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Executive Summary

The National Policy Statement for Freshwater Management 2014 (NPS-FM) directs regional
councils to develop regional plans for managing freshwater quality and quantity. Plans must
contain freshwater objectives, policies and limits.

The quality and quantity of water in water bodies, the values they support and the appropriate
balance between water resource use and other values vary spatially. This means that it is
generally inappropriate to set specific (i.e. numeric) freshwater objectives that apply broadly to
all water bodies in a region. The NPS-FM requires that regional councils subdivide their regions
into Freshwater Management Units (FMUs). The NPS-FM defines a FMU as a water body,
multiple water bodies, or any part of a water body determined by a regional council as the
appropriate spatial scale for setting freshwater objectives and limits and for freshwater
accounting and management purposes.

Implicit in the NPS-FM definition is the idea that water bodies, or parts of water bodies, should
be delineated and managed based on how they are valued. Therefore, defining a spatial
framework of water bodies (i.e. FMUS), is integral to setting objectives, policies and methods.
Consequently, it is important that the process of defining FMU boundaries is transparent and
alternative options can be considered by decision-makers. Some iterative refinement of the
FMUs is likely to be necessary as part of the development of plan provisions.

This report offers a transparent and justifiable bio-physical starting point for defining FMUs for

rivers within the R u a m U h aMhajtwa. This report does not consider FMUs for lakes, wetland

or aquifers but the approach taken by this study could be expanded to FMUs for these

domains. The framework uses a modified version of the national River Environment
Classification (REC) system to cl assi fy t he Whai t u bidphysicali ver s
characteristics that are relevant to managing water quality and quantity. In this document the
bio-physically defined units are referred to as example FMUs but it is assumed that these may

be modified, as the Whaitua planning process proceeds, following additional considerations

such as specific values, human rather than bio-physical factors and/or additional bio-physical

factors of particular water bodies, objectives and policies.

This report proposes that FMUs are not simply a subdivision of geographic region of interest
into sub-catchments. Rather, it is proposed that FMUs are a framewaork of related spatial units
that serve different purposes. There are several reasons that this framework of spatial units is
necessary including:

T To acknowledge and provide for the whishassur ce 1t ¢
a key driver of variation in characteristics, values and objectives within a catchment.

1 To acknowledge and provide for the appropriate management of all upstream locations
(i.e. catchments) to achieve objectives in receiving water bodies.

I To provide for different plan development processes (e.g. community consultation
versus developing specific management polices),

1 To manage different issues (e.g. water quality versus water quantity, and surface and
groundwater), and

1 To provide a basis for different management functions (e.g. setting objectives versus
accounting for resource use and consenting water takes).

The study offers example FMUs for management of water quality and quantity in the
R u a mU h aMhajtaa, which were developed in three steps. The first step was to classify the
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Whaituab s ri vers for water gu a,lthustpsoduaing dhatgsthareafter t y

ref err ed managensmst clessifidationd The Wh a i t tivar® were represented as
individual segments of a digital river network and each segment was classified on the basis of
physiographic i f a ¢ t o drigedvariatibnant water quality and quantity comprising catchment
climate, slope, geology and river size (as defined by average flow rate). The management
classes are not restricted to a single location or sub-catchment and recur in a patchwork across
the Whaitua. The management classification broadly discriminates variation in the
characteristics of the water bodies that are relevant to management, including their values and
capacity for resource use. The Ru a mU h aMhajtaa committee had previously recognised
that these physiographic factors are key drivers of variation in characteristics of rivers in the
Whaitua and had suggested a preliminary set of FMUs on this basis. This report provides a
process for more justifiably and transparently defining the management classification, and has
confirmed its robustness and provided examples of how objectives could vary by class.
Selecting objectives is ultimately a political decision and therefore the objectives in this report
should be regarded as examples.

The second step defines management zones. Management zones recognise that many of the
management actions (i.e. policies and rules) to achieve objectives apply to land areas (and
associated land use and development) that drain to water bodies, and not only to the water
body itself. Therefore, all land areas that drain to water bodies belonging to a particular
management class become a management zone. Like the management classes, management
zones are not restricted to a single catchment and recur in a patchwork across a region. In
addition, individual locations may belong to more than one management zone.

FMUs are defined by a pragmatic layering and merging of management zones in an order that
is dependent on the policies and limits set for each of the management zones. The layering
and merging of the zones recognises that locations that lie in multiple management zones will
need to have policies and limits that achieve the most restrictive downstream objectives. This
means that some management zones may be redundant and can be merged with other zones.
It may be appropriate that there is a single set of policies and limits for this merged entity (an
FMU) that are designed to achieve the most restrictive objectives, which will therefore also
achieve the less restrictive objectives of all other water bodies in the FMU.

Because the layering of management zones is dependent on objectives, policies and limits,
the final definition of FMUs is integral to the planning process. However, to provide examples
of the approach in its entirety in this report, credible example objectives have been defined for
each management class and an ordering of the resulting restrictiveness of policies and limits
has been assumed. This has produced example FMUs for water quality and quantity
management but it is anticipated that these will need adjustment as the plan process proceeds.
The process for defining the FMUs uses the management classification and associated
management zones as building blocks. These building blocks can be combined in a variety of
ways thereby allowing for adjustments to be made to the spatial framework (i.e. the FMUSs) as
plan development proceeds.

The third step recognises that administration and accounting for contaminant discharges and
water takes must occur within individual sub-catchments. A minimum set of individual sub-
catchments are defined by the points in the drainage network where there is a change in the
FMU. These points represent a framework of administrative points, each of which defines a
sub-catchment or catchment. This results in a large number of administrative points but this
does not complicate the plan because administrative units are of relevance to implementation
whereas plan provisions apply only to the management classes (water quality and quantity
objectives) and associated management zones (controls on use and development).

\_/x//* LWP
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Quantitative limits (e.g., contaminant mass loads and volumetric allocation rates) can be
determined for each individual administrative point provided that they are defined on a scalable
basis such as proportion of a flow statistic that reflects stream size such as the Mean Annual
Low Flow (MALF) for water quantity limits and an area basis for contaminant loads (e.g.
kag/halyr).

It is noted that administrative points are not monitoring locations; for either water quality or
quantity. Monitoring of both water quality and quantity (e.g. monitoring flows) would be carried
out at representative sites (such as is currently provided by the water quality and flow
monitoring networks) and the data collected at these sites would be used to inform on the
achievement of objectives in management classes as a whole or to provide proxy
measurements (e.g. flows) at specific administrative points.

Some water bodies have specific values or management issues that are not discriminated by
the biophysical management classification described above but which may need to be
provided for in the new regional plan. It is suggested that these water bodies can be handled
by defining special FMUs that over-ride the objectives set for the management classes.
Examples of water bodies requiring special management objectives may be sites of
significance such as estuaries, swimming spots, or sites of special cultural or ecological
significance. Another example of water bodies with special issues are those where significant
infrastructure has o6permanentl yé modified
requiring special objectives and the catchments upstream of these water bodies would be
special FMUs for which specific plan provisions (objectives and policies) would apply. Some
special FMUs may only be identified as a result of consultation with community groups and
could thus be added progressively to the framework as plan development proceeds.

Alternative approaches to defining FMUs could be developed based on sea-draining
catchments or ad hoc subdivision of these catchments. However, the approach offered in this
report has a number of benefits over these two alternatives, including:

1. The use of physiographic classifications provides for variation in the characteristics of
interest to be resolved at a level of detail that is appropriate to management. Large sea-
draining catchments generally contain considerable variation in these characteristics and
therefore do not provide sufficient resolution,

2. The approach is transparent because it is based on specific physiographic factors (e.g.
topography) and their associated categorisation (e.g. hill and lowland),

3. The logic that objectives apply to the water bodies and that the limits and actions apply
to the catchments draining to those water bodies is inherent in the approach,

4, The need for limits to be set and actions taken to achieve the most constraining
downstream objective is built into the approach,

5. The process is flexible and easily repeatable so that FMUs can be modified and their
definition is integral to the plan development process.

6. The level of classification detail (i.e. coarse or fine) can be altered by varying the
physiographic factors (and their categories) to suit the desired level of detail and spatial
specificity of the plan provisions,

7. The layering and merging of management zones can be altered to accommodate
changes in the order of restrictiveness of policies and limits that may arise in the development
of plan provisions,
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8. Aspects of the plands i mplementation (e.

use) can be undertaken at appropriately fine levels of spatial resolution defined by the
administrative points,

0. The framework provides an efficient and justifiable basis for water quality monitoring
and reporting at the regional level based on having a representative number of monitoring sites
in each management class, and

10. The framework is spatially clear and certain (i.e. mapped) about where limits need to
be met and where accounting should occur (administrative points).

The approach offered in this report is based on six and ten class classifications for water quality
and quantity respectively as the starting point for defining FMUs. The relatively coarse level of
classification and subsequent discrimination of characteristics is consistent with the trading off
detail (specificity) with coverage and simplicity. It is also anticipated that some special FMUs
will need to be developed to manage specific water quality issues, for example specific
swimming spots in certain rivers, and water quality issues in lakes and estuaries. Thus, it is
anticipated that a final FMU framework will ultimately require deciding how much complexity is
appropriate beyond the six and ten class units that are offered by this study.
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1 Introduction

1.1 National Policy Statement for Freshwater Management

The National Policy Statement for Freshwater Management 2014 (NPS-FM) directs regional
councils to develop regional plans for managing freshwater quality and quantity. Plans must
contain freshwater objectives, policies and limits.

The NPS-FM requires councils to identify community values that are associated with

freshwater (for example environmental, cultural and social values such as recreation, and

economic use values, namely contaminant assimilation and water supply) and to collect water

guality and guantity information to assess the current state of water bodies within their regions.

With reference to the current state and taking I
are required to include objectives in regional plans that express numerically (where

practicable) the desired environmental state of water bodies!. Under the NPS-FM, freshwater

objectives must strike a balance between enabling water resource use and sustaining other

values of water. However, they must also provide for overall maintenance or enhancement of

regional water quality?. In addition, the NPS-FM requires councils to set objectives that are

above specified mini mé&. Councilsimustdevelompaliciespavithtmaym | i ne s
include limits and other management actions, to achieve the freshwater objectives*. Where

objectives are not currently being achieved the NPS-FM directs regional councils to determine

how and over what timeframes, those goals are to be achieved®.

1.2 Freshwater management units

The quality and quantity of water in water bodies, the values they support and the appropriate
balance between water resource use and other values vary spatially. This means that it is
generally inappropriate to set specific (i.e. numeric) freshwater objectives that apply broadly
to all water bodies in a catchment or region. The NPS-FM addresses this with the concept of
the Freshwater Management Unit (FMU). A FMU refers to a water body, multiple water bodies,
or any part of a water body designated to be managed for a particular value(s)® and for
freshwater accounting and management purposes. A regional plan that addresses the
management of water bodies in a catchment or region requires a spatial framework of FMUs
that subdivides water bodies and their catchments into groups for which differing management
regimes will apply.

FMUs are a significant component of a regional plan because they provide a framework for
applying different plan provisions’ and management functions including;

1. Setting freshwater objectives,

2. Defining management actions, including water quality and quantity limits, to achieve
the objectives,

! See Policy CA2, NPS-FM

2 See Objective A2 and Policy A1, NPS-FM

3 See policies CA2 and CA3 , NPS-FM

4 See policies Al and B1, NPS-FM

5 See policies A2 and B6, NPS-FM

5 The NPS-FM defines a FMU to be the water body, multiple water bodies or any part of a water body determined by the

regional council as the appropriate spatial scale for setting freshwater objectives and limits and for freshwater accounting and

management purposes.

Pl an fAprovisionso refers to objectives, polices, methods and rule
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3. Accounting for resource use (within limits), and
4. Monitoring progress towards, and the achievement of, freshwater objectives.

There is interdependence between defining FMUs and determining the plan provisions that
apply to them. Therefore, the development of FMUs is integral to the plan development
process and cannot be divorced from other normative® decisions that are required such as
determining the level of protection for various water quality and quantity dependent values (i.e.
setting freshwater objectives) and appropriate management actions. Because the
development of FMUs is integral to the development of the regional water plan, the
methodology should be transparent and the decision-maker(s) should be able to consider and
weigh up alternative options.

The scale of FMUs is a key consideration. Large FMUs may not provide sufficient resolution
of values, community aspirations for water quality maintenance and enhancement, and current
state; consequently, large FMUs may not provide plan provisions of sufficient specificity. By
contrast, many independently defined and small FMUs may produce overly detailed plan
provisions that may be difficult to justify and result in inefficient water resource management.

1.3 Ruamahanaga Whaitua Process

Greater Wellington Regional Council (GWRC) has divided the Wellington Region into five
Whaitua, or sub-regions, as part of its community led collaborative planning process. The
planning process will address a number of land and water management issues, and carry out
G WR C @Hdigations under the National Policy Statement for Freshwater Management (NPS-
FM). The R u a mU h aMhajtea was the first Whaitua to commence in the Wellington Region,
with the RuamUhanga Whaitua Committee being esta

The RuamUhanga Whaitua Committee is a partnersh
territorial authorities and the community, and will make recommendations to the Council

through a Whaitua Implementation Programme (WIP) report. The WIP will contain strategies

and actions which will form a programme of work to implement the NPS-FM in the

RuamUh an g a . [Wilancluder racommendations for both statutory and non-statutory

actions and methods.

Proposed regulatory provisions in the WIP will be incorporated into the Regional Plan through
a plan change process. Non-regulatory programmes will also be developed further and
implemented in conjunction with partners.

1.4  Structure of this report
This report is structured as follows:
9 Section 2 provides an overview of the nature of FMUs, considers alternative

approaches to defining FMUs and sets out a recommended approach for establishing
FMUG6s for t hRuamuyledMagtaf t he

9 Section 3 offers a bio-physical classification and spatial framework as a starting point
for defining FMUs for managing river water quality,

8 Normative decisions concern the prescriptive aspects of the plan such as the definition of objectives and rules and that are
ultimately made by a political process.
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1 Section 4 offers a bio-physical classification and spatial framework as a starting point
for defining FMUs for managing river water quantity, and

9 Section 5 discusses the findings and recommendations.

2 Alternative approaches to defining FMUs

2.1 Overview

Most regional councils have either developed regional water plans or are in the process of
doing so. Some councils have operational second generation plans that were developed prior
to the release of the NPS-FM, but which address many NPS-FM requirements including
numeric objectives and limits. All regional councils have had to account for regional differences
in the values and characteristics of water bodies and generally have plan objectives and
policies that recognise this variation to at least some extent. Some councils are well advanced
with developing their second generation plans in response to the requirements of the NPS-
FM, including defining FMUs. However, councils have approached this in various ways. The
following is a brief summary of how five other councils in New Zealand have defined their
FMUs.

Horizons (Manawatu-Wanganui) Regional Council has defined 44 water management zones
and 117 subzones in the Manawatu-Wa ng a n u i regiondés One Plan. Thes
catchments or sub-catchments and encompass the water bodies within the zone and the
surrounding catchment land area. Water quality and quantity related values for the water
bodies in each zone have been identified and objectives defined. Because the Horizons water
management zones/subzones are catchment-based, they enabled specific load-based
nutrient limits to be defined for managing water quality in each zone. To assess compliance
with the objectives and limits, a monitoring site is required at the downstream end of each
zone. It is anticipated that some management functions will occur at the subzone level (e.g.
surface water quantity allocation), while other management functions will occur at the zone
level (e.g. water quality monitoring).

Environment Canterbury has defined management units at various scales. At the regional
level, eight Water Management Zones® have been developed along socio-political and
catchment boundaries, and these zones are used as a basis for collaborative management.
At a lower level of spatial subdivision, the operative Land and Water Regional Plan (LWRP)
has defined default objectives for all water bodies in the region based on bio-physical
classifications of ten river classes and six lake classes. For rivers, the classes are based on
the national system called the River Environment Classification (REC), which was developed
by the Ministry for the Environment as a tool for various aspects of water management
(Snelder and Biggs, 2002). Individual Zone plans are sub-regional sections of the Land and
Water Plan that are specific to each of the eight Water Management Zones. These sub-
regional plan sections are based on catchments and sub-catchments (for surface water) as
well as recognising the physiographically defined river and lake classes of the parent LWRP.
Water quantity limits (e.g., minimum flows and allocations), and nutrient load limits have been
defined at catchment or sub-catchment scale. In some areas groundwater zones are also
defined for the purpose of groundwater allocation and these may extend over just a part of, or
more than one, surface water catchment.

9 http://ecan.govt.nz/get-involved/canterburywater/Pages/canterbury-water-zone-map.aspx
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Taranaki Regional Council has defined freshwater management units in its draft second

generation regional plan based on a geo-physical subdivision of the region into four sub-

regions. These sub-regions discriminate variation in the values, and physical and hydrological
characteristics of the water bodies they contain. The sub-regions contain whole catchments

and the sub-region boundaries therefore align with catchment boundaries. The Taranaki

FMUs broadly differentiate the streams and catc
pl aino), the northern and s out-toentrynin additeors one | terr
FMU differentiates threenon-cont i guous AOutstandingo rivers and

Finally, Northland Regional Council (NRC) and Bay of Plenty Regional Council (BoPRC) have

considered how to define FMUs for their geographically complex regions. Both regions
comprise many (i.e. > 100) feea-d r ai ni ngo cat chments that exhi bi!t
natural factors such as topography, geology and land use. Data describing the characteristics

of these water bodies is limited. For example, long term water quality is monitored at only 35

sites in Northland and 50 sites in the Bay of Plenty. In addition, some sea-draining catchments

are too heterogeneous with respect to values and capacity for resource use?? for a single set

of plan provisions to be justifiably applied, and many catchments and sub-catchments are very

similar to each other with respect to values and capacity for resource use.

The approach taken by NRC and BoPRC has been to define FMUs based on grouping water
bodies into bio-physical classes that are relatively homogeneous with respect to their values
and capacity for resource use. These classes will be the basis for plan objectives and it is
anticipated that the detail of the classification (i.e. the number of classes) will allow objectives
and subsequent policies to be drafted at an appropriate level of specificity. A benefit of this
approach is that available data are used to represent the state of water quality in the FMUs
and the current monitoring sites could be used to monitor their progress toward objectives in
the future.

2.2 Catchments and scale

The purpose of FMUs is to provide a basis for setting water quality and quantity objectives
and associated limits, and for managing and accounting for water resource use. It is
fundamental to the approach taken in this report that FMUs are based on catchments because
the nature of water bodies!! including their values, physical and ecological functioning, and
their state (i.e. their condition) is largely determined by the character of their upstream
drainages (e.qg. climate, topography, land use) and the nature of the resource use that occurs
within them (e.g. land use and management, water takes, and point source discharges). It is
noted that the NPS-FM definition of FMUs does not explicitly mention catchments but it is
implicit in other parts of the NPS-FM that FMUs must involve consideration of catchments.*?

T he tcapaaiyfay used msedfthee amount of resource use that can be made while sustaining all competing values at
some agreed level. Because value judgements are required to determine the acceptable level for supporting values, so too the
capacity for resource use depends on these value judgements. Capacity for use varies widely between water bodies; some
water bodies that support very sensitive and significant in-stream values may have zero capacity for use, while other water
bodies may have significant capacity for use. In the context of water quality, the capacity for use is the capacity of the water
body to dilute and/or assimilate contaminants derived from resource use, while sustaining all other values at desired levels. In
the context of water quantity, the capacity for use is the rate at which water can be removed from the water body

(or be diverted or dammed) while sustaining all other values at the desired level.

1 In this report a water body is defined as a physiographical feature such as a stream, river, lake or wetland or any part thereof.
Furthermore, a catchment is defined as the upstream drainage of a water body. It is unclear from the NPS-FM definition of a
FMU whether a water body is defined as per this report or if it includes the catchment. However, in this report an FMU is
assumed to include the catchment because objectives set for water bodies must primarily be achieved by managing resource
use in their catchments.

2policy CLofthe NPS-FM di rect s r e g imanage freshowater ard iahdsise tara development in catchments in
an integrated and sustainable way, so as to avoid, remedy or miti (



Catchments can be defined at different scales, for example, an entire land area that drains to
a river mouth at the coast (referred to in this report as a sea-draining catchment) or a smaller
scale subdivision of tributary streams.

A sea-draining catchment might be an appropriate scale for managing sedimentation rates or
nutrient enrichment in estuaries and harbours. However, subdivision of large sea-draining
catchments may be appropriate if, for example, there is variation in water quality or the values
within the catchment (e.g. if the catchment includes a lake or parts of the same river system
support significantly different values). The scale at which FMUs need to be defined ultimately
depends on achieving reasonable (and practical) homogeneity (i.e. degree of similarity) with
respect to several characteristics of the water bodies they contain, including; (1) their values,
(2) their capacity for use, and (3) management requirements resulting from their bio-physical
functioning®®. Where there are multiple water related values, and/or differences in other
relevant water quantity or quality characteristics, this may require that catchments of differing
sizes are defined and thatsmaller cat chments are O6nestedd within

Sub-catchments can be defined at any scale from fine-scale first order (i.e. headwater)
catchments to coarse-scale drainages of significant tributaries and entire sea-draining
catchments. The size of a sub-catchment generally determines its homogeneity with respect
to values and other characteristics. Water bodies in small sub-catchments such as headwater
areas are likely to be relatively similar, whereas large sea draining catchments may contain a
more diverse range of values and other characteristics. Defining a regional framework of
FMUs therefore involves subdividing catchments such that the values and other
characteristics they contain are sufficiently homogeneous that a set of plan provisions can be
justifiably applied, and that the level of detail and complexity is minimised (i.e. the scale is as
coarse as possible).

2.3 Use of river classification in regional water plans

Classification of water bodies provides a basis for discriminating variation so that appropriate
objectives can be set for different groups (or classes) of water body. The River Environment
Classification (REC; Snelder and Biggs; 2002) is a national classification of rivers that has
been used extensively since 2002 as a basis for various aspects of water management
including state of environment reporting, catchment contaminant modelling (e.g. CLUES) and
a basis for classifying rivers for different management purposes in regional plans. In particular,
the REC has been used as a basis for defining objectives in regional plans (e.g., Canterbury
LWRP, Southland Regional Water Plan, Horizons One Plan).

REC classes provide a basis for grouping similar water bodies, which are defined by individual
segments of the river network. All segments belonging to a particular class are considered
sufficiently similar that the same objective can justifiably apply to them. Furthermore,
objectives can also vary appropriately between different REC classes, reflecting their different
physical, chemical and ecological processes. However, REC classes are not an adequate
basis for defining management actions or limits because many of these will need to apply to
land areas draining to the water bodies, not only to the waterbodies themselves. In addition,
REC classes do not provide a basis for administrative functions such as accounting for
resource use because these must be based on individual catchments. However, the REC and
its underlying representation of the drainage network provides a starting point for the
development of a system of FMUs that is described in the next section.

13 For example, differences in the flow regimes and morphology of streams and rivers within large sea-draining catchments may
be sufficiently large that different nutrient concentration criteria are appropriate.

2 | Lwe

woter



2.4 FMUs based on bio-physical classification of the drainage network

An approach to the definition of FMUs that builds upon the concepts of the previous sections

starts with a physiographic classification that resolves important differences in relatively

unchanging and natural aspects of the environment (including topography, geology and river

size, which are termed physiographic factors in this report) that are relevant to the

management of water quality and quantity. The approach subdivides the factors into specific
categories, for elanddmp!oep,oqonha distydinatechby diftetercces in

average catchment slopes. The classification is applied to a detailed (fine-scaled) subdivision

of the regiondbds dr ai nag e -catckententn Thie beaefitdof sachk aoci at e
category-based approach is that the basis for FMUs is transparent and alterable (by changing

the factors and/or their categorisation) and can be applied generally to an entire region.

The benefit of using a drainage network as a basis for defining FMUs is that the catchment
upstream of any specific point along a water body can be defined. Each point in the drainage
network has its own unique sub-catchment defined by all the upstream land draining to that
point. Because a drainage network allows subdi vi
out at any scale, the optimal scale (or alternative scales) of sub-division can also be explored.

This project has used three key steps to construct a framework of FMUs based on the drainage
network:

1. Define the management classification,
2. Define the management zones, and
3. Define the administrative points.

The first step is the definition of a management classification of the water bodies. This
classification involves grouping water bodies into classes that are relatively homogeneous with
respect to their biophysical characteristics including; (1) their environmental and ecological
characteristics, (2) the capacity of both the water bodies and their catchments for resource
use.

The approach taken in this report to defining a suitable management classification (i.e. groups

of stream and river segments) is based on physiographic factors. The Ru a mU h aMhajtaa

committee had previously recognised that the physiographic factors are key drivers of variation

in characteristics of rivers in the Whaitua and had suggested a preliminary set of FMUs on this

basis. These factors are a relevant basis for defining classes because they broadl
physical and biological processes that determine the quality and quantity of water bodies, their

values and aspects of their bio-physical functioning. The classification approach allows the

use of these physiographic factors to be formalised. The details of the physiographic factors

are set out in subsequent sections but include, for example, the catchment slope, geology and

size (as defined by average flow rate).

The management classification forms the basis for defining freshwater objectives for all the
water bodies in the region. The management classification contains a number of individual
management classes, many of which are likely to extend across multiple sea-draining
catchments. Individual catchments are also likely to comprise more than one management
class.

The second step defines management zones. Management zones recognise that many of
the management actions (i.e. policies and rules) to achieve objectives apply to land areas (and
associated land use and development) that drain to water bodies, and not only to the water
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body itself. Therefore, all land areas that drain to water bodies belonging to a particular
management class become a management zone. Like the management classes,
management zones are not restricted to a single catchment and recur in a patchwork across
a region. In addition, individual catchments may comprise more than one management zone.

FMUs are defined by a pragmatic layering and merging of management zones. The layering
and merging of the zones recognises that locations that lie in multiple management zones will
need to have policies and limits that achieve the most restrictive downstream objectives. This
means that some management zones may be redundant and can be merged with other zones.
For example, in some circumstances land may drain to a river segment that is relatively
insensitive to the effects of nutrient concentrations. However, further downstream, perhaps
several kilometres away, the destination of water may be a water body that is more sensitive
to elevated nutrients. In this case, limits set for point and diffuse source discharges in all
upstream catchments need to ensure that the more restrictive management objective is
achieved. In this situation, it may be appropriate to merge all management zones upstream of
the water body with the most restrictive management objectives. Furthermore, it may be
appropriate that there is a single set of policies and limits for this merged entity (an FMU)
because these will be designed to achieve the most restrictive objectives and will therefore
also achieve the less restrictive objectives of all other water bodies in the FMU.

Because this study precedes the development of objectives, policies and limits, it is not yet
possible to identify the most restrictive objectives for any location. Therefore, this study is not
able to define the final FMUs but provides the management zones them as building blocks, so
that the layering and merging process can be carried out as part of the policy development.
However, to illustrate the approach in its entirety, a set of credible FMUs are derived here as
examples. It is anticipated that these example FMUs will be altered as the Whaitua process
proceeds.

The third step defines the administrative points. Administrative points recognise that controls
on contaminant discharges and water takes must occur and be accounted for within individual
catchments and sub-catchments. Therefore, a subdivision of the region into individual
catchments and sub-catchments should occur at least at points in the drainage network where
there is a change in the FMU. Administrative points are locations at which nutrient load limits
for example (for water quality objectives) and volumetric allocation limits (for water quantity
objectives) can be defined in absolute terms, and where resource use accounting should
occur. Contaminant load limits and volumetric allocation limits can be determined in absolute
terms for each individual administrative point provided that they are defined for the FMUs on
a scalable basis. Scalable limits can be based on a proportion of a flow statistic that reflects
stream size such as the Mean Annual Low Flow (MALF) for water quantity and an areal basis
for nutrient loads (e.g. kg/hal/year).

Administrative points are important only in terms of plan implementation. There may be a large
number of administrative points but this need not result in a complicated plan or a large amount
of environmental monitoring because freshwater objectives and water quality and quantity
limits are set for a limited number of management classes and associated management zones.

There are several advantages of FMUs that are defined based on the drainage network. First,
classifying water bodies based on bio-physical factors allows spatially discrete but similar
water bodies (e.g. different sea-draining catchments or different parts of the same catchment
for which values and objectives are similar) to be managed under a common set of plan
provisions. The same approach would apply to lakes where lakes belonging to a particular
class would be subject to a specific set of plan provisions, which would differ for another class.
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A second advantage of the drainage network approach is that the resolution (or level of detail)
of the framework can be altered by varying the number of classes of the management
classification. Greater resolution can be achieved by defining more management classes.
Higher resolution enables more specific objectives and more nuanced policies and limits, but
would increase the effort and data needed to justify them and the complexity and detail of the
pl anbés provisions. There is also |ikely to
and scientifically justifiable (and achievable) and other considerations such as catering for the
desire of stakeholders for spatially nuanced policies and limits. In addition, the management
classification must allow for good representation of each class by the monitoring network. For
a fixed number of environmental monitoring sites, increasing the number of classes will lead
to a reduction in the representation of each class and can potentially induce statistical bias in
assessments based on the classes.

A third advantage of using a classification of the drainage network as a basis of developing
FMUs is associated with efficiency in the use of available data. If a classification provides good
discrimination of variation in characteristics of interest (i.e. values, current state and
management requirement), it is reasonable to infer that other locations in the same class have
similar character. Thus, a classification system makes optimal use of limited data and provides
a justifiable basis for monitoring on the basis of a small set of representative sites.

2.5 A suggested approach for the Ru a mU h awihgitua

The remainder of this report presents a suggested approach to defining a framework of FMUs
for the rivers of the R u a mU h aMhajtaa that is based on a bio-physical classification of the
drainage network. In this document these bio-physically defined units are referred to as
@xample F MUs 6 but it i S assumed that these
considerations including specific values, human rather than bio-physical factors or additional
bio-physical factors of particular water bodies. The approach is a starting point for discussion
and a final decision on a preferred approach should ultimately be made as part of the Whaitua
Implementation Plan (WIP) decision making process.

The Ru a mU h awhagitaa committee held a workshop in 2014 to explore the concept of
FMUs and developed a preliminary definition of FMUs for the region. The approach taken by
the committee was to define differences in river characteristics and values and to broadly
delineate these based on catchment topography, geology and climate (Figure 1). The
approach taken in this report acknowledges the Whaituac o mmi t récegaitios that a logical
starting point for defining FMUs is to subdivide the Whaitua based on these key catchment
characteristics.
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Figure 1: Preliminary FMUs defined by the Whaitua committee in a 2014 workshop.

The approach to defining FMUs for the R u a mU h aAthajtaa presented here is built using
the REC as the basis for describing the river network and associated catchments and sub-
catchments. The REC is based on a digital drainage network that was derived from a digital
elevation model (DEM) with a spatial resolution of 50 m (Snelder and Biggs 2002). Computer
analysis of the DEM identified drainage paths, network segments and the associated sub-
catchment boundaries. The REC represents the rivers of the Ruamahanaga Whaitua Zone
with approximately 7,600 unique river segments, with a mean segment length of 750m,
defined by upstream and downstream confluences
feature of the REC is a system of labels for the segments and their associated sub-catchments
that allows rapid analysis of upstreami downstream connectivity and accumulation of
catchment characteristics (e.g. land areas having different geological or land cover categories)
in the downstream direction.

3 Water quality FMUs

This section offers a network based approach for defining a default regional framework of
FMUs for management of river water quality in the Ru a mU h aAfthaitaa. This framework
should be considered as a starting point that can be altered by changing the criteria for
determining river classifications.
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3.1 Proposed water quality management classification

The proposed* 6 wat er managemént glassificationdis a coarse subdivision of the
RuamUh aWhyai t wated dodies for management purposes. This water quality
management classification takes into account variation of physiographic factors previously
recognised by the R u a mU h aMhajtaa committee (i.e. catchment topography, climate and
geology, Figure 1), observed current water quality, and also expert knowledge of the likely
mechanisms that lead to the variability in observed water quality across the Whaitua.

AnanalysisoftheRuamUhasgai ver water quality (i.e.

physical, chemical, and biological parameters) revealed broad patterns associated with
variation in catchment topography, climate and geology (Appendix A). The strongest
relationship was with topography, with steep hill catchments being associated with relatively
higher water quality than lowland (low gradient) catchments. Weaker relationships were found
for the other catchment properties, with wet (high rainfall) catchments generally associated
with better water quality compared to dry (low rainfall) catchments, and catchments with soft
sedimentary geology generally having poorer water quality than catchments with hard
sedimentary geology. While all three of these variables are highly correlated, in combination
they provide greater discrimination of the water quality variables than with any one
categorisation alone.

Appendix A provides a description of a variety of combinations of catchment factors that were
tested to generate alternative water quality classifications, as well as a comparison with the
Whait ua Copmlimirtaty EMUGMsp (Figure 1). In general, we found that adding more
factors led to a higher level of ability to explain the observed patterns in water quality in the
catchment; however, in selecting an optimal classification, simplicity, and incorporation of local
and expert knowledge are also important considerations. With this in mind, the final
classification adopted in this report is based on a combination of slope, rainfall and geology
factors, as well as a separate class forthe Ru a mU h &Rrni o amaid stem (defined from the
coast up to the confluence with the Waingawa River). This results in six water quality
management classes (Figure 2). The proposed classification shows strong similarities with
that developed by the Whaitua Committee (Figure 1), notably the eastern and western hills
are in separate classes and the valley floor is identified as a distinct class. Most other
differences are associated with a finer scale subdivision of the Whaitua, as well as the areas
of special consideration (such as the Wairarapa Moana and the urban areas within the region)
which have not been specifically identified in the classification shown in Figure 2. However,
Section 3.6 addresses how areas of special interest like these could be incorporated.

wat el

“This report has defined 6proposed management classificationsd anc

indicate that at this stage they appear to be a credible and robust starting point for formulating management provisions for the

Whaitua (objectives and policies). We do not mean O6proposed6 in tI

not yet ratified, regional plan.
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Figure 2: Water quality management classification of the Ru a mU h aMhaqd t drainége network
based on geology, slope and rainfall of the upstream catchment. . D = Dry (low rainfall climate), W
= Wet (high rainfall climate), Hill = Hilly catchment topography defined by slopes > 17 degrees, Low
= Lowland catchment topography defined by slopes < 17 degrees, HS = hard sedimentary catchment
geology, SS = soft sedimentary catchment geology, MS = main stem of the Ru a mU h &Rivay.a

3.2 Example water quality objectives

This section assesses example water quality objectives for aquatic ecosystem health and
secondary contact recreation for each water quality management class. It is stressed that the
objectives used here, including use of non-NOF attributes and state bands for all attributes,
are examples only and are not exhaustive. Although these objectives are credible, they are
used purely to demonstrate the approach. The derivation of objectives will be a subject of the
future planning process and will involve more comprehensive technical work once objectives
have been clarified.

For the purpose of explaining the application of the FMU framework, it was assumed that
objectives for a specific management class would apply generally to all locations within that
class, and would be linked to values that are generally held for that management class. It was
also assumed that objectives and policies would aim to at least maintain the current state of
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water quality (as per requirements of the NPS-FM?*®). Furthermore, in cases where the current
state was below a minimum acceptable level, it was assumed that objectives and policies
would be aimed at improvement. In the discussion that follows, it is assumed that objectives,
management regimes and policies applying to a specific management class would apply to all
locations within that class, and can be linked to values that are generally held for that
management class. However, the WIP development process may result in more specific
(local) objectives, particularly where these can be justified by data or specific values.

The NPS-FM has mandated fiecosystem healtho and dAhul
r e c r e astconpuisory water quality and quantity related values that must be provided for

in all water bodies. However, regional councils have the discretion to also manage rivers for

other water quality related uses and values, such as primary contact recreation (swimming)

and mahinga kai (aquatic food sources).

The NPS-FM has defined dattributesodo as the foundat.i
Attributes are defined inthe NPS-FM t o mean fia measur abl e char act

including physical, chemical and biological properti e s, whi ch supports parti
NPS-FM attributes enable communities to choose the level of protection for values by defining
numeric attribute states or Abandsod (A, B or C

stat es ( Ab o tetbaundaryhetwees © andD barid$) for these attributes. A regional
plan process must set freshwater objectives for FMUs with reference to at least the NPS-FM
attributes, although councils may choose to also include additional attributes suitable for their
region.

The NPS-FM attributes that are relevant to rivers include: Escherichia coli (E.coli)
concentrations (an indicator of the presence of pathogens or human health risk) to provide for
human health for recreation secondary contact, ammoniacal nitrogen (NHs-N) and nitrate
nitrogen (NOs-N) concentrations to manage toxicity, and periphyton biomass (expressed as
chlorophyll-a concentration) to manage trophic state.

Attribute states for E.coli, NHs-N and NOsz-N are based on median and 95th percentile
concentrations (see Table 1). Objectives for periphyton are expressed in term of biomass
measured as Chlorophyll-a per square metre of river bed.

Three additional example objectives were also selected for analysis in this report: 1) primary
contact recreation (swimming); 2) water clarity; 3) ecological health based on the
Macroinvertebrate Community Index (MCI: see Stark 1985) and its quantitative variant
(QMCI). Bands for primary contact recreation are provided as optional objectives in the NPS-
FM and are based on the 95th percentile E.coli concentrations. Bands for visual clarity are
based on the MFE (1994) guideline of clarity of > 1.6 m to be suitable for swimming. For the
discussion that follows, this visual clarity objective was subsequently based on the median of
all water quality samples collected, but we acknowledge that more detailed criteria (e.g. clarity
values collected only during low flows and/or summer sampling occasions) are possibly more
appropriate, and could be evaluated.

For the third objective (r el ating to ecol ogical healt h), we
suggested by Stark and Maxted (2007) for both the MCI and QMCI scores. Thus, the A band
referred to streams in fAExcellentd condition, a

condition. All example water quality objectives are summarised in Table 1.

15 Objective A2 and Policy A1, NPS-FM

5 | Lwe

woter



Table 1: Band options for example water quality objectives. The asterisk indicates attributes that are
compulsory under the NPS-FM.

Attribute Units Statistic Criteria for bands
A B C D
(Excellent) (good) (Poor) (Unacceptable)
Human health | E.coli/100ml Median x O 2(2600 x|540 O x x O 100
T secondary
contact*
Human health | E.coli/100ml g5t x O 2( 260 0O[540 O «x x O 100
i primary 540
contact
mg/m?3 Median x<1000 1000< x < 2400 <x < >6900
.. 2400 6900
NOsN toxicity* mg/m? 95h <1500, 1500 <x< | 3500<x< >9800
3500 9800
mg/m?3 Median x<30 30 <x <240 240 < x < >1300
.. 1300
NH.N toxicity® mg/mé 95h <50 50<x<400 | 400 <x< >2200
2200
Periphyton chl-a/m? g2nd x<50 50 <x <120 | 120 < x <200 >200
cover*
MCI Not Median x>119 100 < x < 80 < x <100 X< 80
applicable 119
Not Median X >4 4<x<5 5<x<6 X<6
QMCI applicable
Visual clarity m Median >1.6 X<1.6
3.3 Assessment of current state of river water quality

We evaluated the current state of river water quality and ecological health at 24 sites (shown

in Figure 3), using data provided by t h e

c o0 u n germ rdonthlyl riven Gtate of the

Environment (RSoE) monitoring programme (labelled RS* in Figure 3), as well as one site
monitored as part of a targeted study on the Enaki Stream (ES1) and three sites that are
monitored by NIWA as part of the National Water Quality Network (labelled WN* in Figure 3).
A total of 24 sites were used for the water quality variables, of which the 20 SoE sites also
included annual macroinvertebrate monitoring and all but two SoE sites (RS36 and RS39)
also had annual periphyton monitoring (Figure 3). Table 2 provides a summary of the number
of sites within each of the management classes.
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Figure 3: Location of water quality and invertebrate monitoring sites.

Table 2: Distribution of water quality and invertebrate monitoring sites within the proposed
management classes. See Figure 2 for explanation of the water quality management classes.

Water quality Number of Water Number of Number of
management class quality sites invertebrate sites Periphyton Sites
D+HS 2 2 2

D+SS 3 3 2

MS 3 2 2
W+HS+Hill 9 8 8
W+HS+Low 3 2 2

W+SS 4 3 2

In this report, we evaluated current water quality state based on statistics derived from data
pertaining to the ten-year period Sept 2006 i Sept 2015. The current state of rivers and
streams in the R u a mU h asrillgsaated in Figure 4 as the distribution of site median values
for the water quality variables, Periphyton, QMCI, MCI and 95th percentile values for E.coli.
MCI and QMCI scores are based on the hard bottomed scores provided by GWRC staff. The

wwwww



distributions are shown for the six classes of the water quality management classification.
Figure 4 indicates that, in general, concentrations of nutrients are lowest in waterways in the
W+HS+Hill management class, and highest in the D+HS class. MCI and water clarity were

generally highest in the W+HS+Hill class, and lowest in the Dry climate classes.
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Figure 4. Box and whisker plot showing the distributions of site water quality for 11 variables

measur ed at

c-termn nnoonitbridgs sitek. o Thegy variables include; clarity (CLAR),

macroinvertebrate community index (MCI), Quantitative macroinvertebrate community index
(QMCI), Periphyton cover (PERI), dissolved reactive phosphorus (DRP), ammoniacal nitrogen

(NH4N), Nitrate nitrogen (NO3N), total nitrogen (TN), dissolved reactive phosphorus (DRP), total
phosphorus (TP), Escherichia coli (ECOLI) and 95th percentile values for Escherichia coli (ECOLI

Q0.95) of water quality variables for 24 water quality monitoring sites, 20 invertebrate sites (MCI and
QMCI) and 18 periphyton sites. The data are grouped by the six proposed water quality management
classes: D+HS (Dry+Hard Sedimentary), D+SS (Dry + Soft Sedimentary), MS (Main Stem),
W+HS+Hill (Wet + Hard Sedimentary + Hill), W+HS+Low (Wet + Hard Sedimentary +Low) and
W+SS (Wet + Soft Sedimentary). The individual water quality site values were derived from data for
the 10 year period ending Sept 2015. The central horizontal line indicates the median, and the

bottom and top

of

t he box

ndi

cate

t he

25t h
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extend to the 10th and 90th percentiles. Where the number of outlier sites exceeded 10, the black
points indicate the 5th and 95th percentiles.
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An assessment of the current state of the six water quality management classes relative to
example objectives (listed in Table 1) is shown inTable 3. The table groups the sites by water
guality management class and uses the proportion of water quality monitoring sites in each

band to assess the state of 4N and N@sIN ®ack sitdiis ver al

assigned the lower class for either the median or 95™ percentile criteria described in Table 1.
As periphyton cover is only monitored annually, we have assumed that this sample reflects
annual maximum biomass (as measured using percent cover), and hence each annual sample
is equivalent to the annual 92" percentile value that is required by the NOF based on monthly
samples (i.e. the biomass exceeded by 1 in 12 samples). We have therefore compared the
ten-year median of the annual periphyton observations against the periphyton objective in
Table 1.

Table 3: Current state of the six proposed water quality management classes compared to several
example objectives. The selected objective could be state band A, B or C, recognising that D band
fails NPS-FM bottom lines, but must maintain overall water quality. Data are percentages of sites in
each management class that achieve each of the state bands. The asterisk indicates attributes that
are compulsory under the NPS-FM.

Objective State Proposed water quality management class
band D+HS D+SS MS W+HS+Hill | W+HS+Low W+SS
No. of Sites 2 3 2 8 2 3
A 0% 0% 0% 62% 0% 0%
MCI B 50% 33% 100% 38% 100% 67%
C 0% 33% 0% 0% 0% 33%
D 50% 33% 0% 0% 0% 0%
A 0% 0% 100% 100% 0% 33%
QMCl B 0% 0% 0% 0% 50% 0%
C 50% 100% 0% 0% 50% 67%
D 50% 0% 0% 0% 0% 0%
No. of Sites 2 2 2 8 2 2
A 50% 0% 100% 100% 50% 50%
Periphyton* B 50% 100% 0% 0% 0% 0%
C 0% 0% 0% 0% 50% 50%
D 0% 0% 0% 0% 0% 0%
No. of Sites 2 3 3 9 3 4
Clarity Pass 50% 0% 0% 100% 100% 25%
Fail 50% 100% 100% 0% 0% 75%
E.coli Pass 50% 0% 0% 100% 0% 0%
(Prim. con. | Fail 50% 100% 100% 0% 100% 100%
recr.)
Ecoli A 50% 67% 100% 100% 100% 100%
(Sec. con. B 50% 33% 0% 0% 0% 0%
recr.)* C 0% 0% 0% 0% 0% 0%
D 0% 0% 0% 0% 0% 0%
A 50% 67% 33% 100% 67% 75%
NH4-N B 50% 33% 67% 0% 33% 25%
toxicity* C 0% 0% 0% 0% 0% 0%
D 0% 0% 0% 0% 0% 0%
A 0% 33% 100% 100% 0% 100%
NOs-N B 0% 67% 0% 0% 100% 0%
toxicity* C 100% 0% 0% 0% 0% 0%
D 0% 0% 0% 0% 0% 0%
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The assessment indicates that the periphyton bottom line is met at all of the monitoring sites.
All sites in all classes are above the bottom line for human health - secondary contact
recreation. The Dry classes are in a marginally poorer state for secondary contact recreation
(3 sites in total in B compared to 0 for the other classes). Most sites in all classes fail to meet
primary contact recreation standard, with the exception of W+HS+Hill sites which all meet the
objectives (note this is not a compulsory NPS-FM national bottom line).

All sites are above the bottom line for the two toxicants: NH4-N and NOz-N. For NH4-N, sites
are exclusively in the A band for the W+HS+Hill sites, predominantly in the A band in the
D+SS, W+HS+Low and W+SS classes and predominantly in the B band for D+HS and MS
sites. For NOs-N sites are entirely (100%) in the A band in the MS and W+HS+HIII classes,
predominantly and entirely in the A band in the D+SS and W+HS+Low classes and entirely in
the C band in the D+HS class.

Median site MCI scores were predominantly in the A band in the W+HS+Hill class,
predominantly or entirely in the B band for MS, W+HS+Low and W+SS classes, and between
the B and D classes for the Dry classes (50% of sites in the D-band for the D+HS class and
33% of sites for the D+SS class).

Both Wet+Hard sedimentary classes met the MfE water clarity guidelines; in contrast, the Soft
sedimentary classes performed worse, and all sites within D+SS and MS classes failed to
meet the guidelines.

In addition to examining the current state of water quality and ecological health, we also
evaluated the data for trends. A full explanation of the methods used to assess trends is
provided in Appendix B, along with supplementary figures. Table 4 provides a summary of the
trend analysis by water quality management class. Trends that were not statistically significant
are described as uncertain.

For the majority of water quality variables and periphyton, improvements are associated with
decreases in measured concentrations (with the exception of clarity, for which improvements
are associated with increases in measured values), while for ecological metrics, improvements
are associated with increases in MCI or QMCI scores. Overall, there were very few sites within
each of the classes to evaluate trends, and as such it is difficult to make meaningful
generalisations and comparisons of the trend distributions between the other classes.
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Table 4: Summary of trends for the period 2006-2015 for QMCI, MCI and periphyton data and July
2006-Sept 2015 for water quality variables for the six proposed water quality classes. The number
of sites for each variable is lower than the total number of monitoring sites because several sites
had insufficient information to calculate trends. Trends that were statistically significant and non-zero
are described as either degrading or improving.

C Proposed water quality management class
ObJeCtlve State band D+HS D+gS MSq yW+HS+I—§iJiII W+HS+Low W+SS
No. of Sites 2 3 2 8 2 3
MCI Degrade
Improve 50% 13% 50%
Uncertain 50% 100% 100% 88% 50% 100%
No. of Sites 2 3 2 8 2 3
Degrade
QMmc Improve 50% 38% 67%
Uncertain 50% 100% 100% 63% 100% 33%
No. of Sites 2 2 2 8 2 2
Peri Degrade
' Improve 50% 13%
Uncertain 50% 100% 100% 88% 100% 100%
No. of Sites 2 3 3 9 3 4
E coli Degrade 22% 33% 50%
' Improve 50% 33% 11% 67% 0%
Uncertain 50% 100% 67% 67% 0% 50%
No. of Sites 1 3 3 8 2 4
. Degrade 100% 67% 50% 50% 75%
Clarity
Improve
Uncertain 33% 100% 50% 50% 25%
No. of Sites 0 0 1 1 1 1
NHAN Degrade
Improve
Uncertain 100% 100% 100% 100%
No. of Sites 2 3 3 9 3 4
Degrade 22% 25%
NOSN | improve 33% 11% 100%
Uncertain 100% 67% 100% 67% 75%
TN No. of Sites 2 3 3 2 3 4
Degrade
Improve 33% 33% 50% 100% 25%
Uncertain 100% 67% 67% 50% 0% 75%
DRP No. of Sites 2 1 3 4 2 3
Degrade 100% 33%
Improve 50% 33% 25% 50% 33%
Uncertain 50% 67% 75% 50% 33%
TP No. of Sites 2 3 3 4 3 4
Degrade 33%
Improve 50% 67% 75% 67% 75%
Uncertain 50% 67% 33% 25% 33% 25%

It is difficult to rank the different classes in terms of overall water quality, as there is some
variability between rankings according to the water quality variable of interest and the analysis
of trends does not strongly indicate consistent patterns in direction for particular classes. In
general, the highest water quality is in the W+HS+Hill class, and the lowest water quality was
in the Dry classes. In order to develop a more objective ranking of the water quality across the
six classes, we took the proportion of sites within each band (Table 3), and applied weights of
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1, 2, 3 and 4 for each of the A, B, C and D bands respectively (or 1 for pass and 4 for fail).
Summing across all variables provides a total water quality score, where a lower number
indicates higher water quality. The scores and rankings derived based on this method for each
of the six water quality management classes are shown in Table 5.

Table 5: Summary of overall water quality based on scores and associated rankings for each of the
proposed water quality classes and rankings for the percentage of degrading and improving trends
within each management class. Low rankings indicate high water quality, minimal degrading trends
and maximal improving trends.

Management WQ Score WQ Ranking Rank degrading | Rank improving
Class trends trends
D+HS 19.0 5 2 2

D+SS 20.3 6 4 6

MS 15.7 2 1 5
W+HS+Hill 8.4 1 5 4
W+HS+Low 15.8 3 3 1

W+SS 17.2 4 6 3

The W+HS+HIill class currently has the highest water quality. However, it has one of the largest
percentage of sites with degrading trends and lowest percentage of sites with improving trends
(Table 5). The Ru a mU h aRiver anain stem (MS) has relatively high water quality and
predominantly improving trends (where these were certain). The poorest overall water quality
is associated with the D+SS and D+HS classes followed by the W+SS class.

The minimum requirement of the NPS-FM is to maintain the overall quality of fresh water.
Policies will, therefore, need to address degrading trends in some classes to ensure that
current state is at least maintained. The NPS-FM requires freshwater objectives to be set at
better than current state for water bodies that are currently in the D-band (i.e., below national
bottom lines) (e.g., the Dry classes). Improvement of current state may also be considered an
appropriate aspiration in other classes (i.e., seeking water quality improvements). Based on
the results in Table 3 and Table 4, and a default objective to maintain current state, it is likely
that justifiable objectives will be more environmentally protective (i.e., nutrient, E. coli or
periphyton values will be lower) in the W+HS+Hill class than the MS, W+HS+Low and W+SS
classes, which in turn will be more protective than the D+SS and D+HS classes. Under these
circumstances, policies and in particular limits, may need to be more restrictive (less enabling
of resource use) in the catchments of the W+HS+Hill class, followed by the catchments of MS,
W+HS+Low and W+SS classes then the D+SS and D+HS classes. The aggregation of all
catchments draining to each class is a management zone and the definition of these zones
requires consideration of the relative levels of restrictiveness of the policies and limits to
achieve the downstream objectives. We stress that this set of objectives is an example that
we have suggested in order to show how water quality management zones can be derived. A
final set of management zones could be derived using the same methods as used here once
objectives and policies are determined by the Whaitua process.

3.4 Water quality management zones

The management zone for any given management class is defined as the land area that drains
to that management class. Hence, the management zone delineates the land area that must
be managed in order to achieve the objectives of the given management class. The
management zones for the proposed water quality management classes are shown in Figure
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5. Any given location within the Ru a mUh aWhgitua may be within one or more
management zones, depending on how many different management classes are downstream
of that location. These management zone maps form building blocks for defining the FMU
framework.

Figure 5: Management zones for each of the proposed water quality management classes.

This study is not able to define the final layering of the management zones because this is
dependent on objectives and associated policies and limits. However, we provide a credible
example of FMUs for the Whaitua based on the assessment of water quality provided above.
Itis anticipated that this set of example FMUs will be altered as the Whaitua process proceeds.

In this example, we have assumed that the management zones of management classes with
the best water quality scores (Table 5) will be associated with the most restrictive policies and
limits (because they will be likely to have more protective objectives), and therefore take
precedence to those classes with lower water quality. This structure of management zones
preserves the potential to define more restrictive policies and limits in the parts of the
catchment that currently have better water quality and is illustrated in Figure 6.
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