REGION
Alberton Barkley West
Amersfoon Bloemhot
Balfour Boshot
Benon: Bothaville
Bethal Bultfontein
Bethlehem Chnstiana
Bokshurg Coligny
Brakpan Delarvville
Bnits Exelsior
Bronkhorstspruit Hanswater
Cullinan Hennenman
Delmas Herben
Ermelo Hoopstad
Frankfon Kimberley
Germiston Klerksdorp
Hamsmith Koppies
Hewdelberg Kroonsiad
Heilbron Lichtenburg
Highveld Ridge Lindley
Johannesburg Marquard
Karen Park Odendaalsrus
Krugersdorp Parvs
Middelburg Porchefstroom
Nigel Schweizer-Reneke
Oberholzer Senckal
Pretonia (Tshwane) Theunnissen
Randburg Ventersburg
Randtonten Venterséorp
Reitz Viljoenskroon
Roodepoon Virginia
Rustenburg Vredefort
Sasolburg Vryburg
Springs Warrenton
Standerton Welkom
Vanderlyipark Wesselsbron
Vereeniging Winburg
Volksrust Wolmaransstad
Vrede
Westonana
Withank

Wonderboom




C lassification of M\ ater

Supply Classification




TABLE 2.2:

WATER SUPPLY CLASSIFICATION

Instream
- Net annual run ol
Plus Afforestation**
: Plus Small Dams

LaMals
.

ANMNL AL RI l(ﬂ‘

Plus i ct'll‘g) .
Mus . Spellage (Vaal Dam)

| Fquals GROSS CATCHMENT YIELD
Minus - Evaporation ( Dams)
Mimnus Spellages
Mings - Ecology

Eguals
e

NET CATCHMENT YIELD

| M TRANSFERS IN
i From Swerkfomeir
From | esotho Hx-,'h..md\
From Komat
From Usuthu
[ From Buiffels (Zaaihoek
Mus RETURN FLOWS
Fauals  SLRFACE WATERSUPPLY |
Mus GROUNDWATER SLPPLY
From Municipal (horeholes)**
- From Imgation (horcholes)**
b quals TOTAL SLPPLY
. only applicable for Middle Vaal
-

contra entrnes

Total supply is determined as the sum of surface water supply and groundwater
supply. Surface water supply is amived at when the effects of transfers in and
return flows have been incorporated in net catchment yield. Net catchment vield,
in tum, is obtained when the effects of evaporation and spillage have been
removed




4 Water Users

- Surface Water

FABLE 2.3: WATER USE CLASSIFICATION
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| ! | * Light Industry |
| ¢ Parks T
2 IRRIGATION USE
¢ Controlled Irrigation
. Uncontrolled Irriganon
i 3 AFFORESTATION **
14 ELECTRICITY USE
$ HEAVY INDUSTRY USE
’ 6 FCOLOGY
7 TRANSFERS ouT
OLIFANTS E
. TOTAL USE: ‘ ,
sum SURFACE WATER f
| l.ﬂ
9 TOTAL USE
| GROUNDWATER |
}
¢ Municipal (horeholes) **
1 ¢ Irvigation (borebholes) **
$-9 | TOTAL LSE
| |
- contra emnies

-

e \ U
Three main sub-categories are distinguished in this sector:

- Households (domestic) ‘
- Upper-Middle Income level above Minimum Wage Level”

The Upper-Middle Income category includes categories equal 1o and above R26 900 (1995 prices)
per annum and the Lower Income category incomes below R26 900, These figures were




e Irrication | se:

. \fforestation. Flectricity and Heavy Industmy

¢® GLroundwater

ime Period

ASYSTEM DANAMICS MODEL FOR THE VAAL RINERSYSTEM
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It is assumed that the reader of this document is familiar with the literature on
water markets, and an extensive discussion of the theoretical background 10 the
present study will not be provided here. Suffice it to say that the study is broadly
in accordance with the seminal work of Gibbons™'.

For purposes of this study. it was necessary to sclect an overall modelling
framework within which to capture water supply and use data. The static
equilibrium models encountered in microeconomics textbooks were considered
inadequate for this purpose. Such models can indicate what the end result of
supply use interrelationships will be: what the tanf! of water will be in a given
catchment, and what the total quantity of water use will be at that tanff.
However, such a model does not trace out the path of convergence to that end
situation; nor does it provide a very useful vehicle for modelling policy
interventions to achieve technical, social or political objectives. It ignores the
complexities which a positive water 1anff could create for water managers, for
example by reducing total demand in part of a cawchment and with it also return
flows, and cannot deal casily with water of different qualities.  Any economic
management of water must, moreover. take place within a hydrological system
and it is therefore necessary 10 investigate their mutual interaction.

The aforementioned considerations require the basic microeconomic model to be
placed within a more complex modelling framework.  This must allow for
hydrological relationships to be captured. dynamic paths 1o equilibrium to be
traced and disaggregation to be undertaken to a level where the effect of water
pricing on particular social groups or geographic areas can be ascenained. All

of this requires an appropnate model that can record and keep track of a mynad of
interrelationships and feedback loops. Hence the decision at the start of this study
that it would make use of a systems dynamics modelling approach. The majonty
of variables in a system dynamics model are endogenous within the feedback
relationships; relatively few are exogenous. Other characteristics of such a model
are time lags and non-linear relationships, which can combine to produce a wide
vanety of complex relationships.

Systems thinking tries to understand the relationship between processes as they
interact with one another. The interaction processes take place over a period of

Gibbors, D.C., 1986, “The Economic Value of Water', 4 Sy from Resowrces for the Furure,
Waskingzon DC. The Johus Hopking Universiny Press







FIGURE 2.1

I'he *Stock™ can represent any accumulation, such as ‘Dam contents’
or "Population The level or quantity of the stock increases or
dimmishes according to the amount of deposits and withdrawals made

on the stock

The “Flow™ resembles a pipe with a fluflv cloud at one end. The cloud
represents an infinite supply of, for example. *“Water” or ‘People”™. The
actual numbers flowing are regulated by the spigot — the circular object
attached 10 the flow, Just like a domestic water tap, 1t can be used to

resulate the flow into a stock

I'he “Connector” establishes that there is a mathematical relationship

between the objects connected tloget her

Finally. the *Converter® modifies the relatonship between objects by
providing a placcholder for equations and short sequences of computer

programs

Objects such as “Convevors’ (Stocks with a ‘time-lag’), as well as

arravs of all the above objects supplement these

fundamenta l‘i‘_‘g'\ s

Input 10 the various objects may be in graphical form, or as equations
Output can be as graphs or tables. The tables may be hinked to
applications such as Microsoft “Excel” from which high quality graphs

can be produced

An example of a STELLA apphcation 15 provided in Annexure 2.1.



Moaodel for the NV aal Syvstem

FIGURE 2.2

Diaoram of the Water Balance Model U sed in the Simularion

Supply Model
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I'he water supply classification was already reflected in Table 2.2 and is

not repeated here.

An important aspect which should be noted for the model of the Vaal
system is that the supply of water 1s totally insensitive to tanfl changes.
This is probably true for the period under consideration (unul 2015)
because the infrastructure and contracts are in place. Over the long-term
this would probably not be the case.

For scenario purposes three future levels of net annual run off were
developed. namely for Wet, Normal and Dry cycles. These cyele values
were obtained by fiting trend lines 10 the historical flow data for the 74
vears 1920 - 1994 at monthly imervals and projecting them into the future.
In the case of the “normmal™ ¢vele a trend line was fitted 1o all observed
historical values. The “wet” cycle was obtained by fitting a trend to all the
peak values of the histoncal values. The “dry™ cycle, in turn, was
obtained by fitting a trend line to all the trough values.

A second important element. namely evaporation, 1s inherent to the system
and was generated as a portion of the water balance (1.¢. the levels of the
two dummy dams in the system on an annual basis),

Transfers in were incorporated as far as possible on the basis of current
knowledge

Retum flows were also generated by the model as a constant proportion of
use
Use Model

I'he use categones are shown in Table 2.2 and are not repeated here

As indicated before. a distinction was made between the Upper and Middle
Vaal user areas. All water use categories are included for the Upper Vaal.
whilst electricity use and heavy industry use are not applicable for the
Middle Vaal area
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The equation describing each user category can be explained as follows:

Total water use per category =
[average water use per unit + change in water use due to a tariff change| y total no of units

o Mathematcally. this can be expressed as follows:

D=[a+b(AT)]xC

Where

D = Total use for a category

a = Average use per user unit

h = Change in unit use due to a given taniff change

AT - Change in water tariff

| ol Total number of user units (driver exogenous vanable)

¢ For example in Table 2.4 the fifth mathematical equation:
Municipal use: Households: High Income: Indoor.

DHHcV = [40.7284 - 105894 (CP)*1V] POPIV
can be interpreted as follows (for key to vanables see Table 2.4 (cont.))
Average use per capita = 40,7284 m’ annum

Change in water units used due 10 a given tanff
change = 10.5894 m " annum

Percentage tanff change =CP%1V

Total number of persons = POP1V (Driver'exogenous variable = Population size
in this category).

- Average use term

The average use i.c. a in the equation above, expresses a unit use of water, which
could be per capita, per Gross Geographic Product (GGP) or per Hectare
depending on the equation that is described. The average terms represent the
constant portions of these equations. Calculation of unit terms was based on use
data for 1998 which were supplied by BKS and DWAF (Annexure 2.2, Table
A22.2).




Change in use term

use per unit

C alibration Procedure




If the model 15 working correctly, there should be good correlation between the observed
stock of water in the dummy dams of the model and the observed levels of the Vaal and
Bloemhof dams. As can be seen from Figures 2.3 and 2.4, this 1s the case.

FIGURE 2.3

Middle Vaal Storage Levels
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CHAPTER THREE

HISTORICAL WATER BALANCE (PHYSICAL UNITS)

The first objective of this research initiative was to derive a water balance. In order
to achieve this a historical water balance in physical units for the Vaal River system
is developed in this chapter. This is based on a formal structure of water resource
accounts in physical units.

There are two main sections in this chapter. The first deals with data sources and
methods and the second with a discussion of a framework for Water Resource
Accounting (WRA).

3

»

DATA SOURCES AND METHODS

In this section the data sources, and in some instances the methodology used 10
calculate the relevant information, are described

Water Supph

The reader is referred 1o Table 2.2 for the classification of water supply. The
supply data sources are arranged for two arcas namely the Upper Vaal and Middle
Vaal.

All inflows (including projected inflows from 2000 to 2015) were computed by
BKS. Interpolations were made to cover small gaps in histoncal data. In the case
of inflow data. the flows were simply applied in the graphical form presented.

Augmentation data for the Sterkfontein and Katse dams was also provided by
BKS

Because actual evaporation data was not available and because the evaporation
losses represent a minor (albeit significant) portion of the water balance, the
simulation model was used to estimate the evaporation. The data and method
were supplied by BKS.

Water Lse
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Augmentation Study, October 1995, p (1), and p 9-2 were applied.
These percentages are as follows:

| Households 40 %

| Light Industries 38 %
| Parks 22%
| Total municipal use [ 100 %
Households

A sub-division of houschold use between high income and low income
users was calculated by using percentages obtained from Vaal
Augmentation Sludy:'. October 1995, p 9.4. This source also indicates
that the Rand Water Board sells approximately 25 % of s water to
predominantly lower income areas. From this it was deduced that the
remainder, 75 %o, goes 1o higher income arcas. Also see Annexure 2.2,
Table A22.2

B: IRRIGATION USE

Total imgation use was obtained from DWAF. The split between
controlled and uncontrolled imigation could be calculated from data
supplied by BKS

& AFFORESTATION
The Afforestation use component was isolated from Imgation use, by

using unpublished data from BKS.

D: ELECIRICITY USE

I'his component was available from DWAF.

| HEAVY INDUSTRY USE

Depariment of Water Affairs and Forestry, October 1995, Vaal Augmentation Study: Warer
Demand in the VRSSA,
Department of Water Affairs and Forestry, October 1995, ind
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From Table 3.2 it should be clear that the water utihization level increased from
338 % in 1980 to 75.6 %5 in 1998 for the Upper Vaal River system even though it
fluctuated over this period. The same trend of increased utilization applies for the
Middle and Total Vaal River systems as shown in Tables 3.3 and 3.4 respectively.
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Contribution to the Water Supplh

Chart 3.1 : Contributon to the water supply in the Total Vaal

River system
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From these chart it is evident that annual run off has remained constant. Transfers in

exhibit an increase from 13 % in 1980 10 16 % in 1998. Retwm flows declined
from 14 % in 198010 11 %6 in 1998

Contribution to Water Use

Tables 3.8, 2.9 and 3.10 show the contribution to sectoral water use for the Upper,
Middle and Total Vaal River system respectively for the period 1980 10 1998,
From Table 3.10 it is evident that water use for irrigation purposes is a paramount
feature. The other main users of water are light industry, clectricity and parks,
Water use by heavy industry and afforestation represents a relatively small
portion of total water use.

Chart 3.2 shows the breakdown of the contribution to sectoral water use for the
total Vaal River system for 1980 and 1998 respectively.

Chart 3.2 : Contribution to water use in the total Vaal River System

w
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|99
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From Chart 3.2 it can be observed that irngation 1s still the main user of water as
its water utilization level stood at 35 % of total water use in 1998. In 1980 this
utilization level stood at 37 % of 1wotal water use which implies a shght decrease
over the period. The other important users are light and heavy industries with 22
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CHAPTER FOUR

PRICE DEMAND SCHEDULES FOR VARIOUS USER CATEGORIES

This chapter addresses the second and third objectives of the study. In the first
instance the demand schedules/curves for the various user categories are derived.
These demand curves were used firstly as a base from which the use side
mathematical equations were derived and secondly to determine the various values
of water,

4.1

GENERAL CONCEPTS

The main objective of this project is to determine the economic value of water in
the Vaal River. The study by Gibbons ' (1986) was used as a main theoretical
reference for this purpose and provides the basis for the discussion that follows,
In the absence of working markets in the Vaal caichment for water and with the
growing conflict over water use, there 1s a pressing need to understand the
underiving economics of water demand and value in various economic sectors. In
addition. marginal benefits of water use should be compared to marginal costs of
proposed water supply projects in the interest of promoting economic efficiency
and fiscal responsibility

The price of water is loosely defined as the maximum amount the user would be
willing to pay for the use of water. Pnce is used as a proxy for value. In the
absence of market clearing prices. there are a number of altermate means of
esimating the value. First, there may be some evidence of market-like
transactions within a given sector. Pavments of this kind for water indicate that
the user 1s willing to pay at least a certain sum. which amounts to a lower limit on
value in that sector.

More complete demand information may be represented in a formal demand
curve for a particular use. If enough price/tanff and quantity data are available, a
water demand curve can be estimated, from which, in tum, estimates can be made
of marginal values of the resource use at different quantities demanded.

Financial budget information on a single productive process can also be used to
impute a share of total product value to the water mput. If all factors of
production are paid at their marginal productivities, the residual, afier subtraction
of all other inputs, is assumed to be the maximum economic retumn to the water
mnput

Without actually studying demand relationships, the concept of alternate cost ¢an
also be used 10 value water. The cost of the least expensive altemative 1o water

Gibhons. . €., 1986, “The Economic Value of Water', 4 Sindy from Resourrces tor the  Funwre

Washington DC. The Johns Hopkins University Press
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SPECIFIC DEMAND SCHEDULES/CURVES

The aim of this section 15 twofold, namely:

1. I'o derive demand functions of water for the Vaal River svstem Area, for
the various user categones. and

To calculate pricenanf! elasticities of demand for water, in order to
determine how responsive water demand 1s to changes in tanff.

14

An “elasticity of demand™ for a commodity is defined as the ratio of the
proportional change in the quantity demanded to the proportional change
in a paicular determining factor (e.g. pricetariff) of the commodity
(Common, 1995)". Also see Table A.2.2.2. Annexure 2.2 n this regard.
In this exercise a retail water tanf? was used as a proxy for price.

Due to the methodology used to derive the demand curves the resultamt curves
mathematically extend to infinity, The reader should therefore note that it is
unrealistic 1o extend pricing scenanos to extreme ranges of the curves, In practice
one would never logically consider tanff changes of this magnitude, and
statistically it is incorrect 1o make estimations bevond the range of the vanation of
the variables used 10 estimate the original function. For example. if the range of
tariff fluctuations for the observed values duning the sampling period was 50
percent. then demand estimates should not exceed this range from the current
tariff. Demand changes following tanfT changes should. therefore., only be
estimated within a reasonable range of the prevailing tariff.

Houscholds

The main aim of this section 1s 1o denve the household demand function based on
consumer behaviour in order to caleulate pricetan (! elasticities of demand for
waler.

Methods available in this regard are the following:

. Contingent \'aluation

Information is obtained by means of guestionnaires. The first step 15 10
establish a typical user profile. After this, the effect that a tanff increase
would have on such a user’s consumption patterns 1s determined.

Common, M, 1995, “Sustamability and Policy. Limits to Economecs”, Cambridge University
Press. p 121




. Fime Series Analyvsis

. Cross Sectional Analyvsis

THEORETICAL FRAMIENWORK




53

consumer theory predicts that a consumer’s demand is a function of price (1anff)
and income. More specifically, when considering water demand, this function has
been expanded to include intluencing factors such as:

- Climate (i.e. temperature. rainfall)

- Regional variation™

- Supply vanance (1.c. supply uncertainty)

- *Some measure of real estate” (e.g. housing space) (Tumovsky,
1969)"

- Erven size

- Property value — used as a proxy for housing space (mentioned
above).

- Socio-economic conditions

- The number of persons per houschold
- The percentage of persons per houschold under 18 years”
- Existence of own water supply ¢.g. borcholes.

In determining the “pricetantt elasticities of demand for water” this study is
essentially attempting to isolate the tariff effect. In order 10 be able to concentrate
on this tarifl effect, many of the above listed vanables have been assumed
constant across the entire sample’. This has been made possible by
geographically restricting the study,

Restricting the study to the local authonties within the Vaal area at a specific
pont in ume (1998) allows us to assume that the socio-economic profiles,
weather patterns, hydrological factors, supply vanability, and residential,
commercial and industrial shares of 1otal water use within each municipality are
similar (Gibbons, 1986). Hence. of the variables listed above, only tarifl, income,
propenty value and erven-size have been included in the demand function. The
demand function therefore takes the following form:

Q - by = by T + bsl + bsPV + biE
Where:

- Q = Quantity of water demanded per capita per vear, in Kilolitres.

Estimating a demand function for water is extremely difficult because it is determined by many

non-cconomic factors that cannot be included in the model ( Tunovsky, 1969).

Foster & Beattie (1979) showed that water demand is more price elastic in areas where outdoor

water use forms a larger fraction of total water use (e.g and areas)

Tumossky, 1969 Ihad

One would expect per capita water wse 10 be higher in areas with a large percentage of children

(Tumovsky, 1969, p 352)

This technigue has been used by a number of authors some of which include: Foster and Beattie
(1979) and Dockel (1973),
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(1) The total volume of water consumed (kl):

() I'he monetary value of the volume in (1)

(1) Anndication of the size of the population involved:
(1v)  Average property values (stand plus improvements) and
(v) Average size of erven.

TIME SERIES DATA

(1) Total volume of water consumed per year
(1)  Total monetary value of water in (1).

It should be noted here that the assumption was made that tanffs could
serve as a proxy for price. It was further assumed that the same proportion
of households in each category would pay their municipal water accounts
and that pavment is not tanfi-sensitive.

The next step was to calculate elasticities for the vanous income groups
namely Upper-Middle and Lower mcome levels, where Upper-Middle
income refers to the category of incomes above R26 900 per annum (1998
tanffs) and Lower incomes are below R26 900, These income levels were
calculated using the Social Accounting Matrix compiled by Conningarth
Economists”. This was done by first estimating demand equations
rclating use to tanff (proxy for price). These relationships were
determined statistically by means of multiple regression analysis.  This
procedure allows the incorporation of the effects of several causal factors
(as indicated in (i)=(v) in (I) above in the relationship.  The procedure
followed 1s discussed in detail in Annexure 4.1,

As far as the derivation of clasticity 1s concerned. previously only two
major studies, namely Dickel™ (1972) and Veck and Bill” (1999). have
been done on this topic in South Afnica. The overall price wanff elasticny
of the demand for water obtained for this study was -0.58. It compares
fairly closely with the figure of ~0.69. for white households, calculated by
Dackel. However, it differs significamly from the elasucity of -0,17
obtained by Veck and Bill. This discrepancy can mainly be attnbuted to a
difference in elasticities for the lower income groups. A very high
clasticity resulted for the low income group in this study, namely 1,12,
whilst the Veck and Bill study obtained a relatively inelastic value of
0,14,

Inemal document of Conninganh Economists,

Dickel, J A 1972, “The Influence of the Price of Water on Certam Water Demand
Cusegories, Agrekon, Vol. 12, No.3, pp 17-22,

Veck, A and Bill. M., 1999, The Warer Research Commussson Project 790010, Price
Elasticity of Demand for Water Survey no. 2 Report (CV experiment).
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The demand curves derived for the various houschold categorics are
depicted in Graphs 4.2 - 4.5 below. For a more detailed discussion of
methodology and results, see Annexure 4.1,

It is important to interpret these graphs. The following aspects should be

noted:

In most studies the researcher probably will not estimate a
price tani{l demand curve himself but will make use of secondary
information. To construct a pricetaniT demand curve for his
specific project he needs the current tantl as well as the average
consumption of the category of a water user for a specific period
(per month). Further he also needs the pricetanfl clasticity for
that specific category.

The demand curve i1s constructed by assuming that the value of the
last unit of water consumed is equal to the tariff paid by the
consumer. The highest quantity lowest value coordinate (the
rightmost coordinate on the graph) represents the current tariff.
For example, in the case of Graph 4.2 it equals R296k/. The
demand curve is drawn by using the pricetanft’ demand elasticity
with the rightmost ¢coordinate on the graph (R2.96 at 61 K/ the
average consumption of this group per month) as a starting point.
The total economic value for water (per capita per vear) can be
defined as the total area under the curve, between the nghtmost
coordinate and where the curve becomes inelastic (i1.¢. marginal
change becomes zero). Only this portion of the curve can be used
for analyucal purposes due to the reasons already given in Section
42. In Graph 4.1 it is represented by the area ABQ2QI1. The
value can be derived by calculating the integral under the
pricetariff demand curve. To obtain the value per cubic metre of
water, the total value should be divided by the volume of water
use. With regard 10 Graph 4.1, the quantity of water consumed
totals 61 Kilolitres per capita per vear,

For example, in the case of Graph 4.2 for the usc sector,
Households: High Income: Outdoor the value at retail point was
RS8.94 per m'. It is important to note that this figure differs from
the economic values indicated in Graph 4.2 and Table 5.1, the
reason being that it refers to the retail value to the user (purified
water on tap) while the figures in Graph 4.2 and Table 5.1 refer to
the economic value for raw water at the source,

In the case of Graph 4.2 the value of raw water at the source was
derived at as follows:

. Actual average tariff m’ paid by consumer R 296
. Value of water at retail point:
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4.2.2 lrrigation Use

T'o derive a demand schedule for this category. it was necessary to determine a net
mcome (NI) for farmers in the study area by means of a farm income and cost
analysis. It was decided to take the Vaalharts'' area as a sample to represent the
total study area. It should be noted that this extrapolation could represent an over
estimation of the value of water for irrigation purposes: This is due to the fact
that the Vaalhants scheme was still duning 1999 mostly a gravity water supply
scheme with relatively low costs and higher productivity. This is probably not the
case in the rest of the study area, where immigation takes place on an ad hoc basis,
pumping directly from the nver.

A NI was calculated for this area making use of the so-called “budget approach™".
The basis for this estimation was a study done by Viljoen, Symington and Botha,
Depanment of Agricultural Economics of the University of the Free State
(1992)",

In order to reflect the current (1999) situation all data in this study were updated
with the help of officials from Senwes previously known as the Sentraal Wes
Cooperative.

For this exercise the five dominant crops on the Vaalhans scheme were identified
(maize, wheat, peanuts, cotton and lucerme). The income and production cost per
crop per hectare was calculated and is presented in Table 4.1,

. The reader is reminded that the “Middle Vaal™ as defined i this study, includes magisterial
districts that are commonly considered 10 be pan of the Lower Vaal carchment
The budget approach refers 10 the value of water as a resource to farmeng. The total crop revenue
less non water input costs generates a resicual, the maximum amount the farmer could pay for the
water and still cover costs of production. 1t thus represents the on-site value of water
Viljoen. F.F.. Symington. H. M., Botha, SJ. Verwantskap tussen waterbeperkings en finansi¢le
gevolge in die Vaalnvier watenvoorsieningsgebied met spesiale veraysing na
besprocimgshoerderye in die Vaalharts gebsed. WNK verslag 285 92, Bloemfontein, 1992,




TABLE 4.1: REVENLE AND DIRECT PRODUCTION COSITS OF
DOMINANI CROPS IN THI VAALHARILS
IRRIGATION SCHEME (RAND PER HECTARE,
1999 PRICES)

{ rorp W hoat Mase Poanuts  o1tor . ucernc

LS

Cartons Turnoser

Dircct production cost

TABLE 4.2 CALCULATION OF GROSS FARMING INCOMY

(sross Farming Income

Crop Hectares Rand per hectare Lotal per farm unit

lotal 1093 y 399 371 811







FABLE 4.3: CALCLLATINGOF NETINCOME FOR THE AVERAGH
FARM LN

l1otal Per Hecrare
Farm
. L nit
|4 s
Ciross turnover per hectare 762 044 919
Gross Farming Income 371 5811 4 480
|
.
Net Farming Income 235 490 2 9n3
115076 1 388

Net Income (ND

Establishing a demand curs ¢
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For the establishmem of a demand curve the average rental value of water as
caleulated above is important.  However, on the other hand, the deviation of the
NI for the vanous farmers 1s also of equal imponance.

As far as the deviation 1s concemed the research of Viljoen. Symington and
Botha™' was accepted. Their analysis assumed the revenue and direct costs for the
various crops would be very similar for the different farmers. However, the fixed
costs, interest on depreciative capital and owner’s salary differs between different
categories of farmers. In their rescarch they have established a standard deviation
per fixed cost item. These standard deviations were used to calculate an overall
standard deviation by using the fixed costs items as indicated in Table 4.3, This
results in an overall standard deviation of R141.4 per hectare or 1.8 cents'm’
waler use.

Based on a mean rental value of 14,48 ¢/m” and a standard deviation of 1.8 ¢/m” a
smoothed cumulative distribution was generated and a non-linear equation (logit
transformation) was fitted to this distnbution.  This mathematical equation was
then used to represent the demand curve component for irrigation water. The
regression analysis used to calculate the demand schedule is shown in Annexure
4.2, The demand curve denved from this regression analysis is shown below in
Graph 4.6.

Limitations in methodology used

In Chapter 2 it was already mentioned that the quality of irmigation water is very
low and that the model does not make provision for quality differences in water.
It should be noted that different qualities of water would have resulted in different
values of water.

It is also important 10 note that in the Upper Vaal area sprinkle imgation, directly
from the river. is mostly used while the Middle Vaal (specifically the Vaalhans
scheme) stll uses flood irmgation to a large extent although a gradual change over

2. 8.8 2 b 2 o A .

Graph 4.6 : Demand Curve : Irrigation
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location advantage assigned 10 water in this study is only 0.2 %4, as explained in

Annexure 4 4,

A cross sectional analysis was done for the vanous manufacturing industnes,
using the approach above. The demand curves denved for heavy and light
industry are shown in Graphs 4.7 and 4.8 hercafter. It should be noted here that
these graphs represent the total industry and not a specific industry. It should also
be noted that most industries are very insensitive to tanff changes since the water
input proportion is negligible. A detailed discussion of the methodology and
calculations is given in Annexure 4.4,

Graph 4.7 : Demand Curve : Municipal: Light Industry
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Graph 4.8 Demand Curve : Heavy Industry
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In South Africa electricity 1s mamly generated by coal based power generation
stations. Two altemative cooling systems are used in these power stations,
namely wet and dry cooling systems. A wet cooling svstem uses much more
water than a dry cooling system 1o generate the same amount of electricity, In a
wet cooling system £ 2.23 / of water is used to generate 1 kWh of electricity
compared with the 0.22 [ of water per KWh of electricity in a dry cooled system.
However, building a dry cooling sysiem is much more costly. The running costs
of a dry cooling system are also slightly higher

It 15 difficult and very costly to convert a power stahion from a wet to a dry
cooling svstem. The demand schedule for water is therefore very inelastic. Ina
cost-benefit analysis done by Conningarth Consultants for the Water Research
Commussion in 1999 7' on dry cooling 1t was established that at a water tanft of
R2.90 per k! the dry cooling process becomes the cheaper of the processes. 1 this
information is taken into consideration it is possible to construct a demand curve
as indicated in graph 4.9. In respect of this graph 1t should be noted that this 1s a
dvnamic model and not a static one. This graph reflects the overall picture of the
industry and not that of a single power station. As tanffs increase, new power
stations phased in over time will switch to dry cooling, and old wet powerstations
will be replaced with dry ones or mothballed, since DWAF will not readily make
water available in future to ESKOM for this purpose.

GRAPIL A4S
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Graph 4,10 - Smoothed Demand Curve : Electricity Use
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CHAPTER FIVE

THE ECONOMIC VALUE OF WATER, DELIVERY COSTS AND TARIFFS

This chapter deals with objective 4, namely the comparison of the value of water
with the cost per catchment,

In the first instance. the economic value of water for the various use sectors is
analvsed. Secondly, the supply costs of raw water, tariffs and subsidies are

discussed.

The main aim is to form an opinion of the efficiency of water use, meaning the
extent to which economic sectors are supported by subsidies. It should be noted
again that in comparing the efficiency of water use. provision is not made for
differing qualitics of water.

5.1

ECONOMIC VALUE

This section discusses the economic value of water. In Chapter 4 demand
schedules curves for the vanous users were developed. Taking these into
account in conpunction with the volume of water use in the Vaal River system,
an economic value for the vanous users was calculated for 1998,

Average values for water use for individual consumption units in each use
sector are reflected in Table 5.1, Thev were derived by calculating the integral
for these demand curves, This boils down to calculating the area under the
curve for the range of the curve over which consumer surplus 1s generated.




TABLE 5.1 ECONOMIC VALTLE FOR WATER PER SECIOR
(RAND PER M \)

LSER LPPERN A SMIDDEE N AL
VALLE \RIA N

High Income
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THE ECONOMIC VALUE OF WATER IN THE VAAL
RIVER SYSTEM (1998)
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1980 and 1998. Note that both these graphs are in constant 1998 prices. The
decrease in the share of the mumcipalities and the decrease in the contribution of
the irmigation sector are noteworthy

Chart 5.2: Economic value of water in the total Vaal River system
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DELIVERY COSTS, TARIFFS AND SUBSIDIES

In this section, the costs of raw water delivery to the vanous use sectors are
analysed. Raw water has already been defined in Section 2.1.2 as water in the
dam or nver before punifving or bulk dismbution costs are added. In
Annexure 5.1 the new water 1anfY policy for South Africa s discussed. This
new strategy forms the basis of the water delivery costs and 1anffs that were
used in the studyv. Unfortunatelv, it was not possible to obtamn histone water
cost and ranft data. For purposes of the scenano modelling that 1s performed
i Chapter 6, this 1s of no concem. However, in the case of the histone water
resource accounts that have been discussed up to this point, the analysis could
only be done in 1998 constamt prices and not in current pnces (tantls
prevailing in each vear)

£21 Delivery Costs




IABLES3: DELIVERY COST OF RAW WATER FOR DIFFERENI
SECTORS
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noted that the irigation sector mainly uses water which is unsuitable  for other
purposes without substantial further treatment.

TABLES4: REVENUE FROM WATER TARIFFS FOR 1998

R mhoas
L ve sevton 1 ppoer Peroestage Middle Peroemtage Toral Percvmtage
Nl distrbuticn Vau dintribation Vaal Stribetioa
Syutem Sastem Nvaem
Municipal wse 1As TAR EETY L LR 1.2 783
([ A an 20.5% T4 LR 0 LI N
Migh moome i 3 el Y A I 20 am)
Low swcowne Jox “ % iy LA™ N "~
- Light mdaeny 410 28400, 7 L LN v 2Sat,
Pl o7 I8 4] 1sn, b g Ih 5%,
Irrgation wse . L L M 184, LAl et
Vlectraity wae 40 1707 . na 20 s
Heass indusiny uwe 124 .47 - (L 135 4%
T 12 '-.W m 106 1482 ([0
Percentage Siaributicn LU 130 -,
S23 Subsidies

In Table 5.5 the subsidies of raw water supply costs per user sector are shown
for 1998, These subsidics were derived by comparing the cost of raw water to
its raw water value.

Oner the last 10 vears DWAF has gradually phased in the policy that a specific
catchment’s revenue should pay for the delivery cost of the relevant water.
One of the designated catchments in terms of this policy was the Vaal River
and the policy resulted 1n revenue received from water tanfls being more than
the delivery cost of the water including the cost of major water schemes.

In the case of agriculture, this appears at first glance to mmply substantial
subsidization as seems evident in Table 5.5. In this catchment. however, this
conclusion would be misleading, as the geographic nature of the catchment
means that agriculture uses “second hand™ water that is of such a poor quality



FABLE 55 SUBSIDIES OF RAMW WATERSLULPPLY COSIS PER
SECTOR

EFFICIENCY OF WATER USH
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From Table 5.6 it 1s interesting to note that the imigation sector is the only sector
showing a negative result.  However, this should be viewed in the proper
perspective since most of the water used for imigation is unsuitable for other

purposes without substantial treatment

TABLE 5.6: EFFICIENCY OF WATER IN THE VAAL RIVER

SYSTEM
| R melhoms)|
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CHAPITER SIN

WATER MANAGEMENT SCENARIOS

INTRODLCTION

| p to this stage, the essence of this project was to determine the value of
water. In this chapter certam water manasgement scenarios based on this
information. will be explored. 1They will be used to analvse the demand

for water. water tariffs, economic value of water, and revenue from tarifls

under certain demand and supply conditions
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For analvtical purposes cognisance was taken of the planned
augmentation of water as envisaged by DWAF for the study arca. The
inauguration of Phase 1B of the Lesotho Highlands Scheme will take
place in 2006. This means that water supply afier this will be constant
for the remainder of the simulation period. It also implies that the
price-supply schedule will be inelastic. It is important to note that the
supply could still vary depending on weather conditions that will
prevail in the study area. Scenanos are built around wet. normal and
dry cycles.

For modelling purposes a 25 percent buffer supply has been assumed
to ensure no chromic ¢vclical shortages of water. This quanuty had
been discussed with officials from DWAF and it 1s also in line with the
projected excess supply which will exist on average over the last five
years (2010-2014) of the projection period.  In order 10 determine
whether there is equilibrium. use and supply are compared. It was
assumed that the svstem (at current tarifYs) is in balance at the moment.
This resulted in the standard scenanio. Any changes in supply or usage
conditions from this departure poimt will disturb the equilibrium
situation. In order 1o restore this balance, the water tanfY is changed.
This will result in a different watey use composition to restore the
balance again

The concepts above can be illustrated by considering a high mortality
situation ( Scenano 3) the following occurs:

- There will be fewer households over the forecast period than
origmally projected 1n the standard scenano.

- This will lead 10 a lower water use (reduced shift of the demand
curve to the night).

- This will result in surplus water supply.

- To restore the original balance, taniffs have 10 be reduced.

- Increased consumption will take place (according 10 underlving
clasticities).  This constitutes movements along the price-
demand schedules.

It should be noted that this equating tariff is not determined by the
usual market forces, but is used by administrators to balance the
system.

As far as the agnculwral sector is concemed. the price demand
schedule was not based on an actual current tanft as in the case of
other users, but on the average rental value of agricultural water (see
chapter 4 for detaled discussion). Due to the constraint that no
additional imigation will be allowed in the study arca the model only

allows for reduced water use in future in this sector; no sectoral
increase in water use is permined




. Input

\ssumptions

Lariff change (percentage
Rainlall
Population
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The choice for annual population growth could be berween a moderate AIDS
impact (1.8 % per annum population growth), or a high morality (<124 %) rate.

It should be noted that for cach scenano explored in this
chapter, the effect of a change in one input only was tested.
This. of course. implies that the cetens panbus pnnciple was
applied. It should also be noted that any changes take place
within given allocations of water.

I'he reader is remunded that these assumptions should be set
within certain  realistic  stanstcal and  economic  limits.
Although the model. and more specifically the demand curves,
will technically be able to handle any exogenous change, large
movements away from the status quo mught not necessanly be
statistically, politically or cconomically realistic.  Also see
section 4.2 1n this regard.

Output

There are two categories of output, namely:

Summary Statistics:

The following summary statistics are produced (average 2000-
2014

Total Economic Value of Water
¢ Feonomic Value of Water per cubic metre

A detailed output table with economic values per use sector
1s.

STANDARD SCENARIO

For purposes of scenano building. 1t is important to create a benchmark
against which other scenanio results can be tested. For this purpose a standard
scenano 1s developed in this section. In this standard scenano 1t s assumed
that normal rainfall conditions will prevail. Please note that these scenanos
are all merely illustrative and may not be realistic in all respects.

Regarding the population a growth rate with a moderate level of AIDS
mortality 15 assumed.
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TABLE 6.1: STANDARD SCENARIO: RESULTS (Constant 1998 prices)

(1 ABLE 6.1

STANDARD SCENARIO: RESLLTS

oeslant :illipn“\n

—— - - o T
\samptions
Tanitd shang | ) o
Raunt Norm
Uy ‘ iuv wihwath e Vs
|
]
JEconomic value of nater |
K
- B $ — — — S— —
¥ ’ "e K
1
|
Aserage »ater | Percentage F aonmomid s aloe of waner Total
use over | dintribution - the bulb
| se Sextors 15 years of water N 2l River Savtem taridis
use
tmillion m ) woton N silhom| R mllicas)
L Periemtaze ol Peroemaze
4 -
\lvlllipnlnw 1 Mo 3 1 I“} LLA ) 171 et
— - — 4 — - — .
" ‘ 4 —
- Hosvehods nat LR 4.0N82) 4.8 alw a4
+ >
s 159 i fs L) dai 149
B = S— 4 — 4§ — : e
- $ .
Ot %
— - 1 » - -
. 17| 52 L 4 s 7.5
4
Irnbes » 30 . 14 14 1
{
Outd ~ J - . 4
.
« Light Industries _od .88y
- 4 +
Parks v
-— t -— ! — S—
' ~ .
Irrigation J | N %
ol -
Edectricin | 3 ‘
- - ' 4
Heavy Industrie | ! 4
|
{
Tatal Las 140 1nnm 100 3.223 L
3 - -
|

From 1

able 6.1 the following

The average
2014, s RI7

I'he average

.7 bilhon

which results in an average economic value of RS22

aspects should be noted

. ]

economic value of water per annum for the period 2000-

use over the period is 3.4 million cubic metres per annum,
per cubic metre

I'he revenue generated by govemment from bulk tanffs amounts to
about R2.2 billion per vear,
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. Although less water will be sold the revenue generated from the selling
of bulk water will increase by 13,5 %5, This can be atributed 10
% In water tanfl
. I'he consumption i terms of volumes for Industnes and Electricity has
remained constant, although their percentage shares have iner
slightly. The reasons for this are the low elasticities calculated for
these sectors. (see Graphs 4.7-4.9)

the increase of 338

\'-I‘Cll

TABLE 6.2: SCENARIO 1: DRY CYCLE RESULTS (Constant 1998 prices)
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FABLE 6.3a: SUMMARY OF SCENARIO RESLLITS
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TABLE 6.3b: SUMMARY OF SECTORAL DISTRIBUTIONS
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6.4 SCENARIO 2: WET COYCLE

Note once again that this scenano is done merely for illusirative purposes and
may not be realistic 1n all respects.  Also note that it is assumed that all other
things stay the same

In a wet eycle the reverse impact relative 1o that of a dry cycle can be
expected, There will be a surplus supply of water. which will lead 10 lower
tarifls, with the effect that the demand for water will increase.  Important to
note 1s that certain sectors which have a very inelastic demand are tanft
insensitive and their demand for water will probably not grow. In Table 6.4
the results of scenano 2, which depicts a wet cycle, are shown (See also Table
6.3a and Table 6.3b).

The following aspects emerge:




FABLE 6.4: SCENARIO 2: WET CYCLE (Constant 1998 prices
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6.5 SCENARIO 3: HIGH MORTALITY

Note once again that this scenano is done merely for illustrative purposes and

may not be realistic in all respects.  Also note that it is assumed that all other

factors remain the same.

In this scenario 1t has been assumed that AIDS will have a serous effect on
population growth. The average annual growth rate for the population over

the period was taken as -1

-

*e compared 10 a growth rate of 1.8 % in the
standard scenario. The effect of this will be that there will be approximately 6

million people less in the catchment area a1 the end of the simulation period.

T'he impacts are as follows (See Tables 6.3 and 6.5):

"% 10 equate demand and supply.

Under normal rainfall conditions the tanfY could fall by as much as 40



FABLE 6.5: SCENARIO 3 HIGH MORTALITY (Constant 1998 prices)
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66  CONCLUSIONS

In this section vanous scenarios regarding supply and demand possibilitics
have been mvestigated. Although the exact level of these impacts could be
questioned, the figures are probably in the correct ball park and the general
direction of the results 18 1 accordance with theory and expectations.
model 1s very general in nature and can be applied 10 answer vanous questions
regarding water policy. The purpose of the scenarios is merely 1o give an
indication of the types of analvses that could be explored by the model, and
hopefully 10 encourage other researchers 1o make use of it.

CHAPTER SEVEN

The




CONCLISTIONS INDRECOMMENDATIONS
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Ihe negative aspect of this is that it must be accepted that many databases 1n South
Africa are currently in a state that does not suppont sophisticated economic
analvsis: more positively, this study has laid a foundation on which other studies

of this nature can build, although it must be accepted that their resulis, like those of

the present study, will be somewhat approximate in nature.

This report has been rewritten several imes. Each time. some of the detail of the
maodel has been sacrificed for the sake of increased readability.  Inevitably, this has
led 1o a document that is partly incomplete, and readers interested in further detail are
requested to contact the project team directly.

I'he model that has been constructed in this study must be viewed as a "living”™ one.
Its usefulness lies much more in the future use that will be made of it than in the
history of its development that has been reported in this present document. This, then,
is the first recommendation of this report: that use of the model should be encouraged
Ihe other recommendation of the project team 1s that water authorities in South
Africa should take stock of the data that they may require in future to do their jobs., in
particular in the hight of changing water management requirements. They need to ask
whether the data they will need is being collected and mammtained in an accessible
formar; if this is not the case, they need 10 1ake steps 10 remedy the situation. If they
do not do 5o, they, like this project team, may face some unpleasant surprises.

In conclusion 1t should be noted that the following objectives of the study have been
reached:

- Determining the water balance and prevailing competition for water
resources in the carchment.

- Deriving demand schedules for water for important water use sectors,
1.e. domestic, imgation, forestry, miming, industnial, power generation
and eco-system uses.

e Quantifving the value of water resources at current levels of water use.

. Comparing the economic value with full economic costs and curvent
water 1arifls

- Explonng a vanety of scenanos and estimates the changes in the value
and tanfT of water resources, when negotisted and law ful transfers of
nghts to available water resources take place within or between

CNISHINE uses.







ANNEXURE 2.1
(Annexure to Chapter 2)

Example of a STELLA application

Some matenal in the Annexures 1s a repeat of that in the main text

i " SI2TE » . . 11 . |
been done in order to make the Annexures self<contamed, o

r the reader to pagee backwards and fon




Example of a STELL A appiication

FIGURE 1L.2.1.]1 - GROWTH OF RODENT POPULATION
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Annexure 2.2 contains a detailed description of elements of the Water Use Model.



FABLE A2 TOIAl GROSSTSE OF WATERIN THE VA
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was based on use data for 1998 which were supplied by BKS and DWAF
(Annexure 2.2, Table A.2.2.2).

- Change in use term

Since the focus here is on tanf! as a determining factor, the variable
part (change in use or b) of the use per unit equation was obtained by
redefining the definition of a pricetanff elastucity (Annexure 2.2,
Table A 2.2.3). In words, the following was done:

. In equation (1) Annexure 2.2, Table A2.2.3 the pricetantt
clasticity of demand (left hand side vanable) is equated 10 the
ratio of the relative change in demand 1o the relative change in
tanifT,

. This equation is then adapted to solve for change in demand
(1.¢. it becomes the left hand side vanable). Change in demand
is therefore now expressed in terms of the price tanfY elasticity,
original 1ariff and demand and change in price. The price tanft
clasticity times the origmnal demand vields a constant, which is
the coefficient part (b) of the change in use term. The variable
part is then the percentage tant? change. These two terms enter
the equation muluplicauvely (b x AT).

Ihe average (or unit use term) a. as defined above, 15 obtained by
merely  dividing original demand by its  appropriate  dniver  or
exogenous vanable

Terms a and b are then entered into the mathematical equation as
indicated n formula (2).

In the mathematical model, the unit use portion was calculated as
described above. The detailed calculation of these terms for Municipal
use (Upper Vaal) is given in Annexure 2.2, Table A2.2.2. The
clasticity portion was derived from underlving demand schedules
which 15 discussed in Chapter 4.

In order to convert these unit use functions 10 total use, these functions
were multiphied with their respective “dnivers™ (exogenous vanables),
namely population, GGP or hectares.




TABLE A2.2.2: CALCUIATIONOF MUNICIPAL COEFFICIENTS
(LPPER VM AAL)

aessroe |00 werevesew |oeswaen] | s [oemew | cosmcons]




FABLE A2.2.3: DERIVING CHANGE IN USE TERM FROM
PRICETARIFF ELASTICITY FORMULA

Flasticity formula

VOLLMEIPER I NI

LEGEND Price ‘ rd



INDIVIDUAL USE EQLUATIONS
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- Parks

The same basic principles were applied here as well and this equation s also
population dnven. It was assumed that the high income population, as
used for consumptive use purposes, could approximate the population
for this component. If the unit function 18 multuplied by this
population, total use by Parks is obained. Population over time is
discussed under exogenous vanables and 1t was assumed that the
Municipal Use : High Income : Outdoor elasticity could be applied
here.

IRRIGATION USE

This water use component is hectare dnven and a constant average 1erm of 10
000 m 'hectare vear was applied. This amount was based on an expern opinion
(Also see discussion under exogenous vanables below),

I'he elasticity under consideration 1n this case, is also a non-lincar function.
For a detailed discussion see Section 4.2.2

Total Imgation use is obained by multiplying hectares with the unit function.

ELFECTRICITY USF

A function for electricity use is incleded for the Upper Vaal only. This
function 15 driven by the GGP for elecincity (calculatuon discussed below).
Although its clastcity actually 1s a step function. it was approximated by a
smoothed non-linear curve (See section 4.2 .4 for discussion).

Total use is obtained if unit use is multiplied by its GGP

HEAVY INDUSTRY USE

This component also only appears in the Middle Vaal model. A distinction is
made berween light industry use (under municipal use) and heavy indusiry
Light indusiry use was already discussed above and the same principles were
apphed in this instance

The average term was therefore expressed i terms of GGP units (m R
million GGP annum). A non-lincar elasticity used for light industry, was also
used in this case (See Section 4.2.3).







these vanables are also referred 1o as the units in which the equations are expressed.
For simulation purposes, the model requires histonical as well as projected data

There are four main exogenous vanables in the model, namely:
. Percentage Tariff Change

No historical data 15 reported for this exogenous vanable. This vanable will
only be used for simulation purposes to determine the effect of a tanff change
on demand and to find the optimal tanifY in the market where demand equals

supply
- Population
- Histowical:

Historical population figures per population group were obtained for
the magistenal districts in Table 2.1 from Statustics South Afnica (SSA)
for 1996. Historic population figures per race group (1970-1995) for
the RSA as published by the SSA were converted to indices with base
year 1994, In order to obtain an index value for 1996, the 199 - 1995
growth rate was applied 10 the 1995 index

It was assumed that these indices could serve as proxies for the study
area and were applied 10 the 1996 population figures to obtain a
historical senies.

Prc)fc‘t'fflvli\

Projections for each population group were made by applving the
ABSA" projected growth rates for 1997-1998 10 1996 and throughout
the forecasting period (1.¢. 1999.2015). These population figures per
population group were then aggregated 1o obtain totals for the study
area,

These 101als were then spin between High and Low income groups by
means of percentages obtained from a Social Accounting Marrix
(SAM) 1998 compiled by Conningarth Consultants (part of the presem
project team), since this is required by the mathematical model as
discussed in Annexure A, Table I. It should be noted that these
projections do not make provision for Aids. This effect will be
incorporated. however, when scenanos are done (See Chapeer 6)

- Gross Geographical Product (GGP)

Imternal projections by ABSA




. GGP for Municipal Use: Light Industry

. ..r r Electricin
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SSA. forecasts: Conningarth) could be used as a proxy for
production in provinces. [t was therefore applied to the 1998 values (at 1998

prices) for the respective provinces 1o generate sources from 1980-2015,

Ihese provincial sources were once again aggregated in order
1o arrive at totals for the study area

o GGP for Heavy Industry

It was assumed that CGGP figures for Industnal Chemacals and
Iron and Steel could serve as an approximation for the GGP of
Heavy Industry. The basis for this calculation was formed by
production price indices for Industnal Chemicals and Heavy
industry from the same sources stated above

In order to obtain a single index the following steps were

tollowed:

I'be percentage shares of industnal chemicals and ron and steel
in GDP were obtained form ABSA™ sectoral aspects.  These
shares were applied to the 1998 GDP at current pnces as
published in the SARB Quarnterly Bulletin (June 1999) in R-
milhon

. Ihe production price indices for the respective sectors were
applied 10 these values 10 obtain two series from 1980.2013
Ihese 1wo series were then added together 10 obtain a single
series approximating Heavy Industry

- Hectares
As indicated before. 1t was assumed that the unit use of migation was 10 000
m~ per annum. The hectares under imgation per vear were then caleulated as

demand for that year divided by 10000 m .

Projected water use figures form BKS & DWAF were used to calculate
projected values,

ABSA ( 2000k Sectoral Prospects for the South Afnican Economy « 1999-2006




ANNEXURE 4.1

(Annexure to Chapter 4)

DERIVING DEMAND SCHEDULES/CURVES:
HOUSEHOLDS
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THEORETICAL FRAMEWORK

As mentioned in the main report, the main aim of this section of the study is
10 derive the domestic demand funcuon to calculate price tanty elasuciues of
demand for water', Classical consumer theory predicts that a consumer’s
demand 15 a function of price (tanfl) and income. More specifically. when
considering water demand. this function has been expanded to include
influencing factors such as:

- Chimate (i.e. temperature. rainfall)

- Regional variation™

- Supply vanance (1.e. supply uncertainty)

- ‘some measure of real estate” (e.g. housing space) (Tumovsky,
1969)"

- Erven size

- Property value — used as a proxy for housing space (mentioned
above).

- Socio-economic conditions

- The number of persons per household
- The percentage of persons per household under 18 vears™
- Existence of own water supply e.g. boreholes.

In determining the “price/tanifY elasticities of demand for water” this study is
essentially attempting 1o isolate the fariff effect. In order to be able to
concentrate on this rariff effect. many of the above listed vanables have been
assumed constant across the entire sample”’. This has been made possible by
geographically restricting the study.

Restricting the study to the local authonities within the Vaal area at a specific
point in time (1998) allows us 10 assume that the socio-economic profiles,
weather patterns. hydrological factors., supply vanability, and residenual,
commercial and industnal shares of total water use within cach municipality
are similar (Gibbons, 1986). Hence, of the vanables listed above, only tanft,
income, propenty value and erven-size have been included in the demand
fuacuon. The demand function therefore takes the following form:

Esnmaning a demand funcnion for water 1s exeremely ditficult because 1t 1s determimed by
many non-economic factors thar cannot be included i the model (Tumovsky, 1989)
Foster & Beamie (1979) showed that water demand 1s more pnce elastic in arcas where
oundoor water use Torms a larger fraction of 1osal water use (e 2 and arcas)

Turnevsky. 1969, Ibid

One would expect per capita water use to be higher wn arcas with a large percentage of
children { Tumnovsky. 1969, p 352),

Thas techmique has been used by a number of authors some of which include: Foster and
Beatrie { 1979) and Dickel (19730







METHODOLOGY

Methods available to the rescarcher 10 quannify these demand equations are the
following:

Contingent \ aluation

Information is obtained by means of questionnaires. The first step is to
establish a typical user profile.  After this, the effect that a tanff
increase would have on these consumption pattemns is determined.

A shortcoming of this method, s that outcomes are not actually
observed, but are based on expectations.

This method was used by Veck and Bill w0 determine the price tanft
elasticity of demand for water

¢ Lime Series Analvsis
Here tanff and demand data are compared over tume (at least 14
observations) m order to determine a relationship between them
A shorrcoming here is that the effect of other vanables which also
affect demand are excluded.

¢ Cross Sectional Analvsis
The reaction of different users to price/tantT changes at the same point
n time is investigated. A relationship will be determined between
consumption and tarifT data for different municipalities.  An advantage
of this method 1s that many factors influencing water consumption, can
be assumed to remain constant.
For purposes of this study, this method was preferred.

DATA COLLECTION

Data were collected by means of questionnaires (See Table A4.1.1). These
questionnaires were sent 1o a sample of 23 (See Table A4.1.2) local
authonties in Gauteng. It was assumed that this sample could be used as a




Cross Sectional Data (For 1998)

ime Scries Data (1or at least 14 sears)

Soune

maonctars salue
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QUALITY OF DATA

On receiving some of the questionnaires it was obvious that much of the data
were incorrect. Examples of where given values were incorrect include: some
property values were given as “stand” values only and excluded “improvement”
values: decimal places were ofien in the wrong place: monthly figures were
given for total figures, etc. These values were comrected according to a prion
and logical expectations and follow up conversations with respondents,

Disaggregation of data (based on the income groups) was not uniform. Some
municipalities gave data based on only three of the five different income
groups. It was therefore decided 10 aggregate the data into three income
groups namely: Upper income. Middle income and Lower income. This was
done using weighted averages based on the population in each income group,

ANALYSIS AND DISCUSSION

Al RESEARCH PROJECT

Ihe analysis discussed below was done by Mr. Russell Wise as o Masters
degree project, for the Department of Economics, University of Pretoria
Although most of it were used as such, some results were recakculated by
Greengrowth Strategies cc. These deviations are indicated in the main report.

Once the data were collected and comrected, i a form that could be
meaningfully used and analysed. the classical lincar regression model based on
Ordinary Least Squares (OLS) was used to determine the water demand
function for the Vaal arca. The computer sofiware packages used were:
Microsoft-EXCEL and EVIEWS, Many regressions were run using the four
selected independent variables 10 determine a statstically significant model
that would adequately describe the relationship between water consumption
and each of the influencing factors.

The results obtained from these regressions are summarised and discussed in
Table A4.1.3,

The models listed in Table A 4.1.3 are suspected of having heteroscedasticity
present in the error term.  The vanance of the residuals for each income group
is suspected of bemng different. This is confirmed from the values given in
Table A.4.1.3 which suggest that there 15 multicollinearity. A number of other
vaniations for each model were tried but this problem could not be corrected,

The heteroscedasticity was corrected by dividing every observation, for each varable,
by 1ts standard error and re-cstimating each equation. The results can be seen in
Table A4.1.4 It s clear from this table that the standard errors for each and
every parameter have decreased. and the resulting t-values have improved
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TABLE A4.1.3: ESTIMATED EQUATIONS
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Unrcliable data were recenved for Centunion and Heidelberg Upper Income groups. This has

neccssatated that average values, calculated from the rest of the Upper Income data. be swhstituted for

these valaces




TABLE A4L4 ESTIMATED EOQOUATIONS USING TRANSFORMED
DATAT
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DISCUSSION OF THESE EQUATIONS
- Equation A and Equation AT

Equation A was first estmated including all the variables, with the idea of
deleting those variables with t-values less than unity'™. As can be seen, only
Property value has a t-value greater than unity. Of the other variables.
however, only “Erven size” has been removed as 1t had a negative sign. The
others have been kept for theoretical reasons. The same linear model using
the transformed data (Equation AT, Table A.4.1.4) is a great deal better.
Again, Erven size has been discarded because it had the incorrect sign.
Tariff also has the incorrect sign but has been kept for theoretical reasons.
The other vanables have become statistically significant to the 99% level
This improvement confirms that heteroscedasticity existed in the onginal
data. It also suggests that the three income groups should not be combined
into a single equation as they have been in Equation A . To confirm this, an
unrestricted model (Lquation 1) was estimated by introducing two dummy
variables to separate the Middle and Upper income groups from the Lower
income group. The Chow test was then carmed out to confirm whether
‘income groups” are important in explaining water demand in the Vaal area
(Gujurati, 1993). In other words, is it correct 10 run a combined equation
(Equation A) or should separate equations be estimated for each of the three
income groups (Equations 1.2.3.4)?

The following F-test was done:

Hy :  The three individual regressions for the income groups are the same  1.¢. there is structu
H.y:  Structural stability 1s not present.

F =(RSS, - RSS 1,0k Where: RSS, = residual sum
RSS 1mu M _Mimy = 2K) of squares of restricted
equation
(27358.6 - 16281 .24 RSS ., = Sum of RSS for each
16281.2/(39-8) ncome group
5.27

From the F-test (with 4 degrees of freedom in the numerator and 21 in the
denominator), at the 95% confidence interval, the critical F-value = 2.67.
Our F-statistic is greater than the critical F-value at this level,

This provedare was adogiad by Turnonshy (1969, ppiss)



- Equation |

Middle income
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A reason why properry value 1s msignificant in the Lower income group
and not in the other two groups 1s not quite clear. Tumovsky (1969), says that
houschold water demand 1s mastly denived demand i1.e. “purchased in order 10 be

used with water using appliances’. He goes on to say that the number of
such applhances is clearly related 10 the amount of real estate enjoyed by the
consumer (in this case propernty value). Because the property values in the
lower income group are very low this might indicate that this group does
not have many water using apphiances. thus explaining the insignificance of
this variable.

The income variable 1s statistically significant for all three groups but is
included for theoretical reasons. The sign is positive indicating that as
income increases one can expect the demand for water to increase. This is
as the relevant theory predicts,

The ‘rarifi” vaniable is only statistically significamt for the Lower income
group. The fact that the tariff parameter is insignificant for both the Middle
and Upper income groups 1s surpnsing. Theoretically, tant? is expected to
be a significant factor in determining a consumer’s demand for water. Two
reasons why this parameter 1s insigmficant for the muddle and upper income
groups might be:

- The current tanft of water is unrealistically low (leading to  small
water bills relative 1o income and total household expenditure)
therefore consumers do not consider the tanff of water when using
walter.

- Any changes in tarifl are too small 1o cause these consumers to
change their demand for water.

The converse of this would explain why tarifl is statist:cally significant for
the lower income group

The sign for tanfl is negative for the Lower and Middle income groups, as
theory predicts. This indicates that a single unit increase in tanfT will lead
10 a centain decrease in the quantity of water demanded (the amount of this
decrease is indicated by the tanfl parameter in cach equation). The sign
for the Upper income group, however, is positive which is contrary 1o all a
prion expectations. The fact that the sign for tanff is positive for the upper
mecome group does not necessarily mean that consumers  consciously or
purposefully increase demand as tanff

increase. Following from the reasoning above, this group is unaware of
tariff increases. so their demand for water will increase to meet any
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dQ is the change in quantity demanded w.r.t. a unit change in the tanff.
dT
T is the average tariff for each income group.
Q is the average quantity of water demanded by each group.

The results obtained from these elasticity caleulations are summarised in Table
Adll

TABLE A4S

Elasticity Estimates at the Mean'”

Description of Group Elasticity
Equation 1: Upper Income Group 0.72
Equation 2: Middle Income Group -0.15
Equation 3: Lower Income Group -1.33
Equation 5: Log-Log mode! of Combined Income Groups -0.57

Lower Income Group
Elasticity = -1.33

This value indicates that the Lower income group in the Vaal area is water tanff
elastic and that for a 1% increase in Tanff this group will decrease its water
consumption by 1.33%. The fact that they decrease their consumption when tanff
increases, is expected from traditional demand theory. But the decrease mn
consumption of more than 1% is not what one would expect when dealing with a
good that is essential 10 life and that has no substitutes. The only explanation for
this might be that relative 10 their income the water bill is so large that a slight
increase in tanifl has a relatively large effect on the amount of disposable income
they have, and they therefore are forced 10 decrease their water consumption.
Obviously this can only be done up to a point.

Middle Income Group
Elasticity = -0.15
This value indicates that the Middle income group’s demand for water is water

TanfY inelasric and that as Tariffs increase the guantity of water consumed
decreases.  So, a 1% increase in Tariff will lead to a 0.15% decrease in the

Cons'cap lanff Erven size Income yr Prop. Value
Ave Lower inc. 3167133 2128092 3616923 3204624 28817.02
Ave Middle inc.54.04879 2977692 913.3077 4275842 128051 .4

Ave Upper inc. 143.6014 2963395 1284077 1775469 2431382
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Combined Income groups

Equation 5: Elasticity = 0,57

FTABLE A4 L6: SUMMARY TABLE OF SOME OF THE LITERATLRE
ON SHORT RUN PRICE TARIFF ELASTICITY O}
DEMAND FORWAILER

INTERNATIONM !




Tumos sky 1965 Crosssextional L0 30 <040
Mass bascites
Wong 1972 Cross - sexctiveal Hipos 0.26 w -0.82
Ballsngs ardd Agthe 1981 Tame senes Anzona L1L39 (Jogh <063 dlincar)
LOCAL
Dowkel 1973 Crossssectional South White households -0 69
Alrica
Viack and Bill 198 Contingency valaanon 017
South Afnca

For further summaries and comparisons of short run Price elasticities for
water usage see Gibbons (1986) and Veck & Bill (1999).

As can be seen from the table there 1s quite a range in Elasticity values (-
0.05 to -1.57). The largest value incicates a very high elasticiy for
demand for water but cannot be compared with the high elasticity value
calculated for the Lower mmcome group n this study. The studies that have
used vanables similar to ours all have elasticity values between 0 and - |
1.e. demand for water 18 usually price inelastic. Why all three income
group elasticity values are so different from theoretical expectations and
from the literature has already been suggested above. The unique situation
in South Africa. where the Middle and Upper income groups have very
high incomes compared with the lower income group, and the fact that
water tariffs are so low, might explain the high pricetanif elasticity of
demand for the lower income group and the very inelastic demand for the
Upper and Middle income groups

It is suggested, however, that because the results are so different from the
theory and the linerature, and because the situation in south Africa is so
different from most other places in the world, that the data set be increased
in order 1o rule out the possibility that the results are due 1o sampling
inetficiencies.

Although elasticity estimates using cross-sectional data give an indication
of the relationship between water consumption and  other sclected

variables at a certain point in time, they can be used to estimate fong-run
behaviour if the situation prevailing dunng the year the cross-section data was
collected, continues over the period one is wanting to estimate behaviour
(Tumovsky. 1969). Hence. the elasticity values calculated in this study are
relevant and useful 10 water resource planners and those responsible for
formulating policy both now and in the future
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ELASTICITY OF IRRIGATION

The equation used to estimate the clasticity for imgation, as well as a graph thercol. is
presented below,

LOGDEM= Cil)y» C2)*PRCH
Coefficient Std. Ervor t-Statistic Prob,
i a.+524 0nOw9 113.138 .
C2) ([ER 001 (107 9935 o
R-squared 9973 Mean dependent va 07437
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ANNEXURE 4.3

(Annexure to Chapter 4)

DERIVING A DEMAND SCHEDULE :

HEAVY INDUSTRY

Estimation of Elasticity




ELASTICITY FOR HEAVY INDUSTRY

['he equation used to estimate as well as the corresponding graph: of the elasticity for this
use sector, 1s shown below,

Included observations: 11 neData xis
LNDEM=C(1)+C(2)'PRPERCH
CoefficientStd. Error |t-Statistic Prob.
Ci1) 412624 1.759667 2.344899 0.0437
C(2) -0.00159] 0.000297 -5.345546 0.0005
R-squared 0 760478] Mean depencent var 3.8236
Acjusted R-squarecd | 0.733865] S.D dependent var 6.04702
S E of regression 3.119555 Akaike info criterion 2 438347
Sum scuarecd resid 87.58463 Schwarz criterion 2.510691
Log likelihood -27.0192 F-statistic 28.57486
Durbin-W atson stat 1.258829 Prob(F-statistic) 0 000465
Price Elasticity for Water Use: Industry (Proportional GA)
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ANNEXURE 4.4
(Annexure to Chapter 4)

DERIVING A DEMAND SCHEDULE:
HEAVYINDUSTRY

Assumptions and Methodology
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I'he methodology followed as well as the assumptions made in order 10 denve the
elasticity function for heavy industry are discussed in detail in this section.

In the calculation of elasticity an input-output analysis coefficient approach was
followed. Use was made of Technical Water Coefficients (the proportion of R1 that is
spent on water in the production process in a given sector). The total manufactunng
sector for South Africa (sectors 39 — 92 ) was considered for this purpose. Since the
major South Afncan industnal location 1s 1n the Gauteng arca, it is regarded as a good
proxy for the Vaal River system.

In order 10 determine the economic value of water 1o industry in the Vaal River system,
the location advantage rate, 1.¢. the additional cost industry 1s willing to carry in order
to be located in the Vaal River system, was used.  Actual incentive cost required to
induce relocation was applied for the Gauteng arca

A study by Urban-Fcon'" focussed on why industrialists do not want to relocate to other

regions or stated otherwise, the advantages of being in the Gauteng metropolitan area
from a cost point of view. The cost factors are identified in Table A.4.4.1 below.

TABLE A 440

< - AVERAGE COST PROFILE OF METROPOLITAN INDUSTRIES
“COST FACTOR W OF TOTAL COST
Materials 327
Salarnes 187
Inward transport cost 40
[Outward transport cost 44
Renmt 42
Interest paic 35
Electricty 41
Coal 35
Qil 36
Gas 35
Water 3.7
Cutfiow purficaton 35
Outside repars 106
TOTAL 100.0

Source: Urban-Econ 1987 “Metropolitan Locational Analysis in a spatial economy with a
decemralization interventionist policy™. Unpublished
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This non-lincar clasticity will be used for the Light Industry (componemt of Domestic
Use) as well as for Heavy Industry. Although i1 1s technically possible to distinguish
between light and heavy industries in the total manufacturing sector under

consideration. and calculate separate elasticities for cach, this was not done. The reason
being, that it was already difficult to construct a meaningful frequency distribution from
the total data set available due to the number of observations relative to the wide range of
percentage changes. If the data 18 split up 11 would not be possible to construct
meaningful frequency distributions from it

TABLE A4.43
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ANNEXURE 4.5
(Annexure to Chapter 4)

DERIVING A DEMAND SCHEDULE:
ELECTRICITY

Estimation of Elasticity

Some material in the Annexures is a repeat of that in the main text. This has
been done in order to make the Annexures self-contained, obviating the need
for the reader to page backwards and forwards.
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IABLE A4S
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Price Elasticity for Water Use : ELECTRICITY
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In thas section, the data and methods relating 10 the delivery cost of raw water and the
relevant taniffs are discussed.

I. Current status of RSA water pricing policies
South Afnica 15 in the process of establishing a water pricing strategy.

On 12 November 1999 the South African Government published its raw water
pricing strategy . Although this strategy was not in operation in 1998, the base
vear of the presemt study. the basic concepts and information were used to
establish, firstly, what water tanffs should have been at that time in the Vaal River
and, secondly. as a proxy for water costs in the study area, given that tariffs and
costs are required by the strategy to converge.

Objectives that shape the pricing strategy can be summarised as:

- Social Fquity

Redressing the imbalances of the past with respeet to:

- inequitable access to basic water services at affordable tariffs
within municipal areas, by facilitating a subsidy on raw water cost
where stepped tantts are imtroduced

. inequitable access 10 water for productive use purposes by

subsidising tanitls for emerging farmers for a limited time penod.

. Ecological Sustainability

Pricing will take account of the cost of:

safeguarding the ecological reserve

the ecological management of a catchment
water quality protection

water conservation and use management

. Financial inabili

Generating adequate revenue for funding the annual cost related to:

" DW AF, Raw Water Pricing Strategy. 1999, Pretoria,







TABLE A5.1.1: EXAMPLE OF SETTING ANNUAL SECTORAL
CHARGES FOR A WMA IN TERMS OF THE
RAW WATER PRICING STRATEGY
Catchment \Ianngcmil SECTOR -
Activity Total registered water use 1400 1 10°m’ ]
Municipal Industrial water Irrigation | Forestry |
Total Budget R10,0 x 10* water use use 145 10°m’  warter use water use
i - 100 x 10°m’ B _ 6803 10°m’ | 475« 10°m’
Catchment Management Strategy
Budget RIS « | 011 'm 0.11"m 11°m 011 m
Dam Safetv Budget RO x 1! 0,02 'm 002" 'm 0,02°'m Not allocated
Water Quality Management
Budget R2.S x | o 018 'm 0.IN'm 0,18'm 018 'm |
Water Lnhsaton Budger R2.5 x !
10 0,18 'm 018" m 0,18 ' m 018 m |
[ ‘!\-J:—TI;’\» sen ‘.; c:'?'—_ | ‘ 1 [ - :
. L se
Managemem
Budger RO.3 x _ )
10 0.0 m 02 'm 02''m 00 'm
- Working fo I
Water(WFW
Budget R3.0 % . _ '
0 B 032 m | 032 m 00 m : Nog JI«W:S
Sectoral charge 0,83 m 0.8 'm 0.54°'m 0,49 'm
Revenue T RS RIMMOO)D | RI6TOMN | RIS 000
. WEFW subsidised by 90 %5 for Imgation Sector.

In Table 1. total management costs are listed in the left hand column.
I'hese are then distributed across the volumes used by each sector listed 1n
the top column of the table in order 10 desire the charge per cubic metre
for each sector in the cells of the mawnx. This provides the following 1otal
annual budget tor the illustrative WMA:

[otal expected revenue R 8032 000
Subsidy for WI'W R 1 968 000
lotal budget R10 000 000

In Table A.5.1.2 a detailed calculation is shown of the determination of
the cost for a specific basin and the calculation of the tanfT



FABLE AS.1.2: A SUMMARY OF CALCULATION OF THE WATER
COSTS FOR A RIVER BASIN AND THE DETERMINATION OF THE
I ARIF}

Dam | nit Cost Current

2000

Infrastructure cost 4

Carchment management cost¢cm

——

—_—_—
Infrastructure cost 119 .4
(2 1Y anazem i Cont 1.5%
Total unit cost R ha 133.19
Total unit cost ¢ n TRILE
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