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Abstract

The current approach to setting the water quantity component of the ecological reserve for riversin South Africais based on the
building block methodology (BBM) and carried out by agroup of speciaistsinan IFRworkshop. The BBM concentrateson setting
flow magnitudes and there has been no formally defined approach to specify the frequency of exceedance relationships for these
flows. Thisisa problem when attempts are made to implement the recommendations within the context of awater resource plan
or management scheme for theriver. In such situationsinformation on how often flows of different magnitudes should occur is
required. Thispaper offersasuggestionforimprovingtheBBM by usingamodel to simul atearepresentativetimeseriesof modified
flows and extract from the results assurance levels, or frequency of exceedance, for the different building block components. The
implications of adopting such an approach, from both ecological and water resource devel opment perspectives, are discussed.

Abbreviations

BBM building block methodol ogy

BFI baseflow index

DWAF  Department of Water Affairs and Forestry
EMC ecological management class

CcVv coefficient of variation

IFR instream flow requirement

MAR mean annual runoff

WRYM  water resources yield model

Introduction

TheBBM (King and Louw, 1998) has become one of the accepted
approachesthat isused in South Africato establish the quantity of
water needed to satisfy the ecological flow requirements of rivers.
Withthenew South African Water Act (DWAF 1997a), agreat deal
of attention hasbeen focused onthe methodsused to establishthese
reguirements, which are now referred to as the ‘environmental
reserve’. Together with the use of water to satisfy basic human
needs, the quantity component of the environmental reserve will
become that proportion of a river's flow regime that has to be
satisfied before allocations to other potential users can be consid-
ered.

The BBM is applied through arelatively complex process of
interaction between various ecological, geomorphological, hy-
draulic and hydrological specialists whose task isto establish the
componentsof ariver’ sflow regime (instream flow requirement or
IFR) that are required to maintain the river in a pre-determined
sustainable condition (now referred to as the ecological manage-
ment class or EMC). The EMC can vary from unmodified (cat-
egory A) tolargely modified (category D) and theresponsibility for
determining the specific state of any river will liewiththe Minister
of Water Affairs and Forestry. The IFR is defined as seasonal
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Figure 1
Monthly distributions of total natural flow (Nat. Flow),
drought low- and high-flow (Dlow, Dhigh) and
maintenance low- and high-flow (Mlow, Mhigh)
requirements determined for Site 1 during the Mkomazi
River IFR workshop held in 1998.

distributions of low and high flow values for river maintenance,
applicableto‘normal’ years, and afurther set which areapplicable
during drought years. Thesefour seasonal distributions are essen-
tially the ‘building blocks' and the concept isillustrated in Fig.1
using the results from the workshop held to determine the IFR for
the Mkomazi River in KwaZulu-Natal (Louw, 1998).

For the results of the BBM to be of use in the planning and
management of water resource schemes, it is clearly necessary to
definewhen themodified flowsin theriver should beat or closeto
the maintenance values and when (as well as how often) it is
ecologically acceptablefor theflowsto droptothedrought require-
ments. It has always been understood by the developers and
practitioners of the BBM that the rules for controlling these flow
variationsshould berelatedin someway tothenatural flow regime,
whichisinturnareflection of theclimatevariationsoccurring over
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the catchment. Hughes et al. (1997) developed amodel (referred
toasthe|FR model) that allowsadaily time seriesof IFR modified
flows to be generated using a reference flow time series. This
providestheclimatic cuesand aset of ‘rules’ that can be calibrated
with the assistance of the workshop participants. The model is
flexibleenoughfor thereferenceflow time seriesto bean observed
flow record from the same, or nearby river, or it can beasimulated
flow timeseries. Themain constraintisthat it should berepresenta-
tive, intermsof flow variability (short andlongterm), of thenatural
flow regime of theriver at the IFR site under consideration. The
model has been applied at severa recent IFR workshops using
historical time series of naturalised flows to help establish the
‘rules’, but aso has the potential to be used operationally to
determine the flow rates required for the modified flow regimein
real time. Hugheset al. (1997) providethedetailsof themodel and
illustrations of its use.

ThelFR model effectively allowstheworkshop participantsto
specify the amount of time within the modified flow regime when
flows should be at, or above the specified maintenance require-
ments, between these and the drought requirements or at the
drought requirements. The word ‘ effectively’ is used because the
model ‘rules’ have normally been established through visual inter-
pretation of the model results (as atime series of modified flows).
In the past the model has been applied as the final step of a
workshop process. However, experience suggests that within the
group of specialists, there are often diverse perceptions at the start
of theworkshop about how frequently maintenance flows should
occur inthe required modified regime. Thisislargely becausethe
specialists have previously not had acommon a priori perception
of the frequency of exceedance relationships (or assurance) re-
quired for the flows defined as components of the IFR.

Thispaper examinestheimportance of defining the frequency
of exceedance relationships, provides someillustrations based on
previous|FR workshop resultsand discussestheimplicationswith
respect to future applications of the BBM approach.

The importance of defining frequency of
exceedance

It is essential to address the issue of frequency from a water
resource manager’s point of view, particularly in terms of the
planning of water supply schemes and the determination of yield.
In most yield analyses, the potential users of water are defined by
acombination of their volumerequirementsand | evel sof assurance
of supply. For example, irrigation requirementsmay bedivided up
into high assurance supplies (failing rarely) and lower assurance
supplies (not guaranteed in every year). While the environmental
reserveis not viewed as a competing water user in the new Water
Act, because arange of flows are specified by the BBM (mainte-
nance to drought), it is essential to attach some level of assurance
(or frequency of exceedence) to the specified flows to be able to
determine the long-term average volume requirements. It isalso
clearly necessary to haveaset of rulesthat can befollowedin either
a planning or operational framework so that the specific flow
reguirements at any point in time can be determined.

It hasalwaysbeen clear to BBM practitionersthat themodified
flow regimeshouldretainthevariability that isconsidered essential
for the maintenance of riverine ecological processes at some
defined level. It is also widely recognised internationally that
hydrological variation is a primary driving force within riverine
ecosystems (Richter et al., 1997). Thisisimplicitinthedefinition
of seasonal distributions (short-term variability) for the building
blocks, rather than a single value, as well as in the definition of
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Figure 2
Comparison of annual 1-d flow duration curves for the Komati
and Tugela rivers. All the curves are expressed as flow rates
standardised by the average daily flow (ADF) for the specific time
series. The IFR lines are based on the low flow output from the
IFR model as calibrated at the workshop, while the other curves
are natural baseflows.
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Figure 3
Annual maintenance low-flow requirements (expressed as %
MAR) taken from a number of past IFR workshop results and
grouped according to EMC (where 2=A/B, 3=B, 4=B/C, 5=C,
6=C/D and 7=D).

flows for both maintenance and drought conditions (longer term
variability). However, there have never been any explicit state-
ments about thelevel of variability that should beretained, largely
because ecosystem responses to changes in flow regimes are
complex, difficult to assess and therefore not always easy to
quantify. Given the fact that South African rivers have flow
regimesthat are amongst the most variable in the world (Gorgens
and Hughes, 1982) it would seem to be of critical importance to
attempt to addressthi s possibl e shortcoming in the methodol ogy of
setting the quantity component of the environmental reserve for
rivers.

Observations during past IFR workshops and additional dis-
cussions with experienced |FR practitioners drawn from several
different disciplines, suggest that rivers with higher degrees of
variability are expected to have |lower reserve requirements set for
them. Thishasbeenreflectedinpast IFR resultsby relatively lower
maintenance flows being set for rivers which have greater flow
variability. There has also been a relatively high degree of
similarity in the position (with respect to percentage time ex-
ceeded) of the maintenance flows on the natural regime’ s one-day
duration curves. Although the IFR model has only been usedin a
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An assurance/risk based modification

HIGH
I to the BBM approach

A An alternative approach for rivers with naturally
: Range of maintenance variableregimeswould beto specify higher mainte-
N flows specifiedinthe | nance flows, but to accept that they are going to
N O workshop and related | occur less frequently in the modified regime. The
P Thia to natural baseflow assumed ecologica advantage of this approach is
.4‘ . . response (BFl - a that a greater proportion of the natural variability
N proportion of total will have been preserved in the modified regimefor
Range of find long- natural flow). the samelong-term volumerequirement. Giventhat
term mean low-flow : the variability in the modified regime will be con-
requirement related : - trolled by real climatic cues (in some way), the
to the natural N advantage from awater resource manager’ s point of
varlab|I|t_y of the N view isthat high volume requirements should only
flow regime and N occur at a time when overall water availability is

giﬁrrr;nlgee?ek\)}éltg? the :' higher and the supply system less stressed.
specified maintenance K . _If sych_ an aoproach_were to _be adopted, the
flows. " |mpI|cqt| on |sth_at the setting of maintenance flows
A and their approxi matefrequerjcy of e>_<ceedance (as
surance level) cannot be carried out independently
as has been the practice in past IFR workshops. It
> would be necessary to set the two together, or
LOW alternatively, to reach a consensus at the start of the
. . workshop processon the level of assurancethat the
Overall range of maintenance low-flow requirements design of the maintenance flows is to be based on.
for riverswith the same EMC However, this adds a further complication to the
Q . process of determining the environmental flow re-
Low flows specified for low BFI eg. Tugela quirements of rivers and it is difficult to judge
. M ean requirement due to moderate CV (Annual CV=0.58, BFI=0.40 |  \yhether the various specidlists could provide the
information with a reasonable degree of scientific
/\ Low flows specified for high BFI } eg. Luvuvhu Confgzz‘;‘: 4l usretes the maintenance lomeflow
A ven requirement due to high CV (Annual CV=0.81,BF1=0.61) volume requirements (expressed as % of natural
mean annual runoff) that have been set at previous
Figure 4 IFR workshops and shows that there is agreat deal

Conceptual illustration of the hydrological principles underlying the proposed
modifications to the BBM to incorporate principles of assurance/risk.
The CV values provided are based on annual totals.

limited number of workshops, a further observation is that the
participants have often decided on rules that allow the modified
flowstobeat, or above, maintenanceflowsfor most of thetimeand
only drop down to drought flows on rare occasions (approximately
5% of the time).

The problem with such a standard result, is that rivers with
different degrees of natural variability could end up having modi-
fied regimes with similar relative levels of variability. Figure 2
illustrates this point using the results from the Komati River (not
published yet) and TugelaRiver (DWAF, 1997b) workshops. The
Tugela has a coefficient of variation (CV) based on daily datafor
the winter months of 0.84, while the value for the Komati is 0.4.
The natural baseflow duration curves confirm that the Tugela has
amore variable baseflow regime than the Komati. The baseflow
values have been based on a digital filtering technique, first
introduced to hydrology by Nathan and McMahon (1990) and
applied by Smakhtin et a. (1995) to awiderange of South African
rivers. The approach separates ‘ high-amplitude’ quickflow from
the total streamflow hydrograph, leaving the balance as ‘low-
amplitude’ baseflow. WhilethelFR flowsfor the Tugelaaremore
variablethan for the Komati, the differencesare much lessthan for
the natural regimes and are related mainly to the relatively low
drought requirements that were set for the Tugela.
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of variationintherequirementsbetweenriverswithin
each EMC. Figure4 suggestsapossible hydrologi-
cal basisfor setting thelong-term low-flow require-
mentsfor arangeof riversgiventhesameEMC. The
approach illustrated is based on separating out the shorter-term
variability effects(asrepresented by the BFI) from thelonger-term
variability effects (as represented by the annual CV).

The assumption isthat riverswith ahigher proportion of their
flow regime occurring as baseflow would be expected to have
relatively higher maintenance low-flow requirements. This is
illustrated on the right-hand side of the diagram using the non-
shaded symbols and suggests that the BFI differences would be
reflected in the setting of maintenance flow values during the
workshop.

Those rivers with more variable regimes, annually, would be
expected (from a purely hydrological perspective) to have rela
tively lower drought low-flow requirements(100% assurance) and
also lower assurance level s associated with the maintenance flows
(illustrated by the left-hand side of the diagram and the shaded
symbols). The consequence of these assumptionsisthat the long-
termmean requirement would besubstantially lower for riverswith
more variable flow regimes. These differences would emerge
during thecalibration of thel FR model (Hugheset al., 1997) inthat
they would reflect the flow variations in the reference flow time
series.

A ‘Luvuvhu' type river (Fig. 4) may have a relatively high
maintenance requirement due to the high BFI, but with a low
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are clearly of dominant importance in the real

LOW-FLOW IFR DETAILS FOR THE :'GZLEEL: REFINEMENT WORKSHOP - SITE 2 IFR process, this paper proposes that they should
be considered against a background understand-
Month Flow rate (m? :s%) Flow volume (m3x 10| Maximum flow rate ing of the hydrological principles illustrated in
(m3s?) Fig. 4.

Maintenance | Drought| Maintenance | Drought Miow1 Mlow2 The Tugela IFR refinement

oct 30 13 504 348 33 a1 workshop results revisited
gg‘c’ ?:8 5:8 1;:?2 g:ég ?2 18:2 The original Tugela IFR workshop was held
during 1995, but therequirementsfor someof the
Jan 8.0 3.5 2143 9.37 9.0 12.0 sites on the main river and the tributaries were
Feb 9.0 40 2L 9.68 104 14.2 refined during a further workshop held during
Mar 80 35 | 2143 9.37 a1 1101 1997 (DWAF, 1997b). Oneof thesitesislocated
Apr 7.0 3.0 18.14 7.78 7.5 9.9 on the main Tugela River just above the conflu-
May >0 20 13.39 5.36 o4 5.8 ence with the Bushmans River. The catchment
Jun 3.5 15 9.07 3.89 4.0 4.0 area at this point is some 6 818 knv?, the natural
l 25 10 6.70 2.68 27 29 MAR hasbeen estimated to be 1380 m®x 10°and
Aug 2.0 10 5.36 2.68 2.2 24 | theuseof adigita filtering baseflow separation
Sep 20 10 5.18 259 22 25 algorithm (Smakhtinetal., 1995) yielded aBFI of
0.4. The results of the refinement workshop in
Total 162.00 70.00 terms of the low-flow requirements are given in

the workshop.

Column 6 (MlowZ1) liststhe maximum low-flow valuessimul ated by the
IFR model using the rules as calibrated during the workshop.
Column 7 (Mlow?2) liststhe maximum flow values simulated by the IFR
model using the alternative calibration referred to in the text.

Notes: Columns2to 5 list the maintenance and drought flows specified during

Tablel. ThelFR model wasapplied at theend of
theworkshoptogeneratearepresentative 30-year
time series (1950 to 1980) of flow requirements.
Figure5 showsfour yearsof monthly volumesfor
natural total flows and baseflows, as well as the
low-flow model results developed during the
workshop (Mlow1). Figure 6 compares the an-

100

nual volumes of the simulated low-flow require-

a

ments (Mlow1) with the natural baseflow regime
for the whole period (using two vertical axesfor
clarity).

Column 6 in Table 1 lists the maximum
flows that were simulated by the model for the
workshop calibration (up to 15% greater than
maintenanceflows). Withinthefull 30-year time

Streamflow (MCM)
=
o

4

series, flowsat maintenanceratesor greater occur
89% of thetime, while drought flow rates occur
5% of the time. The long-term mean annual
volume requirement is 174 m® x105 some 7%
higher than the maintenance volume. It is clear
that the workshop participants based their cali-

1966

Four-year time series of monthly volumes for natural total flows and baseflows,
as well as IFR model simulated low flows for the two calibration scenarios
(Mlow1 - workshop calibration, Mlow?2 - revised calibration).

1967

Total Flow

1968

Hydrological Years

aseflow —mm—

Figure 5

Miowl

1969

—=— Mlow2

assurance level and alow drought requirement. The result would
be arelatively low long-term mean requirement. A ‘Tugela type
river (Fig. 4) may have alower rel ative maintenance requirement,
but with a high assurance level and high drought requirement
(associated withthelower CV) givingarelatively higher long-term
mean requirement than for the ‘Luvuvhu’ type. While the high-
flow components of the BBM have not been considered in detail at
this stage of the development of the proposed method, they could
be treated in a similar manner.

It must be remembered that Fig. 4 illustrates only the hydro-
logical perspectiveand neglectsany ecological considerationsthat
might influencetherel ative val ues of the mai ntenance and drought
flows or the required assurance level. While the ecological factors

282 ISSN 0378-4738 = Water SA Vol. 25 No. 3 July 1999

bration principles on maintenance flows occur-
ring with a very high assurance level and the
result is a modified low-flow regime which is
considerably less variable than the natural
baseflow regime (Fig. 6).

The model has been re-calibrated, for the
purpose of illustrating some of the concepts pro-
posed in this paper, to yield a more variable
modified flow regime, but with the same values for monthly
maintenance and drought requirementsand constrainedtoresultin
the same long-term mean annua volume generated during the
workshop. TheresultsaregiveninFigs. 5and 6 asMlow?2. Drought
flows still occur 5% of thetime, but flow rates at maintenance and
abovenow only occur with an assurance of 62%. The constraint of
ensuring that thelong-term volume requirement remainsthe same,
means that the model parameter controlling the maximum low-
flow hasto be substantially increased. Table1 (column7) suggests
that the highest flow rates are now over 50% higher than the
workshop specified flowsin somemonths, but Fig. 6 indicatesthat
the relative variability of the modified low-flow regime is much
closer to the natural baseflows.
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Figure 7 provides flow duration curves of simulated March
low-flow volume requirements (for the two scenarios, Mlowl
and Mlow?2), expressed rel ative to the maintenance requirement
and based on daily aggregated volumesfor each March of the 30-
year series. Thetwolinesonthisgraph canbethought of asMarch
‘rule’ curvesfor thetwo scenarios. Thus, in Scenario 2 (Mlow?2),
flows 25% greater than mai ntenance would have an assurance of
about 20%, while maintenance flows have an assurance of about
72%. Neither scenario suggeststhat afull month of drought flows
(44% of maintenance) is ever achieved.

A further model (Hughes and Ziervogel, 1998), developed
recently, can use the simulated daily time series of the modified
flow regimetogether with the water requirements of other users,
to assess the impact of various operating procedures on the
viability of aplanned or existing water supply reservoir. ‘Rule’
curves of the type generated from the results of the daily IFR
model (Fig. 7) can aso be used in more complex monthly time
step, stochasticwater resourceyield systemmodels(Bassonetal .,
1994) for specifying the volume-assurance relationships for
ecological reserveflows. Theprocedurewould beto comparethe
percentage time of exceedance of naturalised monthly flow
values, a a key point in the river system, with the relevant
calendar month rule curve to determine the reserve requirement
for that month. Although intra-month variability islost (inevita-
blein amonthly time-step model), similar climatic cuesare used
to determine individual monthly reserve requirements as in the
IFR model. WRYM is the model currently used by DWAF for
yield determination in South African catchments and the links
between output fromthel FR model (Fig. 7) andtherequiredinput
toWRY M havealready been made. Thisrepresentsanimportant
stepin that the links between the design of the ecological reserve
(through the IFR process) and the engineering design of awater
resource devel opment scheme should now be possible. It should
also be possibleto quantify ‘ maximum assurance’ levelsinthose
cases where ‘capping flows' are specified by the workshop to
prevent excessively high flows occurring in the regime too
frequently.

From awater resource use perspectiveit isuseful to examine
the consequences of the two simulated low-flow reguirements
with respect to the proportion of the total flow that would be
availablefor other uses during drought periods. Table 2 liststhe
volumes(in m®x 10°and %M AR) of thecumul ativeresidual flow
over thedriest 6, 12, 18 and 24 monthsin the 30-year time series.
Theresidual flowiscalculated astotal natural flow volumeminus
the ecologica reserve low-flow requirement and ignores any
high-flow requirements, which arelikely to be minimal for most
riversduring drought conditions. Animportant observationisthat
thedifferencebetweentheresidual flowsover thefour periodsfor
the two scenarios represents sufficient water to meet the basic
human needs (assumed to be 25 ¢-head*-d*) of between 2.3 and
3.4 m. people. Therefore, the revised scenario has not only
restored some of the natural variability, but also requires less
water during critical periods for the same long-term volume
reguirement as the original workshop scenario.

Discussion

Inpresentingtheir ‘ rangeof variability approach’ (RVA), Richter
et al. (1997) refer to the need to identify the characteristics of
ecologically relevant flow regime attributes and then transfer
these into more simple flow-based management targets. The
RV A method involvesthe use of 32 management targets, onefor
each of theecol ogically rel evant parameters. Whilethisapproach
iswell motivated by Richter et al. (1997), thereislittle doubt that
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TABLE 2
CUMULATIVE RESIDUAL FLOW VOLUMES (TOTAL NATURAL
FLOW - IFR LOW-FLOW REQUIREMENT) FOR DROUGHT
PERIODS DURING THE 30 YEARS

Drought Workshop simulations Revised simulations
duration (Mflow1) (Mflow2)
(months)
m? x 10° %MAR m?x 10° %MAR
6 16.2 12 26.3 19
12 389.8 28.2 421.0 30.5
18 479.3 34.7 515.8 374
24 12334 89.4 1287.0 93.3

Notes: Althoughonly low flowsareconsideredinthecalculation
of theresidual flow (i.e. that part available for other
purposes other than the ecological reserve), high-flow
reguirements during extended drought periods are likely
to be minimal.
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30-year time series of annual flow volumes for IFR model simulated
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Figure 7
Flow duration curves for the simulated (30-year period) March low-
flow volume requirements expressed relative to the maintenance
flow requirement

it requiresagreat deal of both hydrological and ecological data (and
understanding) to apply successfully. The BBM approach, if modi-
fied to incorporate frequency of exceedance (assurance) require-
mentsaswell as existing magnitude requirements, should be similar
in concept but easier to apply both asamethod for setting thereserve
and for managing the system to satisfy the reserve requirements.
Theissue of persistence of flows of a certain magnitude has not
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been considered elsewhere in this paper and yet could be quite
critical to the ecological functioning of ariver. However, asthe
modified flowsaregenerated onthebasisof climatic cues, it canbe
realistically expected that patterns of persistence in the natural
regime will be reflected in the modified regime. It is, of course,
possible for the workshop participants to check such patterns by
viewing the time-seriesresults of the IFR model and adjusting the
rules where necessary.

While the combined use of the BBM and the IFR model may
not constitute such arigorous scientific and quantitative approach
astheRV A, theauthor questionswhether suchrigour isappropriate
given the current level of understanding of eco-hydrological rela-
tionships and processes in South African rivers. The more prag-
matic approach that is proposed in this paper involves an initial
qualitative assessment of the variability that is required, a quanti-
tative evaluation of the building blocks during the workshop and a
final qualitative check that the simulated time series of modified
flowscan be considered suitable. The qualitative assessmentsand
checking canbecarried out throughvisual, graphical interpretation
of simulated time series (from the IFR model) by the non-hydro-
logical specialists, which are then converted to quantitative inter-
pretations of frequency values by the hydrological specialist. The
quantitative magnitude-frequency relationships would then be
used by the water resource engineers to design and implement a
development scheme.

The conceptsrepresentedin Fig. 4 could form the hydrol ogical
basis of the qualitative assessment of assurance levels and are
currently being considered as part of a developing method to set
preliminary planning (low confidence) estimates of the reserve.
The planning estimates need to be based on an approach which is
quicker and cheaper to apply than thefull BBM, but which can still
be considered scientifically justified.

Conclusions

Very little consideration has been given in the past to specifying
assurance levelsfor the various flows quantified during the appli-
cation of theBBM. The problem isthat without such information,
the results of a workshop are difficult to incorporate into water
resource planning or yield models. The development of the IFR
model (Hughes et a., 1997) has partially addressed thisissue, in
that workshop participants can make use of the model to generate
arepresentative time series of ecological flow requirements. The
participants can visually (through graphical data displays) assess
variousalternativesand decideonthe patternsof flow variationthat
best meet their perceptions of what the modified regime should
look like. However, theuseof themaodel at theend of theworkshop,
when the building blocks have already been established, does not
prevent participants having different perceptionsof thefrequency
of exceedance relationships for the components of the IFR. Itis
suggested by the author that any differences in these perceptions
should be discussed and resolved before the flow magnitudes are
quantified.

Therevised simulation scenario presented for the Tugelasiteis
not meant as a realistic ecological reserve aternative to the one
concluded during the workshop, merely as an example of what
could be achieved if the various ecological specialists had decided
to retain a greater proportion of the natural variability of the low
flowsinthisriver. Thewholeanalysiscarried out for thispaper has
been based on a purely hydrological perspective and it must be

emphasised that without theinput of the ecological specialiststhe
results of the second scenario cannot be considered as a viable
practical alternative. However, the water resource planning and
use implications, as illustrated using the approximate quantifica-
tion of the drought period volumes, are such that due consideration
should be given to more accurately and explicitly specifying the
assurance levels for maintenance requirements. It is recognised
that such a task is difficult, given the complexity of natural
freshwater ecological processes. However, it is the author’s con-
sidered opinion that unless attempts are made to addressthisissue,
it will be difficult for the BBM approach to develop much further
andfinditstrueplaceinthetoolbox of applied scientific procedures
that are used to effectively plan and manage the water resources of
South Africa.
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