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Hydrological science in

South Africa:

1995-1998
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W.R.G. Orpen’, W. Pitman’, A. Rooseboom|, R.E. Schulze’,
P.G. van Rooyen’ and S.J. van Vuuren

his paper presents recent progress

in the hydrological sciences in

South Africa as reported to the In-
ternational Association of Hydrological
Sciences on a 4-year basis. It covers
hydrology in its broadest sense, in terms
of water quantity and quality, surface
and groundwater, from both a scientific
and a water management perspective.

Water resource
management

Water resource management in South
Africa is going through a period of major
change. This is reflected in two new acts,
the Water Services Act' and the National
Water Act.” In line with internal political
changes and international policy think-
ing, the country’s new water policy and
legislation have been founded on the
principles of equity and sustainability.
Major issues that had to be addressed are
the ‘water-stress’ situation, given South
Africa’s semiarid climate and the present
population level around 40 million, the
very uneven distribution of water
resources over the country and the
entrenched inequity in access to and
L‘Unll‘t‘l over waler resources.

Since the change in governmentin 1994,
the highest priority has been afforded to
community water supply and sanitation.
The Water Services Act provides, inits ini-
tial stages of implementation, for a mini-
mum of 25 litres of water per person per
day within 200 metres of their homes, ata
lifeline” tariff. The initial estimate was
that 12 million people did not have ready
access to safe water supply and sanita-
tion. Since then, through various stages of
learning and fast-tracking, for instance
the use of private sector capacity in the
“Environmentek, CSIR, P.O. Box 385
E-mail: p.ashton@csir.co.za
“DWAF, Private Bag X313, 0001 Pretoria
"WRC, P.O. Box 824, 0001 Pretoria
“WRP, P.O. Box 1522, 0075 Brooklyn Square
"P.O. Box 1278, 1240 White River
"University of Stellenbosch, Private Bag X1, 7602 Matietand
"University of Natal, P.O. Box 375, 3200 Pietermaritzbiurg

"Department of Civil Engineering, University of Pretoria,
0002 Pretona

0001 Pretoria

BOTT (Build-Operate-Train-Transfer) ap-
proach, approximately 3 million people
had been served with a minimum water
supply by the end of 1998. Despite the
success of delivery, there is concern about
the sustainability of this approach, re-
flected, for example, in the very low cost
recovery of these new schemes, to date
only about 10 %. The strengthening of
local government is the obvious long-
term answer. There are also opportunities
for the private sector as water services
provider within the legal framework of
the Water Services Act.

The National Water Act emphasizes the
indivisibility of water resources, com-
pared to the past situation where ground-
water was regarded as ‘private water’.
National government will in future be
custodian of all water resources, responsi-
ble for their protection and allocation. The
main instrument in the Act to achieve
equity and sustainability is the ‘Reserve’
— the water needed to supply basic
human needs and to prolect aqualic eco-
systems in order to ensure ecologically
sustainable development. Only the
Reserveisaright to waterin law: all other
uses of water are authorized according to
the criteria of public interest, equity,
efficiency and optimal utilization.

'he new water policy” has also shifted
the emphasis away from the traditional
water supply management to water
demand management and ways in which
water can be conserved in each user sector.
A ‘National Water Conservation Cam-
paign’, initiated in 1995, has already had
considerable impact with demonstration
projects such as water-saving devices,
informative billing systems and school
water audits. The complementary "Work-
ing for Water Programme” has caught the
imagination of the general public,
because of its multiple benefits and rapid
countrywide replication. Launched in
1995, the programme today employs over
40 000 previously unemployed people to
clear catchment areas of invasive alien
plants to conserve stream flow.’

Water management will be devolved to

259

18 catchment management agencies that
will have to be established over time. All
significant water use will be charged for,
regardless of where it occurs, including
the use of water resources for effluent
disposal, and activities that reduce runoff
with a detrimental impact on down-
stream water users. Charges are to
promote efficient use of the resource and
should cover a realistic portion of the
water management costs.

The National Water Act for the first
time also stresses national gn\-'cmmunl's
responsibilities with regard to monitor-
ing, resource assessment and a national
information system in support of
decision-making. Information on the
status of water resources, factors affecting
water resources and present and future
demands on water resources, must be
readily available, not only to national
government and to water management
and planning agencies, but also to stake-
holders and the public. Besides the tradi-
tional hydrological monitoring systems,
a national river health assessment
programme is presently being imple-
mented countrywide.

The new policy in South Africa calls for
much more integrated management of all
water resources than in the past. The new
management approaches have major
implications for hydrological information
requirements as well as for the future
hydrologist. Our understanding of
hydrological processes will have to grow
considerably, both at the local and
regional scale. The hydrologist will have
to move beyond his present role of
resource assessor to one of practical
manager ot the hydrological cycle.

The Reserve, both in concept and in its
quantification, presents a major challenge
to the hvdrological community. Besides
the river channel, the interface parts of
the hydrological cycle, for example areas
of infiltration, groundwater discharge
and water use by riparian and terrestrial
vegetation, have become focus points in
the assessment of the ecological reserve.

Armed with his wider understanding of
the hydrological cycle, the hydrologist
also needs to play a stronger practical role
in water service provision. Appropriate
technology with full community partici-
pation, for example spring protection,
rainfall harvesting, artificial recharge and
agroforestry, should be harnessed to opti-
mize water use and conservation at plot
and small-catchment level.

The effect of the above water resource
paolicy changesisalready starting to be felt
in hydrological science practice in South
Africa, as reported in this article.
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Surface water

Water is arguably South Africa’s most
precious natural resource. Qur ground-
water resources are relatively meagre,
therefore South Africa’s major water
supplies are and will probably always be
derived mainly from surface water. The
climate of South Africa is semiarid, with
an average annual rainfall of 475 mm,
compared with, for example, 735 mm for
the USA and 860 mm for the world. For
the country as a whole less than 9 % of
rainfall reaches the river systems as run-
off. Total runoff for South Africa is a mere
51 billion cubic metres on average.” This
places the country close to the threshold
of 1000 persons per million cubic metres
of flow per annum, used to indicate
countries that are water-scarce.

Water resources development

The erratic flow regimes of most of
South Africa’s rivers has led to the con-
struction of many dams in order to
harness the water resources. Growth in
reservoir construction was extremely
rapid in the second half of this century.
In 1950 total storage capacity was about 3
billion cubic metres, but this has since
grown tenfold to the present figure of
about 30 billion cubic metres. The total
volume of water stored in these reservoirs
can be used as a barometer to indicate the
overall status of our water supply system
at any time." For example, when the
total volume in storage drops below 50 7%
of capacity there is cause for concern,
whereas a condition of 90 % full is consid-
ered to be highly satisfactory.

A review of the last three years

As 1995 drew to a close, most of South
Africa was still suffering from severe
drought conditions that had persisted
since early 1992, This drought had the
effect of depleting total reservoir storage
to well below 50 % of capacity. It can be
seen from Fig. 1 that the volume dropped
to 37 % of capacity by the middle of
November 1995,

South Africa often sees droughts broken
in dramatic fashion — a typical feature of
our erratic climate. This phenomenon is
clearly illustrated in Fig. 1, which shows a
rapid rise in storage to reach 84 % by the
middle of March 1996. The 47 % increase
represents a volume of about 14 billion
cubic metres, which is about 28 % of the
total country’s mean annual runoff.

However, the increase in storage alone
does not give the complete picture for the
following reasons. First, less than half of
South Africa’s water resources are har-
nessed by dams and, second, many of the
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Fig. 1. State of reservoirs in South Africa (October 1995 to September 1998).

dams spilled huge volumes of water. For
example, Vaal Dam started spilling on |
January 1996, after being at 13 % at the be-
ginning of November 1995, The volume
spilled in the ensuing two months could
easily have filled another dam as large as
Vaal Dam. As a result of the spillage,
which was supplemented by high flows
in its various tributaries, the Vaal River
was in flood for several weeks. Flooding
was also experienced over much of the
summer rainfall area. Typically, runoff for
the 1995/96 season was of the order of two
to three times the long-term average.

As can be seenin Fig. 1, the high storage
state was maintained throughout the
winter of 1996, falling to 80 % in October
of that year. Good rains in the 1996/97 sea-
son saw the percentage capacity rise to
over 90 2, falling to about 86 7 by the end
of 1997, Storage again passed the 90 %
mark early in 1998, but declined more rap-
idly in the ensuing winter than was the
case in the preceding two years, reaching,
80 % by the beginning of October 1998.

What about El Nino?

The euphoria over the healthy status of
South Africa’s dams was quickly dissi-
pated by extensive media coverage of the
El Nino phenomenon. El Nino is used to
describe the situation when sea tempera-
tures in the eastern Pacific Ocean rise to
above-normal levels, El Nino gives rise to
unusually wet conditions on the eastern
shares of the Pacific, coupled with dry
conditions on the western fringe. Severe

] N\
drought conditions"were also predicted
for southern Africa, since recent El Nino
events tended to coincide with dry condi-
tions in the subcontinent.

The Southern Oscillation Index (SOI) —
an accepted measure of the atmospheric
component of El Nino — is based on the
difference between monthly mean sea-
level pressures at Darwin and Tahiti. Neg-
ative values of the SOI generally
represent El Nino events. Figure 2 shows
the variation of the SOI over the same
period for which the storage states are
plotted in Fig. 1, i.e. from October 1995 to
September 1998.° Figure 2 indicates a
rapid fall in the SOI from about March
1997, coinciding with the manifestation of
the most recent El Nino event. EI Nino
conditions persisted until May 1998, fol-
lowed by a rapid rise in the SOI that was
triggered by the demise of El Nino.

Fortunately, the El Nino phenomenon
did not have the detrimental impact on
South Africa’s water resources as pre-
dicted. Inspection of Fig. | reveals that the
dams stoad at approximately 90 % full at
the onset of El Nino. By the time El Nino
had dissipated, the dams were at more or
less the same percentage of capacity — a
clear indication that El Nino did not have
the effect as predicted. It was only after
the demise of El Nino that unusually dry
conditions prevailed (albeit in the nor-
mally dry winter season typified by most
of South Africa), resulting in a fairly rapid
drop in storage over the period July to
September 1998,
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Fig. 2. Southern Oscillation Index (October 1995 to September 1998).
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Concluding remarks

The rapid recovery in the health of
South Africa’s water resources, which
occurred after the severe drought of the
early 1990s, has been sustained despite
the appearance of El Nino that severely
affected weather patterns in the Pacific
Rim. Recent research suggests that rain-
fall conditions over southern Africa are
linked to sea-surface temperature (S5T)
anomalies in the southwest Indian and
southeast Atlantic oceans.” El Nino should
therefore be seen as just one of the SST
anomalies affecting rainfall patterns over
southern Africa. Accordingly, predictions
based solely on El Nino should be treated
with caution, as they cannot be expected
to give even a reasonably accurate picture
ot likely weather conditions over the sub-
continent.

Unreliable predictions can be extremely
counter-productive, since (a) they instill
an unwarranted pessimistic attitude and
(b) thev cause the public to ignore future
warnings based on the same shaky
ground. For example, many farmers
apparently did not plant crops because
they were warned that El Nino would al-
maost inevitably bring about crop failures
on a large scale. A water-scarce country
such as South Africa would benefit
ecnormously from reliable long-range
weather forecasts but, until such forecasts
become a reality, forecasters should exer-
cise great caution in dealing with the
public and the media.

Groundwater

National Water Act

I'he National Water Act was promul-
gated in 1998 and has wide-ranging im-
plications tor groundwater. The status of
groundwater has now been changed from
one of a privately owned resource asset,
coupled to property, to ane of a public, or
national, resource asset with shared use
entitlements. Groundwater is now con-
sidered a strategic resource on account
ofitsrole in meeting the large unmel basic
water supply needs, especially in rural
areas. These changes already start
having a major influence on groundwa-
ter research and development in the
country.

Hydrogeological maps

A two-pronged approach to a hydro-
geological mapping programme was
begun in the early 1990s with overall ob-
jective:
» compilation of national maps, and
o compilation of regional maps.
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National maps
The following national maps have been

completed:

e Groundwater Resources of the Repub-
lic of South Africa, together with its
accompanying brochure."

o Groundwater Harvest Potential of the
Republic of South Africa, together with
its accompanying brochure.

e Groundwater Vulnerability of the Re-
public of South Africa.

e Classification of Aquifers in the Repub-
lic of South Africa.

* A map depicting groundwater usage is
also being compiled.

Regional maps

A mapping programme is in place to
complete the series of 23 hvdrogeological
maps covering the entire country at a
scale of 1:500 000 by the year 2000. To date,
three of these maps have been completed,
namely Queenstown, Port Elizabeth and
Durban, together with their accompany-
ing brochures. These maps are proving
particularly useful in assisting with water
resource planning at the regional and
district level, and in fostering a public
awareness of the groundwater resources
in general in the country,

National Groundwater
Information System

The National Groundwater Database,
which has been in existence since 1985,
has now been overtaken by advances in
information technology and is no longer
able effectively to meet the requirements
of a burgeoning client/user base. Neither
is it able to provide the technical support
required by the Department of Water
Affairs and Forestry in terms of the imple-
mentation of the new National Water Act.
A conceptual specification has recently
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been released in which a phased ap-
proach has been proposed to establish a
new National Groundwater Information
Systembased on modern IT principles. As
part of the strategy itis proposed to estab-
lish a distributed and integrated ground-
water information system in each of the
department’s regions, each with its own
regional groundwater datasets. These
datasets will be replicated in a national
groundwater archive. A joint venture is
about to be entered into with the TNO-
NITG in Delft in the Netherlands to make
use of their Regional Geo-Information
System (REGIS) under licence, after svs-
tem modification and customization, to
cater for southern African hydrogeo-
logical conditions. Other off-line users
will be catered for where stand-alone
computers only are used, and appropri-
ate computer software will be made avail-
able. This vision is illustrated in Fig. 3.

The Department of Water Affairs and
Forestry has its own website, which is
being extensively used to disseminate
various groundwater-related data and
information in text and map form. A
departmental data server is also in opera-
tion that caters for the uploading and
downloading of salient information from
groundwater consultants’ reports nation-
wide.

Groundwater research issues
A number of groundwater research
programmes have been identified as part
of the Groundwater Master Mlan com-
piled by the Water Research Commission
(WRC). These include the following:
e Fractured-rock aquifer research pro-
gramme.
e Groundwater reserve determination
research programme.
* Sustainable groundwater management

ONLINE USERS

Water Resource

W (e Management System®®
i support of National
-__r/
I, R
MyummeT
! [ ar—" OFF-LINE USERS

NATIONAL ARCHIVE
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Different usct sectors

Ciroundwalter professionals

Fig. 3. Vision for a National Groundwater Information System for South Africa.
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“a

and u]tili.catinn research programme.

e Groundwater researchinsupportof the
community water supply and sanita-
tion programme.

e Groundwater quality research pro-
gramme.

During the first half of 1999, a process
will be putin place to review the ground-
water issues and research needs for the
next five years. This is particularly perti-
nent in view of changing legislation
affecting new priorities and the manage-
ment arrangements in the water sector.

The WRC Coordinating Committee for
Geohydrological Research strategy for
attaining prioritized goals include the
following:

o [dentification and characterization of

groundwater resources of South Africa

in terms of their occurrence, quality and
development potential.

Determination of the occurrence, degree

and potential for groundwater contami-

nation.

Optimization of groundwater utiliza-

tion for all communities through an

integrated management approach.

* An investigation of groundwater-

environmental interactions.

Development and implementation of

suitable tools and techniques that

would aid in achieving the goals and
objectives set out above.

A number of major advances have been

made in the recent past in groundwater

studies, namely:

Groundwater recharge estimation

In preparation for improved manage-
ment of groundwater in South Africa, a
comprehensive manual on groundwater
recharge estimation has been come
pleted.” The manual provides results for
a full range of methodologies and maost
typical groundwaler occurrences in
South Africa.

Groundwter quality protection

Unique research work is being under-
taken to develop groundwater protection
zoning for South Africa’s predominantly
hard-rock aquifers with tracer experi-
ments.” At the same time a national
ambient groundwater quality monitoring
networkis being established. [tis planned
to follow this up with regional networks
in support of aquifer management as well
as local networks in support of local
groundwater abstraction and impact
management.”

Fractured-rock aquifers
Fractured-rock aquifer research has
progressed considerably at micro, meso
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and macroscale, in particular through the
hydraulic behaviour studies at the Cam-
pus Test Site, a well-planned assemblage
of production, observation and core bore-
holes at the Institute for Groundwater
Studies in Bloemfontein."

Growmdwater modelling

South Africa has a strong groundwater
modelling capacity at the Institute for
Groundwater Studies. Comprehensive
and user-friendly modelling packages
going under the software names of
AQUAMOD and AQUAWIN have been
developed. They are compatible with
surface water management models and
cater for incorporation ol uncertainty and
risk in the groundwater analyses.”

Education and training

A one-year B.Sc. (Honours) level inter-
national groundwater course has been of-
fered since 1994 at the Institute for
Groundwater Studies of the University of
the Orange Free State with sponsorship
from the Carl Duisberg Gesellschaft in
Germany. It provides an excellent com-
plement to the long-established Honours
course in geohydrology at the university
and has already started to make a contri-
bution to groundwater practice in a num-
ber of African countries and to urgently
needed employment equity in South
Africa.

The Swedish government through
SIDA continues to promote advanced
international training in Goteborg, One
of the courses, ‘Management of Ground-
water Supply for Urban Areas’, has been
followed by a number of South African
I\)'L‘imgvolngints over the last four years,
and will continue to do so. The course has
a proven track record and has been found
to be very beneficial to participants,
particularly those with little formal train-
ing in hydrogeology.

The Groundwater Division affiliated to
the Geological Society of South Africa
continues to provide short courses in
groundwater, including the ‘Introduction
to Groundwater” three-day course. The
International Association of Hydro-
geologists is holding its XXXth Congress
2000 in Cape Town with theme Grownd-
water: Past Achicvements and Future
Chalienges.

Much greater focus and coordination of
education and training in the water
resources field is envisaged through a
proposed system of networking of users
and education and training providers,
The proposal for a Framework
Programme of Education and Training in

/ater (FET-WATER) was made by a
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UNESCO-sponsored mission to South
Africa in 1998."

Water resources
systems analysis

Surface runoffis highly erratic through-
oul most parts of the country and long
drought periods, often in excess of 10
vears, are characteristic of the variability
in runoff. In order to provide reliable
water supplies under such conditions,
South Africa’s water supply infrastruc-
ture is integrated and sophisticated, often
involving numerous large reservoirs,
pipelines, pumps and water-transfer
schemes. In some cases, water is trans-
ferred more than 1000 km with pumping
headsin excess of 500 m. Figure 4 provides
an indication of the major transfer
schemes throughout the country.

To manage the various water supply
and transfer schemes and to use the avail-
able resources in an optimal manner,
South Africa has developed highly
sophisticated analysis techniques often
based on stochastically generated stream-
flow sequences.

Over the last four years (1995-1998), the
water resources network models have
increased insize and complexity to stimu-
late the inter-connectivity of the existing
system with proposed future develop-
ments. In particular, the Vaal River System
has expanded to incorporate several new
subsystems in adjacent catchments in a
quest to provide water to the ever-thirsty
central industrial area of the Gauteng
region, which can be considered the
industrial powerhouse of southern
Africa. This was the first major area in
South Africa where the demand for water
outstripped local supplies, and from a
national viewpoint is of major strategic
importance for the following reasons:

e Over 80 % of South Africa’s electricity is
generated there.

e South Africa’s two largest petrochemi-
cal plants are located there.

« Numerous large mines (gold, platinum
and coal) are located in the area.

¢ Over 50 % of South Africa’s population
reside in the area.

» Over 50 % of South Africa’s GNI” is
produced in the area.

In view of the importance of the water
supply to the Vaal River Supply Area, a
of water resource assessment
studies were initiated around 1996 and
are collectively referred to as the Vaal
Augmentation Planning Studies (VADS).
The VAPS project involved all of the
country’s major consultants concerned
with water-resource assessment and was
initiated to identify and evaluate the

series
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Fig. 4. Major water transfer schemes in South Africa.

next major interbasin transfer scheme to
follow Phase 1 of the large Lesotho High-
lands Water Project (LHWP). The VAPS
project is clearly one of the most impor-
tant projects to be undertaken in South
Africa during the last 10 years.
Compared to less than 10 years ago,
when these analyses could only be under-
taken on large mainframe computer sys-
tems, itis now p(assible to run software on
personal computers. The tremendous
progress in computing power at an
affordable price has recently opened up
the whole area of water resource analysis
and management in South Africa to nu-
merous small companies that could not
enter this highly specialized field. This in
turn has created the need for training and
transfer of technology. Courses on the
South African techniques have been pre-
sented at universities in South Africa and
also in several other countries, including
the USA, where the innovative ap-
proaches were very well received. It is
anticipated that the software will be de-
veloped to a stage where it can be distrib-
uted and used freely outside South Africa.

Analysis procedure

The components of the analysis proce-
dure used in South Africa can broadly be
grouped in standard hydrological assess-
ments, water quality modelling and sys-
tem analysis as depicted in Fig. 5. As can
be seen from this figure, much of the
initial approach is based on standard
hvdralogical modelling techniques used
throughout the world. The collection and
collation of hydrological data as well as
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the infilling and extension of the stream-
flow sequences using deterministic rain-
fall/runoff modelling is common practice
in most countries. Where the procedure
may ditfer from other countries, is in the
use of stochastically generated stream-
flow sequences that are provided as input
to a highly sophisticated water-resources
network model.

The generation of the stochastic stream-
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flow sequences is fully described in a
paper” and also in a user manual.” The
stochastic streamflow model also in-
cludes a complete suite of detailed check-
ing procedures to ensure that the
sequences generated are realistic and
have similar characteristics to the histori-
cal sequences. This aspect of the stochas-
tic modelling is as important as, if not
more important than, the actual stream-
flow generation.

The system modelling is undertaken
using the Water Resources Yield Model
(WRYM) and the Water Resources
Planning Model (WRPM). Both models
are based on similar principles involving
the network modelling approach first
proposed by Sigvaldason.”

The basic WRYM is capable of simulat-
ing a wide variety of operating policies in
a multipurpose multi-reservoir system.
It is capable of analysing the yield and
reliability characteristics of large inte-
erated systems (up to 200 reservoirs), in
which the operating rules and network
configuration are contained in system
data files and not hard-coded into the
model. This makes the model a very flexi-
ble and powerful tool for analysing com-
plex water resources systems and it has
been used in practice for the last 10 years
to operate and manage South Africa’s
water resources. The model is designed to
analyse a water resource system at a fixed
point in time with demands and network

T~ = T e e
Standard hydrological assessment . Water quality calibration
Hydrological data Salinity data
A4 |
Rainfall and streamflow .
patching models 2 Rainfall / runoff
_ il model Y
System analysis
) & Water quality
‘ Stochastic > calibration model |
| streamflow (salinity)
model <4
o | Water resource
yield model
¥ ¥
=5 —> Water resource planning model

Fig. 5. Analysis procedure.
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limitations that do not change during the
simulation period. The analysis is under-
taken using a monthly time-step and it
usually covers a period of more than 70
years, The model provides estimates of
the system yield and associated reliability
of vield for user-defined operating rules.
In this manner the user can examine and
change the operating rules to ‘tune’ a
large system and gain a proper under-
standing of the various interactions
between the different reservoirs, pipe-
lines and transfers etc.

The WRPM is able to handle changing
system configurations and demands with
time and is used specifically for long-term
planning analyses as well as real-time
operating. Both models are used together
on most projects as some of the yield/
reliability results from the WRYM are
used as input to the WRPM. An additional
key feature of the WRPM is the ability to
model water quality (salinity) on the basis
of mass balance. Although numerous
other models are also available that can
model a multitude of both conservative
and non-conservative water quality
variables, in South Africa the major
quality-related operating decisions are
addressed using total dissolved solids
(TDS) on a monthly time step.

Typical model output
Typical results from the two system

models (WRYM and WRPM) include:

* Yield reliability relationships for a
particular set of operating rules,

e Influence of different water quality

blending options.

Scheduling of possible future augmen-

tation schemes.

[nfluence of water demand manage-

ment options on the phasing of possible

future developments (Fig. 6).

Assessment of hydropower generation

and the investigation of possible con-

flicts between hydropower demands
and consumptive demands (e.g., urban,
industrial, irrigation).

e Determination of curtailment strategies
for the implementation of water restric-
tions during periods of drought.

e Influence of new environmental re-
quirements on the system vield.

* Influence of different operating rules on
likely future reservoir trajectory (Fig. 7).

Future perspective on water
resources modelling

The current water resources analysis
procedures have been tested in South
Africa for more than 10 years and will
remain the backbone for analysis, plan-
ning and water-resources management
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Fig. 6. Influence of water demand management on phasing of future development options

(Rademeyer et al.™).

for many years to come. It is anticipated
that the models will have to be modified
and upgraded to provide decision sup-
port to the Catchment Management
Agencies that will soon be formed under
the new National Water Act. This will
involve converting the models from
DOS-based programs to user-friendly
Windows-based programs, and require
extensive training to equip users with a

iy

sound hydrological and modelling back-
ground.

Further changes to the models will
involve the integration of different soft-
ware packages into a single model and
the facility to model at different time steps
down toa daily level, which may incorpo-
rate hydrodynamic routing capabilities.
In addition to the model development,
awareness of the models and the analysis
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teélmique_a will be promoted outside
South Africa to other countries where
similar water resource problems are
encountered. This will be particularly
relevant to countries in southern Africa,
where shared water resources require a
standard analysis approach to manage
the available resources in an efficient and
transparent manner.

Water quality

The availability and quality of freshwa-
ter supplies have long been recognized by
water-resource managers as being inextri-
cably linked and having an important po-
tential to limit and possibly even halt
development within South Africa. Our
appreciation of the importance of water
quality issues has been heightened by the
dramatic effects of recent droughts, when
many of the smaller perennial rivers
ceased to flow and water quality deterio-
rated dramatically owing to continued
discharges of treated domesticand indus-
trial effluents. Further emphasis has been
provided by the implications inherent in
the need to ensure safe supplies of drink-
ing water to the many communities and
individuals who previously have had to
relv on uncertain surface water supplies
which were often of dubious quality.

The development of a National Water
Policy for South Africa, followed by the
promulgation of the new Water Act, sig-
nalled important new milestones in the
history of South African water-resource
management. Both of these landmark
events emphasized the need to ensure
that water quality issues remain an
integral part of all water resource
management plans and actions. While
the primary focus of attention was quite
properly placed on meeting the basic
human needs of all water users, much
greater emphasis was also placed on
meeting the water quantity and quality
requirements of aquatic ecosystems. This
latter emphasis arose out of the clear
realization that the surface water re-
sources of the country will be unable to
sustain the demands that continue to be
made on them unless aquatic ecosystems
are properly managed on a sustainable
basis. This new focus of attention has
placed a heavy responsibility on the De-
partment of Water Affairs and Forestry, as
custodian of the country’s water resources.

A review of the past few years

The adverse effects of recent droughts,
plus the need to develop appropriate new
policies and strategies for water resource
management, have also led to important
changes in the policies and technical
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approaches adopted by water resource
managers. A central compaonent of this
change has been the shift in emphasis
from development of new water
resources to a drive to improve the
management of available resources. In
this process, water quality and water
quantity aspects have continued to be
considered together.

Before the promulgation of the new
Water Act in 1998, perhaps the most
important and far-reaching develop-
ments in the field of water quality centred
on the appearance of revised water-
quality guidelines for domestic, indus-
trial, agricultural and recreational uses of
water” However, while these documents
provided water resource managers with
key insights into the water quality
demands of these user sectors, it was the
simultaneous appearance of the first
version of water quality guidelines for
aquatic ecosystems that signalled an
important shift in policy. This change,
namely acceptance that aquatic ecosys-
tems were not merely ‘users’ of water but
that they also comprised components of
the resource itself, has helped water
resource managers to create a much
greater awareness of the impartance of
maintaining aquatic ecosystem health.
This trend has also been reflected in a
wider acceptance of biological monitor-
ing as a water quality management tool
for rivers and impoundments. Notwith-
standing the many technical difficulties
that must still be overcome before the
potential benefits of biological monitor-
ing are fully realized, widespread accep-
tance of this approach has helped to
ensure that aquatic ecosystems receive
appropriate recognition from all water
user sectors.

The new National Water Policy outlined
a broad approach to the protection of the
country’s water resources, including pro-
tection of surface waters, groundwater,
wetlands and estuaries. This resource
protection approach outlined four key
features within a structured decision-
making framework,” namely:

o Resource-directed mmeasures, which focus
on each water resource as an ecosystem
and set clear objectives (resource qual-
ity objectives) for attaining the desired
level of protection for each resource.

o Source-directed measures, whichinclude a
wide range of regulatory measures
(including waste-water standards and
water-use licences) intended to control
the sources of adverse impacts on water
resources.

Demand management measures, which are
intended to ensure that water utiliza-
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tion patterns are driven by consider-
ations of efficiency of use and remain
within the limits required for protection
of the resource.

Monitoring and auditing measures, which
will reflect the status of the country’s
water resources and determine whether
or not quality objectives that have been
set for specific water resources are in-
deed being met by the respective wa-
ter-resource managers,

The Department of Water Affairs and
Forestry has the primary responsibility
for development of appropriate tech-
niques, which will ensure the implemen-
tation of these approaches.

Within the arena of water resource
protection, a central theme has been the
recognition of a so-called "Reserve’. The
‘Reserve’ embodies the concept that, as
far as possible, sufficient water of suitable
quality must be available to meet the basic
human needs of all water users and the
aquatic ecosystem, before water can be
allocated to off-channel users. The
Reserve concept therefore marks a
dramatic shift in emphasis from earlier
water resource allocation principles
where water from a river could almost
invariably be allocated to off-channel
water users without explicit concern for
the maintenance of aquatic ecosystems or
to provision of water supplies for down-
stream riparian users.

Whileitis relatively simple in concept to
embody a Reserve to meet basic human
needs and aquatic ecosystem functioning
in all water resource management plans,
the process is less straightforward in prac-
tice.” This problem has arisen primarily
because of the almost complete absence of
accepted techniques with which to calcu-
late the actual quantities and qualities of
water that are needed by aquatic ecosys-
tems during an annual cycle and under
different conditions of flood and drought.
As a result, considerable attention has
now been focused on the development of
a suite of suitable techniques, which will
allow aquatic scientists and water-
resource managers to determine the Re-
serve with a high degree of confidence.”

In terms of the new Water Act, all licen-
ces or permits that are granted for the dis-
charge of effluent into a surface water
resource or for the abstraction of water
from surface and groundwater resources
must take due consideration of the
Reserve. Therefore, the need to develop
acceptable techniques for calculating the
quantity and quality components of the
Reserve is becoming increasingly urgent.
Given the immediate and short-term
needs, water resource managers will have
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to rely on robust ‘estimation” techniques
that incorporate precautionary princi-
ples, while further investigations con-
tinue in the medium-term to develop
more accurate and scientifically-sound
techniques.

Concluding remarks

The rising population and accompany-
ing gradual improvements in quality of
life will fuel demands for water of appro-
priate quality. This trend will continue to
escalate as we enter the new millennium,
placing ever greater demands on our
dwindling water resources. While the
primary responsibility for effective and
efficient water-resource management will
remain with the Department of Water
Affairs and Forestry, a concerted effort
will be required from every person in the
country if we are to achieve the national
goal of sustainable use of our scarce water
TESOUTCes,

Sediment transport and
deposition

While reservoir sedimentation and
other sediment-related problems are be-
coming more and more prevalent around
the globe, such problems have long
become serious in southern Africa. With
the limited runoff from most local catch-
ments, dams have had to be built to store
the runoff from large catchments. Such
large catchments tend to produce large
sediment loads. As these sediment loads
are trapped within reservoirs, storage
space becomes depleted rapidly. At the
same time, trapping of sediments within
the reservoirs and storage of water cause
changes in flow patterns as well as
sediment loads downstream of reser-
voirs, leading to geomorphological
changes over considerable distances
downstream. At the other end of the scale,
the movement and deposition of highly
valuable gold and other heavy minerals
have been studied with the aim of finding
ancient deposits.

Different stimuli have therefore led to
extensive research into different aspects
of sediment transport during recent
years. These aspects have included:

(i) Investigations into sediment yields
from catchments and resulting sedi-
ment loads in rivers, culminating in
the development of a new sediment
yield map of southern Africa.

Ways and means of dealing with
reservoir sedimentation have been
researched on an extensive scale.

(iii) Changes in river geomorphology,

(i)

particularly in ecologically sensitive
areas.

(iv) Development of new flow measure-
ment structures that can be used to
measure river discharges accurately
in sediment-laden rivers.

(v) Transport and deposition of heavy
mineral particles.

The sediment yield map of southern
Africa

The most recent sediment yield map of
southern Africa™ (Fig. 8) was prepared for
a wide range of applications. Whereas
previous maps had served primarily to
predict sediment loads that would enter
planned reservoirs, the most recent map
includes confidence bands that indicate
the likelihood of a given yield value being
exceeded.

Dealing with reservoir sedimentation

In a comprehensive study, ways and
means were investigated for overcoming
the problems associated with reservoir
sedimentation.” Guidelines were prepared
on appropriate measures for limiting sed-
iment build-up. A condensed version of
the abovementioned report is being
printed as the official guidelines of the In-
ternational Commission on Large Dams.

River geomorphology

Different aspects of river geomorphol-
ogy have been studied, with the emphasis
on the rivers in the Kruger National Park.
The following aspects were investigated:
channel resistance,” channel deforma-
tion, ™ river classification and manage-

ment.”

Flow measurement

A new type of structure” has been
developed for flow measurement in sedi-
ment-laden rivers. This structure serves
to limit sediment build-up in areas where
sediment deposition could affect the
accuracy of measurement.

Deposition of heavy metals

With the significance of the mining in-
dustry in South Africa, it is not surprising
thattransportand deposition problems of
heavy metals™ " as well as diamonds have
been studied in detail.

Remote sensing

The use of remote sensing in hydrology
and water management received a boost
since 1995 with the development of the
National Land Cover (NLC) database.™
The project is a joint venture between the
Division of Water, Environment and
Forestry Technology of the CSIR, the
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Agricultural Research Council with finan-

cial support from the departments of

Agriculture, Environment Affairs and

Tourism, Water Affairs and Forestry and

the SA National Defence Force.

The entire country will be covered with
1:250 000 maps, including Swaziland and
Lesotha. The first data became commer-
cially available in 1997 and each dataset
will be released into the public domain
after 24 months. The classification scheme
has been designed to conform (as far as
possible) to internationally accepted
classification standards and conventions,
in order to ensure cross-border compati-
bility such as those already in use in the
Zimbabwe, VegRIS and the proposed
FAO's Africover project.

The NLC project incorporated four
basic stages in the compilation of the
digital land-cover database:

* Pre-annotation field orientation.

e Image annotation and land-cover
mapping.

¢ Digitization of annotated land-cover
data.

¢ Field verification and data validation.
The basic data were transformed into

1:250 000 scale Landsat™ Space Maps af-
ter which manual photo-interpretation
techniques were used. Skilled photo-
interpreters with extensive local knowl-
edgeareable to utilize feature shape, loca-
tion, texture, context as well as spectral
characteristics when classifying land-
cover. This resulted also in a considerable
overall saving in project costs compared
with full scale digital image processing.

Approximately 180 sample sites were
assessed within each Space Map, of which
50 % where evaluated in the field and the
rest using aerial photography.

Geographical data accuracy was
ensured using between 15 and 30 ground
control points.

The selection criteria for TM data was as
follows:
¢ Only imagery after 1 January 1993.

» Preference to the most recentimagery if
alternatives are available .

* As far as possible a standardized sea-
sonal time frame would be adopted.
Two criteria were used, firstly optimum

season (i.e., uniform vegetation growth

stage) which was taken to be April, May
and June in the summer rainfall areas and

September to December in the winter

rainfall areas. Secondly, seasonal rainfall

(uniform vegetation response and condi-

tion, based on the analysis of decile rain-

fall data for three month period prior to
the beginning of each optimum season).

Optintinr seasons were defined on the

following parameters:
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Fig. 8. Sediment yield map of southern Africa (1992).

e Minimum cloud cover.
* Minimum terrain shadowing.
e Minimum snow cover (Lesotho and

Cape mountains).

* Minimum fire scar effects.

o Maximum spectral difference between
cultivated and natural vegetation.

e Maximum spectral difference between
grassland and tree/bush cover.

The external auditor of the project, M.].
Clark, stated:™

The NIC database is now in its final

phase of construction and represents a
major national planning, management
and scientific resource in its own right but
its value would be hugely enhanced by the
implementation of an on-going monitor-
ing system to permil assessment of
land-cover change.

Work will now start in using the data in
hydrological models and the manage-
ment of ‘Stream flow reduction activities’
provided for in the new Water Act.

More detail on remote-sensing prod-
ucts and activities can continuously be ob-
tained from the Satellite Applications
Centre’s website: http:/www.sac.co.za

Atmosphere-soil-
vegetation interaction

A small, but very active research com-
munity in South Africa, with major cen-

tres of expertise at the universities of
Natal and Pretoria as well as the CSIR, is
involved in research activities in this [AHS
Commission. Their work has received
new impetus by the revised National
Water Act of 1998, placing considerable
emphasis on land-use and land-
management influences on hydrological
responses, because many of the research
findings will eventually be incorporated
into hydrological simulation models that
will be used, for example, in regulatory
decision-making and arbitration.

The CSIR's process hydrologists have
been researching water-use efficiencies of
commercially grown plantation lrees,
with major investigations into correla-
tions of transpiration vs trunk growth
using heat pulse velocity methods, as well
as studying evaporation rates from differ-
ent tree species, sugarcane and grassland
under various hydroclimatic regimes
using Bowen ratio techniques, including
water use : biomass relations for food and
fodder crops.

Field experimental work carried out by
the University of Natal’s Department of
Agricultural Engineering revolves
around hillslope hydrological process
and dynamics studies in an intensively
instrumented research catchment in the
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northeastern Cape, in which the present
natural grassland land cover will be
replaced by exotic tree species after a fur-
ther vear's investigation under ‘pristine’
conditions.”

Allied with the hillslope hydrology has
been the initial development and testing
of the raster-based TopACRU model, a
maodification and improvement on the
widely used Topmodel, with the aim of
determining and modelling source areas
of sediment vield.

Both the University of Natal and CSIR
are conducting field experiments on
riparian water use under different
planted land uses, invasive trees and
indigenous riparian plant communities
under a range of climate conditions.™
Riparian water use by alien/exotic vegeta-
tion is currently of particular interest in
the light of their potential reduction of
streamflows in South Africa’s generally
semiarid conditions, and government has
launched a major initiative to clear such
riparian growth to enhance streamflows,

In a cooperative project between the
universities of Pretoria and Natal, impacts
of irrigation with gypsiferous water is
being researched on rehabilitated soils
from opencast coal mines to assess crop
sustainability, the accumulation of
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gypsum in soil profiles and irrigation
rates of contaminants.

Many of the results from the above
research eventually find their way into
agrohydrological models, particularly the
now frequently applied ACRU maodel, a
multi-level and multi-purpose physi-
cal-conceptual daily and intra-daily time
step simulator.” ACRU is constantly being
refined and enhanced (most recently in
terms of CO, feedback and dynamic vege-
tation changes in regard to degradation
and rehabilitation of grasslands and
savanna vegetation) and with its facilities
to simulate stormflows, baseflows, sedi-
ment vield, irrigation demand/supply,
crop vields as well as reservoirs and
wetlands in distributed maode, it is being
used frequently now in conflict resolu-
tions involving land use impacts and in
arbitration.

A milestone in applied research on soil,
vegetation and atmospheric interactions
was the publication in 1997 of the "South
African Atlas of Agrohydrology and
Climatology”." This 276-page atlas con-
tains over 140 high-resolution colour
maps covering the phyvsiography and
climate of South Africa, as well as crops
and water resources aspects.

While the number of scientists engaged
in basic and applied hydrologically
related process research is small, the
research output has generally been of
exceptional quality and is highly
regarded internationally. Two features
bear highlighting in conclusion; one
being that scientists are now, more than
ever before, collaborating both among
disciplines and between institutions. The
other is that South Africa is indeed fortu-
nate to have the Water Research Commis-
sion, an independent parastatal agency,
generously supporting relevant hydro-
logical science through research funding
and research coordination.
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