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Abstract: The South Creek catchment with an area 626 &omfronts increased competition between potable
water, irrigation and environmental flows. Petain areas also generate a large volume of effahstormwater
and can often meet some or all the irrigation awistrial water needs provided adequate infrastrads available.
An adequate harmonisation of these multiple supg@i®d land use using a total system analysis apipileads to a
better understanding and evaluation of the linotatand opportunities to enhance the overall perdoiga of the
system. This paper descriers the developed modditamework to simulate water supplies and foredafstre
demands and integrate supplies and demands imfjvdater allocations with different climate charge land use
scenarios. The integrated model is applied to thetSCreek catchment to plan future land use artdrvgaipply in

an environment of water scarcity under system haisation water resources management concept.
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1 Introduction

Research and development in water resources maeatjersually involves separate investigations into
technical, institutional, environmental, and soapheres; however, with a primary focus on technica
aspects. Hard-engineering solutions were implendentéhout focusing on overall economic and
environmental impacts, or the social implicatioesaxiated with these projects (Spingate-Baginsal.et
2003). With increasing sustainability discoursesréhis a realization that the technical aspectwaiér
resources management need to be addressed wiimthediate understanding of environmental and
social interactions for successful developmentamlication of potential solutions.

Through this research, an attempt has been madieutelop an alternative to past approaches for
achieving more effective, equitable and efficienatev resources management in heavily stressed
catchments such as Western Sydney’'s South Creathi@ant. Different demand management options
were explored from a multi-disciplinary perspectiderough a concept known as ‘System
Harmonisation’. System Harmonisation involves adslireg the hydrological and economic impacts
arising from alternative planning and managememisitens, as well as identifying and including all
affected social, cultural, institutional and polisgues to maximise benefits across the system.

Development and management of catchments requireittinost cooperation between all stakeholders
involved, be it a single urban dweller, a farmevygrnment, corporate or academic (Prato & Gamini,
2007). The main aim of this research is to develalynamic generic tool for integrated water resesirc
planning and strategy development in peri-urbanddaapes using water resources and economic
principles assessed from a social perspective. tbheis adaptable across peri -urban Australia and
beyond. The study area has been scheduled fofisgm land use change due to future development,
where a rapid and substantial increase in urbarazeds will be seen; however, maintenance of water
supply for existing farmlands, industry, recreafiand environmental services has been highlighted a
integral for sustainability of this catchment.
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2 South Creek Catchment

The South Creek Catchment (Figure 1), located aqpidely 50 km west of the Sydney. It is a sub-basi
of the Hawkesbury-Nepean Catchment. This catchmecdmpasses diversity with a mix between urban
and  agricultural uses, industrial
commercial and services-oriented lan
use, as well as dedicated recreation ari
and various other open spaces. It
approximately 620 kfmand falls within
portions of 8 Local Government Area
(LGAs) or councils: Baulkham Hills,
Blacktown, Camden, Campbelltowr
Fairfield, Hawkesbury, Liverpool, anc
Penrith.

{

Exiting population in the catchement, as - /' _
2005, was approximately 390,000 peop! -
With  current  urbanization plans
population is expected to reach or
million 2030. In addition, greenfield
development plans are expected to res
in dramatic changes in land use (Re :
2007). There exists the need f; 5 i ‘
integrating water management approact _. :
thatg congsiders syste?n Waterppsuppl, Figure 1. South Creek Catchme
demands, economic impacts of change, as well aslbwdfects on social, cultural, institutional and
political realms.
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3 System Harmonisation

In response to an increasing need and support fioora integrated approach to sustainable use df lan
and water resources in Australia, the CooperatieseBrch Centre (CRC) for Irrigation Futures has
developed a framework (Figure 2) that seeks tadligg physical, economic, environmental and social
components of water resources management. Systemddisation is a framework described by Khan
et. al. (2008), that seeks to align all componehtsater resources management to generate andatealu
more appropriate solutions in a transparent manibdras been recognized that a multi-disciplinary
approach is ideal for water resources managemérdrelsy each component be assessed on its own but
all elements come together in the overall systeaméwork. The main strength of this approach is that
plausible scenarios, developed through extensiei&ehlblder consultation and social research are
evaluated and compared.

The South Creek Catchment will be modelled basethenSystem Harmonisation method to generate
potential solutions for its future with respect meanagement and development of water and land
resources. Furthermore, to simulate managementdamdlopment scenarios for water resources with
regards to supply and allocation, to assess pateztbnomic benefits, as well as the social impatts
each, alternate scenarios can be compared aga@strmther in order to help with the decision mgkin
process.

The Social, Cultural, Institutional and Policy coonent of the system harmonisation program seeks to
assess all identifiable social facets that willeeff or be affected by any change relating to water
resources. It is important that these componeetscdnsidered in order to maintain transparency
throughout the process, and to mitigate any pakmrtkternalities that could arise without such an
evaluation.
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Figure 2: System harmonization concept

The products and markets component of System Hasation derives values for all uses of water in the
system, drawing off outputs from both the waterleyand SCIP research. This method is a means by
which impartial and comprehensive evaluation isdemted across a number of regions with a variety of
uses of water over a lengthy time period. Thescasd benefits of reallocating water are assessed f
society's perspective, and are eventually usedviduate scenarios developed by the catchment's
stakeholders.

4 Water cyclemodeling of the South Creek catchment

The water cycle research consists of three comperdasigned to describe the physical system and its
conceptual hydrologic modeling framework. Firsi identification of the conceptual system forms the
basis for the quantification of the water balarf@econd, a critical water accounting process octhats
allows the key stocks and flows in the system tadeatified and quantified and provides the data fo
calibration and validation of the various modekhird, models are developed and applied to evaluate
alternative water strategies defined by the stakiehs. Following three main modules are the
components related to South Creek water cycle nragltsk.
(a) A distributed hydrologic model capable of reflegtithe impacts of spatially distributed land use
and climate changes on runoff ;
(b) A demand module to estimate water demand for plaltises including primary production,
public open spaces, industrial, domestic and enwient; and
(c) A water allocation module that routes quality sfiecivater supplies and demands based on
agreed supply priorities.

In order to properly model a hydrologic system, idaration need not only be given to surface water,
but also to groundwater, existing land and waterpractice, as well as historical data concerniimgate
patterns. Future available water resource wergegier using the expected change in land use and
climate using the distributed hydrological model.

In the research, water cycle research consistw@fstimulation modelling tools: BTOPMC (Block-wise
TOPMODEL with Muskingum-Cunge flow routing), a dibuted hydrological model to capture the
impact of land use and climate changes over thehoant and to assesses available supply, and REALM
(Resource Allocation Model) — a water allocationd®lboto link multiple sources and multiple users of
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water as constrained by water quality and
specn‘lt_: I.eglslatlon. Hydrologlc Hawkesbury L GA i
modelling drives the overall modelling

framework, as its exogenous changes in

the allocation of water to different
sectors and regions vary per year. The
output of the hydrologic model is input

to the economic model. Changes in flow

of water govern the flow of net economic Penrith

benefits (Davidson and Hellegers, 2008). L GA

Modified BTOPMC, a rainfall-runoff ;. oo01 ga i‘ v é{
simulation tool, is used in an attempt to N

discuss the influence of land use and Blacktown L GA
climate changes with respect to water

resources and discharge in the South —>— Potable supply pipes
Creek Catchment. Developed at the i —>»— South/ Eastem creek
Yamanashi University (Japan), Demand Centres

BTOPMC is a physically-basedCamden Primary Production
distributed hydrological model based ofr®A -

block-wise use of TOPMODEL with Residential Outdoor
Muskingum-Cunge flow routing method f
that can be used for runoff simulations in®
different size of watersheds (Nawarathna

et al, 2001).

Residential Indoor

Public Open Space
Golf Course

Supply types

' STP effluent
The REALM package was developeg i icwater <7 etormwater

and tested over many years by th@pply source =  Groundwatel
Victorian Department of Sustainability
and Environment in close conjunctioﬁ
with its major users. It simulates water resouristriution in a defined area. It incorporates legting

and bulk distribution based on allocated supply daechands using mass-balance accounting at nodes in
conjunction with a linear optimization algorithmurfthermore, it operates on a set of user-defined
penalties, which act as constraints to generatdtseleading to preferential resource use (Perem. e
2005). Allocation modelling is a very valuable tdot planning in a catchment, whereby outcomes of
alternate management scenarios are observed. REsdftMare can cater to environmental flows, issues
relating to water entitlements and allocation, fatgrowth in any or all sectors within the studgaar
Modelling a catchment in terms of resource allaatis a means by which future system requirements
can be forecasted.

igure 3; Schematic of the study region in REAL

REALM equitably allocate and distribute water resms in the South Creek catchment based on
scenario-specific supply and/or demand and on Esttald operating rules developed through stakeholde
consultation. A schematic representation of thetls@reek catchment, as built into the REALM model,

is presented in Figure 3.

The supply sources in the South Creek Catchmehtdacpotable water, surface water, groundwater,
treated effluent and treated stormwater. Demand®sifiential indoor and outdoor, industrial, prignar
production, open space irrigation, golf and envinental flow are included. Demands were determined
based on land-use details, population trends, diienesmmercial and industrial consumption recoess,
well as advice from the New South Wales DepartnoérRrimary Industries (NSW-DPI). Zoning of the
system into demand centres, and determining watguitements of each must be determined prior to
allocation modelling. Because each zone will hagaunique supply and demand, and it will therefore
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have a unique allocation. What makes the SouthkGraeshment modelling exercise a unique one is that
it has been zoned based on political boundaridsjeteby LGAs. Five zones have been identifiedhia t
South Creek Catchment (three of the LGAs in thetoatent have been included in the more prominent
LGASs):

Camden (= Camden + Campbelltown)

Liverpool

Penrith

Blacktown (= Blacktown + Fairfield)

Hawkesbury (= Hawkesbury + Baulkham Hills)

aghrwbdE

5 Scenario development

The scenarios for the south creek catchment magl@ilisted in the table 1 were developed through
extensive stakeholder consultation. Developed aien are of interest to the stakeholders in thettso
Creek catchment and the policy makers at a widesl i the Western Sydney Region. These scenarios
revolve around the need to assess future urbantigrdate harvesting of stormwater, the treatment of
effluent and the impacts of the Smart Farms programio main land use change scenario namely natural
growth and growth centres are described below.

Table1l: Stakeholder driven scenarios of the study region

Stormwater harvesting
Smart Effluent Public Industrial | Residential
farms reuse Open Outdoor

Land use

Natural Growth
Growth predicted to remain
constant in future

Growth Centre

Two Growth centres are
considered for future developed jn
addition to the natural growth

Use of stormwater to replace potable

Use of stormwater to replace potable
water in various industries

Use of stormwater to irrigate parks,
golf courses, sporting fields and
water for outdoor use

allocated for outdoor use, agriculture
reserves

Increasing water use efficiency of
irrigated agriculture across the
wastewater treatment plants will be
and open space irrigation

Catchment
High quality effluent from

5.1 Thebasdine scenario: Natural Growth

Initially, a baseline will be estimated that besgpnesent the 'as is' conditions in the study arles. means
that some idea of the conditions and urban groatesrover the next 25 years is required. Congtigict
this baseline scenario requires extensive dataata@h prior to model construction, which in tus i
followed by an arduous process of calibration amdidation to ensure its representativeness. As
suggested above, the baseline scenario is argtlablynost important scenario estimated; as it besome
the one upon which all other scenarios are comp@ared

It is expected that the existing population of apgmately 392,000 in 2005 will reach 1 million b@30.
Plans for urban development are well under wayha $outh Creek Catchment. For the baseline it is
assumed that the number of dwellings will expawnf©1,650 to 155000 in the catchment (see Table 2).
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Most of this growth will occur in the already helgvbopulated region of Blacktown. Growth rate were
calculated based on the derived land use map fturalagrowth 2030 and growth centres 2030. Of
interest is the annual growth, and it is assumatlttie growth occurs evenly over the period in tjoes

Table2: Expected total Number of Dwelling and populatiorsouth Creek catchment by Local

Government Area under natural growth

Region Number of Dwelling Population
2005 203( 2005 203(

Blacktown 55400 98100 204980 363000
Camden 1760 2900 6512 10800
Liverpool 2070 3900 7659 14500
Penritt 2485( 3760( 9194 13920(
Hawkesbury 7570 12500 28009 46300
Total south Creek] 91650 155000 339109 57380

5.2 The development of urban growth centres

The South Creek catchment has been identified asregion where Sydney's future growth urban
development should occur. In this scenario it ismeted that the population will rise to just under
million people and have nearly 269800 dwellingse(3able 3). It is not only Blacktown that grows
markedly, but also Camden and Liverpool. As with pinevious scenario it is assumed that the populati
grows evenly over the 25 years in question.

Table 3: Population growth and the increase in the Nunolb&wellings that May result from the
Growth Centres Policies of the NSW Government intB&reek Catchment

Region Number o Dwelling Populatiol
2005 2030 2005 2030

Blacktowr 5540( 11330( 20498( 41950(
Camden 1760 57500 6512 213000
Liverpool 207( 4030( 765¢ 14950(
Penrith 24850 43400 91945 160500
Hawkesbur 757( 1530( 2800¢ 5700(
Total south Creek] 91650 269800 339104 99950

6 Resultsand Discussion

Through various simulations, a hydro-economic assest can be useful in determining whether or not
the implementation of particular management schewiksesult in an overall net benefit (or loss) to
society. In this section summary of the hydrolojassessment results related to change in potadiier w
supply demand and stream flow at the outlet ofstingth creek catchment in each scenarios are pessent
The scenario results are compared with baselimgasice (one in which natural population growth asds

to occur, but nothing else).
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Figure4: Average change of potable water demand with respduaseline

Figure 4 shows the average potable water savinthéoperiod between July 2009 to June 2030 by water
management options like smart farms, effluent rearsg storm water harvesting in comparison to the
baseline scenario. As the population increasesabpmtwater demand is also expected increase
significantly in the growth centres land use chasggnario. Reusing the treated effluent to irrigatblic
open spaces, golf courses, agricultural lands andioor can save water on average 2.6 GL per yimar.

all the other water management scenarios the potaldter demand is not decreasing with the
introduction of growth centres. However a significeeduction of potable water demand can be acHieve
by using stormwater for industrial and residenbatdoor. As the primary production demand is not
significant compared to other demands, potable mséging by the reduction of primary production
irrigation demand by 10% in the smart farm scersahias not reduced the potable demand significantly.
However it will reduce the surface and groundwabetractions from the catchment and increases the
stream flows.
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Figure 5: Average change of the South Creek outflow with eespo baseline

Figure 5 shows the average change in south crefliowdor the period from June 2009 to July 2030 fo
each scenario with respect to business as usualafasatural growth. Both in smart farm and effluen
reuse water management scenario have increasedvéredischarge at the catchment outlet due to
decrease in surface water extractions. Howevemstater harvesting scenarios reduces out flows
significantly. In the water allocation modeling ntbly minimum flow requirement were set with highes
priorities to maintain environmental flows of eatlsA. Stormwater can be harvested only after
releasing the sufficient volume water to meet mimmflow equipments at each river segments. Water
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allocation modeling was carried out in monthly tirsiep. However, to consider environmental flow
requirements, daily simulations are suggested ustingr water allocation tools such as Source Rivers

The proposed modeling framework was used to simudigtirologic and economic outcomes of different
scenarios and compared with the business as usea$o. But in this paper only hydrological result
are discussed.

7 Conclusion

This paper discusses a system harmonisation mgdieimework applicability for securing future water
resources in a peri-urban catchment. The systermdrdasation process establishes the physical,
economic, and social position of the catchment tiflea the key biophysical, economic, social,
environmental, or institutional pressure pointshie system as well as the system constraints. @sang
these key pressure points need to be assessedtaddugon, in a comprehensive and systematic way, t
enhance the multifunctional productivity of a watessources system. With the continual trend of
increasing demand and a finite supply, effectivenagement of water resources will be needed to meet
these needs in a sustainable manner. In this sthdySouth Creek catchment was modeled in terms of
water resources availability, demand, and allocatisith the aim of assessing effects of water
redistribution from an economic perspective.

In this study, scenarios to address potential lase and population changes and changes in water
management practices that could improve the allocaif water are discussed. A framework whereby
integrating water allocation modelling and econoassessments can provide policy-makers with a tool
that allows them to make more appropriate deciswitts respect change of management and operations
strategies. This framework was found to be capabbssessing each scenario relative to the basaline
well as quantifying the changes in value of wateeach sector arising from each hypothesized dltoca

Acknowledgment

The authors are grateful for the funding suppasvated by the Cooperative Research Centre for
Irrigation Futures to carry out this research. @hthors gratefully acknowledge the considerable
assistance from the members of the WISER projechte

References

Davidson, B., and Hellegers, P.J.G.J. (in pressgeAsing the economic impact of redistributing watighin a
catchment: a case study in the Krishna Basin ira|righvironmental Modeling and Assessment.

Heinz, I., Pulido-Velazquez, M., Lund, J.R. and AadrJ. (2007), Hydro-economic modeling in river ibas
management: implications and applications for theopean Water Framework Directiviéyater Resources
Management, 21, 1103-1125.

Khan, S., Malano, H.M., Davidson, B. (2008), Systeanmonisation: A framework for applied regionalgation
business planningdrrigation and Drainage. 57(5), 493-506.

Nawarathna, N.M.N.S.B., Ao, T.Q., Kazama, S., SaatamM. and Takeuchi, K. (2001), Influence of human
activities on the BTOPMC model runoff simulations large-scale watershedXXIX IAHR congress
proceedings, Theme A, 93-99.

Perera, B. J. C., James B. and Kularathna, M.[200%), Computer software tool REALM for sustainaiater
allocation and managemedburnal of Environmental Management, 77, 291-300.

Prato, T., and Gamini, H. (2007), Multiple-criter@ecision analysis for integrated catchment managém
Ecological Economics, 63, 627-632.

Rae, D.J. (2007), Water Management in South Creskhthent: Current state, issues, and challenge€. foR
Irrigation Futures Technical Report No. 12/07, CRRClrrigation Futures, Australia.

Spingate-Baginski, O., Reddy, V. R., Reddy, M. énd Galeb, S. (2003), Watershed Development in fandh
Pradesh: A Policy Review. UK Department for Intdiorzal Development.

International Conference on Sustainable Built Environment (I CSBE-2010)
Kandy, 13-14 December 2010





