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Executive Summary
New Zealand is extremely fortunate when it comes to natural water resources. However, under a changing climate our water security is under threat particularly for New Zealand’s rural communities. Our freshwater resource is at the heart of our prosperity and resilience of our communities. With increasing demand from all sectors, it is crucial that New Zealand efficiently manages our freshwater and that it is allocated to its best uses. 

Water Capture and storage systems have been identified as key adaption to climate change. Future systems will need to be multi-purpose to utilise freshwater to its full potential under a Te Mana o te Wai framework. How we slice the pie of water allocation within these multi-purpose systems will be critical to the success of sustainable growth for rural communities. 

This report will focus on how New Zealand’s rural communities can afford to build water resilience through water capture and storage and the implementation of market-based systems to manage allocation of freshwater within catchments. The methodology includes a literature review of current research on water resource solutions and allocation models, followed by semi-structured interviews with eight sector experts to gain insights into their experiences and perceived solutions.

Key findings: 
1. There is lack of specific oversight and strategy for managing New Zealand’s freshwater resources. 
2. Current water allocation models need to go through reform at both national and local policy levels
3. Rights of existing users including iwi need to be addressed. Allocation reform will be unable to be successful without tackling this issue first.
4. Current management of the resource is in silos which is inefficient and costly for both the environment and water users. Collective management of freshwater is needed to create efficient use of the resource.
5. Costs, planning and perception of building infrastructure solutions are prohibitive to investment in development of water security infrastructure.
6. Water capture and storage is needed to build water resilience against climate change for rural communities. Solutions will vary between catchments, but significant investment is required.
7. Market-based systems are a tool for creating efficiency of water use and help to reallocate water to higher value uses. Collective management entities are able to easily implement market-based systems provided the system is closed (e.g. within one aquifer or reservoir etc), they have an accurate optimization model, and real time data.
Recommendations:
1. Ministry for the Environment to address and find resolution of iwi interest and rights in water. Allocation reform will be unable to be successful without tackling this issue first. Iwi should have a seat at the governance table of proposed national agency for freshwater management and crown entities for water management to ensure that the TMOTW framework is at a catchment by catchment level. 
2. Ministry for the Environment to establish a National Agency for Freshwater Resources similar to what oversees New Zealand’s roading infrastructure (Waka Kotahi). 
3. National Agency for Freshwater Resources to create a national strategy for water resources that works in tandem with the long-term view of TMOTW. The Agency would create Crown Entities for multi-regional water management in a similar vain to what is proposed under the Three Waters Reform Programme but with further refinement and input from stakeholders.
4. Regional Councils to facilitate aggregate consent entities within catchments through regional plans. These will allow for the management of the overall resource and can implement market-based solutions such as trading of water allocations and/ or pollutant allowances. These entities will also enable the ability to generate sufficient funds to build more efficient infrastructure and storage upgrades if required. 
5. CWME’s to quantify and understand demand requirements for individual catchments and then plan water storage and capture infrastructure accordingly. Implement staged projects so initial costs up front are not prohibitive.
6. The national agency for freshwater resources must facilitate and define future allocation model options and provide clear classification of new water permits. Regional Councils to facilitate and undertake water allocation reform that adheres to the hierarchy of TMOTW, enables a transitional period for existing rights and undertakes investment in community education.
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1. [bookmark: _Toc106965001]Introduction
Globally there is no more important resource than fresh water, and the importance of it is not truly appreciated until the supply of freshwater is threatened. Climate change is an increasing threat to the supply of freshwater to New Zealand’s rural communities (Ministry of Primary Industries New Zealand, 2020). The effects of climate change will be experienced by all of rural New Zealand, but scarcity of freshwater is likely to be experienced most severely along New Zealand’s eastern regions. Climate change is not a sudden event. In fact, it will be progressive, cumulative, and perhaps an irreversible process that is likely to define the next 100 years of human existence (Wairarapa Water Limited, 2021). 
New Zealand is traditionally viewed as a green and water rich country. However, current climate change trends show the country getting warmer and drier (with regional variations), and more prone to climate extremes such as floods and droughts (Ministry for Primary Industries , 2021). The frequency of which is increasing rapidly. The declining natural availability of water and the need to halt further degradation of our natural waterbodies, pose significant challenges for the availability and security of water for the food and fibre sector and rural communities (Ministry for Primary Industries , 2021). 
New Zealand typically receives around 608 billion cubic metres of fresh rainwater each year (KPMG New Zealand, 2016). What’s more, we only use a very small portion of our rainwater, at less than two per cent. The irony, however, is that we have regions of extreme and increasing sensitivity around the country. Due to changing weather patterns, we now have areas that are increasingly subject to drought. In Canterbury, for instance, it is forecast that by 2080 there will be a drought every five years (compared to the current rate of every 20 years) (KPMG New Zealand, 2016). 
New Zealand has a typically “traditional” approach to water, where it is believed to be supposedly infinite in volume and where there may be scarcity, infrastructure solutions will be the savior. Water availability is becoming more variable, and water security much less reliable, while demand for production and processing from the food and fibre sector continues to increase. Long term stores of water locked up in ice are shrinking rapidly. Glacier ice and snow that feed our rivers and ground water tables have shrunk by 36 percent since 1978  (KPMG New Zealand, 2016). On the demand side, the area of irrigated land has almost tripled (0.38 to 0.90 million ha) in the last two decades (Ministry for Primary Industries , 2021). Approximately 74 percent of the surface and groundwater consented for taking (excluding non-consumptive takes for hydropower generation) is taken to irrigate an existing 905,000 hectares and provide stockwater (Aqualinc Research Ltd, 2021). With increasing demand from all sectors, it is crucial that New Zealand efficiently uses the freshwater already available and that the resource is allocated to its best uses. 
In 2020, the Government’s Essential Freshwater package was released including the National Policy for Freshwater Management that set out to stop further degradation of New Zealand’s freshwater. The policy introduced Te Mana o Te Wai (TMOTW) as a guiding principal for creating and applying regional policy by setting a hierarchy of obligations. The first priority was to look out for the health and wellbeing of freshwater ecosystems, second the provision of safe drinking water for people and third for social and economic uses. In a future operating under the TMOTW framework it will be critical to use available water as efficiently as possible. Under the influence of a changing climate, this will be a significant challenge (Ministry for Primary Industries , 2021). 
Water Capture and storage systems have been identified as a key climate change adaption for New Zealand (Ministry for Primary Industries , 2021). Future storage systems will need to be multi-purpose to provide an important asset for a catchment to utilize freshwater to its full potential and sustain all users in an everchanging climate. The difficulty with these multi-purpose systems is how to slice the pie of water allocation and deal with both existing and future water rights. 
One concept that could help solve future allocation issues resulting from climate change is the implementation of market-based systems to aid allocation of freshwater resources and/ or discharge of contaminated water. This report will focus on how New Zealand’s rural communities can afford to build water resilience through water capture and the implementation of market-based systems to manage freshwater within catchments. 
[bookmark: _Toc106965002]Aims & Objectives
The aims of this project are to:
· Summarise the current literature on water allocation and resource solutions in New Zealand
· Examine market-based allocation models examples from around the world and analyze how these would be applied to New Zealand setting.
· Learn from various primary industry stakeholders about their experiences, ideas and preferences for developing water security for the rural sector
· Develop and compile a set of recommendations for industry at a national, regional and local governments to consider.
[bookmark: _Toc106965003]Methodology
[bookmark: _Toc106965004]Literature Review
A literature review of the available scientific documents on water resource solutions and allocation models formed an important part of the methodology for this report. The purpose of the literature review was to analyze and review the current research, ideas and various implementation models from around the globe and critique how these could be implemented within Rural New Zealand’s context. This information was used to form the interview questions for semi-structured interviews with a range of stakeholders across the industry such as Chief Executive, Professor, Senior Lecturer, Principal Technical Advisor, Director of Research and Development and Principal Consents Advisor to dive deeper into the issue. The resulting research undertaken within this report utilized qualitative content and thematic analysis techniques to analyze, critique, conclude and provide recommendations to industry within New Zealand. 
[bookmark: _Toc106965005]Interviews (Data Collection)
The interviews were semi-structured using a deductive approach (Caulfield, 2019) but with the opportunity to digress into responses in more detail. Eight interviews were completed with a list of seven questions was created (See Table 1) with acknowledgement that more questions would be asked as a result of the discussion with interviewees. Chatham House rule was applied to interviews to assure interviewees assurance of confidentiality of responses. Interviews were conducted with sector experts by zoom and recorded using a recording app to allow transcription in full.  The conversations were then analyzed using a thematic analysis where themes were coded, and trends pulled out to understand what is happening in the New Zealand landscape already (Caulfield, 2019). The themes from the literature review and the interviews were then used to evaluate and discuss the endeavor of building water resilience for New Zealand’s rural communities. 
[bookmark: _Toc106965006]Literature Review
There has been variety of publications on the topic of water resilience, allocation models and the theories around how to build water resilience under a changing climate (Aqualinc Research Ltd, 2021; Doolan, 2007; Land & Water Forum, 2012; Milke, 2017; Ministry for Primary Industries, 2021). The publications reviewed and critiqued within this literature review are to provide the reader an overview of the current environment in which water is allocated and theories on how it may be allocated in future.
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[bookmark: _Toc106965008]Water Storage
Several science investigations within New Zealand and internationally, have identified storage as a key climate change adaptation option to tackle water scarcity. Historically, the storage discussion has been rooted deeply in water supply-demand cycles, geotechnical possibilities, environmental constraints, engineering practices, and politics (Ministry for Primary Industries , 2021). Within Rural New Zealand thousands of dams already exist. While most of these are small and built to store water for farms, more than 400 dams store large quantities of water (more than 18 million litres). Approximately 100 of our large dams are used for hydroelectric generation, with the others used for a combination of uses such as irrigation, flood control, domestic and industrial water supply (NIWA, 2018). 
There have been significant advances in storage infrastructure including the introduction of flexible membranes to line storage areas that can withstand significant seismic activity. This now allows storage ponds and reservoirs to be built in a wider number of locations and ground conditions without significant loss to ground water (Ministry for Primary Industries , 2021). Depending on the design and operation of the dam/ reservoir, it may create a lake upstream and cause the flows downstream to become more consistent, with less frequent high and low flows (Ministry for the Environment New Zealand, 2020). This enables the capacity to maintain and control minimum environmental flows downstream of the dam. 
Improved water storage and security is key to community and business resilience of rural areas as it, reduces exposure to drought and climate change events and enables farmers and growers to diversify (Ministry of Primary Industries New Zealand, 2020). Small-scale private water storage solutions are a great starting point for building climate resilience within rural communities. Although it should be noted that small scale dams are one tool in the toolbox and in substantial or successive drought years, unlikely to store enough water to provide security outside of stockwater. Focused development of small-scale water storage provides farmers access to higher value land use options and therefore supply chains, resulting in higher employment within the local community. This development will need to ensure that regulatory settings/ pathways support investment from industry. A recent example of the current regional settings being disruptive rather than supportive of development is of an arable grower in the Waikato who is trying to build a storage dam to provide resilience against drought. The combined expenditure for consents and administrative costs had totaled more than $100,000 without any construction development (Uys, 2022). 
The Government has already invested $134 million over the past five years in water storage initiatives but ongoing investment will be required. However, whether this is sourced from the different layers of government or in partnership with large private/ public initiatives will be crucial to whether projects will be undertaken in future. 
[bookmark: _Toc106965009]Multi-Purpose Storage Systems
Multi-purpose water infrastructure systems are an important asset in any community/ catchment and often have wide ranging benefits. Typical multiple uses include storage for a reliable supply of human drinking water, recreation (boating, fishing), energy production, supplementing environmental flows, and/ or including enhanced wetland habitats in storage design. Stock drinking water, flood reduction, industrial and firefighting water supplies are also likely beneficiaries of a community approach to water storage (McNally, 2022). Some of the Government’s past investments in hydro-electric dam storage have integrated complementary uses, such as provision for irrigation, and boosting both the seasonal availability and reliability of freshwater. For example, while most hydroschemes are managed primarily for electricity production, there are examples where existing hydro-storage access has at a later date been negotiated to fill gaps in the reliability of water for other purposes such as irrigation, doing away with the need to build new storage (Central Plains Water Limited in Canterbury) (Ministry for Primary Industries , 2021). This could serve as a model for the future. New Zealand has set a goal for reaching 100 percent renewable energy by 2035. The main focus will be on wind, geothermal and solar energy but there could be opportunities to integrate small and medium scale hydro-generation as part of new water storage infrastructure, that could improve water availability and security, help diversify land use, and contribute to achieving the 100 percent renewable energy target (Ministry for Primary Industries , 2021). There is also opportunity in the transportation of stored water for other uses such as irrigation canals to integrate micro hydrological production as seen within the Morven Glenavy Irrigation Company (Morven Glenavy Ikawai Irrigation Company Ltd, 2021). Another benefit of multi-purpose systems is targeted groundwater recharge. Examples of the potential for managed aquifer recharge can be found in Canterbury and Gisborne. However, questions remain around the environmental and cultural acceptability of such practices still need to be considered (Ministry for Primary Industries , 2021). Although in early days, the current projects effects on groundwater recharge are deemed to be more local than widespread. 
It is highly unlikely large single use storage dams for irrigation are to be constructed in New Zealand going forward unless there is opportunity to add uses in future. Large single use projects are likely to run into barriers in the planning stage and lack community support to be successful. Even with community support, multi-purpose projects can also struggle as shown by the Wakamoekau Community Water Scheme (See Figure 1). The multi-faceted approach where all users are considered in the design and planning stages is somewhat new. There is a level of uncertainty about how it can be implemented equitably, but inevitably these factors need to be seriously addressed to gain community support (McNally, 2022). 
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Figure 1: Wakamoekau Community Water Supply Scheme shows the complexity of multiuse systems (Wairarapa Water Limited, 2021). 
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Freshwater has become a focal point for environmental politics in New Zealand over the past decade within increasing public concern about the decline of freshwater (Challies, 2022). The current system of water allocation in New Zealand through consents leaves room for improvement. At best, today’s water allocation mechanisms work just okay. At worst, water allocation mechanisms provoke perverse behaviors (Raffensperger & Milke, 2017). Presently, the right to use water is assigned to individuals or a formal group of individuals that share infrastructure in a water consent (Beca Infrastructure Ltd, 2011). 
Pilot studies are already underway in catchments and regions of the country where the current levels of water allocation are deemed unsustainable and where significant claw backs on allocations are required (Ministry for Primary Industries , 2021). The Manuherikia River is one catchment that is currently going through the process of setting a new minimum environmental flow which would have impacts on current water users. The Manuherikia River catchment has over 600 water users, supports rural townships and has high values for recreational fishing, swimming and boating in selected reaches; habitat for indigenous species; cultural values and mahinga kai (Morgan, 2022). The Otago Regional Council (ORC) are proposing setting a new minimum flow to protect the rivers ecosystem with five options ranging from 1200 litres per second to 3000 litres per second. The current voluntary minimum flow is 900 litres per second.  No council decision is due until the land and water regional plan is notified at the end of 2023 at which time the public will be able to submit on the matter. The ORC has a difficult decision on it’s hands juggling the competing interests in the water and ultimately this will influence the final decision. The initial rights to take water from the Manuherikia were issued in the later 1860s for goldmining (Morgan, 2022). As goldmining waned this water was then used for irrigation and still is to this day. Dealing with the existing rights ill be complex beast but ultimately the health of the waterway will need to be prioritized to ensure that there is water to use in the future for all interests. 
[bookmark: _Toc106965012]Te Mana o te Wai
[bookmark: _Hlk102294028]To Māori, water is a precious taonga (treasured possession), essential to its people and the world we live in. The quality, availability and security of fresh water is critical to food and fibre production and processing, community resilience, our identity as New Zealanders (Māori and non-Māori), and the health of te taiao (the environment that contains and surrounds us). Waterways are an integral part of Māori identity when a whakapapa (genealogy) is told, significant landscapes (including mountains and rivers) within a tribal area are acknowledged (Ministry for the Environment New Zealand, 2020).
In 2011, the National Policy for Freshwater Management (NPS-FW) was introduced and in 2020 its fourth iteration was delivered. The NPS-FW that is part of the Governments Essential Freshwater package, sets out that all local authorities must give define and give effect to Te Mana o te Wai (TMOTW) when creating and applying regional policy. TMOTW refers to the vital importance of water. When managing freshwater, it ensures the health and well-being of the water is protected and human health needs are provided for before enabling other uses of water (Ministry for the Environment New Zealand, 2020). It expresses the special connection all New Zealanders have with freshwater with acknowledgement that protecting the health and well-being of our freshwater we protect the health and well-being of our people and environments. Through engagement and discussion, regional councils, communities and tangata whenua will determine TMOTW  is applied regionally in freshwater management (Ministry for the Environment New Zealand, 2020).   
TMOTW imposes a hierarchy of obligations for the management of freshwater in New Zealand. This hierarchy in order of priority are:
· first, the health and wellbeing of water bodies and freshwater ecosystems 
· second, the health needs of people (such as by provision of safe drinking water) 
· third, the ability of people and communities to provide for their social, economic, and cultural wellbeing, now and in the future.
The hierarchy does not mean, however, that in every case the water needs to be restored to a pristine or pre-human contact state before the other needs in the hierarchy can be addressed (Ministry for the Environment New Zealand, 2020). Current discussions of the hierarchy of obligations indicates that the use of fresh water for food and fibre production and by processing enterprises is most likely a third-tier priority and will be competing with first and second tier uses although clarification on this is being sought (Ministry for Primary Industries , 2021). 
In a world operating under a TMOTW framework, it will be critical to use available water as efficiently as possible, so that all uses under the hierarchy of obligations can meet their fullest potential. In a world with increasing water scarcity, this is a significant challenge. Water uses will need to be prioritized (and potentially reallocated from low priority to higher priority land uses) to achieve the best outcomes for the sectors, community, and iwi/Māori (Ministry for Primary Industries , 2021).
[bookmark: _Toc106965013]National Policy for Freshwater Management
Under NPS-FW 2020, the concept of TMOTW intends to significantly rework how decisions about water are made (Challies, 2022). By the end of 2024, all councils are required to notify new regional plans that give effect to the NPS-FM 2020 and TMOTW. Decisions and implementation of these plans are then to be made within two years of notification (no later than December 2026). This requires councils to work with local iwi and their communities to apply the hierarchy of obligations to local circumstances (Ministry for Primary Industries , 2021). Without meaningfully empowering Maori to fulfil their roles as environmental guardians (kaitiaki), implementation of TMOTW risks becoming a symbolic appropriation of Indigenous concepts (Challies, 2022).
Revised rules are also likely to include flow sharing regimes, revised water take limits, and provision for variable (flushing) flows. When water takes should be reduced to maintain minimum environmental flows, or to avoid saltwater intrusion into groundwater, will also be up for review. In setting minimum flows and limits to achieve desired environmental outcomes, regional councils must have regard to the ‘foreseeable impacts of climate change’ and are required to prioritize the health of water ways above all other uses of water. This includes food and fibre production, processing, and for stock water use (Ministry for Primary Industries , 2021).
As the biggest user of fresh water by volume (75% of all water withdrawal consents), the food and fibre sector and the wider rural community will be the most impacted by these changes (Ministry for Primary Industries , 2021). These changes are likely to result in a significant drop in both the security and availability of fresh water currently allocated to and used by food and fibre enterprises for both food production (via irrigation) and processing.
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Figure 2: Maximum annual volume of consented freshwater takes for consumption by primary use and source 2017-18. Note: Hydro use is generally non-consumptive and has been excluded from volume comparison (Ministry for the Environment New Zealand, 2020). 
0.1.1. Three Waters Reform Programme 
The Department of Internal Affairs’ Three Waters Reform Programme, including the proposal to create four new water entities covering the ‘three waters’ for the country, is one of the most significant proposed changes in the delivery of water services in New Zealand. This is due to the potential scale and proposed role of the new entities (future investment estimated in the order of $120 billion to $185 billion over the next 30 to 40 years), improved governance and access to capital markets (finance) through increased economies of scale. These reforms may bring opportunities to leverage these future investments in three waters infrastructure to improve water security and reliability for a wider range of benefits, including for food and fibre enterprises and rural community resilience. The proposed four multi-regional entities will enable smaller communities to cost share with larger regions to ensure that improvements to infrastructure can be made without significant increases in local rates. Taumata Arowai was established as a Crown Entity in May 2021 to regulate New Zealand’s drinking water. In 2024, it will assume responsibility for wastewater and stormwater networks, becoming the three waters regulator (Department of Internal Affairs, 2022). The governance of the four new regional entities has brought plenty of scrutiny and the concerns of stakeholders will need to be addressed before support from the wider community is garnered. At the time of this report, the majority of the country’s councils are against the implementation of the Three Waters Reform Programme in its current form. Serious thought needs to be given to listening to regional council and public concerns.  Resulting changes may gather the support needed and see a reform in the delivery of water services in New Zealand. 
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Water markets are often proposed as institutional mechanisms for reallocation water among competing users amidst water scarcity, accommodating urban population growth, agricultural and industrial change, restoration of water for ecosystems and adaption to climate change (Womble, 2020). Free water markets are implemented throughout the world with varying degrees of success. The most notable water markets are Australia, Chile and America which each provide many lessons to learn from. Numerous studies and research literature have identified benefits and disadvantages to each of these markets. The literature has been critiqued to understand the ability for water markets to be implemented into a New Zealand setting. 
Australia
In Australia, substantial progress has been made over the past 30+ years in shifting towards a model of sustainable water resource management (Doolan, 2017). To allow water markets to function effectively, the Australian Government made institutional changes that required them to improve record keeping. Drought motivated Australia to make water markets work, especially in the Murray Darling Basin, which is the most active water market in the world. The country’s markets are active because the government has aggressively eliminated restrictions on trades (Doolan, 2017). Trades are even able to occur in over-allocated areas as it is the view of the authority that the trade will not cause further over-allocation (Doolan, 2017). When active water trading began in Australia, many people immediately sold unused rights, which gave them cash and “freed up” water on paper. But that unused water had benefited the environment, and now was being taken for irrigation, which then damaged the environment further. In some cases, the “freed-up” water rights exceeded the actual water available in a typical year. The result was that the Australian government had to buy back rights to protect the environment (Doolan, 2017). 
Australian water markets use sealed bid auctions and bulletin board systems for water markets for years (Bjornlund, 2003). These systems eliminate the need to search for trading partners, reduce the costs of bargaining and contracts, and presume enforcement. These methods can work in situations where users have roughly the same environmental impact and take from a relatively uniform water body at a similar time (a river, canal, or lake). The auction systems show the potential for trades and they develop trust in trades, which together have led to markets that are more active (Doolan, 2017). 
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Figure 3: Steps for how a trade is executed in NSW (Australian Comeptition & Consumer Commission, 2021)
However, Australian water markets do not require flows for the environment and can trade only real water (Hanak, 2011). Australia water rights holders can trade “paper water,” rights without actual water associated; they can also sell the gross water, rather than only the net water, from irrigation improvements. The clarity of property rights and lack of environmental limitations on water trades have allowed the Australian water market to evolve quickly and with lower transaction costs than compared with other markets. However, this market efficiency comes at a high environmental cost, which became increasingly apparent during the past record drought. To address this problem, the national government plans to spend over $3 billion in the next decade to purchase back environmental water and to invest over $5.5 billion in water savings whose yield will be shared between irrigators and the environment (Hanak, 2011).
Chile
Chile has abundant water resources, but they are spread unevenly. The country has dry places, and irrigation plays an important role in agriculture in these areas (Raffensperger & Milke, 2017). In 1981, Augusto Pinochet ’s military government allowed water resources to be privatized and it eliminated legal restraints to water markets. The goal was to allow users to own water like any other property, and to encourage private investment in water infrastructure. This was an extreme “free market” approach. Perhaps surprisingly, little trading takes place today and is mostly in areas that have controlled water in reservoirs and canals (Doolan, 2017).
The flaws in the Chilean system are informative. The system still relies on one-to-one trades, with each individual trader having specific property rights. The prevention of third-party effects still requires regulatory oversight that inhibits completely free trade. Another flaw is that Chilean law does not always give certainty of title. In theory, all water rights have had to be registered with the title offices, but the law also recognizes unregistered rights under earlier legislation, and users cannot trade unregistered rights. 
The Chilean’s do have some other serious problems: 
· Private hydroelectricity companies are in conflict with farmers where the companies were given water rights with conditions about releasing water to farmers at prescribed times. 
· Chile does not enforce its environmental law. 
· To prevent competition, a single power company has managed to obtain rights to most rivers. 
Milke, 2017 suggests that Chile shows that a “free market” solution alone is not sufficient to produce a more efficient system of water allocation. Simply allowing a free market for water does not make a market happen, unless the water is controlled (Raffensperger & Milke, 2017).
United States of America
The United States of America (U.S.A.) has 50 states, and water laws can vary between states, within each state, and sometimes by county. The legal frameworks in the various states hinder development of a common pool market and result instead in attempts at water markets between a few similar users (Raffensperger & Milke, 2017). Most U.S.A. states base water allocations at least partly on appropriative doctrine. This means that users acquire rights to water by use, and the earliest user has senior rights over later users. In dry years, senior users get water first. Many states also have riparian doctrine for water rights. In both of these doctrines, users are required to use water “reasonably,” and users argue about what “reasonably” means, especially in dry years, with resolution often through the courts (Raffensperger & Milke, 2017). 
Texas as an example, has at least four different water doctrines. From highly controlled water with well-specified rights in the Rio Grande basin, to completely uncontrolled rights in groundwater. Texans are able to take as much groundwater as they wish, which naturally affects surface water. In spite of this, surface water users have no recourse in the courts if excessive groundwater use denies them water (Raffensperger & Milke, 2017). 
Water markets in the U.S. have helped meet some water allocation goals. One type of trading method that seems to work in a limited way in the U.S. is the “bulletin board” system where traders find partners via electronic means. Water authorities developed these with participation of water users in the Rio Grande basin and the northern Colorado River basin. This method can lower the need for vetting when users are from a closed system such as a surface source (lake or river), so they have a similar impact on the environment, making these simpler one-for-one trades acceptable (Raffensperger & Milke, 2017).
As a response to the 1977 drought, California has used a “water bank,” in which the state served as the main broker for water trades (Israel, 1995). California has also operated water banks in 1992, 1994 and 1995. The Department of Water Resources (DWR) offered users a price of $125 per acre-foot, regardless of source. Sellers could fallow farmland, use groundwater instead of surface water, or transfer water from local reservoirs. DWR bought 820,665 acre-feet. DWR then offered the water for sale at $175 delivered at the entrance to the California Aqueduct. DWR sold only 389,970 acre-feet. Due to the price of the water, the market did not clear. A major difficulty with the growth of water markets in the U.S. has been the lack of water metering and regulators’ lack of visibility of total water used, and sometimes even of where water is used. For example, California does not require farmers to meter their water, despite the current severe drought and depleting aquifers (Raffensperger & Milke, 2017). In New Zealand’s steep catchments, it will be critical to have all water takes metered which to a certain extent already happens.
Water trading up until now has been somewhat successful where the water is physically controlled, as in the Maipo River Basin in Chile, the Texas Rio Grande basin, and parts of the Australian Murray-Darling basin. For the most part water markets throughout the world suffer from thin trading, where trades are rare and big. Simply allowing trading will be insufficient to create a successful market. Water markets increasingly facilitate adaptation to water scarcity, but transaction costs can be barriers to expanded water marketing (Raffensperger & Milke, 2017). However, transaction costs have rarely been measured, and existing research commonly overlooks how transaction costs differ across individual water transfers and uncertainty in those costs (Womble, 2020). In the New Zealand setting it is likely that the implementation of free water markets within suitable catchments would result in inefficient trading. Trades are likely to be infrequent, large and tied to land sales, unless suitable market data is available for parties to make decisions on. For a free water market to be successful in the short catchments of New Zealand a few parameters are required to be meet; a closed system, reliable real time data (both water take and inflow), mindset change around the “ownership” of water and education on potential land use changes to maximise water use at different times of year. 
[bookmark: _Toc106965016]Smart Water Markets
Smart markets for water can benefit communities around the world. While implementation of the market will be easier in some places than others as overcoming the inertia of existing systems is difficult (Raffensperger & Milke, 2017).  In order for a smart water market to be created, a detailed hydrological optimization model of a catchment has to be created. This would include all the relevant users and the many constraints to ensure that environmental flow requirements are satisfied. The model balances the flows of water at each point in the catchment, while accounting for expected inflows, reservoir capacities, etc. Then the model apportions the optimal amount of water to give to each user, taking into account each user’s demand for water, including the user’s different values for water in each time period and the decreasing marginal value for more water (Raffensperger & Milke, 2017).  Instead of guessing each individual users’ water values, via web page they would bid for the water directly. With their money at stake the users are incentivized to tell the truth about how much water they need. The model then determines the allocations and prices while ensuring environmental flow requirements are satisfied. That that is a smart market in a nutshell. 
Despite the pool nature of water, most current water markets operate on a one-to-one basis. The smart market auctions water within the common pool where the goods (water) is awarded to the highest bidder. However, the water authority sets prices for water at marginal cost, and not the highest bid similar to a second price auction where the winner only pays $0.01 more than the second bid. The market is a uniform price auction adjusted for the local hydrology. Users will bid only for a change, either an increase or a decrease, in water allocation at their own location (Raffensperger & Milke, 2017). Two identical users at a given location face a uniform price , even if they have bid differently; these two users face the same price because, by assumption, their water takes are from the same part of the hydrological system and so have the same impact on the environment. However, for two users in different locations the price will be different but uniform in relation to the hydrological system and impact on the environment.
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Figure 4: Example of smart market for groundwater. Each well shows the price, the trade, and the final allocation. Each well price is also scaled on the environmental impact of its take (Raffensperger & Milke, 2017).
The final prices in the auction and the amount of water that each user takes can be public (no identifiable details of user made available). This helps bidders for future auctions and allows for transparency within the market. Essentially the water authority is assisted by a computer, with an optimization to solve the allocation problem associated with a set of bids (McCabe, 1991). 
However, setting up a smart market is more complicated than simply solving an optimization with the correct hydrology for a catchment. Setting up a smart market also requires careful development of institutional arrangement, the “rules of the game”, which will satisfy participants’ business concerns, ensure a reasonable level of competition, and satisfy regulators (Raffensperger & Milke, 2017). Regional councils need a clear implementation path set by policy makers. Some existing water markets have rules that prevent inter-sector trading, e.g., between agriculture and cities due to politics or concerns about differing hydrological or environmental impacts. The common-pool smart market model does not require such restrictions on trade, because the matrix can account for the differing hydrological impact of different users (Raffensperger & Milke, 2017).
[bookmark: _Toc106965017]Tradeable discharge permits/ allocations
Pollutant trading schemes are market-based strategies that can provide cost-effective and flexible environmental compliance in large river basins (Quinn, 2011). Water pollutant trading schemes while discussed in literature and until recently practised in European countries, have been mostly limited and concentrated to Australia and the United States. These schemes are among the most complex and challenging market-based approaches to managing water resources. This is mainly due to the variety of sources of pollutants and the fundamental difficulty of assessing the economic impacts of these. 
Pollution within a river catchment can be defined as either point source (source identifiable and discharging into a receiving water) and non-point source (sources discharging into a receiving water in a diffuse manner where the point of discharge cannot be defined geographically or easily measured) (Quinn, 2011). The difficulty as alluded to by Quinn 2011, is that assigning responsibility for non-point source discharges, such as from agriculture, is extremely complex. Water pollutants can be further characterised as either assimilative or accumulative (Tietenberg, 2011). Pollutant trading so far has been primarily limited to assimilative pollutants. Assimilative pollution is reversable and are pollutants that can be accumulated within the environment which have measurable negative impacts above a certain limit (Quinn, 2011). Accumulative pollution on the other hand is non-reversible and the damage to the environment continues to increase. 
Hunter River, NSW, Australia
The Hunter River Salinity Trading Scheme in New South Wales (NSW), Australia was implemented by the NSW Government in 1995 to manage saline discharges from industry in the Hunter River (Department of Agriculture, Water and the Environment, Australian Govenrment, 2019). The Hunter region supports a range of agricultural activities, 20 of the world’s largest coal mines and three power stations. Not only do Human activities impact of the river’s saltiness, salt occurs naturally in the many rocks and soils of the Hunter Valley which naturally leaches into nearby waterways.  The central idea of the trading scheme is to only discharge salty water from industry when there is lots of low salt, fresh water in the river (Department of Environment and Conservation NSW, 2022)
Initially 1000 credits were first allocated free of charge to licence holders, based on a formula that took into account the environmental performance, salty water by-product, employment and economic output of each licence holder (Department of Environment and Conservation NSW, 2022). Credits determine who can discharge salt with the license holder calculating the volume of discharge water that contains their permitted tonnage of salt. These credits are given different life spans. Every two years, 200 new credits are created to replace those that have just expired. These new credits have a lifespan of 10 years. This arrangement means that 200 new credits will be available every two years into the future, but the total number of active credits at any one time is limited to 1000. The new credits are sold by public auction, a process that reveals the market value of credits. New industry is then able to enter the scheme by buying credits at auction, or by acquiring credits directly from other scheme participants (Department of Environment and Conservation NSW, 2022). Due to the certainty of the 10-year time frame, the license holders can choose the most cost-effective strategy for their operation which may be a mix of buying more credits or adopting cleaner technology or practices to reduce the requirement for more credits. Credit trading is permitted through an online system, allowing licence holders to trade quickly and simply. Trading of credits does not increase the overall amount of salt discharge as there is only ever 1000 credits in the scheme. The result of this is the communities desired environment outcomes are achieved at the very least cost to them. 
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Figure 5: Example of Credit System for Hunter River Salinity Trading Scheme (Hunter River Sailinity Tradiing Scheme , 2006).
San Joaquin Basin, California
Another example of tradeable discharge consents is the San Joaquin Basin in California. The conceptual model that underpins the salinity total maximum daily load (TMDL) in the San Joaquin Basin is complex. Salt loads generated within the Basin are identified by source as the TMDL is intended to quantify and help control sources of pollution and provide full protection of identified beneficial uses. The TMDL provides separate accounting for point and non-point salt loads. Point sources of salinity, such as discharges from wastewater treatment systems, are regulated separately using concentration-based Waste Load Allocations (WLA). These WLAs are easier to regulate through a marketplace provided other regulated entities are also willing to trade their allocations. Non-point sources of salinity load allocations (LAs) are less amenable to the establishment of fixed monthly or seasonal salt load allocations because of the diffuse nature of these non-point source which makes it difficult to assign responsibility. The TMDL is therefore developed like a sandwich of additive salt load allocations (Quinn, 2011) . WLAs, background salt loading and salt loads contained in groundwater return flows to the river are then subtracted from the total assimilative capacity of the River to determine the salt load allocation to all non-point sources. A margin of safety is typically set at between 15–20% of the total salt load and accounts for the hydrologic variability of the system. This also accounts for the inability to use 100% of the calculated assimilative capacity of the river. 
On the west-side of the San Joaquin Basin during dry or critically dry water years the calculated TMDL salt load allocation provides almost zero allowable salt load discharge during the irrigation season, when irrigation water deliveries and drainage return flows are highest. Under these circumstances San Joaquin Basin salinity management appears both inflexible and punitive (Quinn, 2011). A significant challenge in the San Joaquin Basin is to integrate and provide uniform data access to the various real-time hydrology and water quality databases operated by State, Federal and private entities that discharge salt to the San Joaquin River (Quinn, 2011).
A significant difference between these two examples is the role of government and the financing of water resource and water quality management activities. Federal spending to improve salinity management within NSW has been estimated at $10–12 billion over the next 10 years. In contrast, the costs of TMDL compliance in California are mostly borne by the State and passed to stakeholders through permitting and forced compliance with Basin Plan monitoring requirements (Quinn, 2011).
Taupo, New Zealand 
The use of pollutant trading schemes in New Zealand could help to meet TMOTW objectives of stopping further degrading of our freshwater systems. However, the amount of discharge would need to directly affect water take to help alleviate the allocation issues within some catchments. There would need to be significant outlay of costs to measure individual diffuse pollutants from farms in order for this to be achievable. An example of pollutant trading in New Zealand is in the Lake Taupo Nitrogen Trading Scheme. This is heavily based on estimates from OverseerFM rather than actual runoff data. Nutrient trading enables polluters to receive direct financial benefits for reducing their nutrient leaching. If a polluter has insufficient allowances to cover their nutrient loss, they must purchase additional allowances from the market. If a polluter has surplus allowances, they can sell the extra allowances. This helps to ensure that nutrient reductions take place cost effectively (OECD Publishing, 2015).
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Figure 6: History of nitrogen allowance trades in the Lake Taupo Nitrogen Trading Scheme
[bookmark: _Toc106965018]Discussion and Findings
The scientific and economic publications reviewed conclude that significant measures are required to enable the paradigm shift within a country to reform water allocation and create a system that efficiently manages water resources. While this report focuses on rural communities it is noted that the issue cannot be separated from the urban community in developing the required whole of system changes. Although these changes are more likely to effect and require changes in mindset from rural community water users more so than urban water users. Critical analysis of literature and interviews has drawn focus to the recurring key themes outlined in the Table 1 below. Although it is noted that some themes were not found in both data sets suggesting differing opinions between literature and experiences/ ideas of stakeholders in the industry. 
Table 1: Thematic analysis of literature and interview themes against interview questions. Note: The interview themes were coded from interview transcriptions into themes summarised below. 
	Research Questions
	Literature Themes that address question
	Interview Themes
	Recurring Themes

	How do you see Te Mana o te Wai influencing the water resilience and development needs of rural communities?
	· Environment first
· Use what we currently have more efficiently
	· Healthy waterways = healthy community
· Represents the outcomes the wider community want
· Requires mindset change
	· Mindset change
· Environment first

	What are the current limiting factors to securing the water use needs of all entities in rural communities?

	· Planning
· Public/ community perceptions
· Investment
· Existing rights
	· Planning
· Upfront costs
· Perception
· Unresolved Iwi rights
· Political Environment

	· Changing Perceptions
· Planning 
· Funding
· Iwi/ Existing Rights

	What do you see as the solution or solutions to building water resilience and security in NZ rural communities?
	· Water capture & storage important
· Multi use solutions
· Water reallocation
· Collective management
· Water/ pollutant trading
	· National Strategy Required
· Water capture and storage important
· Water reallocation need
· Use what we already have more efficiently
· Multi-use solutions
	· Reallocation
· Multi use systems / water capture
· Efficiency
· Strategy

	How do you think we will pay for the investment in infrastructure? 
	· Private and public investment
· Collective management / water entities

	· Staged construction
· Multi-investment 
· Water entities 
· ROI for users & water entity important
· Wider community benefit
	· Staged construction
· Collective entities
· Mixed investment

	How do we cause a paradigm shift towards sustainable water resource management that provides high economic value to the nation?
	· Use what we currently have more efficiently
· Can’t carry on with current model
· How to deal with existing rights
	· Education for water users and community
· Intergenerational shift
· How to deal with existing rights
	· Intergenerational shift
· Education
· Existing rights


	Do you think the implementation of a water market such as in Australia, Chile or the USA could work in the short catchments of New Zealand? Trading between industries
	· Drives efficiencies of use
· Room for improvement
· Understand both demand and supply needs
· Pollutant trading an important tool
	· Easy to implement in a closed system
· Part of the future allocation strategy -not silver bullet
	· Efficiency
· Strategy
· Transitional tool

	How do should we deal with existing user rights?
	· Mindset change required
· Education 
· Transition will be important
	· Transitional period required
· Recognise existing allocation and investment
· Education and communication 
	· Transition period
· Education



The main recurring themes in Table 1 were identified as areas of significance that required further investigation to understand how they were connected and where the opportunities lay for building water resilience.  Further research and analysis focused the themes in Table 1 into the ten themes to discuss in further depth below. This was done through critiquing the available information from both research and interviews and comparing how these themes were interconnected to achieve the overall goal of water resilience. The ten themes below are organised in order of importance and in natural step change required to be implemented so as to achieve future water resilience for New Zealand’s rural communities. For example, we require a National Strategy for Freshwater above all else to be able to guide decisions on existing rights, collective management opportunities and water allocation reform.

[bookmark: _Toc106965019]National Strategy for Freshwater Resources 
McNally, (2022) and Ministry for Primary Industries, (2021) championed the need for a national strategy for freshwater management as the first step in supporting the sustainability, productivity and resilience of New Zealand communities. In a future operating under the TMOTW framework, it will be critical to use available water as efficiently as possible, so that all uses under the hierarchy of obligations are able to meet their fullest potential. This is almost certainly going to be a significant challenge for New Zealand’s rural communities facing increasing water scarcity. New Zealand has been underinvesting in new water capture and storage systems for decades that would provide productive use, community use and for future hydroelectricity generation (Winning, 2022). To increase the availability and security of water there is a need to store and move water during times of plenty to ensure there is sufficient water in the system during dry periods. This will enable water to be released back into the system to supplement environmental flows, and fill gaps in water availability required by communities, producers, and processors during times of scarcity (Ministry for Primary Industries , 2021). The Ministry for the Environment should establish a National Agency for Freshwater Resources in a similar vain to Waka Kotahi which manages the New Zealand’s highways. This agency would have the economy of scale to fund large scale water resilience infrastructure and spread the costs over the long term for the users. The National Agency would oversee the management of all catchments within the country and provide targeted solutions for communities most likely to be affected by climate change. 
A clear strategic approach for managing our freshwater availability and resilience in a changing climate is needed to enable success for future rural communities. Therefore, a national strategy for freshwater resources must be created and implemented by the National Agency for Freshwater Resources. The strategy would sit alongside the already strong existing initiatives for environment and social strategies that relate to our water resource. Water storage and capture is not just for the benefit of the productive sectors, but something that has benefits as a whole of community solution to water scarcity. Depending upon the scope and scale of integrated storage and distribution requirements, solutions that are designed to deliver both public and private benefits will require public/private funding models that are attractive to investors and achieve ecosystem and community-wide benefits through multi-purpose solutions (Ministry for Primary Industries , 2021). Public support and buy in for storage will rely on any further developments being multi-purpose, where they address the needs of multiple uses while complimenting the community’s vision and expectations. Water uses will need to be prioritized (and potentially reallocated from low priority to higher priority uses) to achieve the best outcomes for the sectors, community, and iwi/Māori as well as give effect to TMOTW. A new framework for allocating water to users should focus on ensuring that the country’s long-term economic welfare is maximized but not at the expense of the environment. To ensure the success of the national strategy for long term, education of water users and the wider community was discussed as an important theme by interviewees. 
[bookmark: _Toc106965020]Water Allocation Reform
Water reallocation was a key theme that was often linked with water capture and storage as a solution for current and avoid issues with new capacity. A clear strategic plan for managing freshwater resources will need to incorporate at least the discussion of water allocation reform. If New Zealand’s rural communities are to continue to succeed and undergo growth in the future, water allocation reform will play an important role in this success. Currently there is variability across the country in different allocation regimes. The Land & Water Forum 2012 recommend that national consistency in freshwater allocation framework must be applied that also gives room to undertake local solutions. Freshwater allocation should make the most of the water available under a limit setting process guided by the TMOTW hierarchy. The allocation framework must provide outcomes that are accountable, efficient and fair including how it is allocated and transferred. Increasing the ease of transferring water between uses and users over time will naturally allow for efficiency and users to make investment decisions that maximise their return. 
An intergenerational shift that includes a transitional period from the current allocation model to agreed new allocation model was strongly represented within the themes. This stemmed from the need for a national strategy to guide the management of the freshwater resource in New Zealand. To make the most our land and water resources, we need to create an investment environment that allows our communities, our farmers and businesses to create value (Land & Water Forum, 2012). Consent and planning issues have dogged storage projects for both individuals and collectives. Under the current RMA environment, large water schemes are unlikely to go ahead with most stumbling at the planning consent stage. Well-designed and constructed water infrastructure will have a service life considerably longer than the duration of consents being issued today. Unless the planning environment changes, there will be several resource consenting cycles over the life of the infrastructure with the expectation is that the next set of consents will usually be more stringent than those gained initially. More stringent consents can threaten the viability of a project or of water-users’ businesses, which then threatens the project’s funding and ability to get off the ground. The duration and conditions on the initial consents often have a significant bearing on whether bank funding will be offered, and the operating cost of the project (Aqualinc Research Ltd, 2021). Future consents will need to be different from the consents that are issued today. Regional Councils will need to be given a directive from the Ministry that enables entrepreneurial development while protecting the environment. Current allocations are likely to be reviewed as has been seen in the case of the Manuherikia River under management by the ORC. It is likely that all current water users within this catchment will have their allocations evaluated as the new minimum environmental flow limit is set. Some of these allocations go back to the late 1800s so the conversation of allocation reform will need to be discussed in regard to existing rights in forming a new land and water regional plan. The successful management of the Manuherikia will need buy in from the wider community and all water users. If the end goal is understood and all water users understand that there is greater risk in carrying on with the status quo. Then there is likely to be agreement on the revision of water rights provided appropriate compensation is available and an accurate method of ranking of water uses is used to allocate under the new model. Where clear limits on catchments have been established, users will no longer seek further water to aid growth but be incentivized through market-based systems to become more efficient. These efficiency gains help to deal with the demand side issues and only then should consideration to storage and other related infrastructure be given. 
[bookmark: _Toc106965021]Iwi Rights
For new allocation frameworks to be durable, the issue of iwi rights and interests in freshwater must be solved (Land & Water Forum, 2012). However, the responsibility of solving this issue is between the Ministry for the Environment and iwi. The role of iwi in freshwater management will be important for guiding regional councils through implementation of TMOTW and assisting the governance of our freshwater resource.  Freshwater allocation reform and the creation of a national strategy should be done in a collaborative process to develop tools such as water markets that can then be implemented by regional councils or water management entities. It must be recognised that there are different iwi values and interests between catchments so it will be important for regional councils to build relationships with iwi while developing new regional plans to be notified by the end of 2024 under the NPS-FW 2020. Iwi must have a seat at the governance table of regulating organizations at the regional level to ensure the management of the resource aligns with their values. New Zealand must embrace the Maori values of TMOTW as a foundation and understanding of the journey ahead. 
[bookmark: _Toc106965022]Existing Water Rights
Existing water rights and how these are dealt with are likely to have a significant influence on the success of any future implementation of water markets as a tool to provide water resilience for rural communities. There are many catchments across New Zealand that are at capacity or over allocated. If New Zealand is to undertake allocation reform, then an element of this will require the wider community to manage down to the new limit that meets freshwater and community objectives. The process of moving to new consents will require recognition of existing water uses and investments made by existing users. A technical efficiency measure should be applied to reducing paper over-allocation and potential inequities of the current allocation model (Land & Water Forum, 2012). Reductions in existing rights should reflect the nature of over-allocation and all users should bear some impact from the transition. Those impacted by the transition to a limit-based allocation regime need to understand the reason for change and feel that their rights are treated with respect. The time it takes to transition and the ease of change will be influenced by leadership and willingness to change form the wider community (Land & Water Forum, 2012). Both central government and regional councils will have a role in delivering the influence and impact of the new approach to water allocation. 
Central government will need to ensure knowledge of what works well and what doesn’t in collaborative catchment management is delivered to regional councils as part of the national strategy implementation. It is then the Regional Councils who are the main agents for change and implementation at a regional level.  Facilitating the upskilling of all stakeholders in the water allocation reform will be critical to ensuring success and the wider community knowledge.  New Zealand’s greatest constraint to turning our water abundance into resilience is our collective mindset (KPMG New Zealand, 2016). Education of stakeholders and communities will be crucial to the ease of transition and successful implementation market-based tools. The advantage of having collective water entities for Regional Councils would be that this education is likely already undergoing real world application. The water users will see the potential benefits that outweigh the costs and share this with other water users.
[bookmark: _Toc106965023]Aggregated Consent Entities
For existing water users, there is opportunity for collectively held resource consents to be managed by an aggregate consent entity (ACE) that authorizes a number of individual activities. The ACE would operate as a company that manages the resource consent/s that the water users abide by. The resource consent/s may oversee a collective of groundwater or surface water existing users within a closed system (E.g. the same aquifer or irrigation canal) who are wanting to better manage the resource with less individual compliance costs. However, bringing surface water and ground water users together under one ACE would present greater difficulty although would have better outcomes for the catchment. An ACE would have economies of scale for compliance reporting and involvement in planning and policy processes. The economy of scale of the ACE could also generate enough revenue for upgrading infrastructure to increase security or efficiency or supply. As well as more cost-effective representation, an ACE may be able to reconfigure water allocations within the ACE, to reduce the overall energy consumption (Beca Infrastructure Ltd, 2011). The real value of an ACE is the ability to transfer water internally in order to make the best use of the allocation provided, assuming the annual collective volume is sustainable from a catchment point of view. This encourages individuals within the ACE to more efficiently manage their water and any excess water to be available to other users within the ACE locality through a market-based system. Water transfers will enable dry land farmers to irrigate, or irrigated properties using deep groundwater to access surface water.  A single ACE creates a larger market for such internal water transfers (Beca Infrastructure Ltd, 2011). The improved use of water will likely go hand in hand with improved land use practices and land use change. For collective management of water to be successful, Regional Plans and the councils implementing them will need to play a supporting role in championing the management of ACE. This will require a collective mindset change to recognize the value of ACE, taking responsibility for the future of the resource. The primary sector in particular can take the lead and initiative by simply doing what is right for our waterways for all New Zealanders. 
[bookmark: _Toc106965024]Collective Water Management Entities
Management of our freshwater resources is complex and challenging. Having hundreds of organizations managing, regulating and delivering water in silos is always going to drive suboptimal results (KPMG New Zealand, 2016). Collective management of water enables already allocated water to be used to its full potential, which reduces the overall need for increased storage. Minimising the requirement for storage and infrastructure is likely to make the cost of water storage more affordable, and thus more likely to proceed (Beca Infrastructure Ltd, 2011). The literature and interviewees agreed that there is a need for multi-regional collective water management entities (CWME) of the freshwater resource. This would be in the form of a multiple crown entities that oversee the management of water across the country similar to the proposed Three Waters Reform Programme. These entities will need to be large enough in scale to ensure the benefits of the economy of scale but still be accountable at a local level. The interviewees emphasized the importance of getting the governance right for these entities which has been highlighted with the Three Waters Reform. Iwi must have a seat at the governance table of these entities to ensure that they give effect to TMOTW and iwi rights in the local context are provided for. 
[bookmark: _Toc106965025]Water Capture and Storage
Water capture and storage were a key recurring theme to building water security and resilience for communities. Capture of freshwater in times of plenty and storing for times of dry is an important tool to ensuring the water resilience of New Zealand Rural communities. The investment in water storage and delivery infrastructure that is required to meet a national strategy for freshwater resources is certain to be expensive.  Supply side focused solutions are usually expensive, complicated; and involve long lead in times especially investments in new infrastructure (Ministry for Primary Industries , 2021). Ministry for Primary Industries 2021 and interviewees discussed the importance of understanding the demand requirements prior to infrastructure construction and need to create efficiency of current use. This is because getting the demands settings right can mean reducing the volume of water required to be stored in the first place. The flow on effect of this is a reduction in the size of infrastructure investment needed, to meet water security needs of all water users.
On farm water capture and storage should be a pathway facilitated with relative ease provided a wider catchment view is implemented under TMOTW. However, this should not be cost prohibitive to farm owners as they are trying to improve their reliability of water without relying on outside investment in infrastructure. On farm storage alone will not increase rural community resilience but it will be a tool that should be incorporated within regional plans to ease environmental impacts on waterways and help increase environmental flows.  Outside of on farm storage structures, the wider catchment demand needs to be understood through quality data and matched against reliable hydrological data tools. This will enable regional councils or water entities to understand the need for further investment in infrastructure. In some catchments there may be little requirement for further infrastructure even with a long-term view so money will be better spent elsewhere. Where infrastructure is required, phased or staged construction is a proven successful option. Although this is more expensive in the long run, the upfront costs are not so significant for investors and ensures that if further stages of construction do not come to fruition, initial investors are still left with the minimum infrastructure they required.
Large water capture and storage solutions will need to be multi-purpose to have any success of gaining wider community support and getting through the consenting phase. Gone are the days of single use large irrigation schemes. Large projects will have to have benefits outside of land users and the costs to build will likely be shared by all. Environmentally sound, economically savvy and long-term community focused projects in areas that are to be most affected by climate change and have sufficient water available should be prioritized by the national water strategy. The national agency for freshwater resources first project should be to identify catchments where demand exits, is likely to increase, climate change is projected to impact and where sufficient water is available. There may only be a few catchments where it is feasible to create large water capture and storage projects, but these should remain a focus for future proofing New Zealand’s water resilience strategy. Outside of these larger projects there may be opportunity to increase capacity of current storage systems that can meet changing catchment demands over time at a fraction of the cost. 
[bookmark: _Toc106965026]Water Market Implementation 
Market based systems were seen as a piece of the overall water reallocation but not the “silver bullet” for building water resilience for rural communities by interviewees. Market based systems could be implemented by the CWME and ACE’s as part of the overall management of the resource provided it was within a closed system. In some catchments, the ability to transfer and trade permits to take water and discharge contaminants could contribute to improving the efficiency of managing the freshwater resource. This is particularly the case but not exclusive to catchments where water takes are predominantly from groundwater and infrastructure is already in place or feasible to develop (Land & Water Forum, 2012). By enabling the ability for individuals or businesses to transfer or trade freshwater consents easily, we are opening opportunities for markets to emerge. These transactions enable water use efficiency, improved land use management and water to move to higher value uses organically overtime. However, all interviewees did not see it as “the silver bullet” to creating efficiencies in water use. However, the Land & Water Forum 2012 believe it would facilitate the entrepreneurial decision-making at the individual and business level (Land & Water Forum, 2012). A market-based instrument should form part of the overall methods and tools used to manage our freshwater resource. The markets use price signals for stakeholders to make choices about how much of the resource they will use over a certain period. Resource-strained catchments should be given enhanced ability under the RMA to transfer and trade entitlements (this would reduce transaction costs) and the resulting market will promote more efficient resource use of the already available water. Market based conditions will also give effect to TMOTW by using the water allocated under the third hierarchy more efficiently and for higher value land uses.
The Land & Water Forum, 2012 identified that the main concern of enabling water or pollutant markets is the emergence of “water or nutrient barons” who purchase consents in excess of their requirements in order to trade and profit from these. Thus, pushing market values up which can have the unintended consequence of reducing market trades and overall water use efficiency. 
[bookmark: _Toc106965027]Role of a Pollutant Market
Pollutant markets can contribute to the efficiency of managing our freshwater resource. This is only the case where contaminant discharges are easily identifiable and attributable to the source (Land & Water Forum, 2012). The key to the pollutant market and managing freshwater quality is having a robust accounting system for sources of contaminants.  Contaminant generation and transport in nature vary over time and space. This needs to not only be considered but accounted for if the market is to be successful. Under the current water permit system, water users are seen to take a public good (water) and make a private profit with the costs (the environment) shared by the wider community. A pollutant market would associate the costs of taking water for landuses with the water users. This would encourage more efficient use of the resource and also investment in technologies to reduce pollutant loss as a result of land use. Pollutant/ nutrient trading enables polluters to receive direct financial benefits for reducing their nutrient leaching (OECD Publishing, 2015). If a polluter has insufficient allowances to cover their nutrient loss the must purchase additional allowances form the market which may be high at that time. A low polluter who is unlikely to use their total allowance is able to trade or lease their nutrients and be rewarded for their management of the resource. However, initial allowances are likely to be based on what they were doing over a specific time period (grand parented). This may give some users suitable pollutant/ nutrient loading to carry on with the status quo with no financial incentive to change. Therefore, a reduction in either total allowance across the scheme or at individual levels is required to help formulate the required environmental outcomes such as seen in the Lake Taupo Nitrogen trading Scheme (OECD Publishing, 2015).  
[bookmark: _Toc106965028]How do we fund investment?
The largest barriers for investment in water storage and subsequent resilience is funding. Although typically these large infrastructure investments are intergenerational assets, the costs are almost always upfront which presents an enormous hurdle to overcome. Aqualinc, 2021 estimates that small scale water storage (under 1 million m3) costs $15/m3 compare with building community scale at $5/m3. In any business, an investment decision is often made based on the return from the initial investment. Therefore, stakeholders of these projects require investment and ongoing running costs to be at levels that an acceptable profit or return can be expected. The use of special purpose vehicles (SPVs) such as levy funding through an off-balance sheet model are already used to finance infrastructure for councils and has potential for use in multi-purpose capture and storage (Aqualinc Research Ltd, 2021). The off-balance sheet model is a term for assets or liabilities that do not appear on a company's balance sheet but are still assets and liabilities of the company (Hayes, 2021). Although Northland as a region has high rainfall, a lack of storage means that this is unable to be retained for periods of dry such as the drought in 2020. The Te Tai Tokerau Water Trust was created in mid-2020 to initiate water storage and distribution schemes in two areas of Northland (Te Tai Tokerau Water Trust, 2022). The aim of the trust is to build reservoirs and distribution schemes to enable landowners to plan and implement land use change with confidence and additional municipal water for local townships (Te Tai Tokerau Water Trust, 2022). The funding for the Trust has come from a range of investors, all with varying timeframes for getting a return. The multiheaded funding was formed from local and central government, private investors and landowners with more private funding likely to flow following the success of initial projects. 
Staging the construction of large catchment wide schemes while more expensive in the long run are more likely to get off the ground and build community confidence that the scheme is environmentally friendly and sustainable. Staging is also likely to better reflect the rate of uptake from the community and may help with overall cash flow (McNally, 2022). The Kaipara Reservoir being constructed by Te Tai Tokerau Water Trust is planned to be built in two stages and once complete provide an additional $220 million to the region each year (Te Tai Tokerau Water Trust, 2022). The first stage will be operational by the end of 2022. Stage 2 is intended to expand the reservoir to a significantly larger (270,000m3 to 3 million m3) which the trust is undergoing consenting pathways for development at a later date which will also match the increased demand for more water (Te Tai Tokerau Water Trust, 2022). The support gained from the initial stage is likely to see increased funding from both local government and private investors along with revenue generated from the operation to see the construction of the second stage. However, if support is not at levels where the economies of scale are not sufficient then the region will at least have built some resilience through the completion of stage one. This method should be implemented in any large-scale water resilience infrastructure in New Zealand going forward instead of trying to gather funding for constructing the project in one go.  For some catchment wide systems such as the Wairarapa Water Resilience Strategy, more than two steps will likely be required. However, if only initial stages are completed, then the community will still benefit from increased water resilience whereas falling short on trying to fund the entire water resilience system will see the community left in no better position. In fact, they will be more vulnerable to climate change if nothing is built. 
Another similar example of multiheaded funding is the Tasmanian Irrigation Partnership Limited (TI). The main difference with this example is that the company was set up by the Tasmanian Government. Operating under the umbrella of Australia’s National Water Initiative (NWI), TI was established in 2008 with the primary aim of growing the wealth of Tasmania through enhancing the productivity of its agricultural industries. It works between the public and private sectors to understand what water is required, and then sets up partnerships to share the cost of establishment. Private equity input is through the purchase of tradeable water entitlements, whereas operating/asset renewal costs are provided for by annual charges levied on water entitlement holders (Ministry for Primary Industries , 2021). All schemes developed and operated by TI are economically viable, environmentally sustainable, have strong community endorsement, are designed to last at least 100 years and deliver water at an average reliability of more than 95 per cent per annum (Tasmanian Irrigation Limited, 2022). TI has taken over management of a range of inherited assets, including dams, irrigation schemes and river works, constructed 15 new irrigation projects and advanced planning on a further five projects (Tasmanian Irrigation Limited, 2022).
The TI model sits as a form of hybrid between private irrigation schemes and a vehicle similar to Crown Irrigation Investments Limited in New Zealand. The establishment of a National Agency for Freshwater Resources similar to Waka Kotahi would need to facilitate and prioritize the creation of CWME that would operate across multiregional boundaries (e.g. one entity for the entire South Island). A TI inspired crown entity such as the CWME could offer a suitable type of vehicle for future co-ordination, and co-governance of investment in water infrastructure. This could address some of the more complex multi-purpose water availability and security scenarios facing communities across New Zealand (Ministry for Primary Industries , 2021). The CWME would be able to get gain the funding for the project through leveraging the National Agency for Freshwater Resources economy of scale and then spread the costs to water users over the long term. Thus, making multi-purpose projects financially more viable for regions that otherwise would not be able to generate the resources. 
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Figure 8: Overview of Proposed Freshwater Resource Management Structure
To understand how the themes discussed above fit into the overall strategy for achieving water resilience for New Zealand’s rural communities Figure 8 above was developed as a visual aid for implementation. New Zealand’s Water Resilience requires four key step changes at an overarching level before separating into capacity diagnosis, resolution of iwi rights and interests, Creation of National Agency for Freshwater Resources, design of a national strategy for freshwater and the creation of CMWE. The solutions under the CWME then separate into two distinct groups of current freshwater capacity and potential new capacity. Current capacity requires collective management of the current water allocation who will then seek to understand the current demand, undertake allocation reform as needed and implement a market-based system to ensure the resource is allocated to it best use. Where new capacity potential has been identified, understanding demand is an important step before design of capture and storage multipurpose systems. Investment and staged construction are interlinked and important for getting new capacity off the ground, while there is opportunity to implement new allocation models that enable market-based systems to distribute the resource to its best use. Once both current and new capacity have transitioned to new allocation models with the implementation of market-based systems, the ongoing water use and transfer charges will generate ongoing funding for management and improvements to the systems over time. 
[bookmark: _Toc106965029]Conclusions 
The creation of a national strategy for New Zealand’s freshwater resources has the potential to give much needed direction to national policy and regional plans. New Zealand has underinvested in water capture and storage infrastructure for decades. A clear directive from the government would enable regional councils and CWME to implement this with the input of iwi. However, it is clear that the Crown needs to address iwi interests and rights in freshwater before any strategy can be implemented successfully. 
The creation of a National Agency for Freshwater Resources that designs the national strategy and provides direction to CWME would enable the ability to scope appropriate projects and have the economy of scale to gain upfront financing. Many regional councils do not have the population size to afford large scale water infrastructure investment on their own to provide water security in the future.  However, a water entity covering many regions will spread costs to the individual water user and ensure that projects are in targeted areas that will have the most benefits.
Regional policy settings need to encourage water capture and storage solutions that have multi-use benefits for the wider community. This will require regional council or CWME to first understand what water is available for use in a catchment after implementing the first two hierarchies of TMOTW and thus what is left to be allocated out after. Collecting comprehensive data on demand requirements with a long-term lens will be the next step in the puzzle. This will provide scope for the need to invest in supply infrastructure to guarantee water resilience for the community.  Policy should also look to facilitate ACE that are able to manage the overall water and nutrient resource on behalf of the water users. These entities should also be encouraged to facilitate market-based systems that promote water and nutrient use efficiency by water users.  These entities would also look to not only account for the profit from the water but also the environmental costs to ensure these are shared by the water users and not just the receiving community environment. 
Water allocation reform will be required to achieve the outcomes of TMOTW which also align with wider community long term goals for the environment. Serious thought and engagement will need to be put into land and water regional plans to be implemented from 2026 as to how they and the community see water allocation working under TMOTW. A phasing out of current paper water consents will need to involve a transitional period in which at some point all cease at the same time; and the new system takes over. New water allocations will need to account for existing rights and investment. Water user education on the catchment goal will be crucial to success as it is likely all users will see a reduction in total take from current levels. The new allocation model needs to account for the opportunity for new users to have a fair access to water. Market conditions should be a tool used to encourage water use to more economic land uses or encourage more efficient solutions from water users. It also allows water users to purchase more water than they have right now if it is economic for them to do so, which is unlikely to happen under the current allocation system. Water users may question whether there will be return on investment to meet new allocation models and associated water quality standards. However, the real question is whether they can afford not to. 


[bookmark: _Toc106965030]Recommendations and Next Steps
As a result of the findings in the literature and interview research, the following actions are recommended.
1. [bookmark: _Hlk105840423][bookmark: _Hlk105925383]Ministry for the Environment to address and find resolution of iwi interests and rights in freshwater. Allocation reform will be unable to be successful without tackling this issue first. Iwi should have a seat at the governance table of proposed national agency for freshwater management and crown entities for water management to ensure that the TMOTW framework is at a catchment by catchment level. 
2. Ministry for the Environment to establish a National Agency for Freshwater Resources similar to what overseas New Zealand’s roading infrastructure (Waka Kotahi). 
3. National Agency for Freshwater Resources to create a national strategy for water resources that works in tandem with the long-term view of TMOTW. The Agency would create Crown Entities for multi-regional water management in a similar vain to what is proposed under the Three Waters Reform Programme but with further refinement and input from stakeholders.
4. Regional Councils to facilitate aggregate consent entities within catchments through regional plans. These will allow for the management of the overall resource and can implement market-based solutions such as trading of water allocations and/ or pollutant allowances. These entities will also enable the ability to generate sufficient funds to build more efficient infrastructure and storage upgrades if required. 
5. CWME’s to quantify and understand demand requirements for individual catchments and then plan water storage and capture infrastructure accordingly. Implement staged projects so initial costs up front are not prohibitive.
6. The national agency for freshwater resources must facilitate and define future allocation model options and provide clear classification of new water permits. Regional Councils to facilitate and undertake water allocation reform that adheres to the hierarchy of TMOTW, enables a transitional period for existing rights and undertakes investment in community education.
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[bookmark: _Toc106965032]Appendix 1: Interview Questions
Te Mana o te Wai - Te Mana o te Wai imposes a hierarchy of obligations. This hierarchy means prioritizing the health and well-being of water first. The second priority is the health needs of people (such as drinking water) and the third is the ability of people and communities to provide for their social, economic and cultural well-being.
1. How do you see Te Mana o te Wai influencing the water resilience and development needs of rural communities?

2. What are the current limiting factors to securing the water use needs of all entities in rural communities?

3. What do you see as the solution or solutions to building water resilience and security in NZ rural communities?

4. How do you think we will pay for the investment in infrastructure? E.g Crown investment vs private investors or a combination etc. Opportunity for staged construction?

5. How do we cause a paradigm shift towards sustainable water resource management that provides high economic value to the nation?

6. Do you think the implementation of a water market such as in Australia, Chile or the USA could work in the short catchments of New Zealand? Trading between industries

7. How do should we deal with existing user rights?
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