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Abstract The Sustainabie Rivers Program cstablished by the Mu
sustainability of the riverine environment of the major rivers in

rray-Darling Basin Commission aims o Iimprove the health and
the Murray-Darling Basin. The first phase of this program is

addressing flow-related river health, This phase aims to develop tools o assist in the objective setting of environment flows, based
an the rational (hat in the longer term, the seiting of enviropmental flows should be based upon an understanding of the
environment and its response o Jow. 1t is propesed that the central 0ol be a decision support system (1388). The proposed DES
will therefore mvolve river modelling, and the prediction of environmenial responses to flow changes. The DSS is intended €

facilitate community involvement in the decision making proc

eys. This paper describes the necessary Componeals of a decision

support system to fulfil this role, describes the systemn architecture requis > 1o integrate these components, and discusses & suitable

procadure for the Implementation of the proposed D35,

1. INTRODUCTION

Tn ate 1094 the Murray-Darling Basin Commission (MDBC)
esiablished the Sustainable Rivers Program (SRP) under it
Matural Resources BManagement Strategy, The philosophy
and essential elements of the $RE are described by Banens ¢!
al. (1994) and Banens ef al. (1995, The Program has the
brond aim of improving the health and susiainability of the
siverine environment of the major rivers in the Musray-
Darting Basin, and is © be based upon the definition of
Riverine Management Zones (RMZs), RMZs are discrote
sections of the river and is floodplain which ave able o be
managed as single entities. A classification system for
identifying RMZs has yel to be developed.

The SRP has a mumber of distingt phases; the first phase
addresses flow-related issues of river beaith, Other issues
jmportant for river health and sustainability, such as
improving waler gualily, maintainiog riparian vegetation and
ensuring appropriate foodplain land-uses will be addressed
in later phases of the program.

The principal objective of the [first phase of the SRP is o0
devalop tools to help determine the environmenial impacts of
changes in flow regime. Bebind this ohbjective ltes the
broader, and perhaps more difficult sk, of facilitating an
informed (rade-off process between environmental fow
requirernents and consumptive flow fequirsments.

The ratonat behind the environmental flows project of the
SRP is that in the ionger term, the setting of enviroamental
flows should be based upon an understanding of the
environmeni and s response to flow. There is widespread
agreement  Detween  both the scientific and  waler
monagement commupity that s is hoth appropsiate and
desirable, and this ideal is supporied by the National
Principles recentty developed by ARMCANZ/ANZECC
(1595}, Whether this is fully possible is yet to be determined.
Nonetheless, this can be viewed as the overall goad or task.
The process by which this s achieved however, is less well
defined.

Many of the recent decisions made in Anstralia regarding
environmmental fows could be viewed as being the resuft of a
‘top-down’ decision making process. That is, while they may
or mmay not bave been science-based, they have been
goverament-diiven. The MDBC believes that a “botiom-up’,
or community-driven, decision making process needs he
adopled, and this is also endorsed by the Matiopal Principles.
While thers seems to be agrecment in principle amongst
water managers that this too is hoth appropriatc  and
desirable, thers is also a certain degree of cauton, as the
details of how such a process would take place in practice
hiave not yet been clarified.

“The toots which are approsriate Tor decision making depend
hoth upon the nature of the task and the decision making
process. For completing the fask as defined above, iIn &
bottom-up decision making process, a number of wols are
likely to be vseful. There s a recent hislory n Anstraiia of
the successinl use of decision support systems (DSS) for
assisting in natural FesCUICC MANSEOMONY issues via a
bottore-up approach. For example, D38s have been used in
communily-based catchment management (Young, ef al,
1994). "Fhis history suggests that a IS5 may be one
appropriate (ool for assisting in environmental flows decision
making.

Before n snitable DSS can be designed and buili, there needs
1o be a firmer agreement on, and better definition of, the
decision making process o be adopted. Towever, his does
not prevent us from describing the generai nature of a
spitabie 1SS, and discussing how such a toot might be used.
This is the focus of this paper.

Before cmbarking on ks description and discussion, there
are a number of other important assumplions about the
process and appropriate iools for the determination of
environmental fiows inberent in the SKP, These are:

® copsideration of the impacts of [ow management
decisions on consumptive uses should be made separately
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0 a consideration of environmental impacts. Henee i is
inappropriate for a single DSS o consider both these
aspects. This view is not shared by all State sgency
officers.

# the trade-off between environmental and consumptive
563 is best deall with putside of 2 DSS {ie. the wrade-off
should not be arrived at by computational anatyses),

o information exists 1o eonable the predicion of the
envirommentsl responses 10 flow,

By accepting the sbove assumptions, including the geuneral
notion of a botlom-up decision making approach, one can
proceed 10 design a DSE which:

s maximdses the uotilisation of available  information
refating the riverine ecology and the flow regime,

= provides a  predictive capabéi%ly for  assessing
cavironmental responses {0 fow change,

e [acilitates an adaptive dp_pma(,ﬁ 0 decision making (e,
ong  which can take advaniage of  cioerging
understanding),

= and faciliates community invelvement in the decision
making process.

2. DES COMPONENTS

To meet the objectives of the SRP a DSS will require a
number of basic compopents. These include a model that
predicts river flows, a Hbrary of environmenial models, a
number of databases (spatial and aspatial) and a graphical
user interface. The natore of these components, and the most
appropriate software and hardware (o deliver them stem
largely from the intended nse. The implications of the
intended uwse and the aforementioned components are
discussed below, More details of the gystem architectare and
of what existing sofiware can be wsed (o rapidly develop the
D55 can be found in Young ef af. {19953

Z.1 Intended Use

The intended cominunity wse aud the inention of using best
available scientific ecological information me the most
important aspects of the intended use. The overall intention
is 1 present scientdfically relisble information in an
integrated, understandable and euhanced manner o the
particuiar audience.

Probably the single most importast criterion in designing a
255 is to ensure that it meets the needs and modis operandi
of the gsers, Whilst this may sound seli~evident, il is the case
that many soltware developers, especially  scientifically
trained ounes, produce software that suils scientific rather
than decision maker needs. Thus, scientific complexity and
rigour can be cmphasised at the expense of relevance,
simplicily, transparency and relability,

It has been agreed that the DSS would be used as a part of a
botiom-up decision making process. That i3, the emphasis
should be upon use with community groups. U is lkely that a

decision  making  group would consisi of  community
representatives assisted by technically traioed stalf from Stae
agencies. The communily represenialives would probably
inclade  local  government  represemiatives,  TOM/ACM
merabons,  ropreseniaiives  of rural  production  groaps
{especially those that rely directly on river water) and
representatives of local environmental groups. 10 wounld be
reasonable 10 asswme that few of the nop-agency people
woukd understand traditional hydrologic representations such
a8 How-dugaiion curves. Insicad they would sxpect impacts of
2 particular fiow teghme on the eavironment o be
represenied o more understandable terms. These could
mclude  colowrcoded  maps and sifn;)ie graphical
represenintions of eovironmental indicator values, as well ag
qualitative assessments of river healih {ac ‘Mt.lwzzmzu, degraded,
10y,

is himhf that it w §! dlS(! be used in-house by Stade agency
officers, While 1he nature of the cuiputs described above
would certainly be useful to this audicnce, the ability to
present more numerically detdled information wonld also be
advaniageous, This might inclode graphical oniputs of the
type comumonly used by ecagineering hydrologists (fow
duration curves, Hme sories plois etc.), a8 well as statistical
information describing confidence anits on resulis or
expected temporal variability in mode! predictions, Thus. two
wvels of presentation of model predictions are envisaged.
e will be almed at hydrologically trained users, the sceond
will Be aimed al community participants al workshops.

ft is envisaged that community workshops will be held in
towns  theoughont  the  Murray-Darding  Basin using
computing squipment cither commonly available in those
wwns or able 0 be provided there by Departmenial officers.
IBM-PC computers are the standard equipment in most
regional offices and would be the preferted eguipment for use
in the workshops. Windows 3.1 or 3.1 are the ocwrent
standard operating systerms for these computers. 1t is possible
0 use a clent-server structure whereby the main DSS and
models are run on a contral compuler {ofien a UNIX
woikstaton, and the ic‘r"d PO provides a4 convenient user
iorface. This  architecture  1s  becoming  increasingly
commen as i ocan deliver u}msaﬁ{:;';;ﬁm COMPULNE DOWED o
remole  sites. However, 31 is depeadent on reliable
communications between romole and central sites, and Iy
somewhat more complex o set np than  stand-zlone
computers, This archiiccture I8 not recommended for the
CHETCnL  Sysiem, "'Qaiizeg ase of a stand-alone [BM-PC
computer i suggosiod

=Ry

2.2 River Model

The river model uvsed may be a waler balance model,
hydrologic model or a hydraglic model. The differsnce i
importaat in the context of designing a DS3 with certain
pregictive capabifities. The need for g hyvdranlic model will
depend  upon  the  date requirements  of  available
envirenmental models. s likely thal while some hydrauhic
data will he required, the coro modal of the DSS will be a
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hydrologic model of the RMZ, with hydracHe modelling
restricted (o ‘represeniative sections’. Within the Murray-
Drarling Basin there are a number of river models currently
used by State agencies. These inclade:

s the daily hydragiic Lower River Murtay Model (LREM),

e the daily hydrologic Integrated Quantity-Quality Model
(1Q0QM),

s the monthiy water balance Resource Allocation Model
(REALM),

& the water balance Monthiy Simelation Model (MSM),

+ the daily hydrologic WARWSIM model,

v the monthly Water Allvcation Model (WAM).

From a software development perspeciive, these would
ideally be reduced to just one model for use Bagin-wide.
However, for a nuinber of reasons this is onlikely, The
resource investment in developing and calibrating the
different models in different parts of the Basin bas been
significans, and irrespective of what model{s) are used in the
poposed D58, ageacles will continue W use thelr own
models in-house for various investigative purposes.

LRMM is the best suiied w©  envionmentl low
investigations as i is a hydranlic model, but it s only
applicable o the Jower river. IQQM, while not providing the
hydraulic detadl of LRMM, does provide daily fow
predictions, and of the models used in the upper river basin
is cortainly [he most amenabic o use in environmentsl
investigations. Use of monthly flow models (eg. MSM)
would severcly Timit the range of ecological tools that can be
ugedd.

The decision of which model(s} to use should be determined
by the reguised inpuls to cnvironmental models. However,
the exira data nesded 1o run daily models {over monthly) or
hydrantic models {over hydrlogic) will often be nnavailable,
and the calibratios of more detailed models i3 always time-
consuming. it is therpfore most Hkely (hat at least initially
monthly water balance models will need fo be used, The DSS
architectare will therefore need 10 allow for the substitution
of different core river models.

This factlity however, needs be kept relatively simple. Hach
model can be tun for the fime period, and over the RMZ of
imerest, independently of the DS, There is no noed w0 have
the other  DSS  components  dnleract  with  the
hydrologic/hydraulic model whilst the Jatter is running. The
outpizt file of flows and water quality at each prediction point
can then be taken as au input to the ecological tools, The
major purpose of the interface between fow models and the
1388 would be to bandle the differing cutpat formats of the
hydelogic/yQraulic models, It is possible that the necessaty
hydrotogic outputs will vary from one RMZ to another
depending on the particelar environmental models which are
1o be used. To avoid this, it will be necessary 1o compile a
comprehensive  Hst of the aseful bydrologic  output
parameters. These would form the basis of a standard file
format for input to the PSS,

It was recommended above that client-server architectures be
avoided. Thus the hydrologic models would need © be run
on the computers being used at the workshops. One sofution
would he to have each model run independentdy of the DSS,
using whalever user interface comes with the flow model
This would need hydrologically trained staff fo be in
attendance, as the local commaupity members would be
nnlikely 1o be able to set up and operate the model relevant o
their RMZ. A better solution would be o write & common
wser inlerface for ail the hydrologic models, that was
specificatly designed for community use. This would De a
part of the D8S interface, and would replace the existing
interfaces nsed by the flow models.

There are no hydranlic models in use in the Basin upsircam
of Lock 10 on the Murray River. Hydrologic models can only
nrovide very limited hydrastic informaation, and so for RMZ7s
in this part of the Basin il may be possible o use Oulpuis
from a hydrologic model as inpuis o a hydraulic model of
some representative sectiond(s) and sensitive covirpnmenis of
the RM7Z. Exampies of the later include wetlands, recreation
areas and bird breeding sites, Hydraunlic modelling may be
vndertaken for the instream enviropment, and/or the
fiuodplain environment depending upon the indicator species
of interest. Insiream hydraclic parameters of interest include
depths and velocities {and their spatial distribution), and
possibly bed and/or bunk shear stresses.  FPloodplain
bydrawlics will be mainly concerned with depths of
mundation, and the spatial and temporal distribution of
floodpiain inuadation.

Hydraulic models will require additional data. These Include
channel cross-sections and possibly roughness Tactors for
fnstream  hydraglics, and  floodplain  topography  for
floodpiain hydraulics. Ouiputs from the hydrasiic modeis
could then be used as inputs 1o ecological wols, such as the
nabitat simulation models incorporated in the PHABSIM
software {Bovee and Mithouse, 1978). Local knowledge of
typical river seoion shapes and bed characleristics may be
available, which can provide estimates to drive such
hydranlic models, The accuracy of these dala nceds to be
recorded  and  Uransiated  ito errors i the  resultng
predictions.

_ocal hydrofogic knowledge may also be available. This may
enable {for instance} relating stage height al gaoged sites, ©
siage heights and exient of innndation at ungauged sites of
coological iterest such as {loodplain forests and wetiands.
These relatiopships can be represented as cither simple
mathematical response functions, or as sets of roles. Use of
this type of information extends the range of possible inputs
for coological wols from those fypically available from
hydrotogic models built primarily for engineering purposes.

A necessary compouent of the modelling system will most
likely be & water guality model or models. These witl also
provide inputs o the ccological models {eg. DO,
temperature) or provide usefnl swrrogate indicators where
cealogical models do uot curmrently exist. The water guality
parameiers which should be modelled wilt be those reguired
as ipuls 1o existing ccological models. Some of the river
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models, such as IQOM, have water goality compouenis
already available. However, in some cases, 1 will be
necessary 1o provide separate models for this pumpose.

3.3 Environmental Models

Oue major objective of the proposed DS is 1o provide a
means ior  incorporating  best available environmental
information into the process for seiting environmental Mows.
The intention is therefore to make expliclt (or as cxplicis as
possible) predictions about the envirormentsal impacts of flow
manageiment scenarios. This Is what distingusishes 1he
proposed DSS from previouns integrated siver modelling
tools, where the environment has been zopresenied by ihe
fiow requirements considered necessary o mainiain habitas
for specific fish species.

Malking environmental impacts explicit will require a library
of environmental models, The Hbrary will primarily contain
ecological models, but may also conlain geomorphic models
because of the importance of geomorphology 1o the concept
of river health. In this paper we confine the discussion ©
ecological models.

The term ‘model’ is used to describe any module which
predicts the response of some syslem or part of 4 sysiem o
some change. A simple dichotomy &8 0 distinguish process
models from empiricat models. The fommer represent models
that are built on an understanding of wndedying procssses,
whereas the latter are sinple models representing observed
(but not vnderstood) relationships. Bmpirical models are
normally developed hefore process models becagse they con
arise from a preliminary apatysis of field data. An important
assumption for the DSS design is that the understanding of
flow effects on the siverine coviromment is so limited that
most models that will be included are Hkely 1o be empirical
rather than causal. The feasibility of the 1SS depends on the
existence of such models, and its usefulness depends 10 some
extend on the sophistication of these models.

‘These models can be either quantitative and qualitative. They
we likely 1o be quite simple; being in mosi cases responss
functions of the different parts of the envircoment o flows,
Some of the knowledge aboul a particuiar RMZ can be
incorporated into the Hbrary of environmental models prior
o a commupity workshop; for example, understandings
arrived al by an expert pancl (Cross of al, 1994) in that
RMZ, Some of this prior knowledge may be common o 2
namber of RMZs, coming from experimental work believed
10 be relevant t0 broad sections of the Murray-Darling Basin,
However, it is exiremely important that local information is
also sought and used in these ccological models. Mot only
will this increase ihe souse of involvement by local
communities in cach RMYZ, bul will supplement gaps in the
cientific information. For example, the extent of floodplain
inundation by flows of a particaiar size may be known 10 the
focal community of a particular BMZ,

In addition 10 2 Hbrary of prior ecological models and the
inclusion of local knowledge, a detadled knowledoe-base of

general scological information (related 10 fows) could be a
part of the D55, This would provide a valuable resonrce {and
education w00l) for workshop participants w use (iogether
with local knowledge) when  selecting and  defining
ecclogical models appropriate 1o a particular RMZ. As an
education 001, i may even be beneficial v incinde
photographic and video mages in the knowledge-base. These
visual images could be most valuable in developing an
understanding of the nature and [uactioning of specific
cavironments such as the extent of fAsodpiain inundation
during floods.

For a particular location then, the ecological models used
wiil be a mix of those selected from a preloaded library, and
those defined in the worksbop asing local kmpwiedge and
information contained in the knowledge-base. They will also
be a mixtwe of gualitatve and guantitative models. Given
this diversity of information it Is very unportant that scurces,
rediabilities and relevant qualifications be recorded and mads
available to decision makers when the models are used. This
is not normally done with scientifically developed mondels,
leading them o ascguire an ayrp of accuracy often not
deserved. The models in this lbrary must be much moe
wramsparent and gqualified than most conventional models.

2.4 Proposed DSE Arvchiteciore

Pigure 1 shows the proposed struscture of the DSS
incorporating the components discussed above. The fow of
mformation and control within the DISS is deseribed below,

The alierpative river models are shown al the top of the
diagram. The proposed operating rules for reieases from
storages and extractions from the river would be input 1o the
modet that was calitraied for a paticular RMZ, and the
mode! would then be ran. The model would produce a file of
daily {or, in the cases of MEM and REALM, monthiy} flow
anc water guality data at reportdng points within the RMZ,
The reporting points would include gauping stations and
environraenially seositive polnts within the RMZ. These flow
files would be stored in a standard format irespective of the
rver model being used, Thiz may involve a modification to
the ontpul routines of the river models. This shovld not he
difficulr, but will reguire a comprehensive suite of the
ecologically relevant flow parameters © be identified. Many
of these may reguire statistical analyses of outpul flow
records; for example, 0 assess frequency of flooding on the
far flocdpiain,

The flow file would then be suppiied w0 2 local hydraudic
model of the type presently used in PHABSIM o produce
hydrawlic prodictioas for representative instream sections of
the BMZ. These predictions would include instream depths
and veloCites and thelr spatial and temporal distribution.
The hydraulic model will require river cross-sectional data
and these dala may not be available for all locations of
inferest iy the RMIZ.

The use of local kmowledge and/or data frum remole sensing
ant GIS o model floodplain hydiaulics is proposed. This
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will be used to estimate the extent and duratien of Joodplain
inundation based on the predicted flow at gauging points.
This would provide essential information about the near and
tar floodpiains. This component of the DSS is shown behind
{he hydraulic models in Figure 1.

The ceological modets in the moded library at left of Figure 1
include both the results of scientific input acquired prior w a
commanity workshop, and the informagon provided during 2
workshop, The former would typically come from expert
panel assessments and geoeral scientific understanding; the
latter from local experience shout environmental responses ©
different flow regimes. These models would be writlen a3
cither coniinnous response functions, of 2 set of rules
describing the response of different parts of the ecology
flow. The mode? input shown at the top of the model library
is the mechanism for adding new models or modifying
gxisting ones.

The knowledge base shown below the ecological models
containg information 0 be used during a workshop by
comimunity participants. 1t Is not directly connected 10 other
parls of the DSS. Rather, it provides a repository of
background information, useful when local ecological models
are being added. Information i the kmowledge base may
include text, graphs, pictures and perhaps video files. The
knowledge base will expand as new kaowledge i3 acguired.
"This component is not essential in the first version of the
55,

The ecological models would take the flow and waler quality
predictions from the hydrology model, and the extent of
[ooding and (if available) river hcight and  velocity
information from the hydraulic model and predict the
ecclogical responses. These rosponses would be provided as
values of a nunber of ecological indicators.

The user interface receives input from both the ecological
models and the hydrology/hydraulic models. Eeological
indicator values could be superimposed on a map of the RMZ
1o indicate the spatial variation. The outputs of the bydrology
model would be developed from the standard flow daia file
which could be summarised as graphs or relevant statistics.
The mnceriminly attached (o the prediction of ecological
responses and other pertinent information {traccable 1o
sources such as ouicomes of experl panels or the knowledge
base) wouid also be available to the users.

The GIS is shown to the right of Figure L It is not an
integral part of the 288, siace it is unlikely that spatial dala
analysis funcdons, such as overlaying coverages (which
npcessiates  coordinate  geometry calcalations), will be
required for the ecological modeliing. Visual map overlay
fusictions may be fequired for output displays; these can be
handled by mapping software within the DS5.

-
HQOM
Beologieal Model Library
Model Input Standard Flow Fiig
S § (318, Remote sensing,
+ .
Prior Loca Local 1
Models Models Local mpul. { | GIS
Hydraalic i
dodel
User Interface
Heojogical T
inowledge base

Figure 1:

Proposed D83 architeclure
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The $IS will provide a range of spatial input data for use in
the ecological models. In addition, it is lkely that ecological
model outputs will be exporied back to the (IS for storage,
wse in other investigations, or for producing quality hard
copy mmaps of scenario results.

The sort of information fikely 1o be stored in the GIS include:
floodplain topographic data for floodplain hydraulics, extent
and location of bnpostant weilands and floodplain forests,
and information derived from monitoring describing the
corrent environmental condition of eack RMYZ. Ideally, the
current condidon would bs assessed in teoms of the same
indicaiors used in the predictive modelling. This would allow
for comparisons 0 be made between likely fulure state and
current state, as a means of assessing the magnitude and
direction of change.

1t is assumed that hydrology models such as 10QOQM bave
been calibrated in advance and o will not need aceess to (IS
data, such as land-use, during the community workshops,

Only mapping and display would be reguired as functons of

the DSS, This can easity be achieved with muapping software

o the PC,

3, DDE IMPLEMENTATION

Dofore o full “functonal definition™ of the D85 can be
achieved a better definition of the decision making process in
which the D88 will be ssed is required. The specific
questions o he answered are!

e how will the (rade-offs between competing water uses
take place? Both within a RMY and across the Basin.

e how will the downstream implications of proposed flow
management decisions be deatf with?

s who will use the proposed DES7 (commupity groups,
Statc agency staff...)

s in what situation will the DS5 be used? {workshop,
regional offices, Head Offices..)

Tn addition, for the proposed 1355 to adopied, there will need
0 be widespread agrecinent on the details of the decision
making process, and how these will be achieved, Much of the
current confusion and disagrecment over appropriale “tools”
and “techniques” stems from the lack of a well defined and
widely accepled decision making process.

It 15 proposed that to develop and refine the decizsion makiang
process, and o provide the focus for the development of the
1388, an initial case stdy be undertaken. Examples can be
cited of piiot studies 1o trial DSSs where, for expedicncy, the
appropriste decision making process has been short-cut,
Experience shows this oftes does more harm than good for
acceptance of the ool Trialing the D85S within a decision
making process that is agreed to be feasible and appropriate
Basin-wide is therefore important.

The general steps shounld be:

1. Select the BMYZ for the case study. The site should be

one that is ‘typieal” in terms of data availability,

eavironmendal sensitivity and public concern. Selection
should be made in consultation with the relevant State
agenc

Establish a worldng group of stekeholders and decision

makers. This step is oritical, and there should be detailed

discussion  with TCM/ICKM  groups, lamer  groups,
snvironmental gronps and local government bodies. This
is where the education begins, and so initial discussion
should Tocus on the real and percetved problems relating

o flow management, iacluding environmental damage,

irrigation supply security, and public health and

recreation.  Initial  discussion  shoold  familiarse
stakeholders with the IS8 and s capabilities.

3. Identify and assemble the available data for the RMZ.
fdentfy generic ecological models applicable 1o the
RMEZ.

4, Hold an isitial workshop o present available data and
knowledae, ddentily specific issues of concern {particular
species, of environments eg. wetlands) and decide upon
how o quickly obtain datg/information on these specific
issues. This may inchude assembling an cxpert pauel ©
provide advice, underiaking a ‘snap-shot’ survey of the
coological status of the RMY, acquiring data for
mstream and/or floodplain hydragtics {channel cross-
sections, foodplain wpography).

B2

3. Acguire and process these additional da,

6. Setup and calibrate the fow model for the RMZ.

7. Hold a second workshop to preseat data and information
from 4., 5. and 6. The expert panel should be in
attendsnce fo assist In the development of local
ccological models, and {0 belp capture and interprel
local knowledge of coology andfor hydeology  (eg.
finodpiain tundation).

3. ldentify the range of possible llow management

scenarios, This should include the current sttuation, the
‘do-nothing’  scenario, pogsible  fdure  changes in
ailocations, both considering increases and decrenses (o
consamptive use.

9. Tunthese scenarios through the flow model and produce

the necessary ouiput fow file(s) {or input o the 388,

10, Hold a third workshop to investigaie the environmental
inpacts of the range of scenarios. Observation of
envircnmenial responses may lead 1o moedification of the
locad ecological models, Siakeholders will need to ramk
{assess relative merit of the varions scenarios i terms
of environmental accepiability.

. By ihis stage an informed trade-off can commence. The
details of how this will occur are yet to be setlled. In
particular, the issue of how local (RMY) objectives are
reconciled with catchment and Basin-wide objectives
needs o be addressed,

ok
oy

In the above procedurs it bas been asswmed hal & range of
seenarios would be run prior 1o a workshop. This redaces the
ability to ileractively Investigate differept sceparios, bul
avpids the problem of long run-times for ihe fow model
However, depmﬁdmg on the scale of RMZs, it may well be
possible 1o run the flow model in the workshops zwd 5o alloy

“Hne-tuning” of seenarios within the workshop, This would



require agency staff familiar with operation of the model to
be present to run the scenarios of interest. I run-times prove
1o be restrictive, it may be necessary {0 ron {Wo TSCERario
workshops', so that attendees can propose New sCenarios on
the basis of the results from the first sel.

Fven while a case study is in progress, attention needs to be
given to the compilation of a comprehensive Basin-wide
imowiedge base of environmental flow relationships. Tais
information will form the basis of the ecology models (both
generic and local) which provide the predictive ability of the
DSS. This ability is central to the philosophy of this
approach and assembling this knowledge is thus critical w0 i3
success. Discussions with ecologists have led o the belief
that such information is available al least in qualitative or
simpie guantitative form. However, the defensibility of
predictions will depend directly on this knowledge, on its
ievel of accuracy, and on how well the complexites of
ecosystem response are understaod. This includes identifying
and undersianding confounding factors, understanding both
the spatial and temporal variability of ecosysiem responses,
and understanding ihe inferactions that stem from high
species diversity, complex food webs and highly variable
frydrofegy. The belief gniding the design of the DSS is that it
is possible 1o explicitly predict the environmental effects of
different flow management scenarios using simple models.
This would represent a significant step forward in planning
the availability of waler for environmental needs.

To this end, it is steongly recommended that the available
knowledge o form the basis of simple prediciive ecologica
madels be compiled into a uscable form, This should be done
with guidance from the DSS developers (0 ensure that the
kmowledge is provided In an appropriate form for inclusion

Lol sl TDEE
iaio the Dhh,

4. COMCLUSIONS

To facifitate the objective selting of environmental flows a
DSS is w be developed which explicitly predicts the
environmenial  effects of  different flow management
seenarios, The DSS will bave as #ts core a river flow model,
which will provide iapuwt t© a number of simple
environmental models. The D585 will be a fexible and
adaptive modelling tool, and is intended to {acilitale
cormmunity dnvolvement in the setting of envirommental
flows for the major rivers of the Muormay-Dazling Basin.
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