
 

 
 
 
 
 
  

NATURAL RESOURCE 

ACCOUNTING: WATER 

ACCOUNTS OF THE UPPER 

VAAL WATER 

MANAGEMENT AREA  
1991-2000 

 
 
 

Discussion Document 
 
 
 

 

 

 

 

 



 i

Interpretative summary 
Statistics South Africa (Stats SA) implemented the 1993 System of National Accounts (SNA) in 
June 1999 in conjunction with rebasing and benchmarking of Gross Domestic Product (GDP) 
estimates.  In addition, Stats SA also published the first set of supply and use tables (SU-tables).  
These tables were developed to include all the transactions in goods and services in the South 
African economy for a specific year in matrix format. The first set of these tables with 1993 as 
reference year were published in 1999. Subsequent tables were published for 1998 and 1999.  As a 
next step towards implementing the 1993 SNA, Stats SA has now compiled Natural Resource 
Accounts (NRA) (satellite accounts) for minerals and water.  Satellite accounts or systems (e.g. 
NRA) as presented in the 1993 SNA, generally stress the need to expand the analytical capacity of 
national accounting for selected areas of social concern in a flexible manner, without overburdening 
or disrupting the central system. 
 
In this discussion document, the methodology (techniques and method used) with an example for 
the compilation of the water accounts is discussed. The actual accounts for the upper Vaal Water 
Management Area (WMA) form the basis for the discussion and these include supply, use as well 
as asset accounts. In future Stats SA aims to compile a full set (19 catchment areas) of water 
accounts for South Africa with an update every five years. 
 
The most important conclusion to be drawn from this study is that it was possible to compile water 
resource accounts for the Upper Vaal WMA using the framework proposed by the United Nations. 
From the analysis of this WMA the following conclusions can be drawn with regard to the physical 
account. 
 
Although many studies of the WMA have been done, some detailed data on the use of water remain 
unavailable or unreliable. In the case of the main water distributors, such as Rand Water Board, the 
data are reliable but where the distributors depend on local authorities to provide detailed user 
patterns, the data are unreliable. Specifically, data on groundwater use are also difficult to obtain 
and are not reliable.  
 
As far as information on the supply of water is concerned, the Department of Water Affairs and 
Forestry’s (DWAF) Data Management Unit has very reliable data available on the level of dams, 
outflow from dams and transfers in and out. These data are available on a daily or weekly basis. 
 
If the erratic transfers to the Lower Vaal WMA are ignored, total use of water in the Upper Vaal 

WMA over the 10 year period 1991-2000 has increased from 1629,2 Mm3 in 1991 to 2105,7 Mm3 
in 2000 with an average annual growth rate of 2,7 %. These calculations include the amount 
transferred to the Crocodile Catchment where the water was mostly used in the Tshwane Metropole 
and other urban areas. 
 
Regarding the Surface Water Resources data a project is now underway to update the data from 
1990 to 2000. The data used in these Water Research Commission of South Africa reports for 
annual runoff are therefore probably not the final figures and will be adapted by the project team 
consisting of a group of engineering firms. 
 
The availability of the Lesotho Highlands Scheme since 1988 has pushed the total storage capacity 

of the Upper Vaal WMA up from 5618 to 8505 million m3 and the potential annual transfer in from 

this scheme to the WMA up to 1500 million m3. 
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In a water-scarce country, the provision of water should always be considered in terms of the socio-
economic benefits accruing from contributions by specific users.  Two macroeconomic variables 
were used as indicators of these benefits namely value added and employment opportunities.  The 
total contribution to value added of water used per sector in 2000 amounted to R113,7 billion (in 
2000 prices), while approximately 1,2 million employment opportunities are sustained by water use 
from the Upper Vaal River WMA for the same year. 
 
According to the figures generated in this study, the cost to supply raw water was approximately R1 
billion in 2000 while the revenue from water tariffs amounted to R1,6 billion.  These figures 
translate into negative subsidies or overrecoveries of R544 million. 
 
The compilation of water accounts requires extensive data.  It is therefore very important that data 
should be available on a regular basis in order to facilitate analysis of supply and use trends. DWAF 
is the main supplier of data on water resource development and management.  It is therefore of 
paramount importance that Stats SA and DWAF jointly plan and manage the collection and 
processing of water data to ensure that the data are available timeously and in the right format. The 
water resource accounts framework as proposed by the UN is very comprehensive and it requires 
very highly skilled people to compile reliable accounts.  It is therefore important that the people 
who deal with these accounts in DWAF and Stats SA should be fully au fait with the nature and 
magnitude of water accounts. 
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1. Introduction 
 
Given the increasing international and local support for good environmental management based on 
sound economic principles, the need for Natural Resource Accounting (NRA) has become 
necessary. Over the past three to four decades the conventional System of National Accounts (SNA) 
has been the source of information about production and disposition of economic goods and 
services between intermediate use, final consumption and savings, about employment of primary 
factors of production (land, capital and labour) and the creation and distribution of income and 
wealth in national economies. 
 
The central framework of the SNA presents a number of characteristics, which give it the advantage 
of an integrated accounting structure. It is exhaustive and consistent within the boundary of the 
economic activities it covers; that is, each unit, transaction, product and purpose is given a place, 
and only one, in the classifications and accounts of the System. Moreover, the set of concepts 
adopted by the System is fully coherent. The counterpart of these benefits is that there are certain 
limitations as to what may be accommodated directly in the central framework. Among the major 
shortcomings of the SNA is its focus on the production and the use of manufactured goods and 
assets that are bought and sold on the market. Excluding the values of environmental amenities, 
human capital and non-produced natural assets renders conventional measures of national income 
and wealth inappropriate for evaluating long-term welfa re aspects and sustainability. 
 
Satellite accounts or systems (e.g. NRA) as presented in the 1993 SNA, generally stress the need to 
expand the analytical capacity of national accounting for selected areas of social concern in a 
flexible manner, without overburdening or disrupting the central system. On the one hand, satellite 
accounts are linked with the central framework of national accounts and through them to the main 
body of integrated economic statistics. On the other hand, as they are more specific to a given field 
or topic, they are also linked to the information system specific to this field or topic. They also call 
for better integration of monetary and physical data. Because they preserve close connections with 
the central accounts, they facilitate analyses of specific fields in the context of macro-economic 
accounts and analyses. Satellite accounts in various fields may, in addition, help to connect analyses 
between some of those fields. They are thus able to play a dual role, as tool for analyses and for 
statistical coordination. 
 
Typically satellite accounts or systems allow for - 
• The provision of additional information on particular social concerns of a functional or cross-

sector nature; 
• The use of complementary or alternative concepts, including the use of complementary and 

alternative classifications and accounting frameworks, when needed to introduce additional 
dimensions to the conceptual framework of national accounts; 

• Extended coverage of costs and benefits of human activities; 
• Further analysis of data by means of relevant indicators and aggregates; and 
• Linkage of physical data sources and analysis to the monetary accounting system. 
 
Statistics South Africa (Stats SA) has implemented the 1993 SNA in June 1999 in conjunction with 
rebasing and benchmarking of Gross Domestic Product (GDP) estimates.  In addition, Stats SA also 
published the first set of supply and use tables (SU-tables), which intended to include all the 
transactions in goods and services in the South African economy for a specific year in matrix 
format, for the 1993 reference year in 1999.  Subsequent tables were published for 1998 and 1999.  
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As a next step towards implementing the 1993 SNA, Stats SA has now compiled NRA (satellite 
accounts) for minerals and water. 
 
The System for integrated Environmental and Economic Accounting (SEEA) was developed by the 
United Nations to provide a conceptual basis for implementing a 1993 SNA (satellite) system for 
integrated environmental and economic accounting. The SEEA describes the interrelationships 
between the natural environment and the economy. This is achieved by linking the conventional 
economic accounts with environmental and natural resource accounts. The main purpose of 
integrated environmental and economic accounting is to support integrated social, economic and 
environmental policy by means of an integrated information system. This facilitates policy-making 
and analysis of the interaction between environmentally sound and sustainable economic growth 
and development. 
 
In this discussion document, the methodology (techniques and method used) with an example for 
the compilation of the water accounts is discussed. The actual accounts for the upper Vaal Water 
Management Area will form the basis for the discussion and these will include supply, use as well 
as the asset accounts. In future Stats SA aims to compile a full set (19 catchment areas) of water 
accounts for South Africa with an update every five years.  
 

2. Methodology 
 
2.1 Physical Accounts 

The framework for water resource accounts in physical units is made up of the following 
components: 

• Water supply accounts. 
• Water use accounts 
• Water asset account. 

 
The basis of these accounts is formed by the structures as proposed in Chapter 7 of the Handbook 
on Integrated Environmental and Economic Accounting. 
 
 
2.1.1 Water Supply Accounts 
Table 1 on page 3 gives a schematic representation of the supply of water in terms of industries, 
final consumers, rest of the world and the environment. 
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Table 1 - Schematic water supply table (millions of cubic metres) 
 

Sources Agriculture Energy Industries Final Consumer Rest of the World Environment Total 
Ecosystem  
Inputs 

S1 – Rain         

Natur al  
Resources 

S2 –Total  water abstracted        

 Water abstracted for own use of 
which: for irrigation 

       

 Water abstracted for delivery        

Products S3 – Water supplied to other 
sectors of  which: Wastewater 

       

Residuals S4 -Water returned         
 Irrigation water        
 Cooling water        
 Wastewater treated        
 Wastewater untreated        
 Losses/leakages in distribution        
 Other returns        
S-Total Supply (S3 + S4)        

Source: United Nations Statistical Division 

 
The following supply sources are used to compile the water supply table: 
• Ecosystem Inputs (S1); 
• Natural Resources (S2); 
• Products (S3); and 
• Residuals (S4). 
 
Ecosystem Inputs (S1) 
The rainwater is supplied to the environment. 
 
Natural Resources (S2) 
In this section all abstracted water is shown as coming from the environment. It is then 
disaggregated between ground, perennial or ephemeral surface water. 
 
Products (S3) 
This section shows the main industries supplying water as a product. In addition, some industries 
may supply water which has already been used in the production process to other industries and as 
such has lower quality water in their production process. The supply of water as a product is net of 
the leakages during transportation. These losses/leakages are considered as returns from the industry 
supplying the water. 
 
Residuals (S4) 
The entries under residuals cover the returns of water to the environment and include all the flows 
of water that are supplied by the industries and used by the environment. In South Africa, the term 
return flows is commonly used to indicate this water. 
 
 
 
 
 
2.1.2 Water use accounts 
Table 2 on page 4 gives a schematic representation of the use of the water by the different water 
using sectors. The users of water as a natural resource are shown by industry. 
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Table 2 - Schematic use table for  water (millions of cubic metres) 
 

Sources Agriculture Energy Industries Final Consumer Rest of the World Environment Total 
Ecosystem  
I nputs 

U1 – Rain        

Natural  
Resources 

U2 –Total  water abstracted        

 Water abstracted for own use of 
which: for irrigation 

       

 Water abstracted for delivery        
Products U3 – Water delivered 

through mains of  
which: wastewater 

       

Residuals U4 - Water returned         

 Irrigation water        
 Cooling water        
 Wastewater  

Treated 
       

 Wastewater  
Untreated 

       

 Losses/leakages  
In distribution 

       

 Other returns        
U-Total Water  Use (U1 +U2 + U3)        
CONSUMPTION (U-S)        

Source: United Nations Statistical Division 

 
The use of water can also be disaggregated by purpose depending on data availability and specific 
country needs. It can also be distinguished according to whether the water is reused in the 
production process, after having been treated to some extent, or whether it is directly supplied 
through mains. In some instances, other countries classify the use of water according to whether it is 
provided by bulk systems or rural systems. 
 
Table 2 makes provision for the different sources from which users will draw water for 
consumption or distribution namely: 
• Ecosystem inputs (U1); 
• Natural resources (U2); 
• Products (U3); 
• Residual (U4) 
 
Ecosystem inputs (U1) 
These will be the activities that use rainwater or reduce run off. In South Africa at present, only 
three activities are seen as reducing runoff namely, Forestry; Alien plants and Dryland Sugar Cane. 
 
Natural Resources (U2) 
These sources will include water abstracted from rivers, lakes, dams and groundwater for own use 
or distribution. For instance in the case of irrigation, the user can himself abstract from the source or 
there could be an irrigation scheme which abstracts water and distributes it. 

Products (U3) 
This water is received from distributors. 
 
Residuals (U4) 
Water that is returned to the system by the different sectors (Return flows). 
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Total water consumption can be calculated from the Supply and Use Table for water. Water 
consumption is defined as the part of abstracted water which is no longer available for use because 
it has evaporated, transpired, been incorporated into products and crops, consumed by man or 
livestock, or otherwise removed from freshwater resources. Water consumption is calculated for 
each sector as the difference between water use and water supply. 
 
2.1.3 Water asset account 
Asset accounts for water reflect how the stocks of water at the beginning of the accounting period 
are affected by transfers of water between the environment and internal hydrological systems to 
make up the stocks of water at the end of an accounting period. 
 
Before embarking on the compilation of asset accounts for water, the definition of water stocks has 
to be clarified. For groundwater, reservoirs and lakes it is conceptually simple to measure such 
stocks. For rivers, the stock of water is not well defined due to the “ flowing” nature of the resource. 
In order to maintain consistency with the other water resources, the stock of water in a river is 
measured as the volume of the riverbed. However, the volume of a riverbed is not a quantity of 
water in itself and is not a good measure of water stocks for ephemeral rivers in particular. 
Alternative measures are the annual runoff (AR) into the river or the mean annual runoff (MAR) in 
a country subject to a very large annual variation. 
 
AR is the total volume of water that flows during a year, usually referring to the outflow of a 
drainage area or river basin.  For perennial rivers, runoff is measured at the lowest point 
(downstream sometimes close to the estuary). Hence it represents the balance of all the flows which 
took place upstream in the river catchment. For rivers crossing national borders, the runoff may take 
place entirely or mainly outside the relevant country in which case it is the runoff at the point of 
entry to that country or exit from that country which is of interest. 
 
MAR is defined as the average annual flow under natural conditions. This definition is dependent 
on the runoff regime for each river basin. Where the flow increases downstream, (it is at its highest 
level at the mouth of the river basin), MAR is defined at the river basin. Where the flow in the 
rivers decreases downstream (often with little or no outflow from the river basin), MAR is defined 
as the combined MAR of each of the major catchments in the river basin, calculated at the point 
where the flow is at its highest level and excluding runoff from upstream basins. 
 
The use of AR or MAR as a measure of stock, however, presents problems in the compilation of the 
asset accounts as some of the flows in the table may already be included, depending on where the 
river flow is measured. In such a case, the flows in the asset account should be modified 
accordingly to avoid double counting.  
 
It is important to note that the classification of water assets does not include water in the soil, 
vegetation, snow or ice. Thus, the asset accounts will measure the precipitation, which falls directly 
on rivers, lakes and reservoirs, and the part of the precipitation, which reaches surface and ground 
water. The runoffs to surface water and infiltration to groundwater are therefore net of 
evapotranspiration. 
The opening and closing stocks represent the quantity of water, in cubic meters, at the beginning 
and end respectively of the accounting period. The changes in stocks during the accounting period 
can be caused by human activities (abstraction and return of water to the environment) and by 
natural processes (precipitation, evapotranspiration, natural inflows and outflows to other rivers, 
etc.).  
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Table 3 gives a schematic representation of the asset account for water for surface water, 
groundwater and other resources. 
 

Table 3 - Schematic asset account for  water (millions of cubic metres) 
 

Sources Surface Water Ground Other  Total 
 Dams Rivers Lakes    
Opening Stocks       
A1 Abstraction (-) Sustainable 

use 
      

  Runoff 
reduced 

      

 A2 Residuals (+) Irrigation       
  Wastewater       
A3 Precipitation (+)       
A4 Inflows (+)       
A5 Net natural transfers ()       
A6 Evapotranspiration (-)       
A7 Outflows (-)  To other regions       
  To the sea       
A8 Other Volume 

changes 
Due to natural 
disaster 

      

  Discovery (+)       
  Others       
Closing Stocks       
Source: United Nations Statistical Division 

 
The detailed description of the table entries is as follows: 
Abstraction (row A1) is the total volume of water abstracted in a year. A distinction is made 
between water abstracted and water that is used by runoff reducing agricultural activities. 
 
Residuals (row A2) represent the total volume of water in the accounting period returned to the 
environment. The total return of water; (A2), has to be equal to the part of the supply (S5) in the 
supply table, which returns to surface and groundwater. When data are available, the returns of 
water can be disaggregated by type of water returned and represented by annual runoff. 
 
Precipitation (row A3) is composed of all wet precipitation. When the category “water in soil”  is 
not included in the table, the figures for precipitations are net of evapotranspiration.  They represent 
the part of the total annual precipitation that reaches the lakes (directly), rivers (via runoff), 
reservoirs (directly), and groundwater (infiltration) but include the water that was used by alien 
plants, forestation and dry land sugar cane. 
 
Inflows (row A4) represent the total volume of water in the accounting period that enters the 
relevant territory. For a river that enters that territory, the inflow is the total quantity at its entry 
point.  
 
Net natural transfers (row A5) for a water resource is defined as the difference between the 
inflows to one type of water resource from all the others and the outflows from the same water 
resource to all the others. 
 
Evapotranspiration (row A6) is the loss (in cubic metres) during the accounting period of the 
water resources due to the process of evapotranspiration. 
 
Outflows (row A7) represent the volume of water that leaves the relevant territory during the 
accounting period. This flow could be disaggregated depending on whether the flow is to other 
territories or to the sea. 
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Other changes in volume (row A8) include all the changes in the stocks of water that are not 
specified elsewhere in table 3. This item can either be estimated or calculated directly. It is usually 
calculated as a difference between the closing and opening stocks and the entries in the table and is 
therefore a balancing item. 
 

2.2 Example of the compilation of physical accounts for  water  

This section provides an example of a relatively easy system to highlight the principles involved in 
compiling supply, use and asset accounts for water. 

 
2.2.1 Supply account for  water 
Table 4 on page 8 and table 5 on page 9 provide an example of water supply account.  
 



 Example of a water supply account 

Sources Total agri-culture Irrigation Afforestation Energy Collection and 
distribution of 

water 

Sewerage Urban 
requirement 

Rest of the 
World 

Environment

  A + B A B C D E F G H 
Ecosystems S1 Rain 0   

S2 Total Water Abstracted 
- Water for own use 
- Water for irrigation 
- Water abstracted for delivery 

0
0

0 0 0 0 0 0 0

S3 Water supplied to other sectors 
- of which is waste water 

8.0
0.0

8.0  247.0 
60.0 

60.0

S4 Water returned 
- Irrigation water 
- Cooling Water 
- Waste water treated 
- Waste water untreated 
- Losses/Leakages 

18.5
11.4
0.0
0.0
0.0
7.1

18.5
11.4

7.1

0.0 12.0

1.2

12.0 
 
 
 
 

12.0 

130.0

60.0
70.0

0.0 0.0

Total water  supply  S3+S4 26.5 26.5 0.0 12.0 259.0 130.0 60.0 0.0
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Table 5 - Explanation of table 4 
 

Cell 
(Row/ 

Column) 

 Amount of water in 
physical units (million 

m3)  

Description 

1H 
 
 
2H 
 
 
2.1H 
 
3H 
 
4A 
 
4D 
 
4.1D 
 
4F 
 
5A 
 
6C 
 
6E 
 
 
8E 
 
 
9A 
 
9D 

110 
 
 
125 
 
 
55 
 
259 
 
8 
 
247 
 
60 
 
60 
 
11.4 
 
1.2 
 
60 
 
 
70 
 
 
7.1 
 
12 

This number is drawn from the use table row 1: Total, representing the total rainwater used by 
the system. 
 
This number is drawn from the use table representing the water abstracted from the natural 
resource. 
 
Ditto 
 
Ditto 
 
Water abstracted with irrigation water and supplied to another sector. 
 
Water delivered through mains to the different sectors. 
 
Water delivered through mains that end up in the sewerage treating system. 
 
This is the water flowing from Urban requirements into the sewerage system. 
 
Irrigation water discharged into the system. 
 
Water from the energy sector discharged into the system. 
 
This is the treated water discharged by the sewerage system, either into the environment or 
available for recycling. 
 
This is the water from the paved urban areas into the stormwater system and discharged 
untreated. 
 
Irrigation water conveyance losses. 
 
Losses/Leakages in the distribution system. 
 

 
 
2.2.2 Use account for water 
Table 6 on page 10 and table 7 on page 11 provide an example of water use account. 
 



 Example of a water use account 

Sources Total 
agriculture 

Irrigation Afforestation Energy Collection and 
distribution of 

water 

Sewerage Urban 
requirement 

Rest of the 
World 

Environment

  A + B A B C D E F G 
 U1 Rain  40 40 70

U2 Total Water Abstracted 
Water for own use 
of which for irrigation 
:Water abstracted for delivery 

63
63
55

63
63
55

62
62

259

259

0 0 0

U3 Water delivered through mains 
of which is waste water 

8 8 60 182
60

65

U4 Water returned 
Irrigation water 
Cooling Water 
Waste water treated 
Waste water untreated 
Losses/Leakages 

 U1+U2+U3 111 71 40 62 259 130 182 65
S 84.5 44.5 40.0 50.0  0.0 0.0 122.0 65.0
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Table 7 - Explanation of table 6 
 

Cell 
(Row/ 

Column) 

Amount of water in 
physical units (million 

m3)  

Description 

1B 
 
 
 
1E 
 
 
2A 
 
2.1A 
 
2C 
 
3D 
 
4A 
 
4E 
 
4F 
 
4G 
 
4.1F 
 
5H 
 
6H 
 
7H 
 
8H 
 
9H 

40 
 
 
 
70 
 
 
63 
 
55 
 
62 
 
259 
 
8 
 
60 
 
182 
 
65 
 
60 
 
11.4 
 
1.2 
 
60 
 
70 
 
19.1 

Water reduction/use by afforestation.  South Africa at this stage only accepts 
afforestation, alien plants and dry land sugar cane as water reduction 
agriculture practices. 
 
Rain water falling on paved urban areas and flowing into the stormwater 
system. 
 
Water abstracted for irrigation (includes losses). 
 
The portion of the water abstracted and effectively used for irrigation. 
 
Water abstracted for electricity plants. 
 
Water abstracted by water boards for further distribution. 
 
Water abstracted by the irrigation system but delivered to another sector. 
 
The water in the sewerage system delivered by the urban users. 
 
Water delivered to the urban users. 
 
Water delivered to users in another WMA. 
 
Water used by urban users which ultimately flows into sewerage system 
 
 
 
        These numbers came from the same categories in the supply table  
         and represents water discharged by the sectors into the environment. 
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2.2.3 Asset Account for Water 
The following table 8 represents a water asset account which is compiled only for  water storage 
facilities. 
 
Table 8 - Example of a water asset account (millions of cubic metres) 
 

   Surface water, dams 
and other storage 

facilities 

Groundwater Total 

   A B C 
1 Opening stock (as at 1st of October 1999) + 480 480 

2 Abstraction - 384 384 
 
3 
4 
 
5 
 
6 
7 

Total return flows 
Return flows:- Irrigation water 
Cooling water 
Waste water  
Treated 
Waste water  
Untreated 
Other returns 

+ 153.4
11.4

12

60

70

153.4 
11.4 

12 
 

60 
 

70 
0 

8 Precipitation (Annual run off) + 700 700 
 
 
9 
10 

Total transfers in 
Transfers in:Lesotho  
Highlands 
Tugela 

+ 32

20
12

32 

11 Net natural transfers (+\-) 0 
12 Evapotranspiration - 51 51 
 
13 
14 

Total transfers out 
Transfers out: Olifants 
Flood releases 

- 66
29
37

66 

 
 
 
 
 
15 

Total volume change 
Other volume changes 
Due to natural disasters 
Other (balancing item) 

+ -65

-65

-65 
 
 
 
 

-65 
 Closing stock (30 September 2000)  799.4 0 799.4 
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Table 9 - Explanation of table 8 
 

Cell 
(Row/ 

Column) 

Amount of water in 
physical units (million 

m3) 

Description 

1A 
 
2A 
 
3A 
 
4A 
 
5A 
 
6A 
 
7A 
 
8A 
 
9A 
 
10A 
 
11A 
 
 
12A 
 
13A 
 
14A 
 
15A 

480 
 
384 
 
11.4 
 
12 
 
60 
 
70 
 
- 
 
700 
 
20 
 
12 
 
- 
 
 
51 
 
29 
 
37 
 
65 

Measured opening volumes in the water storage facili ties. 
 
Water abstracted from Natural Resources Use Accounts. 
 
Irrigation water return flows from the Supply Account. 
 
Cooling water return flows from the Supply Account. 
 
Treated waste water returned from the Supply Account. 
 
Untreated waste water from the stormwater system – from the Supply Account. 
 
Other return flows from the Supply Account. 
 
Annual nett runoff in the rivers actually reaching the storage facilities. 
 
Water transferred in from the Lesotho Highlands. 
 
Water transferred in from the Tugela pump scheme. 
 
This represents water that flows into the storage facilities and flows out. I f there is a residual 
it is refl ected. 
 
Evaporation and storage losses. 
 
Transfers to the Olifants WMA. 
 
The storage facilities/dams were full and the water flowed to the sea or another WMA. 
 
Water volumes are difficult to balance.  This is therefore used to balance the calculated 
closing stock with actual measured closing stock.  This is done to ensure that at the beginning 
of every year/period, the asset account starts with the correct volumes. 

 

3. Physical Water  Accounts for  the Upper  Vaal River  

Catchment Area 

 
The supply, use and asset accounts for the Upper Vaal River Catchment are founded on a 
comprehensive database from which the appropriate figures are entered into the accounts. 
 
The database combines data from three main sources namely: 
• Department of Water Affairs and Forestry - The National Water Resources Strategy Proposed 

First Edition, October 2001. 
• BKS (Pty) Ltd - Upper Vaal Management Area: Water Resources Situation assessment Main 

Report (Volume 1 of 3) 
• Department of Water Affairs and Forestry - Comprehensive unpublished data received from the 

Hydrological Data Management Unit  
 
Data from the Department of Water Affairs and Forestry could only be obtained for 1995, the 
average growth rate between 1995 and 2000 was therefore calculated and extrapolated to the years 
preceding 1995 
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3.1 Water  supply accounts:  1991 - 2000 

This section contains annual water supply accounts for the Upper Vaal WMA for 1991 to 2000. The 
accounts will be followed by a summary table with a short discussion. 
 
  
 



 Water supply in the Upper Vaal Water Management Area 1991 (millions of cubic metre) 
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 Water supply in the Upper Vaal Water Management Area for  1994 (millions of cubic metres) 
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 Water supply in the Upper Vaal Water Management Area for  1995 (millions of cubic metres) 
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 Water supply in the Upper Vaal Water Management Area for  1996 (millions of cubic metres) 
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 Water supply in the Upper Vaal Water Management Area for  1999 (millions of cubic metres) 
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 Water supply in the Upper Vaal Water Management Area for  2000 (millions of cubic metres) 
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Table 20 - Return flows for  the Upper Vaal River Catchment area 
(1991 – 2000) in Mm3) 

 ������� ���
	��
�������������

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

678,1
689,4
701,0
712,9
725,2
737,4
750,1
763,0
776,3
790,0

Source: Statistics South Africa 

 

Return flows from paved urban areas remained constant at 111,4 Mm3 between table 21 on page 26 
and table 30 on page 35 despite the fact that the size of the paved areas in practice is steadily 
increasing. Table 20 (p. ) indicates that return flows increase in relation to the level of water usage 
over the study period, 1991-2000. 
 
3.2 Water  use accounts: 1991 - 2000 

This section contains the annual water use accounts for the Upper Vaal WMA from 1991 to 
2000. The accounts are followed by a summary table with a short discussion.. I suggest that 
you indicate how Surface water use and Groundwater use fits into the picture. 
 



 Water use in the Upper Vaal Water Management Area for  1991 (millions of cubic metres) 
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3.2.1 Surface water use 
Table 31 provides a summary of the water use tables for the Vaal River Catchment area from 1991 
to 2000. 
 

Table 31 – Sur face water use and transfers out 1991-2000 (million cubic metres) 
 

Year Agriculture Energy Mining &  
Heavy Industry 

Urban: 
Domestic  

Urban: 
Other 

Transfers out: 
Crocodile 

Transfers out: 
Other 

Ecological  Total 

1991 150.7 67.5 173.3 315.6 192.5 426.4 578.7 299.5 2 204.2 
 1992 150.7 68.8 173.3 321.0 201.0 455.0 629.6  299.5 2 298.9 
1993 150.7 70.1 173.3 326.5  209.9 485.5 697.6 299.5 2 413.1 
1994 150.7 71.4  173.3 332.1 219.2 518.1 646.4 299.5 2 228.7 
1995 150.7 72.8 173.3 337.7 228.9 552.8 929.6 299.5 2 745.3 
1996 150.7 74.2 173.3 343.4 238.6 587.5 777.1 299.5 2 644.3 
1997 150.7 75.5 173.3 349.2 248.8 624.5 668.8 299.5 2 590.3 
1998 150.7 77.0 173.3 355.1  259.3 663.7 834.5 299.5 2 813.1 
1999 150.7 78.4  173.3 361.0 270.3 705.4 953.1 299.5 2 991.7 
2000 150.7 79.9 173.3 367.1 281.8 749.7 801.7 299.5 2 903.7 
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It is important to note that the Upper Vaal WMA is managed as an integrated unit by the DWAF. 
The water supply to this WMA is also linked to the Tugela Pump System and the Lesotho 
Highlands Water Scheme. This WMA not only delivers water to its specific area but also delivers 
large amounts of water to the Crocodile WMA and the Lower Vaal WMA. 
 
The amount of water used by the Agricultural sector remained the same between 1991 and 2000 as 
indicated in table 31 because no new irrigation schemes were allowed by DWAF over this period. 
Also no new afforestation was issued permits in the WMA. 
 
Although there seems to be a small growth in the energy sector, indications are that no new 
electricity generation plants are to be constructed in this WMA. 
 
The volume of water transferred in the Upper Vaal River to the Middle Vaal WMA (Transfers out) 
depends on the rainfall during the rain season and the volume available in the Bloemhof dam. This 
volume therefore appears to be very erratic. 
(Due to rain – unreliable) 
If the sporadic transfers to the Lower Vaal WMA are ignored, the total use of water showed a 

steady growth over the 10 year period from 1625,5 Mm3 in 1991 to 2102 Mm3 in 2000 (table 31, 
p.), an increase of 29,3 % which represents an average annual growth rate of 2,9 %. 
 
3.2.2 Groundwater use 
Groundwater is mostly used by rural communities for domestic use and for animal drinking. Data is 
not readily available but it is generally accepted that the use of groundwater is not really expanding 
because the livestock sub-sector is not expanding and rural farm populations are decreasing (do we 
have a data source for this ???)(It is said that the data sources are not readily available). 
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Table 32 - Average groundwater use (millions of cubic metres) 
 

Year Rural 
Domestic 

Rural 
Livestock 

Rural 
Households 

Total 

1991-2000 5,7 36,9 3,7 46,3 
Source: Statistics South Africa 

 
Note: Rural Households represents a groundwater scheme in the Zuurbekom area delivering 
groundwater to a semi rural area. 
 

3.3 Water  asset accounts: 1991-2000 

This section contains the annual asset accounts for the Upper Vaal WMA for the relevant 10-year 
period. A summary table with a short discussion follows these accounts. See my comments at 3.1 and 
3.2 



 Asset account for  water resources in the Upper Vaal Water Management Area for  1991 (millions of cubic metres) 
���������
	��
���������
�����
�����������������
� ���������
����� �����

�������
�����! ���� "����������
�#�
�����$ ���� ��"������
�������%���$ ���� &������������

���������
&��%	���"'��	��$��(
� )+*,	 ) 	 �

��	�-,.����/����021$34��	�����)�����0657598�: ;6<90759= >?; 8 @957A9=

� ��B�1$3 C6D E'C7F�G H�B�1$H IKJKL 0!>95MA9= < 8 ;2N?= 8
O�P6Q�R�S D T S 	�U P T P6V D G H��W�K��3 UXC7E'1 Q HXU Y9;907= 8
��H2Z�G HX3 D P E P9Q4[ U P B�E VMR C63 H2U�1$3 P T2\�1

���W�'���]��� I�*^L Y9;65M= < 8 89= 8 8M= 8 89= 8

�_�a`��������b�����
��� �$U2U2D [ C73 D P E R C63 HXU 0606= ; 8
	 P6P G D E [�R C63 H2U 89= 8 8
��C61$3 H R C63 HXU�3 U2H2C63 H V @9<907= > 8
��C61$3 H R C63 HXU�B�E�3 U2H2C63 H V @6Y6N�=$0 8
��3 S H2U�U2H23 B�U2E�1 89= 8 8

���WI �����
�����%���������4�aL I�*WL 0!>9;7Y?= @ 8 ;2N?=

�����������#� I�*^L ;6A6<M= Y 89= 8 89= 8 8M= 8 89= 8

� J
��B [ H2G C�J4��3 H2U2\ Q P E�3 H6D E >6Y?07= N
J
��1$B�3 S B 0602AM= <
J
��H21 P 3 S�P �/D [7S G C6E V 1

���������
���'����� I�*dc J�L

��"4�$�������$��� I J�L ;6865M= 8 89= 8

��������������� I�J'L <2N9<M= @ 8 8 8 8

�/��� J
��G D Q C6E�3 1 >6Y?= N
J
	�U P T P6V D G H�I4D E�T2G B V H V D E�C6F�1$3 U6C6T23 D P E/L
J
�
D V�V G H� �CMC6G Y9;2>�= 8
J
�'G P9P7V U2HXG H6C71$H 89= 8
J
��T P G P9[ D T6C7G'��HX1$H2U2eMH @9565M= Y

�
��	������
&�� I�*^L N9865M= N 8 8 8 8

�
��	������
&���� ��B�H�3 P E�C63 B�U6C6G V D 1!C61$3 HXU
��D 1$T P e9H2U2f
��3 S H2U21 N9865M= N

�/	�-g. CM1�C63�>98���H2Z�3 HXh/F�H2Ud0i59590i: ;6A6A7N?= Y 89= 8 89= 8 89= 8 @957A9=



 Asset account for  water resources in the Upper Vaal Water Management Area for  1992 (millions of cubic metres) 
����������	�� ���������

���
�
�a���������������+� �
�������
����� �
��� �����4���%���b ���� "'�����4�����$���%���$ ���� ��"'�����
�������%���$ ���� &������������
����������&��%	���"��
	��$��(

� )+*g	 ) 	 �
-g.��
� �
��021$34��	�����)�����07565�0�: ;7A6A6N�= ;M5 8 @957A9=

��B�1$3 C7D E�C6F�G H�B'1$H IKJKL 02;7;6Y?= < 8 ;6A9= 5
O�P6Q�R
S D T S 	�U P T P6V D G H��^�K�_3 U2C6E'1 Q H2U Y9A907= ;
��H2Z�G H23 D P E PMQ [ U P B�E VMR C63 H2U�1$3 P T2\�1

�W��������� I�*WL Y6Y6N�= < 8 8M= 8 89= 8 89= 8

��`��������b��������� �$U2UXD [ C63 D P E R C63 H2U 0606= ; 8
	 P7P G D E []R C63 H2U 89= 8 8
��C61$3 H R C63 H2U�3 U2H2C63 H V @9<65M= > 8
��C61$3 H R C63 H2U�B�E�3 U2H2C63 H V @6Y6N�=$0 8
��3 S H2U�UXH23 B�U2E�1 89= 8 8

�WI ���������
����������� �aL I�*^L >6@9AM= A 8 ;6A9= 5

�����a�$� I�*^L ;2>6@�= N 89= 8 8M= 8 89= 8 89= 8

J
��B [ H2G C�J4��3 H2UX\ Q P E�3 H6D E >?0!Y�= 5
J
��1$B�3 S B 0602AM= <
J
��H21 P 3 S�P �/D [6S G C6E V 1

���������'�'����� I�*/c J�L

�������$���WI J'L ;6865M=$0 89= 8

�����a����� I�J�L 52@95M=$0 8 8 8 8

� J
��G D Q C6E�3 1 >6Y?= N
J
	�U P T P7V D G H�I4D E�TXG B V H V D EaC6F�1$3 U7C6T23 D P E/L
J
�
D V�V G H� �C9C6G Y952>�= 5
J
�'G PMP6V U2H2G H6C61$H 89= 8
J
��T P G PM[ D T6C6G'��H21$H2U2e9H @9565M= Y

�%	�������&�� I�*WL A7565 8 8 8 8

�%	�������&���� ��B�H�3 P E�C73 B�U6C7G V D 1bC61$3 H2U
��D 1$T P e9H2U2f
��3 S H2UX1 A7565

-,. C91�C634>98���HXZ�3 H2h/F�HXU/025M52@9: >6>7>?<9= @ 8M= 8 89= 8 89= 8 @957A9=



 Asset account for  water resources in the Upper Vaal Water Management Area for  1993 (millions of cubic metres) 
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 Asset account for  water resources in the Upper Vaal Water Management Area for  1996 (millions of cubic metres) 
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����������	�� ���������

�����
������������������� ���������
����� ����� �����4���%���b ���� "'�����4�����$���%���$ ���� ��"'�����
�������%���$ ���� &������������
���������
&��%	���"'��	��$��(

� )+*g	 ) 	 �
-g.��
� �
��021$34��	�����)�����07565M<�: I�*^L ;756A9<M= <7N 8 @957A9= N

��B�1$3 C6D E�C6F�G H�B'1$H IKJKL 02<7;6Y?= @ 8 ;7A9= ;
O'P7Q'R�S D T S 	�U P T P6V D G H��W�K��3 U2C6E'1 Q H2U N6@6>?= Y
��H2Z�G H23 D P E P9Q4[ U P B�E VMR C63 HXU�1$3 P TX\�1

�W��������� I�*^L A90259= < 8 8M= 8 89= 8 89= 8

��`��������b��������� �$UXU2D [ C63 D P E R C63 H2U 0706= ; 8
	 P6P G D E [�R C73 H2U 89= 8 8
�_C71$3 H R C63 H2U�3 U2H2C63 H V >6Y?06= ; 8
�_C71$3 H R C63 H2U�B�E�3 U2H2C63 H V @6Y6N?=$0 8
��3 S HXU�U2H23 B�UXE�1 89= 8 8

�WI ���������
����������� �aL I�*^L @9;7;6N?= Y 8 ;6A9= ;

�'�������$� I�*^L N6Y989= > 89= 8 8M= 8 89= 8 89= 8

J
��B [ H2G C�J4��3 HXU2\ Q P E�3 H6D E >7>?= Y
J
��1$B�3 S B 0602A9= <
J
��H21 P 3 S�P �/D [6S G C6E V 1 A68689= 8

���������'�'����� I�*/c J�L

�������$��� I J�L ;68659= ; 89= 8

�����a����� I�J'L 0!>M8989= ; 8 8 8 8

� J
��G D Q C6E�3 1 >7Y?= N
J
	�U P T P6V D G H�I�D E�T2G B V H V D E�C7F�1$3 U6C7TX3 D P E L
J
�
D V�V G H� �CMC6G <6<M06= N
J
�'G PMP6V U2H2G H7C61$H <i>?= ;
J
��T P G P9[ D T7C6G'��H21$HXUie9H @95659= Y

�%	�������&�� I�*^L >9;2N?= < 8 8 8 8

�%	�������&���� ��B�H�3 P E�C63 B�U6C6G V D 1bC61$3 H2U
��D 1$T P eMHXUif
��3 S HXU21 >9;iN?= <

-,. C91�C634>98���HXZ�3 H2h/F�HXU/025M5656: ;6<iY9Y?= 5 8M= 8 89= 8 89= 8 @956A9= N



 Asset account for  water resources in the Upper Vaal Water Management Area for  2000 (millions of cubic metres) 
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The storage capacity in the Upper Vaal WMA consists of the following dams: 
 

Name Full capacity (Millions of cubic metres)
Vaal 
Grootdraai 
Sterkfontein 
Barrage 
Smalldams 
Total capacity 

2603,4
354,7

2616,9
47,0

183,5
5805,5

 
 
Outside the WMA, the following dams act as storage dams for various water augmentation schemes 
that supplement supply in the Upper Vaal WMA: 
 
Lesotho Highlands Water Scheme 
 

Name Full capacity (Millions of cubic metres)
Katse 
Mohale 
Total 

1950
938

2888
 
 
Tugela 
 

Name Full capacity (Millions of cubic metres)
Woodstock 
Killburn 
Driel Barrage 
Zaaihoek 
Total 

380,8
35,7
10,3

193,0
619,8

 
 
It was decided to use only the volumes of the dams in the Upper Vaal WMA itself for the asset 
account because of the following: 
• Dam levels are available on a daily basis.   
• Water from dams outside the Upper Vaal WMA is not only used in the WMA.   
• Water from the Katse and Mohale dams is also used to supplement water in the Orange River 

if necessary. 
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Table 43  represents the Dam levels in the Upper Vaal WMA from 1990 to 2000. 
 

Table 43 - Dam levels (Hydrology year is from 1 October to 30 September) 
 

 Date Vaaldam Grootdraai Sterkfontein  Bar rage Smalldams Total stock Percentage of 
full capacity 

Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 
 
Opening stock 
Closing stock 

1/10/90
30/9/91

1/10/91
30/9/92

1/10/92
30/9/93

1/10/93
30/9/94

1/10/94
30/9/95

1/10/95
30/9/96

1/10/96
30/9/97

1/10/97
30/9/98

1/10/98
30/9/99

1/10/99
30/9/00

2145.89
1748.47

1748.47
440.18

440.18
458.41

458.41
824.54

824.54
365.09

365.09
2405.04

2405.04
2738.6

2738.6
2105.57

2105.57
2064

2064
2668.41

300.64 
280.39 

 
280.39 
178.82 

 
178.82 
201.78 

 
201.78 
323.14 

 
323.14 
321.24 

 
321.24 
319.99 

 
319.99 
354.9 

 
354.9 

295.74 
 

295.74 
275.71 

 
275.71 
329.63 

2173.48
2444.09

2444.09
2566.69

2566.69
1701.21

1701.21
2111.87

2111.87
1403.63

1403.63
1585.71

1585.71
2033.44

2033.44
2363.5

2363.5
2315.71

2315.71
2350.93

47
47

47
47

47
47

47
47

47
47

47
47

47
47

47
47

47
47

47
47

152.33
147.54

147.54
105.53

105.53
78.63

78.63
107.94

107.94
69.77

69.77
142.24

142.24
168.88

168.88
157.06

157.06
153.09

153.49
176.12

4819.3 
4667.4 

 
4667.4 
3338.2 

 
3338.2 
2487.0 

 
2487.0 
3414.4 

 
3414.4 
2206.7 

 
2206.7 
4499.9 

 
4499.9 
5342.8 

 
5342.8 
4968.8 

 
4968.8 
4855.9 

 
4855.9 
5572.0 

83.01 %
80.40 %

80.40 %
57.50 %

57.50 %
42.84 %

42.84 %
58.81 %

58.81 %
38.01 %

38.01 %
77.51 %

77.51 %
92.03 %

92.03 %
85.59 %

85.59 %
83.64 %

83.64 %
95.98 %

Source: Statistics South Africa 

 
The following table 44 on page 50 represents the annual runoff, mean annual runoff, transfers in 
and return flows to provide annual supply without taking into consideration dams’  stocks over the 
relevant 10 year period. 
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Table 44 - Water supply 1991-2000 (millions cubic metres) 
 

Year Annual 
runoff  

Mean annul 
runoff  

Transfers in Return flow  Annual 
supply 

1991 1580.5 2422.7 463.5 549.8 2593.8
1992 565.7 2422.7 427.7 557.8 1551.2
1993 1046.5 2422.7 633.9 566.1 2246.5
1994 2571.8 2422.7 629 574.6 3775.4
1995 966 2422.7 625 583.3 4597
1996 9558.9 2422.7 641.6 592.1 10792.6
1997 5261.2 2422.7 641.4 601.1 6503.7
1998 3124.6 2422.7 793 610.3 4527.9
1999 2701.4 2422.7 745.3 619.8 4066.5
2000 6119.9 2422.7 830 629.6 7579.2

Source: Statistics South Africa 

 
The following should be noted about data in table 44. 
• Annual Runoff: Water Research Commission Report: No. 298/1/94 – Surface Water 

Resources of  South Africa 1990, provides runoff data for the period 1920-1989. There is at 
present an ongoing project to update the official data to 2000. The data used here were 
calculated using direct and indirect data received from DWAF  – Hydrology Unit.  The 
updated official data is expected to be available in 2003. 

• Mean Annual Runoff: The 70 year Mean Annual Runoff for the Upper Vaal WMA is 2422,7 

x 106m3 while the average for this 10 year period is 3349,6 x 106m3, which means the 
rainfall was higher than average. In the first 5 years of the study period the runoff was below 
average with the last five years being very wet. 

 

4. Monetary water accounts 
This section utilizes the physical water accounts previously discussed to derive a set of monetary 
accounts relating to water. The economic benefits that arise from the usage of water from the Upper 
Vaal WMA, as well as the delivery costs, tariffs and consequent subsidies/overrecoveries pertaining 
to this usage, will be discussed. 
 
The main intention in this section is to supply as much data as possible concerning the following: 
• Contribution to value added of water used per sector in the Upper Vaal WMA (1991-2000). 
• Contribution to employment of water used per sector in the Upper Vaal WMA (1991-2000). 
• Delivery costs of water used per sector in the Upper Vaal WMA (1991-2000). 
• Revenue from water tariffs per sector in the Upper Vaal WMA (1991-2000). 
• Subsidies and overrecoveries of water used per sector in the Upper Vaal WMA (2000). 

 
Cognisance should be taken of the fact that reliable delivery costs and tariffs are only available for 
the year 2000. The true nature and magnitude of subsidies/overrecoveries for the Upper Vaal WMA 
were only determined for a single year. For the other years no reliable tariffs and delivery costs are 
available hence subsidies/overrecoveries were not calculated to avoid a misrepresentation of the 
water pricing policy. 
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4.1 Economic benefits 

The construction of water resource accounts in physical units for the Upper Vaal WMA lends itself 
to determining the economic benefits arising from the water usage in this particular WMA. These 
benefits are measured in terms of – 
• Value added 
• Employment 
 
In a water-scarce country, the provision of water must always be considered in terms of the socio-
economic benefits that a specific water user contributes. Value added indicates the magnitude of 
economic activities that result from water use and is also an important indicator of incomes 
generated. On the other hand, employment opportunities provide an indicator of the level of 
participation in the economy. 
 
4.1.1 Value added 
The contribution of each use sector to value added, on an annual basis from 1991 to 2000, is 
provided in table 45 on page 52 to table 54 on page 61. 
 
Value added is one approach to derive Gross Domestic Product. It is a method which entails 
summing the values added at each stage of the production process and successive values added to 
the original raw material in different stages of production. 
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From table 45 to table 54, it is apparent that only certain water use sectors make a contribution 
towards value added. These are – 
• Irrigation agriculture 
• Livestock 
• Energy 
• Mining and heavy industries 
• Urban requirements 
 
The other water use sectors are not considered direct contributors to value added either due to the 
fact that they did not use water in the first instance or because including them in value added would 
imply double-counting in the system, for an example households and the environment. 

 
Table 55 summarizes the contribution to value added per water use sector on an annual basis. 
 

Table 55 - Annual contr ibution to value added of water used per sector in the Upper  
Vaal WMA (1991 – 2000) (R millions, 2000 pr ices) 

 

 Irrigation 
agriculture 

Livestock Energy Mining & 
heavy 

industries 

Urban 
requirements 

Total 
(annual) 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

50
50
50
50
50
50
50
50
50
50

357 
357 
357 
357 
357 
357 
357 
357 
357 
357 

5,629
5,737
5,846
5,958
6,072
6,186
6,302
6,420
6,540
6,663

13,605
13,605
13,605
13,605
13,605
13,605
13,605
13,605
13,605
13,605

63,506
66,321
69,260
72,330
75,536
78,742
82,084
85,567
89,199
92,985

83,147 
86,069 
89,118 
92,300 
95,620 
98,939 

102,397 
105,999 
109,751 
113,659 

Source: Statistics South Africa 

 
According to table 55, the contribution to value added of water used per sector in the Upper Vaal 
WMA increased by approximately 37 % from R83,1 billion in 1991 to R113,7 billion in 2000 (in 
constant 2000 prices). The water use sectors that contribute most towards value added are urban 
requirements, mining and heavy industries and energy. 
 
It is clear that the contribution to value added is predominantly a result of water usage due to urban 
requirements. Urban requirements represent water used in urban areas such as light industries and 
parks but exclude domestic requirements. According to table 55 this holds true for each of the 
relevant years. Mining and heavy industries also contribute a small portion of 12 % of total value 
added. 
 
Another important feature of table 55 is the constant contributions towards value added made by 
certain water use sectors. The constant values for irrigation agriculture are due to restrictions 
imposed through DWAF not allowing expansions in the hectares under irrigation along the Upper 
Vaal WMA. As far as the contribution towards value added of livestock is concerned, the argument 
is that this sector has reached its peak and no expansion is expected. It should also be noted that 
table 55 reflects sectoral contributions to value added in constant prices. 
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4.1.2 Employment 
The contribution of each use sector to employment is provided in table 56 on page 64 to table 65 on 
page 73 on an annual basis from 1991 to 2000. 



 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1991 (number of employees)
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 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1992 (number of employees)
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 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1993 (number of employees) 
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 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1994 (number of employees)
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 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1995 (number of employees)
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 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1996 (number of employees) 
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 Contr ibution to employment of water used per sector in the Upper Vaal Water Management Area for  1997 (number of employees )
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As in the case of value added, only some water use sectors make a contribution towards 
employment. These are – 
• Irrigation agriculture 
• Livestock 
• Energy 
• Mining and heavy industries 
• Urban requirements 
 
The primary reason for not including all the water use sectors in the determination of the 
contribution towards employment is the risk of double-counting which exists. 

 
Table 66 - The annual contr ibution to employment of water used per sector in the Upper  

Vaal River WMA (1991 – 2000) 
 

Year  I r r igation 
Agr iculture 

Livestock Energy Mining &  
heavy 

industr ies 

Urban 
requirements 

Total (annual) 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

2 902 
2 902 
2 902 
2 902 
2 902 
2 902 
2 902 
2 902 
2 902 
2 902 

28 468
28 468
28 468
28 468
28 468
28 468
28 468
28 468
28 468
28 468

18 060
18 405
18 756
19 115
19 480
19 845
20 217
20 596
20 982
21 375

62 920
62 920
62 920
62 920
62 920
62 920
62 920
62 920
62 920
62 920

74 9668
782 895
817 596
853 834
891 678
929 523
968 974

1 010 099
1 052 969
1 097 659

862 018
895 590
930 642
967 239

1 005 448
1 043 658
1 083 480
1 124 984
1 168 241
1 213 324

Source: Statistics South Africa 

 
According to table 66 the contribution of water used to employment was 1 213 324 employees in 
the year 2000. This is almost 41 % higher than the estimate for 1991. The water use sector that 
contributes mostly to employment, is urban requirements. However, mining and heavy industries 
also contribute significantly towards employment. This is demonstrated in table 67 for 1991 and 
2000. Employment in the irrigation agriculture and livestock sectors is constant throughout the 
period reflecting data limitations. Mining and heavy industries shows a slight decrease in growth. 
 

Table 67 - Percentage contr ibution to employment of water used per sector in the Upper  
Vaal WMA (1991 &  2000) 

 

Sector  1991 2000 
I r r igation agriculture 
Livestock 
Energy 
Mining &  heavy industr ies 
Urban requirements 

0.3
3.3
2.1
7.3

87.0

0.2 
2.3 
1.8 
5.2 

90.5 
Total 100% 100% 

Source: Statistics South Africa 

 
Interesting to note is that the contribution of urban requirements towards employment has increased 
from 87,0 % in 1991 to 90,5 % in 2000. This is an indication of the large-scale urbanisation which 
characterized the Upper Vaal River WMA over the last few decades. 
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4.2 Delivery Costs, Tar iffs and Subsidies 

In this section, the cost of water delivery to the various use sectors, the tariffs they pay and the 
subsidization of their water delivery costs are analysed. The new water price policy for South Africa 
forms the basis of the water delivery costs and tariffs that are used in this study. However, it is 
important to note that historic water cost and tariff data are not available. Tariffs and costs are only 
available for 1998. The 1998 tariffs and costs were applied for the remaining years. In other words, 
other years are analysed as if the new water policy was in place during that time and the 1998 costs 
and tariffs were in effect.  The result is that the analyses over time does not reflect relative tariff and 
cost changes per physical unit of water. The cross subsidisation is calculated by subtracting the 
tariff revenue per sector from the cost of providing water to the relevant sector. 
 
4.2.1 Delivery costs 
The delivery costs of water used per sector in the Upper Vaal WMA from 1991 to 2000 are 
provided in table 68 on page 76 to table 77 on page 85. 



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1991 (R millions) 
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: � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
:<8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
@ � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

?5+-������	-)�����
�����	���)-��%�	�������%!'>��
6��� ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; 4AD=4K8 @ 4K4A;<8 7 H98 4
?<8 4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).db+.������	-)�
�����%���	�����)Ge

7 � 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM
D � ��UKU<] [ W�\�V�IKJ LNM
E � +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR
4A; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR
4K4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP
4�H � ��J Z�LAM�MALNJ X�MAW�P

DAH98 E ?B@98 : ;<8 ; 4�798 : ;=8 ; C<D=8 D EFE<8 7 ;=8 ; ;<8 ; ;<8 ; 4AD=4K8 @ 4K4A;<8 7 H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1992 (R millions) 
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 3 � �

	���
6� 4�798 : ;=8 ; ;<8 ; 4N798 : ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

���������>+-������	-��*�����	���������) ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; C<E=8 @ EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"���	�������
����G����	��$�����(+2������	 ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; C<E=8 @ EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; C<E<8 @ EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+,������	 ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-)�����
�����	���)-��%�	�������%!'>��
6��� ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; 4ADF:<8 ? 4K4�@98 ? H98 4
4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).d +.������	.)�
�����%���	�����)�e

� 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM
� ��UKU<] [ W�\�V�IKJ LNM
� +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR

; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR
4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP
H � ��J Z�LAM�MALNJ X�MAW�P

DAH98 E ?A@98 : ;<8 ; 4N798 : ;=8 ; C<E=8 @ EFE<8 7 ;=8 ; ;<8 ; ;<8 ; 4ADK:<8 ? 4K4�@98 ? H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1993 (R millions) 
���������
����	�
����������
	��


�	�	�
����
��
����
����	�

���
������	��

��
��������
�����

���$����	��
�
��������
��
�! 
����
����
"����������

�$
���%���	�

���

������	
��&

'(
 ��

���
����)
%������
&

 ��)��
����	�
��
�

)�
�����	�
�*
����
����
���


�	�	�
��
����
��
�
+-�����
	

���������
����
����
����)

)�
�����	�
�*
����
����
���
+,������	

����+.�
	������

%��������
%�����)��

��	�*����
	���/���
�	
� �
'(�#�����

	���	��
	���/��
� �
'(�����

��01*201� � * � ) � � � % 
 3 � �

4 	���
�� 4�798 : ;<8 ; ;<8 ; 4�798 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

�����#���>+,������	c��*�����	���������) ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :F;<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

"���	�������
����G����	��$�����(+.������	 ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :F;<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

H � +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UKM�UFV�WTX�P�L ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :F;<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;
H98 4 � UKS$V�Z$[ QNZYS�UKM�[ MNMF[ \=IKJ [ UKW ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;
C � +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

��	�������)�+-������	 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

: � +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UKM�UFV�WTX�P�L ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;
:<8 4 � UKS$V�Z$[ QNZYS�UKM�[ MNMF[ \=IKJ [ UKW ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;
@ � +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

? +-������	,)�����
�����	���)-��%�	�������%!'>��
6��� ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; 4ADA798 7 4NH<;<8 7 H98 4
?<8 4 � UKS$V�Z$[ QNZ `�+.I=P�J L�V�IKJ LAM ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ;

+-������	,	�������	�����).d +.������	.)�
�����%���	�����) e

7 � 
�MAMN[ \=IKJ [ UKW�V�IKJ LAM
D � ��UFU<] [ W�\�V�IKJ LAM
E � +.IKP�J L�V�IKJ LAM�J MALAIKJ LAR
4A; � +.IKP�J L�V�IKJ LAM�X�W�J MALAIKJ LAR
4K4 � ��UKP�P�LKP�f ] LKIKg�I=\KLAP
4�H � ��J Z�LAM�MNLAJ X�MAW�P

DAH98 E ?A@�8 : ;<8 ; 4�798 : ;<8 ; :F;<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; 4ADA798 7 4NH<;<8 7 H�8 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1994 (R millions) 
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 3 � �

	���
�� 4�798 : ;<8 ; ;<8 ; 4�798 : ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

���������(+-������	-��*�����	���������) ?A@98 : ?B@98 : ;<8 ; ;<8 ; ;=8 ; :<4F8 4 EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"$��	�������
6��� ����	��$�����>+.������	 ?A@98 : ?B@98 : ;<8 ; ;<8 ; ;=8 ; :<4F8 4 EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

� +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UFM�UKV�WTX�P�L ?A@98 : ?B@98 : ;<8 ; ;<8 ; ;=8 ; :<4F8 4 EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
� UFS�V�Z�[ QAZTS�UKM�[ MAMK[ \=IKJ [ UKW ?A@98 : ?B@98 : ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
� +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UFM�R�LN] [ ^=LNM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+-������	 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

� +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UFM�UKV�WTX�P�L ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
� UFS�V�Z�[ QAZTS�UKM�[ MAMK[ \=IKJ [ UKW ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
� +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UFM�R�LN] [ ^=LNM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-)�����
�����	���)-��%�	�������% '(��
���� ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; 4AEF;<8 E 4�H<?<8 ; H98 4
� UFS�V�Z�[ QAZa`b+.I<P�J L�V�IKJ LNM ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).d +.������	2)�
�����%���	�����)�e

� 
�MAMA[ \<IFJ [ UFW�V�IKJ LNM
� ��UKU=] [ W$\�V�IKJ LAM
� +.IKP�J L�V�IKJ LNM�J MALAIKJ LAR
� +.IKP�J L�V�IKJ LNM�X�W�J MALAIKJ LAR
� ��UKP�P�LKP�f ] LFIKg�I<\FLNP
� ��J Z�LAM�MALAJ X�MAW�P

DAH98 E ?B@98 : ;<8 ; 4�798 : ;=8 ; :<4F8 4 EFE<8 7 ;=8 ; ;<8 ; ;<8 ; 4AEF;<8 E 4�H<?<8 ; H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1995 (R millions) 
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 3 � �

	���
6� 4�7�8 : ;<8 ; ;=8 ; 4�7�8 : ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

���������>+-������	-��*�����	���������) ?A@�8 : ?A@98 : ;=8 ; ;<8 ; ;<8 ; :<4F8 E EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

"���	�������
����G����	��$�����(+2������	 ?A@�8 : ?A@98 : ;=8 ; ;<8 ; ;<8 ; :<4K8 E EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ?A@�8 : ?A@98 : ;=8 ; ;<8 ; ;<8 ; :<4K8 E EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;
4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ?A@�8 : ?A@98 : ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;
� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

��	�������)�+,������	 ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;
4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;
� +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

+-������	-)�����
�����	���)-��%�	�������%!'>��
6��� ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; 4AEK:=8 H 4�C�4K8 ? H98 4
4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ;

+-������	-	�������	�����).d +.������	.)�
�����%���	�����)�e

� 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM
� ��UKU<] [ W�\�V�IKJ LNM
� +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR

; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR
4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP
H � ��J Z�LAM�MALNJ X�MAW�P

DAH�8 E ?A@98 : ;=8 ; 4�7�8 : ;<8 ; :<4K8 E EKE<8 7 ;<8 ; ;<8 ; ;<8 ; 4AEK:=8 H 4�C�4K8 ? H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1996 (R millions) 
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 3 � �

45	���
6� 4�798 : ;=8 ; ;<8 ; 4N798 : ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

���������>+-������	-��*�����	���������) ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; :AH�8 ? EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"���	�������
����G����	��$�����(+2������	 ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; :AH�8 ? EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

H � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; :AH�8 ? EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
H98 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ?A@98 : ?A@98 : ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
C � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+,������	 ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

: � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
:<8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
@ � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

?5+-������	-)�����
�����	���)-��%�	�������%!'>��
6��� ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; 4AEB798 @ 4NCK798 H H�8 4
?<8 4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).d +.������	.)�
�����%���	�����)�e

7 � 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM
D � ��UKU<] [ W�\�V�IKJ LNM
E � +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR
4A; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR
4K4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP
4�H � ��J Z�LAM�MALNJ X�MAW�P

DAH98 E ?A@98 : ;<8 ; 4N798 : ;=8 ; :AH�8 ? EFE<8 7 ;=8 ; ;<8 ; ;<8 ; 4AEB798 @ 4NCK798 H H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1997 (R millions) 
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6� 4N798 : ;=8 ; ;<8 ; 4N798 : ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

���������>+-������	-��*�����	���������) ?B@98 : ?A@98 : ;<8 ; ;<8 ; ;<8 ; :AC�8 : EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"���	�������
����G����	��$�����(+2������	 ?B@98 : ?A@98 : ;<8 ; ;<8 ; ;<8 ; :AC�8 : EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

H � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ?B@98 : ?A@98 : ;<8 ; ;<8 ; ;<8 ; :AC�8 : EFE<8 7 ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
H98 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ?B@98 : ?A@98 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
C � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+,������	 ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

: � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
:<8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
@ � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

?5+-������	-)�����
�����	���)-��%�	�������%!'>��
6��� ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; H<;F;<8 D 4A:AC98 ; H98 4
?<8 4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).db+.������	-)�
�����%���	�����)Ge

7 � 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM
D � ��UKU<] [ W�\�V�IKJ LNM
E � +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR
4A; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR
4K4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP
4�H � ��J Z�LAM�MALNJ X�MAW�P

DBH98 E ?A@98 : ;<8 ; 4N798 : ;<8 ; :AC�8 : EFE<8 7 ;=8 ; ;<8 ; ;<8 ; H<;F;<8 D 4A:AC98 ; H98 4



 Delivery cost of water  used per  sector in the Upper  Vaal Water Management Area for 1998 (R millions) 
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45	���
6� 4�798 : ;<8 ; ;<8 ; 4�798 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

���������>+-������	-��*�����	���������) ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :F:<8 C EKE<8 7 ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"���	�������
����G����	��$�����(+2������	 ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :F:<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

H � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :F:<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
H98 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
C � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+,������	 ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

: � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
:<8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
@ � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

?5+-������	-)�����
�����	���)-��%�	�������%!'>��
6��� ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; H<;F:<8 H 4A:KE<8�4 H98 4
?<8 4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).db+.������	-)�
�����%���	�����)Ge

7 � 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM
D � ��UKU<] [ W�\�V�IKJ LNM
E � +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR
4A; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR
4K4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP
4�H � ��J Z�LAM�MALNJ X�MAW�P

DAH98 E ?A@�8 : ;<8 ; 4�798 : ;<8 ; :F:<8 C EKE<8 7 ;<8 ; ;<8 ; ;<8 ; H<;F:<8 H 4A:KE<8�4 H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  1999 (R millions) 
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4 	���
6� 4�798 : ;<8 ; ;<8 ; 4�798 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

� ���������(+-������	-��*�����	���������) ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :B@98 4 EKE<8 7 ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"$��	��#����
6��� ����	��$�����>+.������	 ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :B@98 4 EKE<8 7 ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

H � +.IKJ LAM�IKO�P�J MFIKQAJ LARTS�UKM�UFV�WTX�P�L ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; :B@98 4 EKE<8 7 ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
H�8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IFJ [ UFW ?A@98 : ?A@�8 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
C � +.IKJ LAM�IKO�P�J MFIKQAJ LARTS�UKM�R�LA] [ ^<LAM�_ ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+-������	 ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

: � +.IKJ LAM�IKO�P�J MKIKQAJ LARTS�UFM�UKV�WTX�P�L ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
:=8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IFJ [ UFW ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
@ � +.IKJ LAM�IKO�P�J MFIKQAJ LARTS�UKM�R�LA] [ ^<LAM�_ ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

? +-������	-)�����
�����	���)-��%�	�������% '(��
���� ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; H<;B798 ? 4�@K@98 : H98 4
?=8 4 � UKS$V�Z�[ QAZa`b+.I<P�J L�V�IKJ LAM ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����)cd +.������	.)�
�����%���	�����)�e

7 � 
�MAMA[ \<IKJ [ UKW V�IKJ LAM
D � ��UKU=] [ W$\�V�IKJ LAM
E � +.IKP�J L�V�IKJ LAM�J MALNIFJ LAR
4A; � +.IKP�J L�V�IKJ LAM�X�W�J MALNIFJ LAR
4K4 � ��UFP�P�LKP�f ] LKIFg�I<\KLAP
4�H � ��J Z�LAM�MALAJ X�MAW�P

��� DAH98 E ?A@�8 : ;<8 ; 4�798 : ;<8 ; :B@98 4 EKE<8 7 ;<8 ; ;=8 ; ;<8 ; H<;B798 ? 4�@K@98 : H98 4



 Delivery cost of water used per sector in the Upper Vaal Water Management Area for  2000 (R 
millions) 
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45	���
6� 4�7�8 : ;<8 ; ;=8 ; 4�7�8 : ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

���������>+-������	-��*�����	���������) ?A@�8 : ?B@98 : ;=8 ; ;<8 ; ;<8 ; :A@98 E EKE<8 7 ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

"���	�������
����G����	��$�����(+2������	 ?A@�8 : ?B@98 : ;=8 ; ;<8 ; ;<8 ; :A@98 E EKE<8 7 ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
H � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�UFV�WYX�P�L ?A@�8 : ?B@98 : ;=8 ; ;<8 ; ;<8 ; :A@98 E EKE<8 7 ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
H98 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ?A@�8 : ?B@98 : ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
C � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

��	�������)�+,������	 ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;
: � +.IKJ LAM�IKO�P�J MFIKQAJ LARTS�UKM�UFV�WTX�P�L ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

:<8 4 � UKS$V�Z�[ QAZTS�UKM�[ MAMK[ \<IKJ [ UKW ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

@ � +.IKJ LNM�IFO�P�J MKIFQNJ LARTS�UKM�R�LA] [ ^<LAM�_ ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;=8 ;

?5+-������	-)�����
�����	���)-��%�	�������%
' ��
����

;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; H�4K4K8�4 4A?AH�8 ; H�8 4 :AC94F8�4 ;<8 ;

?<8 4 � UKS$V�Z�[ QAZa`b+cI=P�J L
V�IFJ LAM ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ; ;=8 ; ;<8 ; ;<8 ;

+-������	-	�������	�����).d +.������	.)�
�����%���	�����)�e ;<8 ;
7 � 
�MAMA[ \=IKJ [ UKW�V�IFJ LAM ;<8 ;
D � ��UKU<] [ W�\�V�IKJ LNM ;<8 ;

E � +.IKP�J L
V�IFJ LAM�J MNLAIKJ LAR ;<8 ;
4A; � +.IKP�J L
V�IFJ LAM�X�W�J MNLAIKJ LAR ;<8 ;

4K4 � ��UKP�P�LFP�f ] LKIKg�I=\KLAP ;<8 ;
4�H � ��J Z�LAM�MALNJ X�MAW�P ;<8 ;

DAH�8 E ?B@98 : ;=8 ; 4�7�8 : ;<8 ; :A@98 E EKE<8 7 ;<8 ; ;<8 ; ;=8 ; H�4K4K8�4 4A?AH�8 ; H�8 4 :BC94K8�4 ;<8 ;
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Table 78 - Annual delivery costs of water per  sector in the Upper  Vaal River WMA (1991 – 
2000) - R million in 2000 pr ices 

 

Year   I r r igation 
agr iculture 

Afforestation &  
alien plants 

Energy M ining &  
heavy 
industr ies 

Househlods Urban 
requirement 

Rural 
requirement 

Rest of the 
Wor ld 

Total 
(annual) 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

65
65
65
65
65
65
65
65
65
65

17
17
17
17
17
17
17
17
17
17

39 
40 
40 
41 
42 
43 
43 
44 
45 
46 

100
100
100
100
100
100
100
100
100
100

181
185
188
191
194
197
201
204
208
211

111
116
121
126
132
137
143
149
155
162

2
2
2
2
2
2
2
2
2
2

245
262
279
298
318
338
359
382
406
431

761 
786 
813 
841 
870 
900 
931 
964 
998 

1 035 
Source: Statistics South Africa 

 
According to table 78, the cost of supplying raw water amounted to approximately R1 billion in 
2000. The water use sectors with the highest delivery costs are: 
• Rest of the world (all other WMAs except Upper Vaal WMA) 
• Households and 
• Urban requirements 
 
Due to a constant supply of water to most sectors as well as a fixed cost to supply water used due to 
data limitations, most sectors exhibit a constant trend of supply costs from 1999-2001. 
 
4.2.2 Tariffs 
The revenues derived from water tariffs for different water use sectors are provided from 1991 to 
2000 in table 79 on page 87 to table 88 on page 96. 
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 Revenue from water tar iffs per sector  in the Upper Vaal Water Management Area for  1998 (R millions) 
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Table 89 – Annual revenue from water tar iffs per sector  in the Upper Vaal River WMA 
(1991-2000) – R million in 2000 pr ices 

 

Year   I r r igation 
agr iculture 

Afforestation &  
alien plants 

Energy M ining &  
heavy 
industr ies 

Househlods Urban 
requirement 

Rural 
requirement 

Rest of the 
Wor ld 

Total 
(annual) 

1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

3
3
3
3
3
3
3
3
3
3

64 
65 
66 
68 
69 
70 
72 
73 
74 
76 

164
164
164
164
164
164
164
164
164
164

305
310
316
321
326
331
337
342
348
354

183
191
199
208
217
226
236
246
256
267

4
4
4
4
4
4
4
4
4
4

404 
432 
461 
491 
524 
557 
592 
630 
669 
711 

1 128 
1 169 
1 213 
1 259 
1 308 
1 356 
1 408 
1 462 
1 519 
1 579 

Source: Statistics South Africa 

 
From table 89 it is apparent that the total revenue from water tariffs amounted to almost R1,6 billion 
in 2000, increasing by 40 % from R1,1 billion in 1991 (in constant 2000 prices). In 2000,  67 % of 
the total annual revenue is from the rest of the world (all other WMAs except the Upper Vaal 
WMA) and households. Irrigation agriculture, heavy industries and rural requirements remain 
constant because water usage in those sectors is static. 
 
4.2.3 Subsidies and Over Recoveries 
Table 90  presents an exposition of sectoral subsidization/overrecoveries with regard to the delivery 
costs of water to various sectors for the year 2000. 
 
Table 90 – Subsidies/ Over-recover ies of water used per sector in the Upper Vaal River WMA 
 

Sector  Subsidies (+)/Overrecover ies (-) (2000, R million) 
 I rr igation agr iculture 
Livestock 
Afforestation &  alien plants 
Fisheries 
Energy 
Mining &  heavy industr ies 
Households 
Urban requirements 
Rural requirements 
Rest of the wor ld 

62,2 
0 

17,4 
- 

-29,8 
-64,7 

-142,5 
-105,3 

-1,4 
-280,0 

Total -544,0 
Source: Statistics South Africa 

 
According to table 90 it is evident that irrigation agriculture and afforestation and alien plants are 
the only sectors in which subsidization takes place. On the contrary, the rest of the sectors are 
paying more than they should. The overall amount of overrecovery is R544 million and therefore 
results in a subsidization of some sectors.   
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5. Glossary 
Account An account is a tool is which records, for a given aspects of economic life, 

(a) the uses and resources or (b) the changes in assets and the changes in 
liabilities and\or (c) the stock of assets and liabilities existing at a certain 
time; the transaction accounts include a balancing item which is used to 
equate the two sides of the accounts (e.g. resources and uses) and which is 
meaningful measure of economic performance in itself. 
 

Catchment A catchment is an area on which rain falls and the water thus run into a 
particular river. 
 

Compensation of 
employees 

Compensation of employees is defined as the total remuneration, in cash 
or in kind, payable by an enterprise to an employee in return for work 
done by the latter during the accounting period.  Compensation of 
employees does not include any taxes payable by the employer on the 
wage and salary bill 
 

Evapotranspiration Evapotranspiration is the combined loss of water by evaporation from the 
soil or surface water and transpiration from the plants and animals. 
 

Groundwater Groundwater is freshwater beneath the earth’s surface (usually in aquifers) 
supplying wells and springs. 
 

Human capital Human capital is productive wealth embodied in labour, skill and 
knowledge. 
 

Intermediate 
consumption 

Intermediate consumption consists of the value of the goods and services 
consumed as inputs by a process of production, excluding fixed assets 
whose consumption is recorded as consumption of fixed capital.  The 
goods or services may be either transformed or used up by the production 
process.  Some inputs re-emerge after having been transformed and 
incorporated into the outputs.  Other inputs are completely consumed or 
used up.  Intermediate consumption includes the rentals paid on the use of 
fixed assets. 
 

Mean annual runoff  Mean annual runoff is the average annual flow under natural conditions. 
(This definition is dependent on the runoff regime for each river basin). 
 

Mineral exploration Mineral exploration consists of the value of expenditures on exploration 
for petroleum and natural gas and for non-petroleum deposits; it includes 
pre-license costs, license and acquisition costs, appraisal costs and the 
costs of actual test drilling and boring, as well as the costs aerial and other 
surveys, transportation costs, etc, incurred to make it possible to carry out 
the tests. 
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Natural Resource 
Accounting 

Natural Resource Accounting is an accounting system that deals with 
stocks and stock changes of natural assets, comprising biota (produced or 
wild), subsoil assets (proved reserves), water and land with their aquatic 
and terrestrial ecosystems. It is frequently used in the sense of physical 
accounting as distinguished from monetary (environmental) accounting. 
 

Natural Resources Natural assets (raw materials) occurring in nature that can be used for 
economic production or consumption. 
 

Physical Accounting Natural resource and environmental accounting of stocks and changes in 
stocks in physical (non-monetary) units, for example, weight, area or 
number.  Qualitative measures, expressed in terms of quality classes, types 
of uses or ecosystem characteristics, may supplement quantitative 
measures.  The combined changes in asset quality and quantity are called 
volume changes. 
 

Precipitation Precipitation is a) rain or snow falling from the atmosphere and deposited 
on land or water surfaces; (b) forced removal of particles from flue gases 
or waste water. 
 

Run-off Run-off is a portion of rainfall, melted snow or irrigation water that flows 
across the ground’s surface and is eventually returned to streams. Run-off 
can pick up pollutants from air or land and carry them to receiving waters. 
 

Satellite accounts or  
systems 

Satellite accounts or systems is an additional or parallel accounting system 
that expands the analytical capacity of national accounts, without 
overburdening or disrupting the central system. It may provide additional 
information, apply complementary or alternative concepts, extend the 
coverage of costs and benefits of human activities and link physical with 
monetary data. 
 

Sustainability Sustainability is the concept refers to (a) use of the biosphere by present 
generation while maintaining its potential yield (benefit) for future 
generations; and/or (b) non-declining trends of economic growth and 
development that might be impaired by natural resource depletion and 
environmental degradation. 
 

System of integrated 
Environmental and 
Economic 
Accounting  

Satellite system of the System of National Accounts (SNA) proposed by 
the United Nations (1993a) for the incorporation of environment concerns 
(environmental costs, benefits and assets) into national accounts. 
 

System of National 
Accounts 

System of National Account revised (1993) system adopted worldwide for  
conventional economic (national) accounting (Commission of the 
European Communities and others, 1993). 
 

Water management 
area 

A water management are is an area defined for specific water management  
Purposes. 
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ABBREVIATIONS AND ACRONYMS 
 
AR  Annual Runoff 
CMA  Catchment Management Area 
DWAF  Department of Water Affairs and Forestry 
LSU  Large Stock Unit 
MAR  Mean Annual Runoff 
NRA  Natural Resource Accounting 
RSA  Republic of South Africa 
Stats SA Statistics South Africa 
SEEA  System of Environmental and Economic Accounting 
UN  United Nations 
WMA  Water Management Area 
WRA  Water Resource Accounting 
VA  Value Added 
SNA  System of National Accounting 
GDP  Gross National Product 
SU-tables Supply and Use tables 
 
 
 
 


