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Abstract

:

Interpretations of integrated water cycle management (IWCM) differ across jurisdictions. This paper discusses 10 interpretations of the IWCM concept globally, in Australia and in jurisdictions similar to Australia. Five interpretations of many IWCM versions in Australia are reviewed. This strategic concept aims to address the internal challenges of managing water demand and supply, achieving appropriate disposal and/or wastewater recycling for re-use and distribution networks and providing services at an affordable rate, per changing community needs. The IWCM concept is also recognised as a resource planning tool to address external challenges, such as the uncertainties of climate change, the circular economy and resilience. All 10 IWCM concepts reviewed in this paper acknowledge governance and stakeholders to be of primary importance: governance to drive the conceptual interpretation and stakeholders to develop, drive, implement and promote IWCM as adept at addressing local challenges. The two global interpretations place primary importance on governance, stakeholder engagement and natural resource management, whereas the local interpretations place equally high importance on water critical infrastructure and water economy. Technology, which is changing at an unprecedented pace, is considered, but not as an immediate or primary challenge. These differences are mainly attributed to the organisations’ responsibilities and constraints, which drive IWCM concept design.
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1. Introduction


The World Bank [1] identifies the importance of equal access to clean water in its Environmental and Social Framework Report, and it is also Sustainable Development Goal 6 [2]. This problem of unequal access to safe and clean drinking water is compounded by prolonged and frequent droughts, climate-change-induced flooding and a linear water management approach [3]. Zbynek Hrakal notes that 96 percent of countries have sufficient water resources, so the problem lies not in physical water scarcity but in water mismanagement, a lack of education and poverty [4]. Mukheibir [5] also finds that poor access to water is often confused with physical water scarcity and that it is widely perceived as the key feature undermining water security. The extreme and complex nature of managing water resources across political and geographical boundaries adversely impacts long-term strategic planning design to achieve water security [6].



The need for equitable access to clean water is more pronounced than ever [7]. The COVID-19 pandemic brought to our attention that a lack of clean water access and basic living conditions were major and adverse contributors to containing the pandemic, especially for developing countries with very high population densities [7,8].



The World Bank Report ‘High and Dry: Climate Change, Water and the Economy’ predicts that almost one-quarter of the world’s population (1.6 billion) suffers from [9] significant water scarcity and excessive variability, and these numbers are predicted to double by 2036. Furthermore, [9] the world may face a shortfall in water availability of approximately 2700 billion cubic metres by 2030, with demand exceeding current sustainable water supplies by 40 percent.



The demise of several civilisations has been traced directly to failed regional water management, for example, Peru and Mesopotamia [10,11]. Successful water resource planning (WRP) has also led to the economic turnaround and growth of areas, for example, the Tennessee Valley Authority (TVA) [12]. The TVA integrated the functions of navigation, flood control and power production while addressing the issues of erosion control, recreation, public health and welfare, which led to its economic turnaround and participation in President Roosevelt’s New Deal initiative aimed to rescue the US economy from the Great Depression [13]. Such is the impact of good water resource planning. The need to address the issue of equitable access to clean water has been, is and always will be immediate.



Traditional urban water management practices perpetuate a linear (one-way) use of water, from sourcing it to treating it to polluting it through diverse uses before it is discharged downstream [14]. Contemporary water practitioners also acknowledge that the concept of integrated urban water management is not new. These practices have been adopted and documented informally to achieve the best practice water management outcomes.



Integrated water cycle management (IWCM) arises from the need to meet the complexities of water demand and supply requirements under the many and multifaceted challenging conditions of resource constraints and uncertain environments. IWCM emerged in the 1950s to manage these complex water management challenges [15], and the first known example of a successful IWCM is the ‘Integrated River Basin Development’ by the Tennessee Valley Association [16]. Global Water Partnerships (GWPs) formally defined IWCM as integrated water resource management (IWRM) in 2000, which included equitable water distribution and sustainability principles. According to Snellen [13], the IWRM concept is a useful framework for broadening water resource management approaches. For example, Gun [17] notes the recognition of IWRM as a solution to address the complexities of water resource management in a local context.



Long-term strategic planning under the banner of IWCM is complex and has many multifaceted challenges. These challenges have been noted to widely vary according to resource capacity, namely, labour and finance; governance [2,18,19]; geographical area; a continuously changing population density; diversity in community expectations; and the acceptance of solutions [20,21]. Other challenges noted in rural–regional New South Wales (NSW) are resource deficiency, financial constraints, capacity limitations and the ability to allocate dedicated resources. These challenges also include gathering intelligence and data; transforming data into knowledge; and managing, interpreting and analysing the large data quantities required to develop an IWCM strategy for a local water utility (LWU). Although IWCM has been accepted as a solution to address water management challenges, the ambiguities around the individual components at operational levels have proven to be extremely difficult to address. According to a recent Performance Audit Report by the Audit Office of NSW, only one IWCM strategy has been approved as ‘sound and ready to commence’ by the NSW Department of Industry from a total of 92 LWUs [6].



The contemporary concept of IWCM has been formulated and implemented in diverse ways in different jurisdictions and across countries. Each country emphasises and integrates different water management aspects, moving away from the traditionally linear water management processes towards a closed-loop solution of water treatment and including stormwater as a source of supply. IWCM is implemented to improve the current ‘Levels of Services (LoS)’ in economically strong countries.



With many diverse views and findings, how can water best be managed to ensure equal access to clean and safe water, and to what extent can IWCM contribute to overcoming water management challenges? What is it that IWCM and its various interpretations currently address? How does it compare across jurisdictions? How might we fill the gaps? These questions are pertinent to developing an ‘implementable’ IWCM strategy for an LWU in NSW within the institutional boundaries of water authorities and for water resource planners.



IWCM has been explored at global, national, state and regional levels. The concept of IWCM has many interpretations. To further understand how the concept has been interpreted and implemented in a local context, this study examines 10 such interpretations in Australia and similar jurisdictions. The IWCM concept is referred to as ‘IWRM’ by GWPs and ‘Water-Wise Cities’ by the International Water Association (IWA) on the global scale, as ‘IWCM’ in Australia, as ‘One Water’ and ‘Total Water Management’ (TWM) in the United States (US) and as ‘Water Framework Directive’ (WFD) in Europe and European countries. These 10 interpretations are reframed in the adapted framework ‘Social, Technological, Economic, Environmental, Political and Infrastructure’ (STEEPI) (Figure 1) to enable a consistent comparison and to identify variations in these interpretations.




2. Materials and Methods


To explore and compare current IWCM practices, the commonly used ‘Social, Technological, Economic, Environmental, and Political’ (STEEP) framework was adapted to derive six IWCM categories termed STEEPI (see Figure 1), with an overview of each category. The sixth category of infrastructure, categorised as water critical infrastructure (Water CI), was added as a result of findings from an earlier paper on IWCM in rural–regional NSW [22]. All 44 workshop participants in this research mentioned that future-proofing water infrastructure, which can adapt to changing needs with minimal intervention, is a major challenge and compounded by the ever-changing technological advancements and innovations. Water CI was noted by most participants as the primary responsibility of the Asset Management Teams in the rural–regional councils of NSW, Australia.



The STEEPI framework, as adapted for an IWCM concept, is defined as follows:




	
Social inclusion relates to stakeholder engagement, social learning [23], equity [24] and affordability. It allows for collaboratively addressing difficult problems, especially in water governance measures for an IWCM concept [25].



	
Technology addresses the challenges and barriers of implementing new systems in a continuously evolving digital environment and in an environment that is high on innovation and lacking in the acceptance of new innovative technology. Innovative technology that has the capability to identify and implement a fit-for-purpose solution that can adapt to changes in land use and population densities is required [26].



	
The economics of water management is broad and requires due diligence to procure funds and to conduct options analyses for fit-for-purpose/flexible infrastructure optimisation, Water CI planning and water asset management. It also addresses the economic value of water resources and the society in question. Financing water management programs is a struggle due to the exceptionally expensive and complex networks of water supply systems [27]. Managing water economics is a complex and multi-pronged challenge, particularly regarding continuously changing population densities and exponential urban growth [28].



	
The environment is now recognised as a legitimate water user. Including environmental waters in legal frameworks is a huge leap towards protecting water for the environment, allowing water managers to allocate water for environmental use. These environmental uses include maintaining flows in watercourses to maintain their health and to support life before allocating water for human needs [29,30,31,32].



	
Politics has a major influence on our society and has the power and authority to initiate a cause or to support a cause as per community demands. The causes driven by the constituent communities, through their political leaders, are referred to as the ‘hydro-social cycle’: a concept that connects science, people and power [33,34]. The impact and importance of political support for any major water infrastructure is critical and must be driven by communities and translated into strategies by political leaders.



	
Infrastructure is defined by the Institute of Civil Engineers in the United Kingdom and cited by Raven [35] as the physical assets underpinning transportation networks, energy generation and distribution, electronic communications, solid waste management, water distribution and wastewater treatment. Critical infrastructure (CI) is defined by Greenberg [36] as the public and private assets required for society and the economy to function. Adverse human interventions, climate variability, unplanned interruptions and technological failures pose risks to Water CI and its dependent systems [37]. Infrastructure is so ingrained as a part of our sustenance that it is essential that we address water infrastructure not merely as ‘infrastructure’ but as ‘critical infrastructure’. Our sustainability efforts, therefore, must include novel measures to address system adaptability to future changes and infrastructure robustness for longer life cycles [38].








The existing conceptual IWCM interpretations were classified and colour-coded into six STEEPI categories: (1) social inclusion, (2) technology, (3) economy, (4) natural resource management (NRM), (5) governance and (6) Water CI—as presented in Figure 2. Figure 2 is used as a template to re-interpret, analyse and illustrate the nine IWCM interpretations discussed in this paper.



The 10 IWCM concepts reviewed through the STEEPI framework were derived from economically advanced countries, namely, the US, European Union (EU) countries and Australia, and global interpretations. Developing countries were not included in this review, as the issues and challenges differ from those of developed countries, especially in their dependence on external funding and support [39].




3. Results and Discussion


The first Global IWCM interpretation, as defined by GWP, is referred to as IWRM. The IWA refers to its version of IWCM as Water-Wise Cities. In the US, the concept that addresses water challenges and is aligned with IWCM is One Water. The TWM in the US is an implementation planning tool developed with the aim of providing better water services at affordable prices [40]. In the EU, WFD is a step towards a single system of managing an entire river basin and is viewed as a form of IWCM [41]. In contrast, in Australia, IWCM is implemented at the local utility level with a specific focus on stakeholder involvement and liveability by Water Services Association Australia (WSAA), least-cost options identified by the Productivity Commission (PC) for an infrastructure option that is appropriately sized and provides high service levels [42], and the Urban Water Cycle Planning Guide (UWCPG) designed by Barwon Water is a tool to develop an implementable IWCM strategy.



Each interpretation is reviewed as per the STEEPI framework in Section 3 and Section 4 and their subsections. Following the discussions, re-analyses of all 10 IWCM frameworks are carried out in Section 4.6 to understand the differences in the approach taken by the region to address local problems.



3.1. Integrated Water Resources Management—Global Water Partnership initiative


GWP was founded in 1996 to foster IWRM, defined as a ‘process which promotes the coordinated development and management of water, land and related resources in order to maximise economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems’ [43]. In August 2019, GWP launched ‘GWP Strategy 2020–2025’ to mobilise, prioritise and address international water issues.



IWRM-GWP’s organisational context and objectives are designed to guide global water governance and management systems. This global governance and management system focuses on creating stakeholder awareness of equitable access to water, health and hygiene; water affordability (pricing); water efficiency; and the environment as a water user [44,45]. This global IWRM-GWP initiative provides a framework, adapting to the specific needs of the region for which an IWRM is developed. The IWRM-GWP interpretation is categorised into three of the six STEEPI categories: (1) NRM, (2) social inclusion and (3) governance (Figure 3). The next level down depicts the categories extracted from Kenabatho [44]: (1) affordable and safe water supply services, (2) the environment—as a water user, (3) efficient water use, (4) education, (5) integrated health and (6) integrated people [43,45].



IWRM-GWP promotes IWRM as a process for improving water governance and management [46]. IWRM focuses on people-centric planning addressing poverty and promotes hygiene and education by undertaking extensive consultations. Regulations, institutional frameworks and finance are not addressed and are assumed to be addressed by the organisations’ understanding and interpretation of what an IWRM framework should be. A study by Dinar [47] found that regulations, socio-economics and financial viability are the key drivers to any major program design and implementation. The decision to address their management lies with the responsible authority and is aligned with the IWRM-GWP’s conceptual framework.



From a global perspective, it matters little where the funds are procured from or how the local environment is protected and managed—or even the how, where, what, why and when the 5 ‘W’ questions of the local Water CI are addressed—for IWRM strategic planning and implementation. Thus, IWRM focuses on NRM, social inclusion and governance. The responsibilities of managing technological solutions, economic benefits and politics thus lie with the region developing an IWCM per its specific needs.



However, global IWCM projects are financed and managed by the World Bank for country-level and cross-boundary water management programs under the ‘Global Environment Facility (GEF) Trust Funds’ project. The World Bank Group is the largest single investor in water projects globally alongside GWP, supporting technical expertise with funding resources.




3.2. Water-Wise Cities, the International Water Association


Water-Wise Cities is the IWA framework of principles comprising four action levels to plan and design cities for resilience. Water-wise behaviours aiming to achieve the objective of maximising sustainable urban water outcomes are noted to be leadership culture, governance arrangements, professional capacity and innovative technology [48]. The 17 principles of Water-Wise Cities consist of 5 building blocks and 4 actions by which urban stakeholders can deliver sustainable urban water outcomes, becoming a water-wise community. Sustainable urban water management is defined in the Water-Wise Cities framework as follows: all water within the city (including reservoir and aquifer water, desalinated water, recycled water and stormwater) is managed in a way that recognises the connection between services, urban design and the basin. Its approach maximises achieving urban liveability outcomes and resilience to unexpected social, economic or bio-physical shocks while replenishing the environment. The 17 principles under the 4 actions are reconfigured in the STEEPI framework as shown in Figure 4.



Water-sensitive urban design is categorised as services and technology options, regenerative water services as environmental protection, basin-connected cities as governance measures and water-wise communities as social inclusion initiatives.




3.3. Holistic Water Management in the United States


Water management in the US is diverse and complex. Bringing it under a singular system of water management is an ongoing challenge. The One Water framework has been developed to manage water as a singular and holistic system. The One Water concept design was adapted from the IWRM-GWP concept, and it includes liveability (social) and drives economic and climate resilience. The TWM concept is a planning tool to develop robust water management plans. Section 3.3.1 describes One Water, and Section 3.3.2 describes TWM.



3.3.1. One Water in the United States


One Water advocates transitioning water management from a linear and disaggregated approach to an integrated, whole-of-water and social inclusion approach. Changing the approach requires moving to a productive, net-positive infrastructure where the aim is not just to ‘do less harm’ but also to create ‘regenerative systems’ that contribute to designing liveable cities; protect human health; provide flood protection; are resilient to changes in climatic conditions and economic fluctuations; provide a reliable, secure and clean water supply; minimise environmental pollution; and use and re-use natural resources efficiently [49].



The One Water concept fosters the development of the urban, social and environmental landscape. It strives for a greater coordination among diverse interests, stakeholders and decision makers, recognising that water quantity and quality (above and below ground) depend on multifaceted collaborations. It recognises that water is more than an area of service; it is a key component of liveable cities. One Water addresses five of the six STEEPI categories, as shown in Figure 5.



The One Water concept focuses on environmental issues related to water, such as pollution control, climate resilience, economic resilience, liveable cities, human health protection, the re-use of natural resources and water supply management. Safe, secure and access to clean water are addressed as sub-major components of water supply management, whereas social inclusion is captured through stakeholder collaboration and community engagement. Funding for the projects is captured under economic resilience.




3.3.2. Total Water Management—Integrated Water Resource Planning in the US


TWM is defined as strategies for utility master planning [50]. It is an approach that seeks a better management and efficiency of water resources and breaks down institutional barriers that separate water into silos of drinking, wastewater and stormwater [40]. It is referred to as adaptive plans that can formally address the risks and uncertainties of forecasting the water supply and demand needs [40] and as an implementation planning tool [50].



TWM is analysed and interpreted via the STEEPI framework in Figure 6. The components of the water management planning criteria were allocated into the STEEPI categories, depending on the importance placed on the management area.



TWM’s goal is to develop multipurpose, multi-benefit strategies in order to address chronic droughts, ensure water supply reliability under all hydrologic events, improve drinking water quality, manage utility costs, provide a wastewater system capacity, reduce stormwater impacts and increase water-use efficiency. Furthermore, climate variability data, lifecycle costs and water quality are collected for continuous improvements and planning. Planning also includes increasing open space, reducing energy consumption, managing costs and improving the quality of life of citizens [40].



The TWM planning guidelines were developed following the principles of adaptive planning. The TWM planning tool is categorised in the Plan–Do–Check–Act framework as shown in Figure 7 below.



TWM is a planning process developed to enhance liveable city outcomes. It is a planning process used to examine urban water systems in a more interconnected manner, focusing on reducing water demands; increasing water recycling and re-use; creating water supply assets from stormwater management; matching water quality to end-use needs; and achieving environmental goals through multipurpose, multi-benefit infrastructures [47].





3.4. River Basin Management System in EU


In the EU, the first water legislation wave was rolled out from 1975 to 1988, introducing sustainability principles. A review of this legislation in 1991 identified gaps in practice and knowledge, triggering the second wave of water legislation ‘reforms’. The improvements made little difference to the overall outcomes and necessitated a fundamental shift in water management thinking. Water policies in the EU were fragmented and needed a holistic approach—an ‘integrated’ approach. The stakeholder consultation process undertaken by the European Parliament’s Environment Committee and Council of Environment Ministers resulted in a proposal for a ‘Water Framework Directive’—an integrated river basin management system.



Water Framework Directive


The Water Framework Directive (WFD)—the EU interpretation of IWCM, adopted in 2000—is a single system of river basin water management, also referred to as integrated river basin management (IRBM). The WFD institutionalises river basin management for water protection and encourages a cross-sector integrated approach and stakeholder participation [51].



WFD was originally categorised into eight major basin-scale management components of a single system of water management: expanding the scope of water management; water-use cost savings; a combined approach; emission limit values; affordability addressed as the right pricing; consultation and citizen involvement; streamlining legislation; and achieving a ‘good’ state or best practice management outcomes. These eight categories were grouped into four of the six STEEPI categories. Technology and environment were assumed across the four defined categories. Figure 8 illustrates the WFD grouped in the four STEEPI categories of Water CI, governance, social inclusion and finance.



Here, finance is captured indirectly within affordability, the right pricing structure, cost savings and Water CI (asset management) planning to expand the scope of water management. There is little or no emphasis on technology and NRM measures and challenges [52].



The management plan (Figure 9) summarised by La¨nderarbeitsgemeinschaft Wasser (LAWA), a federal working group established to coordinate water-related issues and regulations and to implement the European directives, is cited by Evers [53] and notes an approach for identifying and coordinating synergies between WFD and the Flood Directive. The approach is based on adjusting the available options, proposed measures and potential results, as shown in Figure 8. The compilation of proposed measures was published to implement WFD’s IRBM system [53].






4. IWCM in Australia


In Australia, the interpretation, design and implementation of an IWCM concept vary substantially. Regulatory organisations and non-governmental approaches have different perspectives on what an IWCM concept should look like and have carried out detailed studies on identifying the scope of IWCM. The PC, WSAA, Victoria and NSW-DPIE are examples of initiating the design and implementation of IWCM in Australia and in the states of Victoria and NSW.



Five prominent IWCM interpretations have been designed to adapt to organisational goals. These IWCM interpretations are as follows:




	(1)

	
IWCM—PC—federal government organisation—national;




	(2)

	
IWCM—WSAA—non-government organisation—national;




	(3)

	
IWMF—Victoria, Australia—government authority—state;




	(4)

	
IWCM—NSW, Australia—government authority—state;




	(5)

	
UWCPG—Barwon Region, IWCM group—regional NSW.









All five Australian concepts emphasize stakeholder engagement and long-term planning but focus on different water management areas. The PC’s main 2020 focus is the ‘blue–green economy’ (environmental) and ‘least-cost option’ (economics) of water management; WSAA-IWCM leans towards resilience and liveability outcomes—social aspects of water management; IWMF focuses on communications and governance measures; and IWCM, DPIE-NSW focuses on the governance structure. There is an assumption that the water management responsibilities pertain to councils in rural–regional areas and to local water utilities in the greater metropolitan regions of Australia. South Australia is the country’s only state with a single agency to manage water supply and demand for the whole state. These five interpretations are discussed in Section 4.1. to Section 4.5.



4.1. IWCM: PC-2020—Productivity Commission, Australia


The Productivity Commission in Australia is a strong promoter of the IWCM concept in the context of water pricing and charges. In 2020, an independent report was commissioned to investigate the implementation of IWCM in Australia. In this report [54], IWCM is defined as a tool to achieve water security via addressing the key functions of urban water management: supplying fit-for-purpose water; wastewater management (appropriate disposal/treatment); stakeholder engagement and involvement; storm and flood water management; and the least-cost option for the provision of services for a blue–green economy.



The PC’s emphasis is on community-based outcomes that include urban amenities, water supply, wastewater management and the consideration of stormwater management as an integral part of water management. Commissioner Doolan has raised the question of why a ‘good idea’ such as an IWCM concept is difficult to implement [55]. The Environment Commissioner for Greater Sydney, Rod Simpson, refers to IWCM as a key driver for urban water planning. The PC’s IWCM concept per the six STEEPI categories focuses mainly on four of the six categories: Water CI, governance, social inclusion and finance (Figure 10).



Technology and natural resources management are assumed to be fundamental considerations of sustainable management practices and outcomes, without specific reference to their management. It is important to note that the organisational aims and objectives are to achieve a competitive pricing structure, which is well covered in the four STEEPI categories of IWCM.




4.2. WSAA-IWCM—Water Services Association Australia, Australia


WSAA is an industry body providing urban water services in Australia. The organisational context here concerns influencing, promoting, improving and fostering within and between urban water and sustainability in water services. The aims and objectives of WSAA are collaboration and support, which removes the need for the organisation to become involved in its member organisations’ procurement and management of funds and infrastructure and technological needs. Resulting from this, WSAA recently published a document specifically defining the role of IWCM. It categorises IWCM into three major components: (1) management targeting sustainability outcomes, (2) planning targeting liveability outcomes and (3) stakeholder collaboration targeting resilience outcomes [4]. These categories are aligned with three of the six STEEPI categories: (1) NRM, (2) governance and (3) social inclusion, as presented in Figure 11.



According to this report, the ‘foundational premise of IWCM is that the successful achievement of on-the-ground delivery outcomes is critically dependent on ensuring all the enabling outcomes are in place before the problem-solving phase commences’.



WSAA’s two main proactive campaigns are as follows:




	
‘All options on the table’ [56] is an action to enable environmental and infrastructure-related sustainability outcomes.



	
‘Transitioning of water management towards circular economy’ [57] is an action towards delivering on-ground management outcomes.








All options on the table campaigns promote innovation and raise awareness about alternative solutions to a problem. The circular economy management systems are a step closer to closed-loop solutions and a move away from the current linear approaches to water supply–demand management systems.



WSAA’s recent report by Skinner [4] summarises the best practice requirements for water utilities and recommends the following:




	
Embracing collaboration;



	
Focusing on customer and community;



	
Being outcome driven;



	
Having a system design that is owned by all stakeholders involved in the water cycle management;



	
Operating from planning to management;



	
Taking a whole-of-water cycle approach to planning, with all supply and demand options on the table;



	
Taking into account all options related to water, wastewater and drainage services;



	
Taking into account the environmental, cultural, social and economic dimensions of the area;



	
Closely integrating strategic and statutory land-use planning and water planning;



	
Supporting a circular economy by maximising efficiency and working towards regenerative outcomes;



	
Being fit-for-purpose—can be suited to different scales (e.g., catchment, region and precinct) and context (places and communities);



	
Being ambitious and transformative in striving for the broader outcomes of the sustainable development goals.









4.3. IWMF—Victoria, Australia


IWCM is referred to by the Department of Environment, Land, Water and Planning, Victoria (DELWP-Vic) as IWMF [58] for urban water planning and shared decision making throughout Victoria. IWMF has its roots in stakeholder engagement. The IWCM interpretation framework outlines how greater community value can be delivered by consistent and strategic collaboration within the water sector, including water corporations, local governments and catchment management authorities, and by links with organisations involved in land-use planning.



In Victoria, IWMF emphasises the importance of stakeholder awareness and governance. The IWM planning process details the structure and criteria for developing an IWM plan. Shared outcomes, integrated servicing options and cost allocations all refer to Water CI, with an overarching value proposition and collaboration.



The IWMF interpretation (see Figure 12) has six subcomponents and falls within the two main categories of the STEEPI framework: (1) social inclusion and (2) governance. The social aspect of the IWMF incorporates (a) communicating the value of IWM, (b) communicating the rationale for collaboration and (c) community values reflected in IWMF plans. The governance aspect of the IWMF incorporates (d) the contribution of IWM planning to water management activities, (e) IWM opportunities in plans and (f) consistency in the governance approach to provide support and guidance for collaborative planning [58,59,60].



Implementing IWMF requires stakeholders to commit, while accountabilities clearly define the roles and responsibilities of the organisation and collaborating organisations. Purpose-designed IWM forums have been formed in Victoria, 5 Metropolitan Melbourne Forums and 11 Regional Victoria Forums, with some overlap in boundaries towards the outer edge of the Metropolitan Melbourne boundaries (information extracted from the interactive Hydra Map). These forums are formed under the governance category of IWMF, consistent with a governance approach.




4.4. IWCM in NSW, Australia


The NSW Department of Planning and Environment defines IWCM as a long-term planning tool (30-year strategy) to identify and plan for an appropriately sized infrastructure. IWCM in NSW is rolled out as a policy and is funded by the Department of Planning and Environment (DPE). The funding requires IWCM plans to address all criteria in the checklist document. An extended version of the ‘IWCM Strategy Checklist’ updated in October 2019 provides exact details of what an IWCM strategy should comprise and why. The IWCM strategy development guidelines document was published to ensure that the strategies align with the NSW State Plan 2021 goals and objectives and that they are consistent state-wide and measurable [61].



The nine subtopics ensure that the necessary capital works are appropriately sized; the water infrastructure and services provided are appropriate, affordable and cost-effective urban water services that meet the water community needs and protect public health and the environment. The IWCM in NSW is represented in Figure 13, per the six STEEPI categories. The STEEPI categories addressed by IWCM in NSW are (1) social inclusion, (2) economy, (3) environment, (4) politics and (5) infrastructure.



The NSW Office of Water (NOW) developed the IWCM’s Best Practice Management (BPM) framework to ensure sound long-term planning, asset management, operation and maintenance; appropriate levels of service and community involvement; and the fair pricing of services, with strong pricing signals, full-cost recovery and affordable water and sewerage services, without wasteful ‘gold plating’ [62].



Further, each utility must closely involve its community in its implementation as required by the NSW BPM Framework: the IWCM Strategy and Financial Plan. A required outcome for each water supply and sewerage infrastructure is to have a strategic business plan, water conservation measures, a drought management plan and performance monitoring. Pricing outcomes must include full-cost recovery, appropriate residential charges, appropriate non-residential charges, a development servicing plan with commercial developer charges, strong pricing signals (with at least 75 percent of residential revenue from usage charges), an appropriate trade waste regulation policy and approvals and appropriate trade waste fees and charges. A particular emphasis is placed on consultation and stakeholder engagement throughout the IWCM policy-making process and implementation process.




4.5. Urban Water Cycle Planning Guide


The Urban Water Cycle Planning Guide (UWCPG), an online resource, was developed collaboratively by the Barwon Region IWCM group, funded by Water Research Australia and Water Smart Fund. The diagram in Figure 14 illustrates the influence of the legal frameworks that guide the development of water management planning. The guide provides direction to enhance liveability outcomes through the whole-of-water cycle management approach by considering water-sensitive urban design criteria.



The UWCPG defines the IWCM strategy as developing the progressive conceptual model to detailed planning, where each aspect is considered in a specific sequence. The process also provides guidance on identifying factors influencing the planning process of IWCM policies, strategies, objectives, masterplan designs and delivery.



The UWCPG covers seven subcomponents of an IWCM plan, addressing waterways and floodplains; major drainage; land-use planning; water-sensitive urban design; drinking water supply servicing—LoS; sewerage services; and alternative (fit-for-purpose) water sources. These seven components are categorised in Figure 14 in three of the six STEEPI categories: (1) environment, (2) politics and (3) infrastructure. UWCPG particularly focuses on providing a higher LoS by managing the water supply–demand infrastructure due to changes in land-use planning and climate variations.




4.6. Comparative Analysis


This section compares the IWCM interpretations discussed above and looks through the STEEPI framework’s lens. A comparison of IWCM interpretations in Table 1 reveals the importance of the six STEEPI categories adapted for IWCM practices to address local challenges.



Social inclusion is addressed by 9 of the 10 interpretations. Although social inclusion is not addressed directly in the UWCMG, forming partnerships and collaborating externally and internally within the organisation captures the essence of stakeholder engagement practices and inclusiveness. All nine interpretations capture social inclusion as stakeholder engagement or involvement. Additionally, IWRM includes capacity building, WSAA and One Water’s pathway via the design of liveable cities. IWCM in NSW is concerned with meeting community needs and providing affordable services, and IWMF in Victoria entails communicating the values and rationale of an IWCM for greater adoption.



Technology has time and again proved to be a major disruptor and one that impacts all other categories. For example, it did not win a spot for itself as a major challenge until the drawn-out COVID-19 pandemic, forcing us to rethink how we work and address challenges. Exponential technological growth and our increasing dependence on technology are changing how we perceive the term ‘technology’. Two of the ten IWCM interpretations consider technology challenges strong enough to merit their own category. They are Water-Wise Cities by IWA and TWM in the US. TWM addresses technology as data collection requirements to identify climate variability and climate change impacts. In contrast, the Water-Wise Cities framework examines technology from a WSUD perspective to address design challenges in order to enable regenerative services, enable liveability and modify and adapt materials to reduce environmental impacts. The Water-Wise Cities framework notes services and materials as technology and drives the much-needed shift of expanding the definition of technology.



Five of the ten IWCM interpretations note the economics of water management as a critical requirement of developing an IWCM interpretation. The IWRM interpretations by GWP and Water-Wise Cities focus on water governance measures, leaving water economics to regional IWCM interpretations, the World Bank and political leaders. The WSAA’s focus on liveability leans towards the social and cultural aspects of water management. In contrast, IWMF drives water governance through stakeholder engagement and collaboration, leaving water economics out of the primary equation, but it is considered an expected outcome. UWCPG is a planning tool focused on delivering IWCM interpretations. Water economics is addressed by five IWCM interpretations as cost savings (WFD), achieving technological resilience (One Water), ensuring cost effectiveness throughout the lifecycle of the infrastructure (TWM), a blue–green economic system with the least-cost option (PC) and cost-effective service provision (IWCM in NSW). Water economics does not capture job creation as its integral part, but it primarily focuses on cost savings and cost effectiveness.



Environment (NRM) is addressed by seven of the ten IWCM interpretations. The WFD, PC and IWMF address NRM by following sustainability principles, but they do not specify or clarify where or how these principles are incorporated. Environment is an assumed overarching outcome or secondary outcome. For example, the core categories are addressed to manage an infrastructure project: asset management, finance and governance. Sustainable procurement is a desired outcome but not mandated. Each of the seven interpretations captures the protection of the environment as its component. Only IWRM promotes environment as a legitimate water user, whereas Water-Wise Cities, One Water and UWCPG note flood management/protection and environmental health as their core component. One Water and TWM, the IWCM interpretations in the US, are the only ones that capture climate resilience and address climate variability as their core components. Emissions from ongoing operations are not considered for Water CI.



Governance is acknowledged and addressed by all 10 IWCM interpretations as the most important management criterion, and it is considered vital to implementing an IWCM interpretation. Governance is predominantly used for planning, community engagement/involvement and education. The complex political influences on these components are discounted from the equation.



Water CI is addressed in 5 of the 10 IWCM interpretations, even though the importance of Water CI is significant. The IWRM, Water-Wise Cities, WSAA and IWMF concepts leave it to local and regional IWCM interpretations to identify infrastructure needs. TWM captures infrastructure needs as an inherent requirement to implement the first five categories of the STEEPI framework. One Water, WFD and PC capture Water CI as water supply and demand management infrastructure and related services. IWCM in NSW considers the size of an infrastructure as an essential part of infrastructure development, whereas UWCPG focuses on WSUD and wastewater services.





5. Conclusions


Water management is complex, and planning to ensure all water supply demands are met with a changing climate is even more complex. The challenges of water management are both global and local. Meeting the multifaceted challenges of water management has seen a range of IWCM frameworks developed on global, national, state and regional scales. Focusing on Australia as a starting point, this paper compares 10 IWCM interpretations regarding their organisational context, drivers of change, issues covered and response to challenges.



Each interpretation adapts the IWCM concept to address local or regional challenges to some extent; however, this occurs within the constraints of the organisations’ roles and responsibilities. Implementing these IWCM frameworks also depends on the local water demand and supply requirements, resource availability and financial capabilities.



The comparative analysis of the 10 IWCM interpretations notes and discusses the similarities and differences adapted to the different regions. All IWCM interpretations are reviewed and compared through the lens of the STEEPI framework. The ten IWCM interpretations comprise two global interpretations, five national-scale interpretations, two state-level interpretations and one regional interpretation.



This review highlights that, for the two global interpretations, a strategic outlook is the primary focus while addressing governance issues, social inclusion and environmental challenges. The economics of water management is high on the agenda for the five national-scale interpretations, whereas NRM is considered to be of primary importance. The regional interpretation considers Water CI as one of three main criteria. None of the national, state or regional-level IWCM interpretations addresses technology in its independent category but refers to different aspects of technology, especially in governance and Water CI.



The five Australian interpretations discussed in this paper include two national-scale interpretations by WSAA and the PC, two state-level interpretations by NSW and Victoria and one regional interpretation by the Barwon Region’s IWCM group. For the two national interpretations, WSAA focuses on water governance measures and knowledge sharing with its stakeholders. In contrast, the PC focuses on the least-cost option for Water CI and water economy to ensure the best LoS to communities. The two state-level interpretations are very diverse. The NSW interpretation is a holistic approach to IWCM and addresses each STEEPI category, except for technology. Conversely, the interpretation by the state of Victoria focuses on communities—inclusion, education and cost benefits of the different options help to make an informed decision.



It is interesting to note that, while the general understanding of an IWCM concept is that it primarily focuses on water critical infrastructure and technology, the findings of the comparative analysis paint a different picture. More precisely, our analyses instead indicate that all IWCM interpretations address governance and social inclusion as the most critical drivers for understanding and developing an IWCM interpretation.



Incorporating adaptive planning framework—the approach that focuses on both governance and social inclusion and a concept that allows for flexibility in planning for future water needs through collaboration and co-operation—is a potential solution for developing an implementable IWCM strategy.
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Figure 1. Adapted STEEPI framework definition. 
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Figure 2. Six categories of STEEPI framework. 
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Figure 3. Integrated Water Resource Management–Global Water Partnership, International. 
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Figure 4. Water-wise framework by IWA re-aligned to STEEPI framework. 
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Figure 5. One Water—IWCM interpretation in the US. 
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Figure 6. Total Water Management in the US. 






Figure 6. Total Water Management in the US.



[image: Water 15 01369 g006]







[image: Water 15 01369 g007 550] 





Figure 7. Total Water Management—the planning tool. 
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Figure 8. Water Framework Directive—river basin management in EU. 
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Figure 9. Management plan for IRBM (WFD-EU). 
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Figure 10. IWCM by PC, Australia. 
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Figure 11. IWCM by WSAA, Australia. 
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Figure 12. IWMF in Victoria, Australia. 
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Figure 13. IWCM in New South Wales, Australia. 
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Figure 14. IWCM components in a UWCG process. 
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Table 1. Comparison of IWCM interpretations in the STEEPI framework.
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	IWCM
	IWRM-GWP
	Waterwise Cities
	One Water
	TWM
	WFD
	PC
	WSAA
	IWCM
	IWMF
	UWCPG





	S—Social Inclusion
	√
	√
	√
	√
	√
	√
	√
	√
	√
	



	T—Technology
	
	√
	
	√
	
	
	
	
	
	



	E—Water Economics
	
	
	√
	√
	√
	√
	
	√
	
	



	E—NRM
	√
	√
	√
	√
	
	
	√
	√
	
	√



	P—Governance
	√
	√
	√
	√
	√
	√
	√
	√
	√
	√



	I—Water CI
	
	
	√
	
	√
	√
	
	√
	
	√
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