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11.1
Introduction

New Zealand has a rich history of catchment-based water resource management dating back to the 1940s, when catchment boards were established across the nation to address soil conservation and flood control issues. Water resources have been largely managed on a catchment basis by regionally-based boards or councils since the Water and Soil Conservation Act was enacted in 1967. While the institutional and legal framework has evolved since then, this devolution of resource management decision-making to regional level continues today under New Zealand’s umbrella environmental legislation, the 1991 Resource Management Act.  The management of water resources is a key component of this holistic approach to sustainable management of the environment.

This chapter describes New Zealand’s experience and current approach to water law and policy, including its move towards more integrated management particularly of land, water and coastal resources. As a case study for this Integrated Catchment Management (ICM) approach, a water allocation process in the 2170-km2 Motueka catchment at the top of New Zealand’s South Island is described. The Motueka is the test bed for New Zealand’s ICM research programme, and it is a pilot catchment in UNESCO/WMO’s global HELP programme (HELP Taskforce, 2001). The catchment offers a microcosm of water resource issues confronting New Zealand at national and local scales. Chief among these are water allocation and declining water quality. Among the more novel dimensions of water management in the Motueka are the challenges of maintaining an internationally recognized trout fishery, and the effects of the catchment’s river flows on aquaculture potential in Tasman Bay, into which the Motueka River discharges (Bowden et al., 2004). The diversity of these issues illustrates the importance of a holistic, whole catchment approach to management, not only of its water resources but also of the associated biophysical, social, economic and political environment.

We begin with an outline of New Zealand’s Resource Management Act (RMA) with its aim of promoting sustainable resource management. Specific provisions derived from its predecessor water legislation, the 1967 Water and Soil Conservation Act, guide New Zealand’s freshwater management. Regional plans for water allocation and water quality management define sustainable water use regimes, and together with a regulatory system of water and discharge permits (formerly called water rights) are the main tools in this techno-political approach to water resource management. Hydrological models and time-series information, including water quality data, are key ingredients in applying these water management tools through community planning processes for water management.

The application of this catchment-based approach is described using the Motueka catchment case study. Here, policy for water allocation and water quality management was first developed during the 1980s through a catchment Water Management Plan, with the issues elevated then to national level with an application for a Water Conservation Order to protect instream values across the whole catchment. We describe the process of negotiating resolution of appeals of the draft Water Conservation Order, and the subsequent derivation of detailed water allocation rules for the Motueka within the Tasman District Council’s region-wide Tasman Resource Management Plan.

The NZ experience shows the importance of good spatial and temporal records of rainfall, river flows, aquifer levels and water quality for quantifying critical water management issues, understanding flow processes from mountains to sea, and deriving accepted policies and rules for water allocation and water quality management.  However, it also acknowledges that good water management requires a collaborative approach with the community of water users and interest groups, built on a foundation of trust, open communication and sound science.

11.2
NZ Legislative and Institutional Basis for Water Management

Land and water resources have been managed in New Zealand since the 1940s by regional government agencies defined around large catchment boundaries. One of the underlying principles of this devolution to local government is that decision-making is best left to those who are directly affected by the results of those decisions (Fenemor and Robb, 2001).  Unlike many other countries, New Zealand as an island nation has no transboundary water law issues.  Its water infrastructure is managed mainly by local government or stand-alone entities controlled by local authorities.   

Today there are 16 regional councils operating as New Zealand’s environmental manage​ment agencies managing land, water, rivers, air and coasts. Seventy-four district and city councils provide network and community services such as water supply, sewerage, roading and libraries, and manage land subdivision and local land use. Four councils are unitary authorities having the functions of both regional and district councils. Regional and unitary authority boundaries are shown in Figure 1.

Councils are funded by property taxes called rates, as well as by a variety of user charges and central government grants for some network services such as roads. Councils are governed by locally elected members. Central government sets national resource management policy through the Ministry for the Environ​ment, but until recently has preferred development of national environmental guidelines rather than mandatory standards. There are national guidelines for some water quality matters only. Water allocation practice has developed over several decades under informal allocation plans and latterly regional plans under the RMA.

Figure 1: Regional and unitary councils of New Zealand
Following large-scale forest clearance from 1840 to the mid-1900s, flood control and soil conservation were the initial water-related concerns of colonial New Zealand. The 1941 Soil Conservation and Rivers Control Act implemented a national network of 20 catchment authorities whose role was initially to construct flood protection works and stabilize eroding hill country (Poole, 1983). These catchment authorities comprised both government-appointed officials and locally elected members. Their work was funded from local rates and government subsidies, with subsidy rates declining until abolished in New Zealand’s financial crisis and market-led reforms of the 1980s. 

The Water and Soil Conservation Act 1967 (WSCA) was New Zealand’s first specific water resource management legislation. The WSCA vested ownership of water resources with central government. It provided a management framework for water allocation administered by the catchment authorities already in existence, newly named also as regional water boards, to be guided by national policy and research from the National Water and Soil Conservation Authority, and advised by the Water Resources Council, both now abolished. The WSCA required anyone taking more than a minimal amount of water from natural sources to apply for a ‘water right’ (now called a ‘water permit’). ‘Natural water’ included rivers, streams and underground water. The WSCA also required a ‘water right to discharge’ wastes to natural waters (now a ‘discharge permit’) by direct discharges, normally piped discharges. Non-point source groundwater pollution was poorly controlled until 1983 when an amendment required water rights to be obtained for discharges onto or into land where the contaminant could, through natural processes, enter natural water. This amendment led to the control of such discharges as landfill leachates and stormwater soakage.

Following a major reform of all environmental legislation and local government organisations in the late 1980s, regional and district councils in New Zealand now manage the environment under a single law, the 1991 Resource Manage​ment Act (RMA). The RMA covers management of issues relating to fresh water and geothermal water, the coast, air emissions and land-use. Regional councils (including unitary authorities) have responsibility for water resource management. The focus changed from one of promotion of multiple use of water resources under the 1967 WSCA to the promotion of sustainable management of resources under the 1991 RMA. The law now gives a mandate for sustainable use, development and protection of natural and physical resources to enable community well-being.  Part II (sections 5-8) lists the purpose and principles of this far-reaching legislation.  Section 5 states its purpose:

5. (1) The purpose of this Act is to promote the sustainable management of natural and physical resources.

(2) In this Act, “sustainable management” means managing the use, development, and protection of natural and physical resources in a way, or at a rate, which enables people and communities to provide for their social, economic, and cultural wellbeing and for their health and safety while –

(a) Sustaining the potential of natural and physical resources (excluding minerals) to meet the reasonably foreseeable needs of future generations; and

(b) Safeguarding the life-supporting capacity of air, water, soil, and ecosystems; and

(c) Avoiding, remedying, or mitigating any adverse effects of activities on the environment.

Matters of national importance relating to fresh water, which must be recognised and provided for, are listed in section 6.  These include preserving the natural character of wetlands, lakes and rivers and their margins; protecting outstanding natural features and significant habitats of indigenous fauna; maintaining and enhancing public access to lakes and rivers; and the relationship of Māori and their culture and traditions with their ancestral lands, water, sites, waahi tapu (sacred sites) and other taonga (treasures). In addition, under section 7, decision-makers must have particular regard to kaitiakitanga (the ethic of stewardship); efficient use (of water); amenity and intrinsic values; the quality of the environment; any finite characteristics of water resources; and the protection of the habitats of trout and salmon. An overarching requirement, described in section 8, is to take into account the principles of the Treaty of Waitangi, New Zealand’s 1840 partnership agreement between the indigenous Māori tribes and the British government that represented the settlers.

The water resource management role of regional and unitary councils is included in the list of their functions in Part IV, section 30:

30
(a)
The establishment, implementation, and review of objectives, policies and methods to achieve integrated management of the natural and phytical resources of the region;

……

(c)
The control of the use of land for the purpose of –

(i) Soil conservation:

(ii) The maintenance and enhancement of the quality of water in water bodies and coastal water:

(iii) The maintennance of the quantity of water in water bodies and coastal water:

(iv) The avoidance or mitigation of natural hazards:

(v) The prevention or mitigation of any adverse effects of the storage, use, disposal or transportation of hazardous substances:

……

(e) The control of the taking, use, damming, and diversion of water, and the control of the quantity, level, and flow of water in any water body, including –

(i) The setting of any maximum or minimum levels or flows of water

(ii)
The control of the range, or rate of change, of levels or flows of water:

(iii) The control of the taking or use of geothermal energy:

(f) The control of discharges of contaminants into or on to land, air, or water and discharges of water into water:

(g) In relation to any bed of any water body, the control of the introduction or planting of any plant in, on, or under that land, for the purpose of –

(i)
Soil conservation:

(ii)
The maintenance and enhancement of the quality of water in that water body:

(iii) The maintenance of the quantity of water in that water body:

(iv) The avoidance or mitigation of natural hazards:


……

There is a hierarchy of planning documents prepared under Part V (sections 43-86) of the Resource Management Act, some mandatory, some optional. These cascade down from National Policy Statements (optional) and National Environmental Standards (optional) prepared by the Ministry for the Environment, to Regional Policy Statements (mandatory), and Regional Plans (optional) prepared by regional and unitary councils and District Plans for city and land planning (mandatory), prepared by district and city councils. 

In relation to water resource management, the Resource Management Act allows regional and unitary councils to prepare regional plans that contain water management objectives, policies, management methods including rules for water resources and their use, and in some cases land-use controls to manage the effects of land use on water quality and quantity. Section 67 of the RMA provides the mandate:

67(1)

A regional plan may make provision for such matters…. As are appropriate to the circumstances of the region, and shall state:

(a) The issues to be addressed in the plan; and

(b) The objectives sought to be achieved by the plan; and

(c)  The policies in regard to the issues and objectives, and an explanation of those policies; and

(d) The methods being or to be used to implement the policies, including any rules; and

(e) The principal reasons for adopting the objectives, policies and methods of implementation set out in the plan; and

(f) The information to be submitted with an application for a resource consent,…and

(g) The environmental results anticipated from the implementation of these policies and methods; and

(h) The processes to be used to deal with these issues which cross local authority boundaries, and issues between territorial authorities and regions; and

(i) The procedures to be used to review the matters set out in paragraphs (a) to (h) and to monitor the effectiveness of the plan as a means of achieving its objectives and policies;……


Nearly all regional councils have opted to prepare regional plans that include management of water quality and water allocation. The packaging of these plans differs, with some councils choosing a single plan to cover all land, air and water management within their region, and others developing more catchment-based or issue-based plans {is there any evidence for which of these approaches works best? See later}. As an example, Tasman District Council has a comprehensive district-wide plan (Tasman District Council, 2001) but that plan provides rules for specific resources such as the groundwater and rivers within the alluvial plains of the Motueka catchment, where water allocation limits have been derived from a regional groundwater flow model (Thomas, 2001). 

For planning purposes, most councils have adopted an approach to water allocation that first establishes the values and uses of each water resource, identifies risks or opportunities as management issues, and defines management objectives for those water resources. Many plans set limits, such as allocation limits, and minimum flows or groundwater levels, affecting the amount of water that can be extracted, in order to avoid significant adverse effects on those values and uses. These limits are determined from catchment and aquifer scale hydrological assessments.  Plans then allocate the remaining water among applicants for water permits on the ‘first in, first served’ basis required by the Act (Robb, 2000; Fenemor and Robb, 2001; Richmond et al., 2004). Some plans define use priorities for water to be allocated, by reserving quantities for specified end-use or for drought management.

Guided by these plans, where available, regional and unitary councils also make decisions on applications for water and discharge permits to authorise the taking, use, damming and diversion of water or the discharge of contaminants to land or water. Decision-making on resource consent applications is a major function of councils.  Part III (sections 9-23) of the RMA prescribes the activities in the environment for which resource consent is required, while Part VI (sections 87-150) prescribes the process for applications, and submissions, hearings and appeals where necessary.  Section 14 relates to water:

14. Restrictions relating to water –

(1) No person may take, use, dam, or divert any –

(a) Water (other than open coastal water); ……


unless the taking, use, damming or diversion is allowed by subsection (3)

……

(3) A person is not prohibited by subsection (1) from taking, using, damming, or diverting any water….. if

(a) The taking, use, damming, or diversion is expressly allowed by a rule in a regional plan or a resource consent; or

(b) In the case of fresh water, the water….. is required to be taken or used for –

(i)An individual’s reasonable domestic needs


(ii)The reasonable needs of an individual’s animals for drinking water, - and the taking or use does not, or is not likely to, have an adverse effect on the environment;

……

(e) The water is required to be taken or used for fire-fighting purposes.

Similarly, section 15 regulates discharges:

15. Discharges of contaminants into environment –

(1) No person may discharge any –

(a) Contaminant or water into water; or

(b) Contaminant onto or into land in circumstances which may result in that contaminant (or anyother contaminant emanating as a result of natural processes from that contaminant) entering water, or

……

unless the discharge is expressly allowed by a rule in a regional plan, a resource consent, or regulations.

……

Regional and district plans are developed through an interactive community process prescribed in Part V, involving discussion between the council and community interests on water management issues and options, formulation of draft plans and their legal commencement as proposed plans. This process then provides for public submissions, hearings and an appeal to the Environment Court. While these plans and the RMA have tended to contain regulatory controls supported by hydrological, ecological, economic and social information, there have been recent moves to boost education and advocacy approaches to sustainable water management. 

The application of market-based instruments has had less support despite encouragement in the RMA for councils to consider such approaches in their water management planning. For example, opportunities to apply economic instruments such as transferable or tradable permits to promote more efficient use and flexibility for managing allocated water have had limited uptake in regional plans, mainly because of the perception that such instruments could lead to loss of control of a public resource (Ministry of Agriculture, 1997). An assessment of prerequisites for effective transferability of permits suggest it requires a fully allocated resource where demand exceeds supply, sufficient knowledge of resource availability and effects of its use, a range of water uses with different values, enforceable permits, metered takes, and a system for allowing interested parties to negotiate (Fenemor, 1991). In recent years an increase in irrigation demand has led to examples where many of these criteria could actually be met.

The Ministry for the Environment has an overview and monitoring role in the implementation of the RMA. An important Ministry role is to develop and disseminate to councils technical and planning tools for sustainable resource management, and to facilitate communication on good practice among councils. The Minister also has some direct areas of responsibility prescribed in section 24, such as recommendations on issuing  national policy statements; national environmental standards; water conservation orders; and (rarely) decisions to run the hearing process at national level for permit applications of national significance. An example of the latter ‘call in’ process was the 2003 decision by the Minister to develop a water allocation plan for the South Island’s Waitaki River where hydroelectricity, irrigation and salmon fishery interests are competing for the river waters. 

National policy instruments for water resource management are few. However, increasing stress on New Zealand’s river and groundwater resources brought on by droughts and an expanding irrigated dairy farming sector (Ministry of Agriculture, 2001), together with proposals for further hydroelectric development, have placed water management at the top of the New Zealand Government’s Programme of Action for Sustainable Development (Department of Prime Minister and Cabinet, 2003). This Programme of Action specifically addresses water allocation failure (Ministry for the Environment, 2001; 2004a; 2004d), water quality impacts of land-use intensification (Ministry for the Environment, 2004b; Parliamentary Commissioner for the Environment, 2004), and protection of water bodies of national importance (Ministry for the Environment, 2004c). 

Water bodies with outstanding natural amenity or intrinsic values – such as wild and scenic rivers, significant fisheries or habitats – are currently able to be protected or preserved by a national policy instrument called a Water Conservation Order (WCO) included in the Resource Management Act. Water conservation orders identify the nationally important values, and specify standards and conditions for water allocation, water quality, and damming to protect or preserve those values. As at 1 December 2003, eleven water conservation orders had been gazetted and two had been formally recommended to the Minister for the Environment following Environment Court hearings (Richmond et al., 2004). The process of deciding a Water Conservation Order for the South Island’s Motueka River, and the importance of hydrological information for that decision, is described in our case study later in this chapter.

Finally, environmental research supports local and national level decision-making. Water-related research in New Zealand is carried out by eight of the nine government-owned Crown Re​search Institutes (National Institute for Water and Atmospheric Research (NIWA), Landcare Research, Institute of Geological and Nuclear Sciences (IGNS), AgResearch, Crop and Food Research, Hort Research, Forest Research, and Environmental and Science Research  (ESR). Added to this are private research organisations such as the Cawthron Institute and Lincoln Ventures, regional and unitary councils, consultancy companies and universi​ties. Research organisations must compete for government funding from the Foundation for Research, Science and Technology (FRST), although there have been recent moves to encourage more collaboration and longer term funding following damaging losses of expertise with shifts in funding priorities. 

With the move since the 1980s to a more competitive model for research funding and demand for monitoring a broader range of environmental parameters, long-term data collection such as at hydrometric sites has suffered reduced funding at both national and regional council levels. While the former National Water and Soil Conservation Authority provided national guidance, research and project funding, and quality assurance standards for regional authorities up to the mid-1980s, regional councils now fund their own hydrometric data collection based on local priorities. These regional networks are complemented by the National Hydrometric Network operated with research funding by NIWA and some commercial funding mainly from hydroelectricity generatoing companies (Pearson, 1998). The resulting hydrometric network is now smaller, with a more variable distribution of sites, less commitment to QA and incomplete national archiving of data. At regional level, this reduced commitment to hydrometric data collection has resulted partly from a broadening of regional councils’ responsibilities under the RMA to monitor and report on the state of all parts of the environment, not just water resources. 

In the water sector, there has also been increased focus on monitoring of water quality and groundwater. Hydrological monitoring has moved from the demands of hydroelectricity, dams and flood protection works, to protection of instream values, water allocation and low flow issues. Likewise, hydrological research has broadened from land-use impact studies in small catchments to integrated catchment management studies in larger catchments. These larger studies incorporate social, economic and cultural issues with the biophysical dimension, as seen in the Motueka Integrated Catchment Management (ICM) research programme described later, and exemplified by the global HELP programme of which it is a part (HELP Task Force, 2001).

A recent review of the allocation status of fresh water in New Zealand provided this snapshot (Robb, 2000):

· 70% of all water allocated in New Zealand is allocated from surface water, 30% from groundwater

· 77% of water allocated is for irrigation, 16% is for community, municipal and domestic uses, and 7% is for industrial takes

· 58% of water allocated in New Zealand is allocated from the Canterbury region on the South Island east coast, while the North Island accounts for only 17% of total water allocated

· 19% of the current total allocation has been allocated since 1990, so most of the allocated water was therefore initially allocated as water rights under the 1967 WSCA

· There are approximately 500,000 hectares of irrigated land in New Zealand, 350,000 hectares of which is in Canterbury

· 41% of the irrigated land area is irrigated from groundwater

· The area of irrigated land is increasing at around 55% each decade.

The “at farm gate” value of irrigation water was estimated then to be around US$500 million. Aside from water used for hydroelectricity generation in New Zealand, the per capita use of water for crop and livestock production, industrial production and household uses in 1997 was around 82,000 litres per person per day. Within the home and workplace, our personal use is around 160 litres per person per day (Ministry for the Environment, 1997).

11.3The Role of Hydrological Information in Water Policy 

To a large extent, water resource management is a matter of managing extremes – floods and droughts. If we had to manage water resources and associated infrastructure for average conditions only, we could base our management on averaged data with low levels of accuracy because of the low variability of those regimes about the mean. It is the extremes of flow, water availability, water quality or habitat stress that challenge the limits of our infrastructure design and water management regimes. This is the case whether we are managing water reticulation, flood control schemes, residual flows or contaminant discharge regimes. The large investments necessary for water resource infrastructure and management regimes justify long-term collection of hydrological data {to you, but maybe not to others as the hydrological networks are in decline. Has anyone looked at the impact of the lack of hydrological data on infrastructure costs ?? no}of sufficient accuracy and from a sufficiently long period of record to derive robust return period statistics. 

Decisions about how much water to allocate from a particular river, aquifer or catchment obviously depend on knowing how much water is there, and its variability. This is a technical issue. But those decisions also depend on identifying the management constraints governing that allocation decision (e.g. Fenemor et al., 1999). Those constraints may be matters for measurement or judgement, quantitative or qualitative, biophysical or socio-economic. They may originate from factual information about the resource, derived from scientific enquiry, and from legal, political or economic values. 

Once those constraints are identified and agreed, further decisions are needed on the relative weight to give to each. In some cases, an optimization process can be used to weigh and balance the constraints to reach a policy decision; but more commonly a subjective judgement must be made to decide the limits to allocation. Those limits will then be prescribed using instruments and methods applicable within the prevailing legal and institutional framework, such as in the Resource Management Act.  Knowledge developed through this process is incorporated as policies and rules in council plans, and more rarely changes to the management framework in the Resource Management Act.
This policy development process is similar for decisions on water quality, habitat protection and the broader arena of catchment management. What differs is the balance of measured data versus qualitative judgement that must be applied. {is there any evidence to demonstrate that more data and less judgment leads to better policy ?? not that I can think of – the point here is that both because of the complexity and lower levels of quantitaive knowledge available, these policy areas have to rely more on judgement} The reality is that water resource policy development is not just a technical process but also a political one. It is an effort to find a solution satisfactory to all the parties involved, not the optimal solution, as there is no single optimal solution (Calder, 1999).

Hydrological information for water resource policy development may be captured and assembled in simple or complex ways, depending on the complexity of the natural system, the demands and issues at stake and the availability of information about the system. For example, a relatively simple water balance model may be used to establish the water inputs, throughputs and outputs and the fluxes at each material point in the system. This can then help in understanding how both human activity and natural processes, such as water extraction or precipitation interception, will affect key throughputs or resource outputs. More complex hydrological simulation models can help in understanding the input and throughput influences on resource outputs in complex systems such as linked multi-aquifer-river systems. In catchments facing multiple and intensifying demands for water, organisation and validation of predictive models is becoming an essential tool to support the various thresholds and limits that are the content of water allocation policy. 

An additional area of application of hydrological models is the prediction, from takes in specified parts of the system, of the cumulative effects on a water resource. A spatially explicit model is then needed. This information is to help develop policy on the allocation of extractive opportunity in drought or low flow situations across the community of water users. That is, the consideration of distributional equity among water users, in managing the allocation of water, especially in times of shortage. In some systems, the degree of exacerbation of instream effects depends on the location and amount of water extraction. Hydrological information and modelling results have become almost indispensable for developing policy for management of water takes.

11.4
New Zealand examples of the application of hydrological data in water policy 

Given New Zealand’s history of catchment-based water resource management, and its sustainability-oriented Resource Management Act, there are now many examples of the effective application of hydrological data for water resource policy development. We review three examples from Tasman District, where water allocation, groundwater limits and protection of significant river habitats have been topical issues for the past three decades (Tasman District Council, 2001).

11.4.1

Water Allocation Limits

For water management purposes, the Tasman District Council has divided its region into seven major catchment areas (Figure 2) ranging from the wetter catchments of the west coast and southern mountains to the drier hills and coastal plains of Tasman Bay. The scope of water resource investigations for water allocation in each of these management areas has been driven by demand for water and the levels of increasing stress on the aquifers and streams in each catchment area. 

Figure 2: Catchments as planning units, Tasman District, New Zealand
In the Waimea catchment, for example, the water resources available in summer from the three major alluvial aquifers and associated rivers – excluding water from dams – became fully allocated in 1996. Water is taken from some 1100 wells and stream pumps for irrigation (82% of usage), urban (13%) and industrial supply (5%). As described above, determining the limits for allocation requires that the constraints or adverse effects of water abstraction be defined. This in turn requires considerable hydrological and environmental information about the rivers, aquifers, their uses and values. In the Waimea Basin, the main constraints on water abstraction were identified as:

· Induced low flows in the Waimea and Wai-iti rivers, caused by groundwater pumpage, adversely affecting aquatic life, recreation and cultural values of the rivers

· Potential seawater intrusion into unconfined and deeper confined aquifers and up the Waimea River caused by over-pumping, which could force the closure of coastal bores

· Excessive fall in groundwater levels in wells due to pumping, which already reduces some well yields in the Wai-iti Valley to make them unusable during droughts (‘over-allocation’).

Allocation limits and water rationing provisions were identified in each case from computer or water balance modelling of the hydrology and groundwater resources in each catchment (Dicker et al., 1992; Fenemor, 1988; Fenemor, 1989; Fenemor et al., 1999; Hong, 2000; Thomas, 2001).

An allocation limit is the cumulative limit on water extraction determined from the sum of the volumes allocated under all permits in a water management unit or zone. It represents the maximum sustainable extraction from that water resource; for a renewable resource such as many alluvial aquifer systems it is determined for a specified return period or probability of low flow or drought, for example for a five-year low flow. Because water availability will decline during more severe low flows, allocation limits are normally accompanied by water rationing provisions that restrict water use progressively as availability declines. Effectively, the allocation limit declines with declining water availability.  

Tasman District Council bases its water allocation limits on a security of supply standard that a 35% reduction in water availability is to be expected on average during a 10-year drought.  The 35% figure is a subjective judgement by the council to achieve a balance between maximising access to the water resource, while avoiding undue financial hardship for water users (mainly irrigators) when only 65% of their allocation is available during peak mid-summer demand. If users were guaranteed 100% security of supply during a 10-year drought, there would be less water able to be allocated by the council.  This 35% reduction may be caused either by physical loss of water or through the council imposing rationing when a trigger flow or groundwater level is reached. This ‘35% reduction in a 10 year low flow’ standard is silent on what reductions apply for other drought return periods, however a standard three-step rationing process is implemented comprising 20, 35 then 50% cuts in water allocations, again an equity-based decision. {again, who chose these %’s any where they based on scientific information?} The economic impact of these reductions obviously depends on when these cuts occur. Questions of what is an acceptable security of supply level, and whether some water uses should be subject to greater restrictions than others are complex, and are topics for many submissions on water allocation rules and for future research.

Returning to the Waimea catchment example, the Council’s Tasman Resource Management Plan (Tasman District Council, 1996) sets a target minimum flow in the Waimea River of 500 l/sec, an increase over the 225 l/sec in the original 1981 water management plan. The catchment is divided into nine management zones (Figure 3), for which individual allocation limits are specified. The three-step rationing regime described above is specified as a condition on each water permit, triggered, depending on location, by either a river low flow being reached, seawater intrusion being detected in a sentinel well, or groundwater level falling below a specified trigger level. 

In the 24-year drought during the summer of 2000–01, flows in the Waimea River fell so low that water rationing imposed by the Tasman District Council reached 60% of water allocations – beyond the formal third step described above. The water rationing aimed to maintain flows in the lower river; while the rationing slowed the rate of flow loss, the river did dry up over approximately 500 metres. The level of rationing imposed during that summer has raised questions about whether the allocation limits for the Waimea water management zones are too high. Given that those allocation limits apply during an average summer, the question is actually whether the security of supply (the level of rationing required) during a 24-year drought is acceptable to water users. In 2004, they decided to support a council-led feasibility study for a dam in the upper catchments to improve water security and provide water for additional irrigation. 

Figure 3: Waimea catchment management zones and zone water budgets for March 1983, a 20-year return period drought (adapted from Fenemor 1988)
In the Wai-iti water management zone of the Waimea catchment (Figure 3), the combined surface and groundwater resource has been over-allocated since 1983 – an example of research on catchment water yield trailing the demand for water. The committee of Wai-iti water users has been reluctant for the council to reduce allocations by the 70% required to reach sustainable levels, and has instead promoted a community dam that would release stored water into the Wai-iti River during summer (Grimston et al., 2004). The project is to be funded by an annual rate levied on each m3/week allocated in all water permits held in the Wai-iti zone (Fenemor et al., 2003). Released water will be pumped from groundwater or from the river down the catchment by authorised users whose takes will be metered to ensure compliance.

11.4.2
Environmental Flows

Hydrological and water quality data also play an important role in setting environmental flows for rivers and streams. New Zealand regional councils and researchers have developed expertise in this field because of the recognised natural attributes of many of New Zealand’s rivers. These include their wild and scenic character, internationally recognised trout fisheries, native fish and cultural importance to the indigenous Māori. Initially, research focused on setting a minimum flow to protect such values. In recent years, more attention has been given to flow regimes that mimic natural flow variability, especially on rivers with hydroelectric dams where flow variability is damped, leading to ‘flat-lining’ – periods of constant flow - downstream.

 Environmental flows may be set to protect aquatic fisheries and their habitat, recreational uses such as swimming and picnicking, and landscape or cultural values. The Ministry for the Environment has developed Flow Guidelines for Instream Values (Ministry for the Environment 1998) which emphasize the important first step of determining with the community and affected people the Instream Flow Objective(s) for the river or stream. Decisions on what flows are needed to sustain that objective then require both hydrological data and political judgement. 

 Most attention in flow setting in New Zealand has been on the flow needs for sustaining aquatic life. Key among the scientific methods for determining these flow needs is the Instream Flow Incremental Methodology (IFIM) first developed in the US (Bovee, 1982) and widely used in New Zealand (Jowett and Mosley, 2004). The IFIM method relates hydraulic characteristics of a river reach (velocity, depth and substrate) to generic preference curves for the important fish species in that river and for their habitat. Curves relating habitat availability to flow are then derived, and decisions are then made on what is an acceptable reduction in habitat to determine a minimum flow. The question of flow variability is then addressed to avoid problems of declining water quality, excessive algal growth, excessive water temperature, or siltation which may arise from having too constant a residual flow (e.g. Biggs and Close, 1989; Biggs, 2000). For example, in the Waimea River mentioned earlier, the target minimum flow of 500 l/sec has been set based on IFIM studies in which fish passage over riffles during low flow conditions was seen as the critical issue.

 In the absence of methods for setting flows for values other than aquatic life, there has been a tendency to see the IFIM method as the method for determining environmental flows. The cost of carrying out the river surveys required for IFIM has also been an impediment to its use. Recent research is evaluating cut-down approaches to IFIM applicable particularly for smaller streams (Jowett, 1998; Young and Hayes, 2002; Jowett and Hayes, 2004; Lamouroux and Jowett, in press) and decision-support tools that model not only physical habitat but also critical water quality parameters such as temperature and dissolved oxygen (e.g. the decision support tool WAIORA – Jowett et al., 2004). 

11.4.3
Land-cover Effects on Water YieldRowe et al. (2002) provide a summary of the many New Zealand studies investigating the hydrological effects of different vegetation covers. As with studies worldwide, there is a general reduction in water yield for areas under tall vegetation compared with short. The primary hydrological mechanism driving this change is the increased rainfall interception from tall vegetation. This is caused by an increased interception capacity (more leaf area to intercept the rainfall and act as an evaporation surface) and an increased canopy roughness, which enhances the capacity for evaporated water to mix with the atmosphere. Anecdotal evidence suggests trees have a greater ability to draw on  soil water from depth, and thereby use more water during the summer months, although a study of rooting depth in different vegetation covers shows no difference in root distribution with depth between pine trees and pasture  vegetation (R.Jackson, pers. comm.). 

The length of the record of data collected is critical when dealing with hydrological extremes. In the case of investigating the effects of forestry practices on water yields, it is difficult to monitor commercial stands of trees, as stages within a commercial forestry cycle (normally around 30 years for Pinus radiata in New Zealand) may be too short to collect sufficient information to detect differences during extreme events. As an example: when looking at a particular dataset Jackson (1985) calculated that the forested catchment had 62% less annual water yield than the pasture catchment of similar size and geology. However, by including 1986, which was a much wetter year, Jackson and Rowe (1997) presented another year’s worth of data from the same site that changed the average to 52%. 

Difficulties in interpreting measured datasets in a way that is helpful to resource managers make it attractive to use numerical models to simulate land cover scenarios. A recent innovation in this area is the development of WATYIELD, a relatively simple to use water balance model that provides information on annual water yields and low flows for any chosen mosaic of land cover (Figure 4). The model (Fahey et al., 2004) is freely available via a website download. It includes detailed documentation on how to use the model and recommended input parameter values based on water balance studies split up by region. The model and documentation were developed by Landcare Research scientists with input from regional councils with the specific aim of enabling effective land management policies with respect to water resources.

Figure 4: Webpage introduction to the WATYIELD model (Fahey at al. 2004)
As an example of this policy context, the effect of tall vegetation in the form of plantation forestry in reducing both streamflows and groundwater recharge has become a hotly contested resource management issue in the drier parts of Tasman District. In its regional strategic resource management plan, the Tasman Regional Policy Statement, the Council cast the issue as a water resource sustainability matter, rather than the narrower one of comparing returns from forestry and irrigated crops, as a land-use competition. The policy statement set out the methods of addressing the issue, including investigating and monitoring water yield reduction effects, advocacy and investigation of opportunities for water augmentation, regulation of water takes to sustainable limits and regulation of water yield reduction effects arising from new plantation forestry. The NZ Environment Court (Carter Holt vs. Tasman District Council, case W7/98) confirmed the appropriateness of regulation of both additional water takes and additional tall vegetation in the form of plantation forestry, in susceptible catchments.

Because the waters of parts of the Moutere confined aquifers are fully allocated, the Tasman District Council has defined a Moutere Aquifer Recharge Area (Figure 5) within which new forestry is now permitted on only up to 20% of any land title. New plantings of a greater area would require approval of a resource consent by Council. This rule was the outcome of an Environment Court case (Wratten vs. Tasman District Council, case W8/98). It recognises that tall vegetation can intercept as much as 50% of the annual rainfall in the Moutere area. The Court determined that the existing 26% forest cover should not restricted or prevented from being replanted after harvesting.  However they also acknowledged that new forestry would cause a reduction of groundwater availability because of reduced rainfall recharge.  Then allocation limits would need to be reduced, both preventing new water abstraction and reducing the security of supply of existing takes. Thus, the aim is to protect groundwater recharge to sustain the groundwater resource already allocated to existing users down gradient. Additional afforestation in the groundwater recharge area would reduce water availability to irrigators who have already invested in irrigation infrastructure. Subsequent policy development has extended this restriction to apply in susceptible catchments to the surface water yield effect. 

Figure 5: Moutere groundwater management zones and aquifer recharge area (from Tasman District Council 2001)
There was no consideration that forestry interests could seek to be placed in the water allocation arrangements and thus compete against applicants to take water. This policy option is not legally available under the Resource Management Act. Nor was there consideration that those planting additional forestry be required to compensate water abstractors by providing an alternative water supply, or payment to irrigators. But these outcomes might result from a consent process to establish additional forestry.

Important features of this example of water management policy development were the reliance on a water-balance model to help understand the hydrological mechanisms at work, together with hydrogeological investigations, including geological, geophysical, hydraulic and water chemistry, to show the degree of likely effect of forestry in the identified recharge area.  An exhaustive amount of technical and policy analysis also provided a strong framework of factual and evaluative information for the Council and the Environment Court to complete the water resource policy process.

11.4.4

Synthesis

The three examples described above show the effective translation of both hydrological data and knowledge of hydrological processes into resource management policy for water allocation and maintenance of instream values. However, there are also examples where policy has either not been developed in time to prevent unsustainable water management outcomes, not been developed from a sound base of scientific knowledge, or not developed at all this is done below for the Wai-iti over-allocation case There are also cases where changing community and political mores require reconsideration of the knowledge and rules affecting water management, such as the increasing emphasis being given now to environmental flows over consumptive uses of water (e.g. Cosgrove et al., 2000).

Critical to effective water policy, in our view, are 

· the ability to anticipate pressure points, 

· putting in place investigation programmes to determine sustainable limits in advance of pressure developing on a water resource, 

· linking policy development with those investigations in a timely fashion, 

· being open to a range of conceptual models of the resource,  

· applying an adaptive management approach in which the resource managers learn from the response of the water resource to the management regime, and adjust that regime incrementally, and

· having in place a robust yet flexible legislative basis within which specific catchment-based policy can be developed.

Achieving sustainable water management is about finding a satisfactory balance between exploitation and conservation; we observed earlier that there is no single best solution but rather a range of options that will achieve this balance. In the example of the Waimea catchment described above, we noted that the Wai-iti River tributary has been ‘over-allocated’ for 20 years. This is an example where uncertainties in the hydrological assessment of catchment yield at the time were used by applicants for water permits and highlighted to local politicians as a reason to allow additional extraction of groundwater. With the benefit of additional data and modelling of the river-aquifer system, this decision was found to be flawed. Some 70% of the flow allocated is simply unavailable during five-year low-flow conditions in the Wai-iti catchment (Fenemor et al., 2003). This is the reason why a water augmentation scheme is now finally being implemented at a projected cost of NZ$2.4m, although only two thirds of its capacity is to meet the shortfall due to over-allocation.  The economic costs of this over-allocation include lost production when irrigation water runs out so frequently, and lost opportunity for further irrigation development.  The environmental costs include the river drying up more often than desirable for its ecological and recreational values.  The costs of having carried out the hydrological monitoring and analysis earlier would have been significantly lower than these economic and environmental consequences of over-allocating the Wai-iti water resource. Nowadays one would hope that the precautionary principle (O’Riordan and Cameron, 1994) would be applied by politicians in such circumstances. However, as water becomes scarcer and hence more precious, political pressures increase and this can mean inadequate weight is given to hydrological and other science knowledge.

Another reason for policy failure has been poor linkage between hydrologists and policy makers. While the science investment may be made, its translation into effective policy, in our opinion, requires a team or collaborative approach (e.g. Allen and Kilvington, in press) so that the scientist understands the policy-maker’s needs and constraints and the policy-maker understands the content, assumptions and limitations of the available information. Factors affecting success or failure include the organisational structure, power relations among policy and science groups, the personalities involved, staff turnover causing loss of corporate knowledge, and lack of planning of investigation programmes to ensure they address key issues and meet policy needs. Taking time to put in place processes to build trust between hydrologists, policy makers and stakeholders is essential. These collaboration processes are multi-directional: they help these three groups understand the technical information as well as the wider political, social and cultural context for decision-making. To facilitate this collaboration, Allen and Kilvington (in press) conclude that such interdisciplinary approaches must include personnel with complementary skills in the management of participation and conflict, and the integration of biophysical and social aspects of collaborative learning.

11.5
Improving New Zealand Water Management using Hydrological Data

New Zealand’s move to a more market-driven economy since the mid-1980s has unfortunately, in our view, reduced the investment in long-term hydrological data collection. Part of this investment has been redirected into broader types of environmental monitoring such as water quality and remote sensing of land and ocean condition. Indeed, the definition of hydrological data itself now needs to be broadened to include all the water-related variables needed for the more complex decision-making needed for integrated water resource management. Nonetheless, with New Zealand’s renewed focus on water for irrigation, hydroelectric, urban development and habitat protection, it is essential that continued investment is also made in basic hydrological data collection. 

To accommodate the inevitable financial constraints on data collection, several approaches are suggested. One is to design hydrometric monitoring systems in a hierarchical manner, with primary, secondary and tertiary monitoring sites within and across catchments. Continuous recording of flow and relevant water quality parameters would be carried out at primary sites; at secondary sites there would be continuous but less intensive and validated monitoring; while at tertiary sites, spot flow gaugings and relevant water quality measurements would be done. Then, using correlation techniques, reasonable flow statistics for secondary and tertiary sites could be generated from primary sites with similar hydrological characteristics. 

Identifying hydrological regions across New Zealand is a variation of this hierarchical approach. As a contribution to UNESCO’s International Hydrological Decade from 1964 to 1975, Toebes and Palmer (1969) identified 90 hydrological regions across New Zealand, of which 53 were instrumented as experimental basins (Duncan, 1987). Most have now closed but their data are still in use for flow estimation in ungauged catchments. More recent research on both regional flood estimation (McKerchar and Pearson, 1989) and regional low flow estimation (Pearson, 1995) has shown that flow regimes vary relatively smoothly across the country rather than changing markedly at regional boundaries, and that contour maps are therefore a better predictive tool than regional equations (Duncan and Woods, 2004).

A second approach is to capitalise on recent advances in catchment modelling and decision support systems. Two examples of decision support systems are New Zealand’s River Environment Classification (Snelder and Biggs, 2002) and the landscape classification system Land Environments of New Zealand (LENZ)(Leathwick et al., 2003). The River Environment Classification classifies channel segments based on climate, source of flow, geology, land cover, stream order and valley slope across the entire country. Thirteen variables are used to describe the intra-annual flow variation in these five ecologically significant aspects of a streamflow regime: magnitude of flow variation; frequency of flows above a threshold; duration of high and low flows; timing of flows; and rate of change of flows. The River Environment Classification is suited to broad-scale policy development for rivers where specific data are unavailable, but is not sufficiently robust to predict flow regime characteristics for a particular site (Snelder and Biggs, 2002).

Hydrological models have increased in sophistication on the back of advances in automated data acquisition through GIS, databases and satellite imagery as well as through improved mathematical understanding of catchment processes. Spatially distributed models in use in New Zealand include TOPNET, being applied by NIWA for flood forecasting (Ibbitt et al., 2000) and to compile a set of national water accounts (Statistics NZ, 2004); SWAT, being applied by Landcare Research to assess flow impacts of land-use change (Cao et al., in press); and MODFLOW and FEFLOW by IGNS and others for groundwater management (e.g. Hong, 2000). The sophistication of these spatially distributed models has highlighted the dearth of high-quality input data; for example, the greatest source of error in SWAT modelling of the mountainous upper Motueka catchment was the poor spatial data on catchment rainfall (Cao et al., 2003). While models are increasingly being used to assess water policy options, fundamentally they still need good quality input data and calibration to be useful.

A final suggestion for improving New Zealand’s water management is to be more future-focused. Water planning under New Zealand’s Resource Management Act has relied on setting environmental bottom lines such as minimum river flow regimes, but providing little guidance on how to allocate water that is available above those bottom lines. ‘First in, first served’ is the current legislative requirement. The RMA approach is predominantly effects-based and laissez faire. 

In our view, there is a place in water plans for identifying priority uses of water, especially during times of shortage, reserving water for allocation to specified uses, and for input controls on discharges and land uses where the cumulative effects of those activities (such as nitrogen enrichment of rivers) are well known but difficult to tackle on an effects basis. We advocate a strengthening of catchment-based water policy development. The size of catchment chosen as a planning unit should coincide as far as possible with the community of interest, to maximise the opportunity and incentive for community members to engage in the planning process. The catchment plan should incorporate assessments of future water demand and proactively plan for that demand, as well as address impacts of land-use change on water availability and quality, where relevant. Some of these issues are being addressed in the NZ Ministry for the Environment’s Sustainable Development Programme of Action on water (Ministry for the Environment, 2004d).

11.6
Hydrological Information Needs for Policy and Law 

In the discussion above, we have identified two potentially conflicting drivers for determining what hydrological data are needed for developing water policy and law. The first is to start from the policy issues, and use these to target hydrometric data collection that addresses those policy needs directly. An example of those policy needs is the setting of in-stream flow management objectives (Ministry for the Environment, 1998). Countering this explicit identification of uses for the hydrological data is our concern at the decline in long-term hydrometric sites, for which some future applications of the data may yet be undefined. A balance needs to be struck between targeted (usually short-term) investigations and collection of long-term baseline hydrological data.

Given our continued reliance on basic high quality hydrological data for quantifying the state of our water resources, there is a need to ensure adequate coverage to characterize actual variability in time and space. Raingauge, streamflow and groundwater monitoring coverage is important, as are smart interpolation tools using GIS, which allow for geographic effects of topography and weather direction. As we begin to understand the state of our water resources (i.e. their quantity and quality), data need to be collected to quantify the pressures on those water resources. Monitoring water use, the quality and quantity of pollutant discharges and indirect pressures such as land-use change and indicators of climate change are important indicators of pressure. 

Integration of these datasets to understand the complex interactions affecting our water resources becomes the next challenge. This is easier now, with better electronic communication and manipulation of data, more user-friendly GIS, and powerful models and databases. These computer tools allow data quality assurance and interpretation more readily as they are collected. Exploratory modelling can be used to identify which hydrological parameters are most sensitive to the policy issue, and ongoing analysis allows appropriate reorientation of data collection. Understanding and modelling of complex systems has become an expanding focus for hydrological research (e.g. Woods and Howard-Williams, 2004). The holistic approaches of integrated water resource management (IWRM) and integrated catchment management (ICM) are the focus for this research on hydrological systems.

11.7
Case Study: Hydrological Information for Water Allocation in the Motueka Catchment
This case study examines how hydrological information contributes to sustainable water resource management in New Zealand’s Motueka catchment. The Motueka catchment in the north-west of New Zealand’s South Island (Figure 6) is a microcosm of the water and land management issues facing New Zealand. The catchment is the subject of an intensive Integrated Catchment Management (ICM) research study (see http://icm.landcareresearch.co.nz) led by research agencies Landcare Research and the Cawthron Institute and local government agency, the Tasman District Council (Fenemor and Bowden, 2001; Basher, 2003; Bowden et al., 2004). In addition, the Motueka is one of the inaugural operational basins under the HELP programmewhich aims to develop and demonstrate best practice for integrated catchment management, in particular to improve the links between hydrology and the needs of society (HELP Task Force, 2001; Bonell, 2004).  

Figure 6: The Motueka catchment, South Island, New Zealand
The Motueka catchment is representative of many water management issues because of its diverse land and water uses, geology, climate and social composition. It is not a significantly degraded catchment; rather the challenge for resource managers is to move from a reactive approach seeking to restore damaged environments to a proactive approach that ensures they are kept ‘in good repair’ (Bowden et al., 2004).

The major water related issues for the Motueka catchment are:

· Balancing the need for irrigation and potable water against ensuring adequate river flows to maintain its natural values which include its internationally recognised brown trout fishery, and the deepest karst cave system in the southern hemisphere. Trout numbers declined significantly since 1985 and only recently have begun recovering from this 70% decline (N. Deans, pers.comm.). Reasons given for the decline include increasing water extraction during low flows, impacts of major floods, excessive sediment affecting fish habitat and increased angling pressure (Richmond et al., 2004).  

· Concerns about sedimentation and declining water quality, often blamed on forestry and agricultural activities, and affecting river values and freshwater and marine fisheries.

· Effects of changing land cover, such as forest establishment and clearing, on stream flows and groundwater recharge.

· Effects of river outflows on aquaculture and shell fisheries in Tasman Bay, where litigation is continuing before New Zealand’s Environment Court over the allocation of sea space for mussel and scallop shellfish harvesting.

The hydrological diversity of this 2170-km2 catchment is illustrated by its elevation range from 1600 m to sea level, its annual precipitation ranging from 1000 to over 3500 mm, its contribution of 62% of the freshwater flow to Tasman Bay (mean flow of 82 m3/s), and Motueka town being one of the sunniest places in New Zealand. 

Similarly, its geological diversity ranges from tightly clay-bound gravels to highly erodible granites, ultramafic mineral formations in the south to complex limestone, marble and calcareous mudstone in its western headwaters. Groundwaters include alluvial aquifers in the valleys and deltaic plains. 

The entire catchment was originally clothed in native podocarp and southern hemisphere beech (Nothofagus) forests. Since the Māori arrived around 1350 AD and European settlers in the 1800s, two-thirds of the catchment has been cleared, with roughly one-third in exotic conifer forest and one-third in dryland pasture, crops or irrigated horticulture (apples, kiwifruit, berry fruit, hops and – historically – tobacco). 

The catchment is sparsely populated, with less than one person per km2 and a population of only 12,000, including the town of Motueka. However, population growth is among the highest in New Zealand at about 2% per annum. Vineyards, marine farming, arts and tourism are adding to the diversity and productivity of the local economy. New Zealand’s Treaty of Waitangi (1840) defines the governance relationship between Māori  and European settlers, and has become a focal point for recent claims by Māori groups over various land and water resources, including recent land claims by local tribes (iwi) Te Atiawa, Ngati Rarua and Ngati Tama. 

The Motueka ICM research programme has formed a Community Reference Group that functions as a sounding board for the researchers. The Group recently applied an ‘Influence Matrix’ approach to develop a prioritized list of the issues they consider affect the future sustainability of the catchment: ecological, social, economic, institutional, policy and external (Davie et al., 2004). Their analysis identified the issues most affecting the catchment as population dynamics, economic drivers, primary industries and tourism. Issues most affected by the catchment were tourism, primary industries, local policies and family wellbeing. In both cases, primary industries were considered by the group to be highly dependent on continued access to water of sufficient quantity and quality.

11.7.1
Motueka Catchment Water Policy

Water policy was first developed specifically for the Motueka and adjacent Riwaka catchment in the informal 1989 Motueka and Riwaka Catchments Water Management Plan. It was ‘informal’ because while the plan was adopted policy of the Nelson Catchment and Regional Water Board, it did not have a formal statutory basis as regional plans now do under the Resource Management Act 1991. The 1989 plan, developed in consultation with water users and conservation interests, recognised the major conservation values of the Motueka catchment and put in place policies relating to water quality protection and limiting water allocation from rivers. The main water allocation policy stated:

The total abstraction from surface waters, excluding dams and reservoirs, as authorized by water rights and calculated from weekly allocations, shall not exceed:

500 l/secfrom the Motueka catchment, including tributaries, upstream of the Council’s Woodstock water level recorder,

500 l/secfrom the Motueka catchment, including tributaries, between the Council’s Woodstock recorder and the sea…

The two 500 l/sec limits were negotiated based on flow statistics measured throughout the river, combined with expectations of likely water demand and instream flow needs, over the expected 10-year life of the plan. The lack of statutory backing for the 1989 plan (meaning its provisions could easily be changed at the political whim of the Regional Water Board) led the fishery managers to seek national protection for the brown trout fishery in 1987. The predecessor organisation to Fish and Game NZ applied for a National Water Conservation Order over the entire Motueka catchment, seeking to formally limit water extraction, and to protect water quality and aquatic habitat.

The government’s appointed tribunal agreed the waters of the Motueka catchment were nationally important for these outstanding features (Figure 6): 

· Wild and scenic characteristics on streams within the conservation lands managed by the Department of Conservation;

· Karst cave systems, which run from Mt Owen to Mt Arthur mainly within Kahurangi National Park; 

· The brown trout fishery on the Motueka River from the Wangapeka River junction down to the Motueka Plains.

The tribunal set water quality limits, restricted damming and limited water allocations to those in the 1989 plan. Eighteen parties appealed. Resolution of these appeals was delayed pending determination of legislative interpretations of the law in another Water Conservation Order case in the adjacent Buller catchment.

The key environmental management issue was to agree a low flow management regime that would protect the fishery while accommodating future water demand in the Motueka catchment. Water quality limits, especially limits on sediment discharge affecting aquatic habitats, were a second issue. The water allocation issues were resolved during 1999–2002 through discussions between Tasman District Council as regulator, the Fish and Game Council as applicant, the Department of Conservation and an ad hoc Land Owners Water Action Group convened by a farmer’s group seeking access to irrigation water. A rewritten draft Water Conservation Order was then presented to the Environment Court at a two-day hearing in July 2002 with a “Statement of Agreed Facts” and affidavits supporting the draft. In its decision six months later, the Court recommended that the Minister formally gazette the Order.

Negotiated water allocation limits removed the originally proposed minimum flow regime, replacing it with a limit of 12% of the flow extracted in the Motueka mainstem, and 6% in the Wangapeka River, as measured by the actual residual flow.  These figures were thrashed out based on a scientific assessment of flow frequencies throughout the river system, flow needs of trout based on IFIM analysis, and projected irrigation water demand in the medium and longer term.. Minimum flows were established in three contributing catchments for protection of trout spawning from May to October inclusive. The success of the negotiation process can be attributed at least in part to the availability and application during negotiations of robust data on both river-flows, groundwater interactions with the rivers, and projected water demand for irrigation. Thus, the Motueka River Water Conservation Order, following a 14-year process, was approved by the Environment Court in January 2003 (Decision W7/2003) and came into force when gazetted by the Minister for the Environment on 24 September 2004. Among the criticisms of Water Conservation Orders have been the costs of the extended legal processes for the 13 already heard. The Motueka case study demonstrated for the first time for a WCO that a mediation approach could achieve a robust, agreed outcome without the need for prolonged hearings of appeals (Richmond et al., 2004). The most contentious issue requiring negotiation was the setting of limits on water extracted from the Motueka River and tributaries. 

The ‘shared suffering’ approach agreed for the Motueka and Wangapeka aligns with similar approaches in Tasman District Council water management planning. From the perspective of instream values, it maintains variability in low flows, and provides sufficient flow buffer for the fishery and instream habitat to recover after severe droughts. From the water use perspective, the agreed percentage limits accommodate projected water demand – mainly for irrigation – recognizing that: 

· water requirements of different crops vary through the irrigation season 

· actual water use is less than allocations 

· groundwater extractions distant from the river will have a less than 1:1 effect on flows

· a 10-year security of supply standard applies.

The agreement recognized that the place for setting detailed water allocation and rationing rules is in the Tasman District Council’s resource management plan, not in a Water Conservation Order, which once gazetted could be difficult to alter.

Thus the provisions of the Motueka Water Conservation Order (WCO) and of the Council’s Tasman Resource Management Plan (TRMP) superseded the 1989 plan. The informal ‘500+500 rule’ was replaced in the TRMP by an allocation limit of 700 litres per second from surface water including adjacent groundwater affecting surface flows in the upper Motueka catchment upstream of Woodstock.   Again this is based on hydrological statistics, and projected water demand.

Since the Environment Court decision on the Motueka Water Conservation Order, further analysis of hydrological data and water demand has led to the setting of allocation limits and a rationing regime for tributary catchments of the upper Motueka consistent with the overall 12% and 6% flow depletion limits prescribed in the WCO. These have been included in the Council’s Resource Management Plan following a public submission process.

The following hydrological principles were applied to determine proposed allocation limits for the tributary catchments of the Upper Motueka (Fenemor, 2004):

1.
For protection of instream values, the cumulative effect of all takes above Woodstock shall not exceed 12% of the natural flow at Woodstock or 6% of the natural flow at Walter Peak on the Wangapeka (Motueka WCO). 

Note that as the extraction effect is to be measured at Woodstock in terms of the residual flow, the actual limits calculated from the measured flows are 13.6% for Woodstock and 6.4% for Wangapeka. For Woodstock, as an example, this was calculated as follows: 12% of the natural 10-year, 7-day low flow for Woodstock (6786 l/sec) is 814 l/sec, which as a percentage of the residual flow of (6786-814 l/sec) is 13.6%. 

As discussed earlier, the security of supply standard for all water takes is the TDC standard of a 35% reduction in each consent’s weekly allocation when a ten-year, seven-day low flow occurs (Policy 30.2.14 in Tasman District Council, 1996); the onset of rationing would occur earlier as a particular subcatchment approached fully allocated. This security of supply standard is implemented through the Tasman District Council’s standard three-step rationing provisions comprising progressive cuts of allocations of 20, 35 and 50%. When the ten-year low flow occurs, it is assumed users are at Step 1 allocation rates (i.e. 20% cut) and about to go into Step 2 (a 35% cut per policy 30.2.14), hence the allocation limit is calculated at 20% more than the water available for use during a ten-year low flow. 

2.
Aiming for a minimum of two weeks between rationing steps, and based on typical flow recession curves for low flows at the Motueka Woodstock flow recorder, rationing under a full allocation scenario is assumed to be initiated no earlier than the five-year, seven-day low flow at Woodstock. A typical flow recession curve at Woodstock shows that two weeks after the five-year low flow of 7422 l/sec has occurred, the flow would have fallen to 6200 l/sec, just below the ten-year low flow. Figure 7 shows how rationing steps are planned to be implemented to comply with the 12% depletion limit prescribed by the WCO, assuming 100% of allocations contribute to reducing river flows (Q5 means the five-year low flow at Woodstock).

Figure 7: Rationing Steps in relation to a 12% extraction limit set under the Motueka Water Conservation Order
3.
The tributary catchment allocation limits apply to surface takes (excluding takes from storage dams) plus groundwater takes. In setting these limits, it is assumed groundwater takes derive 100% of their supply from the adjacent river or stream, which in these narrow valleys is a reasonable assumption during long dry spells when pumping has approached a steady state. Similar assumptions have been made to determine actual river flow depletions for initiating the rationing; water meters are being progressively installed by water users to monitor actual use compared with allocations. Aquifer investigations and modelling are under way, and aggregation of water meter readings will allow the management rules to be refined in future years. 
This case study has illustrated many of the critical success factors for resolving policy conflicts in water resource management (Bowden et al., 2004): 

(1) 
A legal and institutional setting that facilitates resolution of the issues;

(2) 
Strategic planning to anticipate the issues, collect relevant information and initiate dialogue before the issue becomes a crisis;

(3) 
Vision, leadership and structure for the process;

(4) 
Involving all relevant stakeholder groups and engaging with stakeholder representatives who actually have decision-making power;

(5) 
Adequate definition of the issue, including issue boundaries and spatial and time scales;

(6) 
Adequate information on which to base the dialogue, and strong, accepted science;

(7) 
Acceptance of local knowledge, including validated anecdotal knowledge, not just science;

(8) 
Workable solutions expressed clearly and succinctly;

(9) 
Committed leaders willing to facilitate shared solutions.

In particular, success factor (6) was important, as without adequate hydrological data, combined with data on fisheries impacts of low flows and 20-year estimates of potential water demand, there would have been no rigorous basis for the discussion that resolved this conflict by negotiation. 

11.8
Summary

Since the 1940s, water resource management in New Zealand has been devolved to regional governments defined largely by catchment boundaries. The focus of water resource management today is to promote sustainable management of water, along with other natural and physical resources, under the Resource Management Act 1991.

This chapter has shown the importance of good spatial and temporal records of rainfall, river flows, aquifer levels and water quality for quantifying critical water management issues, understanding flow processes from mountains to sea, and deriving accepted policies and rules for water allocation and water quality management. However, it also acknowledges that good water management requires a collaborative approach with the community of water users and interest groups, built on a foundation of trust, open communication and sound science. Water resource management is not just a technical process requiring technical knowledge, but a political and community process.

The chapter has presented three examples where hydrological and wider environmental datasets were critical in setting water resource policy: 

· the setting of sustainable water allocation limits for conjunctive river-aquifer systems in a catchment context;

· derivation of environmental flows to provide bottom-line protection of aquatic ecology, recreational, landscape, and cultural values of rivers;

· land-use management to mitigate the water-yield reduction effects of afforestation on groundwater recharge and streamflow, where those resources had already been fully allocated.

The case study of water allocation in the upper Motueka catchment showed how complex conflicts over access and protection of water resources can be resolved, given willing parties, adequate hydrological information and time to negotiate a solution. 

In spite of advances in GIS, remote sensing and hydrological modelling, the foundation for robust water resource management is good hydrological data. A balance must be found between short-term investigation programmes oriented solely to today’s policy question, and baseline hydrological data collection able to meet tomorrow’s (potentially unforeseen) water policy and infrastructure needs. 

With increasing stress on water resources, even in New Zealand, data collection needs to incorporate not just monitoring of the state of our rivers, lakes and aquifers but also the pressures on those resources. These pressures include water use, discharges and land-use change. A broader suite of parameters must now be monitored for successful catchment-based water resource management. The authors support development of catchment management plans, developed with communities of interest, which are future-focused – addressing future demands and impacts on water resources.    
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Figure 2
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Figure 3
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Figure 4
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Figure 7
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