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Summary

Key Points

e What’s the problem?
New Zealand councils, communities, and landowners are being asked to improve water quality,
but they lack clear, practical science to guide where, when, and how to act.

e  What’s the solution?
This Integrated Catchment Management Science (ICM-S) Framework breaks science into five
components that work together to support decisions: understanding the landscape,
understanding the impact of land use, knowing what is happening in waterways, linking actions
to causes, and helping choose and prioritise the best actions to minimise land use impacts.

e  Who's it for?
Catchment groups, councils, iwi, farm advisors, and anyone working to fix problems in our
streams and rivers - especially outside formal Resource Management Act 1991 planning and
regulatory processes.

e What will it help you do?
Guide what science is needed at a local scale that gets the right knowledge to the right people in
the right place at the right time, so that targeted action can happen.

General Overview

Despite successive iterations of the National Policy Statement for Freshwater Management
(NPS-FM) and science investment for resource management, there is growing demand for
catchment-scale remediation and applied science for integrated action plans. To be
successful, the actions in these plans need to be targeted to land use activity, management
practices, and infrastructure as well as sub-catchment biophysical conditions.

In response, Marlborough District Council (MDC) Science Team and independent experts have
co-designed a new applied-science framework for identifying integrated catchment
management (ICM) fundamental science “components” that prioritises information needs of
end-users (council, advisors, landholders, and iwi partners). The ICM-science (ICM-S)
Framework is intended to support research investment to undertake local actions (i.e., sub-
catchment) that deliver on improvements in water quality.

The ICM-S Framework supports users in designing and sequencing science investment for
water quality remediation, with outcomes scalable across catchments in both Marlborough
and other regions in New Zealand. The ICM-S Framework will help ensure that all end-users,
from landholder to manager and regulator, are considered at the outset of any research brief
and eventually its products are relevant and practical. The Framework is limited to western
science required to identify on the ground actions and should be used alongside matauranga
Maori and economic frameworks and decision support tools.

There are five interdependent components to the framework that help define the end-user or
‘actor’ (i.e., who) and action (i.e., what, where, and when) to achieve a specific water quality
outcome. The five components are:

e Biophysical Landscape and Hydrology - mapping where and how contaminants are
likely to be generated and moved based on soils, geology, terrain, climate, and
hydrology.
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e Land Use, Management, and Modification - captures human influence on the
landscape, such as irrigation, drainage, and land use activities to help link activity with
response in the waterway.

e Waterway Condition and Problem Diagnosis - focuses on identifying when and where
problems occur and, more importantly, what drives them.

e Management Choices - translate this diagnosis into practical options identifying what
can be done and where it is likely to work best.

e Prioritisation and Solution Diagnosis - ties everything together with decision-support
tools that help compare, cost, and rank actions across space and scenarios.

The ICM-S Framework is intended to be applied adaptively and locally to foster better
relationships between those making science investment decisions and those ultimately using
the science for actions on the ground. For regulators and other organisations, it also offers a
way to quickly review and prioritise existing science products and future information needs. The
figure below shows the continual cycling of these five components.

Catchment Targeted
Conceptualisation Actions

Prioritisation &
Solution
Diagnosis

Biophysical
Landscape &
Hydrology

Problem

Land Use, Management
Management & Choices
Modification .
Process-based & Causative
Figure. Integrated Catchment Management — Science Framework.
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1 Introduction

The Te Hoiere Project (THP) is a national exemplar catchment for prioritisation of effort under
both the Ministry for the Environment (MfE, Jobs for Nature and At-Risk Catchments) and
Department of Conservation (DOC, Nga Awa) initiatives supporting remediation. Administered
by the Te Hoiere Project Trust, THP partners include the local community, Marlborough District
Council (MDC), DOC, MfE, local iwi Ngati Kuia and Rangitane and Forest and Bird. MDC is
leading the development of applied science and strategic outputs to guide remediation of Te
Hoiere catchment in line with its national “exemplar” status. This effort is occurring through
investment in science and decision-making tools, and collaborative initiatives with local
community, iwi, and external agencies. Water quality issues in Te Hoiere Catchment are now
more clearly understood and relate primarily to excessive erosion generating sediment,
nitrogen loading, and rainfall-driven E.coli enrichment — with clear identification of cause,
localised variation in risk and connectivity, and opportunities for action.

A strong vision of a non-regulatory, ‘whole of community’ approach to actions have been
developed by the THP Partners covering social, economic, and environmental issues that
promote progressive community collaboration. In this context, ‘actions’ avoid, mitigate, or
remedy water quality issues resulting in reductions in waterborne contaminants. They include
interventions, such as changes in practice, technology and infrastructure, which spans natural
through to naturalised and fully constructed devices on a landscape or bordering waterways. To
achieve this vision relies on providing access to meaningful datasets and decision-support
tools geared at the implementation of actions ‘on the ground’.

Targeted science outputs have helped identify the degraded status of Te Hoiere Catchment,
biophysical condition, land use risks, and supported operational decision-making for taking
remedial action. Over time, environmental datasets have been upgraded from traditional to
modern tools. There has been a shift from national scale databases, LUC-based and subjective
assessment to LiDAR, data-driven fine-scale biophysical mapping, targeted water quality
monitoring, and fish passage modelling. The latter have marked improvements in resolution,
underlying process-logic, and more suitable to catchment remediation efforts (e.g., community
engagement, partnership relationships with kaitiaki, prioritisation and implementation of
remedial actions).

The THP approach to science supports improved resource management (with benefits to
regulatory design) and scalable outcomes across Marlborough. In addition, the approach can
improve decision-making on how to progress from regulation to remediation.

To promote broader adoption of the THP approach, independent experts alongside MDC have
co-designed a new applied-science framework for identifying the fundamental science
“components” needed to integrate regulatory and management decision-making for water
quality remediation, across the spectrum of end-users (council, advisors, landholders, and
partners). The science framework has potential to support regional authorities in prioritising
science investment for remediation, the outcomes are scalable across other catchments in
Marlborough and other degraded catchments or regions in New Zealand.

The purpose of this document is to detail the science requirements for integrated catchment
management (ICM), and the components needed to develop an ICM-Science Framework (ICM-
S). We then use this science framework to provide a stocktake for Te Hoiere Project and identify
opportunities for future work in the MDC’s current science programme. The reportis
summarised through infographics for the ICM-S Framework and its application to the Te Hoiere
Catchment as a national exemplar.
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A need is emerging for greater emphasis in New Zealand on delivering managed improvement in
water quality, requiring more integrated understanding spanning both regulatory (statutory
planning) and implementation (non-statutory planning) needs of land users (Controller and
Auditor-General, 2019; Parliamentary Commissioner for the Environment, 2022). Recent
reports on the state of freshwater ecosystems in Aotearoa New Zealand highlight the continued
pressures on, and degraded state of, many catchments (Ministry for the Environment & Stats
NZ, 2020; 2023).

Over a decade of development has advanced policy for addressing water quality challenges
with the National Policy Statement for Freshwater Management (NPS-FM) having evolved
through four continuously improved variants. The evolution of the NPS-FM has driven
considerable advances in the science underpinning regional planning processes, with the
science tailored to the requirements of the NPS-FM, including a dedicated National Science
Challenge (Our Land and Water) delivering science for improved outcomes for water quality.
The need for science advances under the NPS-FM have been supported by existing
requirements of science investment for regional authority responsibilities under the Resource
Management Act 1991 (e.g., advances in reporting on state and trends of the environment) and
additional science (e.g., accounting frameworks — modelling and/or monitoring networks to
track stock and flow of water and contaminants).

Over 5 years after publication of the first NPS-FM variant in 2014, the Prime Minister’s Chief
Science Advisor acknowledged that expanded requirements of regulatory decision-making and
the science underpinning regional or unitary plans, were not supported by a complete picture of
freshwater ecosystem condition (Gluckman, 2017). This pivotal moment highlighted the need
for a more comprehensive and integrated understanding of differing aspects of water quality
governing ecosystem health - resulting in an “ecosystem health framework” (Cawthron, 2018).
Development of the ecosystem health framework coincided with expansion of water quality
indicators (humeric attributes) required in regulatory decision-making to implement the NPS-
FM. By association, the ecosystem health framework has supported increased investmentin
science to support regulatory requirements (primarily reporting on state and trends) and
generate more comprehensive assessment of the biophysical ecosystem health of freshwater —
providing a useful example of how advisory frameworks can support improved investment in
science for freshwater management.

Despite an inherent focus on management and requirements to adopt integrated management
approaches (ki uta ki tai) (Clause 3.5), the National Policy Statement for Freshwater
Management 2020 is currently not supported by a dedicated framework to guide investment in
science, specifically for integrated decision-making on the use and development of land for
improving outcomes in freshwater and receiving environments —where Clause 3.5 highlights
specific requirements of the NPS-FM for regional authorities including:

e Adopting an integrated approach as required by Te Mana o te Wai

e Recognising the interconnectedness and interactions between freshwater, land, water
bodies, ecosystems and receiving environments

e Managing land and development in an integrated way to avoid, remedy or mitigate
adverse effects.

Whilst a framework for integrated catchment management science (“ICM-S Framework”) has
been developed for Marlborough District Council, the direction offered is of broader value to
Aotearoa New Zealand. The ICM-S Framework provides direction on science components,
definition of criteria governing value of science products, and direction on programming
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science investment to more efficiently deliver science can be useful in a national context. For
instance, indirectly in supporting regulatory requirements of the NPS-FM for Clause 3.5, and
directly in enabling science to deliver more meaningful catchment management. Our definition
of “meaningful” refers to science being designed to:

e Suit decisions on targeted management (mitigation or action),
e Atlocal and cumulative scales (integrated),

e By management actors or decision-makers (managers, catchment care groups and
individual landowners),

e Tailored explicitly to their needs of being engaged with the science (responses and costs
of actions being understood and explained).

The ICM-S Framework responds to a lack of direction on implementing “integrated
management” to favour more prioritised, integrated, and efficient approaches by science-
funders to supporting NPS-FM implementation (e.g., Worth and Rhynd, 2018). The ICM-S
Framework is not a strategy, instead offering guidance on decisions in a science strategy on
investment and considerations for the needs of ICM in science programmes.

The key requirements of this project are to:

e Assemble scientific information into a cohesive framework for targeted remediation
decision-making and community engagement. The ICM-S Framework will be used to to
ensure the steps taken in THP are repeatable, scalable, and defensible for adoption
more broadly across the region and other degraded catchments. It offers a means of
objectively deciding on applied science, data and decision-making tools to enable
targeted management functions across regulators, partners, and landholders.

e Stocktake and gap-analysis of THP outputs against knowledge framework. This will allow
MDC to prioritise any remaining knowledge gaps and effectively utilise remaining THP and
MDC funding to resolve remaining barriers for prioritising actions to reduce water quality
contaminants anywhere in THP.

The purpose of the ICM-S framework is to inform and support investment in science products
for improved integrated catchment management, specifically:

e Provide a consistent approach to prioritising science of greater value to deciding on
actions

e Promoting greater efficiency in science by identifying criteria, linkages and sequencing
of choices'

e Suitability of science for application to ICM decision-making.

The purpose of the ICM-S Framework is primarily suited to rural ICM, reflecting a longer-lived
and dedicated emphasis already in urban water management for ICM planning (see Hellberg et
al. (2009] for an urban ICM framework). For instance, where the prioritisation of investment and
clarification of interventions (actions) for stormwater networks is already an established and

T Efficiency of investment is improved where science products are designed purposely to integrate and/or
follow sequentially to guide related science products.
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integral function for many unitary councils with their differing responsibility to directly manage
the water quality effects of their networks and broader regional planning objectives.

The ICM-S Framework scope is limited to applied western-science for guiding decisions on
actions on-land for ICM outcomes. The ICM-S Framework offers indirect support to matauranga
Maori, social, and economic decision making, noting the value and innate requirements of such
knowledge in underpinning decisions to take action.

The ICM-S Framework offers a logical basis for helping scientists and management decision-
makers to communicate (e.g., understand the needs of science users and directions required
by researchers). The science considered by the ICM-S Framework is innately for applied-use,
with non-scientists.

The scope of the ICM-S Framework or requirements for the science, include:
e Remediation focused — actions to improve water quality

e Integrated-design —based on pathways and transport of water and contaminants (as
opposed to a single contaminant focus)
e Landscape-based —focus on underlying risks of contaminant generation and response

e Targeted - prioritised within watershed and by critical condition requiring management
(e.g., conditions including the timing, pathway and magnitude of change in water quality
indicator)

Combined, the ICM-S Framework is for helping to decide upon the science needed to support
ICM, ensuring ICM requirements direct the design of science (fit for ICM purposes), and
integrated delivery of the science occurs (considering sequencing and dependence of science
elements in the latter exercise of diagnosing the management problems and options).

The ICM-S Framework directs users to the science needed to ensure actions are appropriate to
both scale (landholder) and condition (specific times during which management is required) of
a water quality objective. We believe by better considering the design of science at the outset of
ICM, both more efficient and effective science investment decisions can be made by regional
authorities, national ministries, research providers and knowledge brokers including industry
good bodies.

The ICM-S Framework is designed to generate greater value from science investment,
potentially also, savings from better integration of science products to serve both regulatory
and non-regulatory design and integrated management users.

The ICM-Framework was developed collaboratively with MDC (Environmental Science and
Monitoring) through in person and online workshops (starting in November 2024 and finishing in
June 2025).

The aim of the workshops was to capture both the science outputs developed by THP and the
experiences of MDC science staff to embed the conceptual framework with real-world context
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for local government officials (i.e., ensure conceptual framework is relatable whilst technically
sound and objective).

The workshops aligned with the following stages of the framework development:

e Phase 1: Discuss, gather information and insights to ensure buy-in by MDC and THP
partners, as well as ensure the collation of all relevant information to inform the
framework

e Phase 2: Consolidate, Conceptualise and Testing to relay the conceptualisation of THP
outputs and broader capability needed to ensure decision-making for targeted actions
is possible throughout THP

e Phase 3: Finalise framework and gap-analysis findings to engage on and support
finalisation of a technical report with detail contained applying framework to uncover
remaining challenges for MDC to prioritise efforts in.

This ICM-S Framework is for actors using science to inform management decisions, including:

e lLandholders - ensuring the science is directional and trusted on actions to take
(including feasibility and efficacy of those actions locally and integrated downstream),

e Catchment groups —ensuring the science is directional and trusted on collective
actions to take (including efficacy and efficiency of those actions across a catchment)

e Landholder advisors — ensuring the science is able to identify suitable landholders and
actions to prioritise engagement on (including trust in the science to prioritise both)

e Catchment managers — ensuring the science is able to support resourcing for delivering
actions (for financial and non-financial support including advisors, communications
and practice-guidance),

e Regulators — ensuring the science supports NPS-FM requirements of integrated
catchment management and increasing confidence in non-regulatory actions delivering
on legislative requirements

e Central government agencies — ensuring the science is better funded, coordinated and
scaled to Aotearoa New Zealand.

By supporting the diversity of users involved in legislating, regulating, and managing water
quality, the ICM-S Framework better enables? targeted action for remediation or management
of water quality.

The framework is intended to be used to support science-based improvements to ICM, where
“improved” refers to better value from science investment and better decision-making on
actions (for water quality outcome).

2Where enabling targeted action requires broader consideration than simply the type, extent and
location of action to take — instead, requiring the science meets expectations of landholders and
community to be suitable for prioritising an action locally (e.g., causative, objective).
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The philosophy of ICM established early in the collaborative workshops, is “right actor, right
action, right place” for some local and integrated (cumulative) outcomes on environment (e.g.,
waterway health — mix of water quantity and quality driven changes in indicators instream, lake,
and coastal). The philosophy is broader than the THP ensuring the framework has broader
applicable value.

Functional requirements of ICM to live up to the philosophy are:

1. Targeting actions in catchment and to land use activity — being clear where and when in
the catchment and which actor(s) to focus efforts on

2. Targeting actions to local opportunity and effectiveness — being clear about which of the
feasible actions are a priority for implementation

3. Accounting for actions — being able to causatively demonstrate to an actor how the
action on their property is linked both to local-scale and downstream cumulative
changes in water quality, and how the future differs from existing (baseline) state via
actions (e.g., future proofing under forecast climate changes).

Advances in science (characteristics of science products) that are beneficial to ICM:

e Greater clarity of critical condition —where, when, and by what magnitude is
management required (e.g., of hydrology or physiochemistry)

e Greater causative understanding (process knowledge) —improves all above

e Greaterresolution (of elements including land/physiographic and waterway condition) -
resolving property-scale actions and to sub-catchment (e.g., incurring greater
complexity of prioritised decision-making).

Therefore, the ICM-S Framework is about ensuring the functionality and characteristics of
science drive improved investment decision-making (e.g., science is fit for purpose and
“integrated”) for on the ground action.
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2 Integrated Catchment Management Literature Review

This chapter offers a summary of existing technical reports, guidance, and relevant frameworks
for ICM - limited to the purpose of material relevant to the science required to support ICM
decisions and decision-makers. For ICM-S Framework users, this chapter incorporates the
advice and understandings established internationally and nationally for ICM programmes.

Integrated Catchment Management (ICM) recognises the inter-connectedness of the
landscape, ecosystems, water quality, land use and human activity within a hydrological
catchment area.

Various definitions exist including those relying on describing the functions (e.g., involving and
listening to community, working closely with partners, directing limited resources to greatest
benefit (Gunn, 2008), the attributes of (e.g., resolved to catchments rather than regions,
recognises for ecosystem processes and habitat; Booth et al., 2001) or the principles of (e.g.,
community-led, balanced approach, transparent science-basis; Stewardson et al., 2017).

For the purposes of the ICM-S Framework, several definitions are adopted that are mutually
compatible but where we distinguish a need for coordinated management of land and water
through action, on a catchment basis:

Oxford definition: “A systems approach to the management of natural resources within a
drainage basin, which includes consideration of all environmental, economic, and social issues
within an overall management plan.”

Manaaki Whenua Landcare Research definition: “A process that recognises the catchment
as the appropriate organising unit for understanding and managing ecosystem processes in a
context that includes social, economic, and political considerations, and guides communities
towards an agreed vision of sustainable resource management in their catchment.”

Environment Australia definition: “Integrated catchment management is a system-based
approach, attempting to blend the objectives of environmental protection, sustainable
agriculture and natural resource management within catchments with the principles of
ecologically sustainable development. The approach also attempts to ensure all interested
parties in a catchment (those involved in land use planning, natural resource management,
primary production, conservation and the community) work together in planning and
implementing catchment management policies. The approach provides a focus for translating
national and state natural resource management strategies into coordinated and effective on-
ground action. It is at this level of resolution that integration can achieve maximum synergies
between primary production and biodiversity outcomes.”

ICM promotes sustainable resource use by integrating environmental, social, and economic
objectives under the following outcomes:
e Holistic Management — Addresses all aspects of the catchment (land, water,
biodiversity, etc.)

e Stakeholder Engagement — Engages all relevant parties (governments, communities,
landowners, iwi, and industries) in decision-making
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Relationship building — Connecting and building relationships between affected actors
to permit decision-making

Catchment-Based Planning — Uses natural boundaries (e.g., rivers, watersheds) instead
of administrative borders

Sustainability — Balances environmental protection with economic and social
development

Accountability — Tracking progress to objectives, relating changes to actions and
resolving spatial variation throughout a catchment

Integration of Policies and Institutions — Aligns policies across sectors (e.g., agriculture,
forestry, urban development) and agencies (e.g., government, local government,
primary sector, catchment care groups, mana whenua organisations)

Adaptive Management — Incorporates monitoring and feedback to adjust strategies over
time.

To achieve the ICM outcomes requires numerous science-related functions or support (Figure

1):

Assessment and Data Collection: Understanding the natural systems, risks (e.g.,
flooding, contaminant losses etc.) and land use distribution across the catchment

Goal Setting & Planning: Defining objectives for environmental and community needs

Coordination Mechanisms: Creating platforms for cross-sector and cross-jurisdiction
collaboration

Implementation Tools: Using regulations, incentives, and education to achieve
outcomes

Monitoring & Evaluation: Tracking performance and outcomes to refine actions.

Assessment & l Goal Setting &

Data Collection Planning

ICM Principles

* Holistic management
Stakeholder involvement
Catchment based planning
Sustainability

Adaptive management

Coordination
Mechanisms

Monitoring &
Evaluation

Implementation

Figure 1. Integrated Catchment Management core components and principles.
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The ICM concept and ideology is widely used to guide the planning and management of land
and water resources internationally, particularly within statutory and regulatory contexts. For
example, while there are no consistent national standards for catchment management across
Australia’s states and territories, ICM is underpinned in the state of Victoria by the Catchment
and Land Protection Act 1994. In Europe, ICM concepts are used to develop the Water
Framework Directive (WFD), which has been the main law for water protection in Europe that
“ensure[s] an integrated approach to water management, respecting the integrity of whole
ecosystems, including regulating individual pollutants and setting corresponding regulatory
standards. It is based on a river basin district approach...” and has resulted in the development
of severalinternational River Basin Management Plans following extensive public consultation.

In the context of non-statutory ICM, only a few international examples exist. These include
Ireland’s framework for integrated land and landscape management, England’s Catchment
Based Approach, and United States of America’s Watershed Approach Framework, which are
detailed below.

Ireland’s Environmental Protection Agency

Source: https://www.catchments.ie/an-foram-uisce-a-framework-for-integrated-land-and-landscape-
management/

The I-EPA recognises the interconnections of the natural world, where air, water, ecosystems,
soils, rocks, land, and landscapes are intricately linked. Effective management of these
components, aligned with society’s needs for nutrition, health, and economic wellbeing, must
recognise these interdependencies. Without a cohesive, holistic, and integrated strategy,
environmental decline will continue, and protection efforts will fall short in both efficiency and
effectiveness. The I-EPA identifies that ICM is integrally linked to science requiring:

a. Gathering best available information to understand the catchment (flows, processes
and effects linked to activity and landscape)

Examining all activities and uses

Engaging and enabling local decision-making (through information and tools)
Adopting appropriate measures (actions, land use restrictions)

® o0 T

Applying local knowledge of how a catchment “operates” using locally resolved,
process-understandings.

These requirements are underpinned by the Water Framework Directive Article 14 requiring
genuine engagement with the people who live, work and play in a catchment.

The Framework for Integrated Land and Landscape Management (FILLM) builds on a reframing
of the ICM approach used in water resources management. However, it broadens it to include
all components of our natural environment, atmospheric system services, geosystem services
and ecosystem services while retaining catchments as the appropriate landscape units (Figure
2).

This whole of environment approach provides for:
e Catchment-based landscape management

e Multi-stakeholder engagement for strategic environmental outcomes

e Interconnection and interdependence of atmospheric system, geosystem and
ecosystem services allowing for the identification of co-benefits and trade-offs
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e Integrated ecosystem management, with agencies working together to maximise

actions

e Efficient catchment-based community involvement for social and economic wellbeing,

and for positive environmental outcomes.

E1 2 \GE 3 E4 ES Eé
Aveis tar Evaluation
Improvement of Mitigation
Options
Designan Measure
Characterisation Implementation sl Progress & Make
Desk Programme Adpustments
Field
o Areas for Evalustion ©
Protection of Protection
Options

@ Carbon Sequestration o
(1] Other Co-benefits (L)

i~ <) (<) e & & 0

Build partnerships with local communities and other stakeholders to
identify issues of concern.

Develop a community vision for water and ecosystems.

Characterise the catchment based on existing information,
catchment walks, targeted monitoring, identification of pressure
sources, evaluating hydromorphological pressures, pollutant load
reduction analysis and location of critical source areas (CSAs).

Identify and evaluate management strategies for protection and for
improvement; locate the areas for appropriate actions within CSAs.

Design an implementation programme based on achieving the
required environmental objectives, using the ‘right measure in the
right place’ approach, economic analysis and setting milestones.
Implement the programme using metrics to track progress.
Measure progress, analyse trends and outcomes, and make
adjustments if necessary.

Consult with stakeholders at all stages.

Identify and take account of co-benefits for biodiversity, carbon
sequestration and GHG emission reductions at all stages.

Use the FILLM approach for water and biodiversity protection,
and the implementation of the Habitats and Water Framework
Directives.

o AN
el FORAM
“ronum UISCE

Figure 2. ICM framework that recognises co-benefits to reducing greenhouse gas emissions and
increasing carbon sequestration in addition to improving water quality.

England’s Catchment Based Approach

Source: https://catchmentbasedapproach.org/

ICMin England is delivered through a Catchment Based Approach (CaBA), which is “an
inclusive, civil society-led initiative that works in partnership with Government, Local
Authorities, Water Companies, businesses and more, to maximise the natural value of the
environment.” A CaBa catchment plan aims to “establish a strong framework for collaborative

working to deliver integrated catchment management” and recognises that it “will develop as

the catchment partnership grows and becomes sustainable.” CaBA consists of five key

components (Figure 3) being:

1. Build partnerships and set out the vision (enabling local decision making, bidding for

funds as a community),

2. Use data and evidence to develop the catchment plan (identifying data gaps, activities

in place, well known issues, key characteristics, ability to weigh up issues and options),

3. Deliver —implement catchment management interventions,
4. Monitor — measure outcomes and adjust delivery,
5. Improve the plan & share the learning (build capacity and mentoring).
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Implement
catchment
management
interventions

Improve plan

Figure 3. CaBA workflow to deliver integrated catchment management and develop, grow, and sustain
partnership.

United States of America’'s Watershed Approach Framework

Source: https://www.epa.gov/sites/default/files/2015-06/documents/watershed-approach-
framework.pdf

ICMin the USA is mirrored through the Watershed Approach Framework which has an overall
theme of “people working together to protect public health and the environment community by
community, watershed by watershed.” The approach recognises three guiding principles to
prevent pollution, achieve and sustain environmental improvements, and meet goals important
to the community. These include partnerships (those affected by management decisions),
geographic focus (watershed area — groundwater and surface water catchment), and sound
management techniques based on strong science and data. These techniques are employed in
an iterative decision-making process that includes:

e Assessment and characterisation of the natural resources and the communities that
depend upon them

e Goalsetting and identification of environmental objectives based on the condition or
vulnerability of resources and the needs of the aquatic ecosystem and the people within
the aquatic ecosystem and the people within the community

e Identification of priority problems

o Development of specific management options and action plans
e Implementation

e Evaluation of effectiveness and revision of plans, as needed.

222 National Direction

ICM s intended to be a tool for managing water resources and land use on a catchment scale.
However, there are a wide range of differing interpretations in NZ (and terminology) with no
national guidance or consistency for ICM or catchment management (Feeney et al., 2010;
Hunter and Scrafton, 2014). In alighment with international interpretation of ICM, it is more
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commonly applied in NZ in statutory contexts through the preparation of plans in an urban
context (‘integrated’ relating to stormwater and wastewater). Hunter and Scrafton (2014)
highlight that these are unfortunately often at great expense, have been prepared without
clearly understanding why a plan is required, what outcomes it is intended to achieve, how it
will be applied, implemented and enforced, and the integration required (across planning
instruments, actors and departments). Limited commentary since has appeared in the
literature, and the calls made by Hunter and Scrafton (2014) appear relevant today, that more
effective application of ICM requires:

e National guidance that provides consistent terminology (management of stormwater vs.
management of three waters and infrastructure development vs. management of a
municipalities consent to discharge stormwater to the Coastal Marine Area etc vs
management of degraded rural catchments),

e Aconsistent approach to understanding the drivers for catchment management (i.e.,
flooding risk, biodiversity, land use, water quality, impacts on downstream receivers),

e Recognition of the differences between plans associated with statutory processes and
plans associated with resource consent processes.

We note that whilst these barriers have been identified for ICM within a statutory context (e.g.,
district and unitary planning), they extend to ICM particularly in relation to the understanding of
its drivers and need for catchment actions.

New Zealand has several institutions and organisations that collectively produce research and
guidance related to ICM. These include NZ’s Crown Research Institutes (AgResearch, Institute
of Environmental Science Research (ESR), Institute of Geological and Nuclear Science (GNS
Science), Manaaki Whenua Landcare Research, National Institute of Water and Atmospheric
Research (NIWA), Plant & Food Research, Scion), Cawthron Institute, NZ Association of
Resource Management, DairyNZ, Ministry for the Environment, NZ Landcare Trust and extend to
independent research and contribution from universities, consultants, industry, councils, and
community groups.

Our Land and Water National Science Challenge

Our Land and Water is a National Science Challenge launched in 2014 (concluded in June 2024)
with the purpose to “enhance the production and productivity of New Zealand’s primary sector,
while maintaining and improving the quality of the country’s land and water for future
generations.” The challenge involved all CRIs and was hosted by AgResearch. Integral to this
challenge is ICM and the project’s strategic focus of understanding and modelling the
management of land and water quality. A total of 45 resources were compiled at the end of the
10-year challenge spanning water quality, land and land use, and community and whanau
(Table 1; https://ourlandandwater.nz/resource-finder/). Overall, the research outputs from Our
Land and Water collectively offer landowners and decision makers components of ICM ranging
from state of the science (i.e. summaries) and catchment specific reports to guidance
documents (i.e. communication plans, think pieces, mitigation and best practice lists) and
interactive tools. Social interactions and relationship building is also covered extensively and
covers Te Ao Maori perspectives.
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Table 1. Our Land and Water NSC table of resources.

Our Land and Water Resource

Description

1 Current State of Water Document summarising the current state of four contaminants
Contaminants Compared to (nitrogen, phosphorus, E.coli, and sediment) in rivers, lakes, and
Bottom Lines estuaries across NZ.

2 Interactive Excess/Mitigation Interactive maps showing water contaminants in excess of the 2020
Maps regulations, and the potential for reduction by 2035 using on-farm

mitigation strategies.

3 Freshwater Improvement A tool to visualise the current state and develop catchment
Scenario Builder management scenarios of water quality (N, P) at over 900 river

monitoring sites.

4 LandscapeDNA Interactive Physiographic Environment maps integrating soil,
geology, topography, and land cover data to demonstrate the
processes that control the variability of water quality. Link actions
(Mitigation Strategies) to contaminant pathways.

5 Mitigation Strategies A table outlining 40 mitigation strategies, and their relative cost,
effectiveness and response rate, plus co-benefits and limiting
factors.

6 Management Practices to A learning module to help support farmers in creating cost-effective

Improve Water Quality freshwater environment plans using science from Our Land and
Water.

7 Actions to include in a Farm An interactive infographic compiling actions to decrease the loss of

Environment Plan contaminants from agricultural land. Mitigation actions can be
filtered by five critical issues (N, P, E.coli, sediment, GHGs) and farm
system.

8 Using Cause and Effect Using Lake Hayes near Queenstown as a scenario example, the
Relationships to Enhance research brief describes how Our Land and Water research can be
Freshwater Management used to prioritise actions to take on land to prevent and reverse

degradation.

9 Implementing Te Mana o Te Supporting iwi, hap, water users, and decisionmakers to
Wai understand and implement policy that prioritises Te Mana o te Wai.

10  Assessing the Effectiveness of Describes how effective on-farm mitigations have been so far, by
On-Farm Mitigation Actions comparing losses of nitrogen (N), phosphorus (P) and sediment in

1995 and 2015. It also models what would be possible for future
water quality in 2035 if every farm in New Zealand adopted every
known mitigation.

11  Linking Management Practices = Summarises improvements in water quality resulting from
to Catchment Water Quality implementation of good management practices (GMPs) on-farm
Improvement from 20 years of monitoring.

12  Detecting Reductions of Only 41 % of NZ’'s water quality monitoring network can detect
Nitrate-Nitrogen reductions in nitrate-nitrogen in groundwater with the current
Concentrations in standard quarterly sampling after 30 years of monitoring. The
Groundwater percentage of sites increased to 60% with increased monitoring

frequency (often weekly) but this required a 100—300% increase in
monitoring costs.

13 Excluding Livestock from Modelling indicates an average of 77% of the national contaminant
Smaller Streams load (N, P, sediment, and E. coli) comes from exempt streams in flat

catchments dominated by pasture.

14  Benign Denitrification in A new way to measure denitrification in groundwater could make
Groundwaters analysing groundwater's denitrification capacity more accessible.
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Our Land and Water Resource

Description

15  Monitoring Freshwater WebApp tools to help freshwater stewards and kaitiaki decide what
Improvement Actions to measure, where, when, with what technology, and understand
how much it will cost.
16  Healthy Waterways Register Healthy Waterways is New Zealand’s national database for
recording and reporting the work being done for our waterways.
17  Monitoring Freshwater Fact sheets to support the monitoring of: deposited fine sediment,
Improvements: Fact sheets macroinvertebrates, nitrogen, periphyton, phosphorus, turbidity,
E.coli, mahinga kai, nitrate, water clarity, chlorophyll a, and cost
information.
18 Refinement of the Framework A process for council staff to follow when faecal contamination is
for Assessment of Recreational identified in freshwater.
Water Quality
19  Farmer Preferences and Report from a survey in the Tukituki catchment highlights the need
Drivers of Decision-Making for a joined-up approach to water quality actions across a
(Water Quality Actions and catchment.
Land Use Change)
20 Make Your Stream Monitoring  The national quality assurance framework supports community
Data Count groups to collect freshwater data of a known quality that are “fit for
purpose’.
21  Signals for Land Stewards Signals are information from the environment that either enable or
prevent a farmer from moving along a constructive change process.
22  Reference Conditions and Understanding of reference conditions for nitrate-N (the
Threshold Values for Nitrate- concentration expected in the absence of human impact). Reference
Nitrogen in New Zealand conditions for concentrations in oxic groundwater was found to be
Groundwaters 1.65 £0.12, and for anoxic groundwater 0.04 = 0.01 (using the 80th
percentile as the national scale default threshold).
23 Data Supermarket A repository of data about the ingredients, food and fibre we can
grow in New Zealand, now and in the future under climate change.
24 Tools for Making Land Use A learning module sharing knowledge on how to help farm
Change Decisions businesses make decisions about land use diversification
25  Matarau: Empowering Maori A tool bringing together data and information curated for the needs
Landowners in Land Use of Maori landowners and to be better informed before moving into
Decisions land-use feasibility assessments.
26  Lower Cost Native Restoration = The Timata Method initiates natural native reforestation using easily
of Farmland propagated and planted nursery crop species and fewer trees per
hectare than conventional guidelines. It is particularly suitable for
broadscale retirement of steep pastoral land and riparian and
wetland margins.
27  Scenario Design of NZ Future A model bringing together all sectors of production, their market
Agriculture value, land and water use, energy and fertiliser consumptions, and
emissions. The model aims to quantify agricultural outputs related
to resilience, sustainability and profitability.
28 Worker Requirements by Land A dashboard estimating the number of full-time equivalent staff
Use needed seasonally for different land-use scenarios.
29 Integrated Impact Assessment  An assessment tool providing a consistent way to evaluate and
(IA) Framework explore different scenarios about future regional development. The
framework shows the impact of land use changes on economic,
social, cultural and environmental indicators.
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Our Land and Water Resource

Description

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Forestry Catchment Planner

Agrivoltaics

Land Use Options in
Waimakariri

Taieri Land Use Diversification
Opportunities

Pohewa Pae Tawhiti

11 Insights to Co-design Place-
based Approaches to
Purposeful Change

Adapting Aotearoa

Why Pines? Context for
research results

Peri-Urban Potential

Partnering for Change Work
Group Process Guide

Farming for Good

Kaitiaki Intelligence Platforms

Communicating Effectively
with Farmers

Enabling Te Mana o Te Wai
with Cultural Health
Assessment Tools

Communicating Effectively
with Farmers

The Forestry Catchment Planner app supports proactive
management of forestry impacts. It helps visualise plantation
forestry harvesting cycles in 5 regions.

Agrivoltaics is the use of land for both food and energy production,
with livestock able to graze beneath solar panels.

The Whitiwhiti Ora project brought farmers and researchers
together to co-design an approach to assessing diverse
opportunities when considering land-use change.

A website sharing a variety of resources produced by a project
working with farmers in the Upper Taieri Wai catchment group
(Ranfurly, Central Otago) to identify alternative land uses for
diversification that fit within their current farming system.

Guidelines for using the Pohewa Pae Tawhiti framework to support
governance groups through a robust guided process that leads to
sound decisions around changes in land use.

Document is a brief explanation of 11 insights drawn from 60 local
and international examples of communities and agribusinesses
working in place-based initiatives to revitalise their places.

A report about closing the gap between how farmers and
researchers understand climate adaptation.

Paper demonstrates how water quality policy, climate policy, and
market signals could combine to drive a transition that New
Zealanders might not want.

Research investigated innovative ways of making peri-urban whenua
(semi-rural land surrounding a town or city) more productive while
also benefiting locals, including Maori communities.

Partnering for Change work groups are about rural and urban
businesses sharing responsibility for the changes that need to be
made to reduce our impact on the environment.

Farming for Good explores our sense of connection with farming in
Aotearoa New Zealand. It's about supporting everyday people and
leaders across our communities, farming sector and government, to
build trust in our food and farming system.

A website containing reports documenting the environmental
intelligence needs of Maori agribusiness collectives and iwi. Recent
technological advancements in remote sensing, artificial intelligence,
data storage, communication, and decreasing costs have made it
possible to build platforms capable of gathering detailed
environmental data.

Learning module with new approaches for communicating
effectively with the rural community, using social science research
to understand why people think the way they do and how
information you give to a farmer might interact with information
and signals from other sources.

Analysis of Cultural Health Assessment tools, methods, and
frameworks aims to grow understanding about the suitability of
each tool to support mana whenua participation in the NOF process.

Guide for people in communications, science, policy and community
roles who want to talk effectively about the future of farming, and
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Our Land and Water Resource

Description

45

Where Next for Catchment
Groups?*

land use change in particular, to the public and farming
communities.

Report presents recommendations to help bridge the different
perspectives of those seeking to establish, work with or fund
catchment groups. It is intended to avoid or reduce misalignment.

Living Water - ICM Projects

Living Water is a partnership between Fonterra and Department of Conservation responding to
the farming and freshwater challenge in NZ (specifically in catchments in Northland, Hauraki,
Waikato, Canterbury, and Southland) through the use of ICM (Table 2). Similar to Our Land and
Water, these projects highlight the science available to support ICM and the collective effort to
solve water quality issues at a catchment scale. At present, a framework or guidance document
tying the science together is not available.

Table 2. Living Water ICM projects.

Living Water Project

Description

1 The economic value of The study involved estimating restoration costs at a catchment level
lowland waterway using the Ararira/LIl Catchment as the example, and then extrapolating
restoration these results to the national level using cost and benefit transfer

functions.

2 Fish Passage Remediation  Taranaki was chosen as the focus region for this project due to the
Project opportunity to collaborate with a range of other agencies and

stakeholders and to build on existing work in this area.

3 Large scale constructed The overall objective was to look at a catchment-wide approach to
wetland trial contaminant reduction while increasing resilience of the ecosystems in

and around the lagoon and tributaries.

4 LandscapeDNA Same as Our Land and Water output number 4.

5 Reducing Contaminants Living Water conducted a trial to determine the best locations to place
Using Peak Run Off Peak run-off control structures (PRCs) within a waterway, which designs
Control Structures and materials would work best, consenting requirements, maintenance

requirements, lifespan, cost, and impacts on fish passage.

6 Waituna Catchment Several organisations, including Living Water, are working towards a
Nutrient Reduction solution for the lagoon which includes an objective of reducing the rate
Project of sediment and nutrients originating from on-farm and off-farm

activities.

7 Real time water quality Living Water are looking at understanding long and short-term water
monitoring quality trends in the catchment, if interventions within the catchment are

working, and can continuous, accurate data that’s accessible to all parties
involved in catchment management empower and inspire change?

8 Ararira-LIl Catchment We completed a Catchment Management Plan (CMP) and
Water Network Redesign  Implementation Guide (IG) for the Lll/Ararira Drainage District.

Project
9 Manga-o-tama Make a measurable improvement to water quality by working with lwi
Catchment project partners, a range of stakeholders and farmers to make the catchment
more visually appealing, filter out sediments, nutrients and pathogens
and provide habitat to indigenous birds, bats, fish, and invertebrates.
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Living Water Project

Description

10

11

12

13

14

15

16

Waituna Economic
Evaluation

Physiographics Project

Catchment Condition
Survey

Catchment Action
Prioritisation Tool
(CAPTure)

Use of eDNA to detect
species at Waikato Peat
Lakes

Increasing wildlife habitat
areas in a farming
landscape

PUkorokoro-Miranda
Catchment Mountains to
Sea Project

Cost benefit analysis (CBA) of the contaminant intervention work we
have been doing with partners in the Waituna catchment, to quantify the
net value of our interventions to improve the environment compared to
if we didn’t do any interventions

Complete a desktop ‘physiographics’ project to map how water travels
over land and below ground in the Waituna lagoon catchment, under
different rainfall conditions. The physiographic information has
subsequently been used by Fonterra as an extra layer of information in
their Farm Environment Plans in Waituna and by the Whakamana Te
Waituna (WTW) project.

A Catchment Condition Survey (CCS) collects information about a
catchment via a physical inspection of properties. Living Water used a
CCS in the PUkorokoro-Miranda catchment allowing local features to be
identified and mapped.

CAPTure is a tool that aids decision making around freshwater
management at a catchment scale.

Use of eDNA to detect pest fish species in Peat Lakes.

Living Water is supporting a project to trial effective ways of identifying,
acquiring, and restoring suitable land to increase estuarine and
freshwater wildlife habitat, without adversely impacting the drainage or
productivity of adjoining farms.

A small group of motivated landowners established the Western Firth
Catchment Group Trust (WFCGT) in 2016/2017. These community
members are focused on environmental restoration, primarily through
pest control and planting.

ICM within the RMA Framework in New Zealand (Memon et al., 2009)

ICM has a longstanding purpose and function in the RMA, but which has also been identified as
facing numerous institutional barriers including the potential “silo-mentality”(p.7) within
regional authorities for statutory and non-statutory planning, the “limited staff and other
resources”(p.8) allocated to non-statutory planning and the underlying “contest” between
statutory and non-statutory planning (even when non-statutory planning is politically
supported) (Memon et al., 2009). Pointedly, Memon et al. (2009) identified that regional and
unitary authorities prepare plans for water quality primarily on a “whole-of-administrative-
region" (p.7) but where few had identified quality and management provisions on a specific
catchment basis. Various barriers identified to successful ICM include:

a. Absence of strategic guidance for ICM (including decision-making frameworks)

b. Siloed decision-making (including between operational, science and planning groups)

c. Lack of support (investment) into capacity and technical capabilities (including data
and decision-support tools).
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Solutions called for catchment-scale understanding of the issues and solutions, use of science
for participatory processes (engagement and decision-making) and targeted, measurement of
problem and progress.

Literature and practice of ICM in New Zealand (Feeney et al., 2010)

The review of literature and practice of ICM in NZ (Feeney et al., 2010) generally revealed a
“wide diversity of opinions, approaches, and practice” (p. x) with two broad groups of activities
undertaken as ICM:

e Integrated catchment management plans (more formal or statutory processes; “the
catchment level”)

e Catchment-related projects (less formal, community or non-statutory “the project
level”).

Despite its differences in interpretation, the effectiveness of ICM as an approach to managing
land and water use issues was recognised as “not yet always been able to deliver measurable
outcomes in terms of the indicators of concern” (p. xii). This is attributed in part to the lack of
measurable objectives, monitoring for outcomes that may not be expressed for some years,
and constraints within the plan/do/monitor/review cycle:

e Silos within and between organisations

e lLack of time and culture (capacity) for collaboration

e Lack of clear research needs and sharing

e Lack of shared information sharing

e Insufficient funding, short and long term

e Thetimeliness and alignment or regional and district instruments

e Lack of institutional co-ordination

e People turnover and burnout

e Land of practical integration and understandable research

e Lack of practical tools

e lLack of uptake by some landowners

e Lack of baselines and benchmarks

e Absence or vagueness of objective

e Lack of provision for capture of third order outcomes

e lLack of summative reviews

e The difficulty of adaptive management and the need for a learning.

Several opportunities were identified to enhance the practice of ICM in NZ, including:

a. Anational mandate for ICM including clear central government leadership and direction
on ICM and timely science-based national guidelines

Institutional alignment and co-ordination for ICM

Shared conceptual frameworks with a more consistent terminology, concepts and tools
An agreed research strategy

Commitment to capacity-building

Measurable objectives and monitoring

™ 0 Qo0 T

Review, learning, and adaptive management
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h. Aforum and platform for sharing research, data, and best practice tools and case
studies.

NZ Landcare Trust's Community Catchment Management: A Community-Owned
Catchment Approach

NZ Landcare Trust’s community-owned catchment approach mirrors an ICM approach in that it
begins with local ownership of the process and vision, identification of the problems, design of
and participation to the solutions, and engagement throughout the process (Figure 4). The
themes reflected in the structure of the guide include:

Local ownership of the problems and solution

Collaborative process in partnership forums

Strategic design and implementation

Well-designed incentives

Regulation backed by effective compliance.

ok b=

'he key stages

1. Spark of fire
2. Understand

3. Planforaction

EN Implamant Spark U'- h“:"!
Monitor dentified challengeor ¥~ Achievement
6. Tell our story community push. Take a break, revisit

other areas of interest.
7.  Achievermnent

%

lell our story
Communications,
Extension/Demenstration

o L4

Figure 4. The key stages of a community-owned catchment approach.
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It is recognised that catchment groups will need support to access the experts with the right
skills (i.e., environmental scientists, planners, strategic thinking, conflict management,
community engagement etc.) and a group may face a challenge to ‘align across the silos’ (i.e.
that many large organisations may have the specific challenge of many different departments
and people involved in catchment management with minimal prior communication between
them).

Within New Zealand, the interpretation of ICM varies among regions and sectors. For example,
in urban centres, such as Auckland, Christchurch, Hamilton, Tauranga and Wellington, ICM is
used to serve a statutory function in ICMPs (integrated catchment management plans), often to
meet a water quality objective. Overall, there is no consistent ICM or catchment management
framework across the NZ regions. Guidance documents vary across catchment planning,
(developing a framework for managing a catchment’s resources), catchment management
(holding the process of implementing that framework and achieving its goals), and ICMP for
statutory purposes. At present, no guidance on non-statutory ICM process at the regional level
is available.

Of the sixteen regions, non-statutory ICM has been or is currently implemented in six regions,
one catchmentin each (Table 3). These are briefly detailed below, apart from Marlborough’s Te
Hoiere Project Exemplar Catchment Project which is further detailed in Section 4 of this report.
It is also noted that some regions have established community-led or catchment groups that
may set out to achieve a subset of the ICM process.

Table 3. Application of ICM in NZ.

Region Catchment  Catchment Integrated Integrated Other Community-
Planning Management  Catchment Catchment Based Plan or
Management Management Management (i.e. Farm
Plan Plan (Non- Management Plans)
(Statutory) Statutory)
Northland Yes Yes No Yes Yes
Auckland Yes No Yes No Yes
Waikato Yes Yes Yes Yes Yes
Bay of Plenty Yes Yes Yes No Yes
Gisborne Yes No No No Yes
Hawkes Bay Yes Yes No No Yes
Taranaki Yes Yes No No Yes
Manawatu- Yes Yes No No Yes
Whanganui
Wellington Yes Yes No No Yes
Nelson Yes Yes No Yes Yes
Tasman Yes Yes No No Yes
West Coast Yes Yes No No No
Marlborough Yes No No Yes Yes
Canterbury Yes Yes Yes No Yes
Otago Yes Yes Yes Yes Yes
Southland Yes Yes No Yes Yes
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Northland: Lake Omapere ICM

Source: https://www.nrc.govt.nz/resource-library-archive/environmental-monitoring-archive2/state-of-
the-environment-report-archive/2007/state-of-the-environment-monitoring/14-land-and-soils/147-case-
study-1-lake-omapere-integrated-catchment-management/

The Lake Omapere ICM included the development and implementation of a voluntary lake
management strategy to improve the health of Lake Omapere while re-establishing the role of
the Lake Trustees as kaitiaki. The ICM included the development of farm management plans,
fencing, seed collection and propagation, planting, and stock exclusion within the catchment.
The project was conducted in partnership between the Lake Omapere Trustees (LOT) and
Northland Regional Council (NRC), who received funding from the Ministry for the
Environment's Sustainable Management Fund.

Waikato: Whatawhata ICM

Source: https://niwa.co.nz/freshwater/whatawhata-integrated-catchment-management-project

The Whatawhata ICM project is led by AgResearch and NIWA together with researchers from
the farm systems, environment and social sciences domains to investigate the impacts of
pastoral farm practices on water quality, indigenous biodiversity and climate change
mitigation. The project first began in 1995 with the development of a multi-stakeholder group
comprised of AgResearch, NIWA, Manaaki Whenua Landcare Research, Waikato Regional
Council, Waikato District Council, Department of Conservation, Federated Farmers, individual
farmers, foresters, and local hapu Ngaati Maahanga. The project went through three distinct
phases of planning, forecasting, and implementing land use change since ICM was established.
Being a farm based ICM, monitoring was focused on farm business performance, ecosystem
health (particularly water and native forest) and environmental performance (particularly water
quality and greenhouse gas balance). The outcomes of the Whatawhata ICM were science
driven, resulting in numerous peer-reviewed publications that may offer scientific direction for
future ICM frameworks.

Tasman: Motueka River ICM

Sources: https://icm.landcareresearch.co.nz/; Bowden et al., 2004; Fenemor et al., 2011a,b.

The Moteuka River ICM was the earliest ICM research in New Zealand commencing in July 2000
and concluded in September 2011. The goal of the project was to conduct multi-disciplinary,
multi-stakeholder research to provide information and knowledge that will improve the
management of land, freshwater, and near-coastal environments in catchments with multiple,
interacting, and potentially conflicting land uses (Bowden et al., 2004; Fenemor et al., 2011a).
The stakeholders involved in the project included a range of groups within the catchment
(residents, industry, local government, agencies, community groups, etc.), as well as those
whose livelihoods take them into the catchment and the marine environment of Tasman Bay to
work or play. The ICM recognised five research components comprising of:

e Land: Developing an understanding of the influences that past, current, and future land
uses have on the quantity and quality of water in the Motueka River

o Freshwater: Firm understanding of water resources
e (Coastal and marine: Firm understanding of the quality of the coastal resource

e Human Dimensions: Improving interactions between science objectives and end-user
needs, improving information flows, and improving the social environment for uptake of
science information.
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e Integration and Modelling: Focussed on five different connections:

Geographical (land/water, catchment/coast, river/aquifer)

Social (council/community action, Maori/European worldviews)

Landscape (physical environment/people)

Cross-disciplinary (between scientific disciplines and worldviews)

Numerous peer-reviewed studies used to guide ICM frameworks have been published from the
Motueka ICM work. The Motueka ICM is conceptualised as the iterative process in Figure 5 with
three linked loops comprising adaptive planning management (central spiral), knowledge
management (inner band) and stakeholder involvement (outer band) (Fenemor et al., 2011a).
The authors recognise that every process requires a ‘trigger’ such as legal commitment to
develop aregional plan, or a threat or response triggered by a contaminant spill. The authors
also recognise that the context of an ICM does not start “from a blank slate, but builds on
communities, cultures knowledge, values, and history” (Fenemor et al., 2011a, p.320).
Therefore, “relevant at the start of the cycle are the choice of the boundaries of the
catchment(s) and the communities of interest who will engage in the project” (Fenemor et al.,

Wellbeing (environmental, social, economic, cultural).

2011a, pp. 320-321).
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Figure 5: Motueka ICM conceptualisation with three linked loops comprising of an adaptive planning
management, knowledge management, and stakeholder involvement (Fenemor et al., 2011a).

The knowledge management loop is presented as a separate part of the ICM process to
recognise “the transition from data to information to knowledge - and even to wisdom —
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requires new methodologies such as evidence-based practice, best available science and
synthesis” and that “knowledge needed for effective ICM is no longer just provided by
biophysical research” (referring to the need for traditional knowledge) (Fenemor et al., 20114, p.
323) . Overall, the Motueka ICM demonstrated that ICM has two pillars, science knowledge and
social process, thatis cyclical and iterative (see Fenemor et al., 2011b also).

Otago: The Catlins Catchment Action Plan
Source: https://the-catlins-cap-orcnz.hub.arcgis.com/

The Catlins Catchment Action Plan (CAP) was completed in November 2024 using an ICM
approach by the Catlins Integrated Catchment Group comprised of Hokonui Rununga, Te
Runaka o Awarua, Otago Regional Council, Clutha District Council, Department of
Conservation, and community members involved in agriculture, forestry, conservation,
tourism, and recreation. The ICM process began in July 2023. The key components of the ICM
process include identification of values and pressures within the catchment, which were
determined through workshops. The CAP output is a living online ArcGIS Storymap comprising
of important catchment characteristics (native terrestrial ecosystems, soils, lakes and rivers,
wetlands, estuaries, dunes and beaches), pressures on the environment, the approach, next
steps, and progress monitoring.

Southland: Waikawa ICMP
Source: https://storymaps.arcgis.com/stories/af2e437ba50a4333b3930a2881180a55

The Waikawa Integrated Catchment Management Plan is a community-led and non-statutory
plan developed collaboratively at community wananga, through online surveys and mapping
exercises, email, post, and online gatherings between October 2023 to March 2024. The output
is a living online ArcGIS Storymap hosted by Environment Southland. The key components
within the Waikawa ICMP include a catchment overview (waterways, flora, fauna, landscape,
landcover, land activities, land development, biodiversity, geology, hydrology, climate, cultural
landscape, heritage, community, recreation), community stories, the plan (identified values,
aspirations, challenges), actions, progression of the plan, and useful links.

Our review of frameworks, approaches, and relevant material available internationally and
nationally on ICM and associated science requirements, identified several findings of relevance
to developing an ICM-S Framework. Uppermost is that partnerships are central to ICM success,
there is no evident criteria or design requirements of science needed to meet ICM (no prior
framework available nationally or internationally) and the concept of ICM is used in multiple
different contexts with goals that are loosely defined (contributing to a lack of direction on
research and products of the science required). Overall, the ICM-S has been developed from a
non-statutory rural degraded catchment context but that the framework can assist in delivering
the science needs for other forms of ICM, such as urban stormwater.

Overseas and within New Zealand, ICM is invariably used to refer to accounting for the
combined outcomes of management at varying scale and form of “management”. For example,
applications of ICM include statutory regional and jurisdictional planning requirements of
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policy, largely of resource management or allocation rather than action (e.g., requirements for
ICM within the NPS-FM; Clause 3.5 in Ministry for the Environment, 2024). Other statutory
applications of ICM include stormwater management requirements. For example, advising on
the network asset devices and broader standards for on-lot or at-source treatment of
stormwater for hydrology and water quality outcomes (e.g., requirements of Local Government
Act 2002 and Resource Management Act 1991, exemplified in TP10 statutory guidance;
Auckland Regional Council, 2003).

Overseas and within New Zealand, a third application of ICM to water quality is for non-
statutory purposes. Often associated directly with, or a subsequent approach to, meeting
regulatory requirements of water quality objectives, but notably where key differences include:

e Sub-catchment resolution - requiring fine-scale (property level) management, for
broader catchment through to watershed-scale water quality outcomes

e Property-scale intervention —requiring knowledge of both the activity type and
corresponding mix of device- or practice-based changes in an activity, but otherwise
typically excluding broader land use change and/or system-based changes (i.e., where
primary activity can be defined into systems or types within the same land use, of
differing intensity — whether viewed from a production or contaminant effect system
basis)

e Property-scale prioritisation — requiring understanding of both activity and underlying
biophysical (weather, land, waterway) conditions to ensuring intervention choices are
tailored to the property.

Also, the low prioritisation of resourcing by local and central government in New Zealand for
non-statutory ICM applications, has been identified and evidently continues for science
investment given the lack of frameworks for guiding how to identify the science needed. This
absence of a useful framework extends not simply into identifying the science products
required (for decision-making on and engagement in action), but also to ensuring the efficient
investment across science projects for supporting those functions.

ICM requirements, whether for statutory or non-statutory applications, invariably require
complex decisions and a range of technical disciplines in support. For example, economists,
scientists, planners, policy makers and resource management advisors through to regulators
and partners involved in decision-making on resource allocation, stormwater management or
broader activity intervention plans. This diversity of actors reflects the need for agencies and
catchment groups to be supplied with a diversity of tools and insights to understand their
motivations, goals and choices (Challies et al., 2025).

The diversity of agency and actors also brings a requirement for those ‘users’ and their
decision-making needs to direct the requirements of the science (Turner et al., 2024; Sinner et
al., 2025).

A consistent principle or requirement of all three ICM applications noted previously, is the
reliance on science-based decisions. Where, doing so ensures greater objectivity and therefore
trust by actors, in the decisions reached regarding actions to take, activities to manage and
outcomes on water quality objectives. ICM-related guidance uncovered in our review
emphasised a requirement for basing decision-making on science, providing the biophysical
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knowledge and data necessary to understand catchment processes and actions (e.g., |-EPA,
CaBA, USEPAWAF and NZ examples above).

Our review has uncovered no guidance or framework for identifying the diversity of scientific
research for non-statutory ICM applications. Instead, there is considerable guidance (overseas
and in New Zealand) on the science suitable to satisfying statutory requirements of ICM and
ICMP (e.g., standards for monitoring, modelling and frameworks for reporting data to policy
objectives). For example, most notably in New Zealand:

e Good practice guidance on environmental modelling (Ministry for the Environment,
2023a), accounting (Ministry for the Environment, 2015; Bright et al., 2022) and setting
objectives/limits on stressors (Snelder et al., 2022 including guidance on utilising the
guidance; Ministry for the Environment, 2022)

e Protocols and standards for environmental monitoring (National Environmental
Monitoring Standards - https://www.nems.org.nz/)

e Frameworks for reporting ecosystem health (Clapcott et al., 2018).

Non-statutory ICM in New Zealand, is arguably aligned with, if not directly connected to, policy
drivers that, in conjunction with catchment groups and land management functions in Councils
respond to ongoing pressures of resource use (e.g., the focus of national policy and statutory
ICM requirements of the NPS-FM). Hence, science for non-statutory ICM decision-making can
differ in requirements but should still support statutory processes for NPS-FM implementation.
For example, non-statutory ICM might focus on addressing excessive erosion and
corresponding effects of sediment loss to rivers/coast as in the THP. Such science can produce
more detailed and advanced understandings of the issue (with greater spatial resolution and
mechanistic or process-based designs) than is required for regional scale planning. However,
those fine-scale outputs are still highly informative of likely pressures on baseline state and can
support objective/limit-setting exercises in a regional plan (Stoffels and White, 2025)).

The diversity of actors required to engage in decision-making for ICM necessitates effective
relationships and communication (Rollason et al., 2018, Turner et al., 2024). Decisions
regarding prioritisation of actions to catchments, land activities and interventions require
transparency and an objective basis for decision-making is important (e.g., reliance on science
and science products such as decision-support tools or frameworks).

The science produced for ICM can support relationships if is well designed, objective and
robust and then communicated to actors (e.g., landholders through to managers) in a
meaningful and relevant manner. Consideration of the mode and means of science
communication needs to be part of the development of ICM science needs.

The large diversity of science available to regulatory ICM decision-making in New Zealand,
straddles alternative approaches (e.g., randomised through to targeted monitoring, land cover
through to process-based representation of land surfaces, non-spatial through to mapped
mitigation library datasets, statistical through to process-based modelling). Collectively,
including inferential statistics (approximation from randomised sampling) through to causal
understanding (ascribing relationships between drivers and responses or resource use and
state).
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MfE guidance accompanying the NPS-FM does not include recommended limitations or
requirements of the supporting science to require statistical or causal approaches, as much as
general direction to use the “best information available” (Clause 1.6). Where, the definition of
‘best’ simply refers to “complete and scientifically robust data” for reducing “uncertainty” for
policy, planning, legal and technical experts involved in regulatory design (Ministry for the
Environment, 2023b - Clause 1.6 definition).

For the purposes of non-statutory ICM, which tends to require finer scale decision-making (at
sub-catchment and property scale), adopting generalised scientific practices that in turn
cannot represent local-scale differences and/or plausibly explain those differences by
representing both activity and biophysical variation at property-scale, risks ineffective
communication and limited trust across actor-relationships (Fenemor et al., 2011; Sinner et al.,
2025).

AlLICM applications inherently require incorporating effects of activities throughout a network,
whether natural stream, piped or a mix (e.g., representing outcomes in space through differing
lengths of a primary flow network).

However, there are notable differences in the resolution of science or science products across
differing ICM applications (e.g., resource allocation, stormwater discharge or action planning):

e Statutory ICM decision-making can make use of supporting science resolved to sub-
catchment (e.g., Snelder et al., 2022), but where much of the science developed is
empirical or statistical interpolation rather than firm conceptual basis in process
understandings. Such statistical approaches inherently rely on (assume) ongoing
monitoring programmes have monitored along the continuum of possible pressure-
responses and captured the variation in possible responses at each point in that
pressure-response gradient (i.e., via pseudo-randomised sampling un-targeted at
resolving risk periods for pressure-responses). These finer scale regulatory science
products are typically not used to explicitly target actions in any particular catchment or
sub-catchment, instead serving to offer a generalised understanding of likely water
quality across a broader “freshwater management unit” (FMU) (i.e., being reporting less
as absolute scores in any particular reach and more to support an estimate of relative
extent of reaches in corresponding state classes). Statutory ICM decision-makers are
largely already aware of the limitations imposed?® by both the statistical approaches and
corresponding pseudo-random nature of statutory monitoring programmes instream
(e.g., see Tadaki, 2014; Parliamentary Commissioner for the Environment, 2019; 2022).
(Where the NPS-FM accommodates these inherent constraints in many statutory
monitoring and modelling programmes, requiring decision-making to whole or part of
FMU, with specific reliance on a representative site or sites, rather than intentionally
describing each and every sub-catchment - Clauses 3.7-3.9).

e Statutory ICMP decision-making typically also uses fine-scale supporting science,
largely in hydrology and contaminant generation/loss, but to varying capability. Network
operators often possess high-resolution network information (e.g., surface and piped
flow-paths, streams; stormwater assets; upstream surface types) in line with the
general practice of relying on network modelling to determine levels of service for
across an operational network for: (1) flooding resilience (capacity and conveyance
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potential for rainfall-runoff and groundwater breakout); and (2) water quality
(contaminant generation, transport, treatment and discharge) (e.g., Auckland Regional
Council, 2009). With few notable exceptions, ICMP science products do not typically
extend to receiving environment processes, nor the integrated discharge effects across
wider watersheds or FMU’s (exclusive of rural discharges and effects)®.

e Non-statutory ICM shares the need for fine-scale decision-making (to sub-catchment
and landholder), and the broader integrated requirements of other ICM applications.
However, the notable difference being a predominant focus on rural activities including
their integration with urban activities (i.e., if affecting water quality objective or values).
In addition to then requiring fine-scale supporting science, non-statutory ICM
applications typically require large coverage (full watershed) potentially imposing
greater challenges to the science required — notably the need to rely on more causal
(process-based) or semi-causal scientific approaches at scale. Likewise, the scope for
non-statutory ICM includes the focus on altered hydrology and contaminant loading, as
well as modification of the key processes governing characteristics of land and water,
that affect receiving environment form and function (e.g., physicochemistry, biology,
geomorphology and habitat).

Hence, the science required for non-statutory ICM and the direction and focus for that science
can be challenging to resource and develop. Ensuring non-statutory ICM science is integrated
with other science for lesser cost/greater application value, underpins the need for an ICM-S
framework.

Non-statutory ICM typically occurs in response to regulatory requirements and objectives, that
courtesy of considerable investment in science for regulatory design, are supported overseas
and in New Zealand by frameworks for assessing and reporting waterway “health”. For
example, the NPS-FM ecosystem health framework clarifies a number of effects measures as
well as broader drivers thereof on which to consider objective-setting (Clapcott et al., 2018) -
and where many of these are currently included in the National Objectives Framework for limit-
setting or action-planning requirements by regional and unitary authorities (e.g., in regional
plans on land and water — see Appendix 2A, 2B of Ministry for the Environment, 2024).

However, statutory ICM focusses on resource management under the RMA - that is identifying
the stock and flow of resources available for use, whilst supporting environmental objectives
(e.g., ensuring the state of water quality values meets community expectation). Effectively,
defining activities requiring consent and conditions of consent. More recently, the NPS-FM and
a novel National Environmental Standard for Freshwater have promoted semi-regulatory
instruments or “freshwater farm plans” (a form of more general farm environment plans
widespread in non-regulatory strategies and approaches taken by the primary sector to manage
environmental effects in an integrated manner — across a whole farm-system (Ministry of
Primary Industries, 2021; Ministry for the Environment, 2023c)).

Freshwater farm plans are intentionally a “practical way” for farmers and growers to identify,
manage and reduce farming effects via a markedly finer-scale (farm rather than FMU) risk-

4 Notable exceptions include the efforts at Tauranga City Council and Auckland Council to develop
“freshwater management tools” (semi process-based, continuous models for investment in
interventions. Keyword search Knowledge Auckland for Freshwater Management for updated reports
Tool: https://www.knowledgeauckland.org.nz/]) and efforts in Greater Wellington Regional Council
(Ruamahanga Whaitua Model - Blyth and Cetlin, 2018; Blyth et al., 2018).
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assessment, identifying actions to promote that are tailored to the landscape, activity and
catchment (see MfE website: https://environment.govt.nz/acts-and-regulations/freshwater-
implementation-guidance/freshwater-farm-plans/) (Figure 6 and 7).
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Figure 6. Freshwater farm plan system in New Zealand (for NES-F) (Source: MfE, 2023c).

PEARSON ENVIRONMENTAL CONSULTING 2025/06
Integrated Catchment Management Science Framework


https://environment.govt.nz/acts-and-regulations/freshwater-implementation-guidance/freshwater-farm-plans/
https://environment.govt.nz/acts-and-regulations/freshwater-implementation-guidance/freshwater-farm-plans/

RISK
IDENTIFICATION

RISK
MANAGEMENT

ACTION PLAN

to manage risk? Select timeframes for action
R implementation
Existing action = ongoing
from date
New action = implement by
date
Identify risks by considering Identify new action(s) to Consider
how inherent vulnerabilities manage risk (lhe risk mt;le ws'gr: ;2;:;:0:,::
and catchment context factors (Consider the significance of reasonable)
interact with each the risk and what is fair and
farming/growing activity reasonable)

List of risks
to be managed

List of actions
to manage risks

Action plan

(Five-year)

Figure 7. Freshwater farm plan development process (for NES-F) (Source: MfE, 2023c).

Non-statutory ICM aligns strongly with the intent of freshwater farm planning, whereby the
former is successful only if actions are undertaken on the land, and thereby requires
identification of sub-catchments to prioritise, activities and actions to take, and necessary
support for relationships to engage all actors in the need for outcomes from actions®. Here,
actions are distinct from land-use change, reflecting more the mix of interventions required on
existing land uses such as devices (edge-of-field, critical source area and infrastructural
mitigations like riparian buffers, naturalised or constructed wetlands) and source controls
(good practices).

5 Guidance for freshwater farm planning in New Zealand highlights the key role of catchment care groups
supporting regional councils in statutory ICM processes. Likewise, that non-statutory industry
programmes offer effective implementation options for FW-FP. Both further emphasise how non-
statutory ICM requirements are increasingly recognised as essential to managing water quality. Here the
science produced for non-statutory ICM has differing requirements but could then offer an objective
basis for linking regulatory and non-regulatory decision-making.
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All forms of ICM in New Zealand are linked to resource management policy, by shared
emphasis on delivering on water quality objectives, only non-statutory ICM requires greater
resolution and localisation of decision-making. All forms of ICM currently rely on science to
underpin decision-making.

The distinction of statutory and non-statutory ICM is useful for emphasising the differing actors
and greater emphasis on actions as the means of managing to an objective, rather than
resource regulation in statutory ICM applications. That distinction is useful for emphasising key
requirements of non-statutory science requirements of ICM, principally that actions can be
prioritised by activity and sub-catchment, underpinned by knowledge of ongoing and projected
changes in water quality. Combined, non-statutory ICM is similar to ICMP but, required at finer
scale, focussed on actions and where a causal basis is required for engagement and adoption
of the science in decision-making.

Our review has uncovered limited recognition of differing applications of ICM, their shared but
differing requirements from science and an absence of frameworks for identifying relevant
science or “design” requirements of science products to ensure greater value (e.g., causal
approaches, sub-catchment resolution, action-based). Fortunately, the review has also
indicated that national policy (NPS-FM) is already pushing for more reliance on property-level
decision-making plans (FW-FP) that share similar requirements of science to non-statutory ICM
(i.e., where FW-FP's remain a key part of the freshwater management framework under latest
proposals for NPS-FM revisions — see Ministry for the Environment, 2025).

The review has identified that an ICM-S Framework is useful not only to support MDC in the Te
Hoiere Project but also ensuring support for statutory planning functions in the wider unitary
authority.
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3 ICM-Science Framework

The science framework for non-statutory ICM presented in this report is increasingly relevant
given the emphasis on management already embedded in national policy (NPS-FM) and the
earlier identified distinction of science requirements for non-statutory ICM applications —a
fundamentally greater demand for finer resolution, more definite causation, and prioritisation
of actions.

The ICM-S Framework is an approach to considering how to identify and prioritise investmentin
science that leads to products which inform decisions on feasible and targeted actions. The
ICM-S Framework should be viewed as a useful guide to deciding on the science products
required, and any prioritisation of those for informing decisions on actions (including the
variation in that across activities and biophysical conditions).

The ICM-S Framework has five interdependent core components or differing scientific domains
(areas requiring potentially differing disciplines and research capability), which when combined
deliver an agency the ability to prioritise sub-catchments, activities and actions (mitigations
and interventions) for multiple water quality objectives.

The ICM-S Framework aims to encompass both recreational and ecosystem health values of
water quality but definitively is not designed to cover cultural values — allowing for the
incorporation of matauranga Maori, social, and economic inputs. The importance of
matauranga Maori is acknowledged as a foundational requirement of “management” under
national policy and which can be expected to drive non-statutory ICM science product
requirements (where matauranga Maori is understood to be evidence-based and therefore a
science in and of itself (Mead, 2016; Mercier, 2023)). Several appropriate examples of
matauranga Maori frameworks exist in the literature that the ICM-S can operate alongside in
partnership (for example, Turner et al, 2024). The understanding of social interaction in
catchment management is already well canvassed (e.g. Sinner et al, 2025).

The ICM-S Framework is intended to help identify what differing forms of science are useful,
leveraging from the MDC experience in Te Hoiere Project (THP), to better support future
investment in ICM-S across Aotearoa New Zealand (e.g., better identify how to define science
products of value, design them to be more valuable, and enable gap/prioritisation analysis of
those with any investment available).

Chapter 4 includes application of the ICM-S Framework to the lived experience of MDC to test
the ICM-S Framework and deliver value by identifying a short-list of further science products
(e.g., that can better prioritise management efforts and engage landholders/communities in the
feasibility and efficacy of those actions). Notably, the ICM-S Framework excludes economic
disciplines given a focus on “science” produced for non-statutory ICM, but we note the success
of the latter invariably does require understanding of the activity-related financial and broader
macro-economic costs (Moran et al., 2025)%. For instance, Moran et al. (2025) has uncovered
the same basic needs in MDC as identified by the ICM-S Framework — that it is important for
MDC to increase its knowledge base, including how to demonstrate efficiency in its responses

8 For MDC in particular, the ICM-S Framework has been supported by parallel delivery of a review into
freshwater management and the Marlborough economy (Moran et al., 2025). Where notably, the latter
identifies the critical reliance of the Marlborough economy on primary production, and in turn a reliance
of that on accessing high quality freshwater. Where regulatory and non-regulatory ICM are both integral
to ensuring freshwater resources are available in sufficient quality for the wealth of the region and
landholders.
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to national policy, tailoring options better within the region and distinct needs of its people and
communities based on their own situation.

Lastly, the ICM-S Framework components whilst distinct, are coupled. — The science products
might differ, but in some instances, those products are directional (govern the value) on other
components. Programming the science investment helps ensure efficient investment in the
research underpinning decisions and engagement on management (e.g., careful sequencing of
component research or products to ensure lesser cost of others). Practitioners should be
reassured that while efficiency for science-investment is possible, this doesn’t require starting
from scratch —the ICM-S Framework is designed to allow for revisions (including programming
of research) to existing science products already in Council (e.g., revision of ongoing
monitoring, developing revised biophysical layers).

The ICM-S Framework supports science investment decisions purposely for non-statutory
ICM with associated programme outcomes of both:

e Maximising value - improved efficacy and engagement of action decision-making by
the full spectrum of actors involved in catchment management and ensuring greater
transparency.

e Reducing costs - improved efficiency via careful design and prioritisation across
science needs.

Useful Explainer: The literature review uncovered that the ICM-S Framework will generate
broader benefit to regulatory ICM functions in regional/unitary authorities and for other actors
tasked with both advising on regulation and delivering actions on the land for water quality
objectives (e.g., industry good bodies, primary sector companies, catchment care groups and
mana whenua/partnership remediation agencies). It does this by emphasising distinct
differences in how the science products will be used by decision-makers, the requirements of
those actors, and ensuring science for regulatory ICM functions can bridge the divide between
regional resource management and local catchment management.

The ICM-S Framework covers science requirements for successful non-statutory ICM, directing
where to focus management resource (e.g., sub-catchment, activities, actions). A cautionary
tale from the investment in science for statutory ICM, and where both ICM applications are
inherently linked to national policy, is that science should be expected to evolve —
environmental policy, knowledge and ongoing activities in catchments are constantly evolving
(including technologies and choices of solution). Adaptive implementation of the Framework
should be anticipated and required to otherwise continue targeted investment in ICM-related
science.

Whilst the ICM-S Framework is designed to be suitable for any rural activity and non-statutory
ICM, the Framework anticipates use of broader regulatory processes and existing knowledge
(science, community aspiration, remediation vision) to pre-identify the contaminants of
concern and activities of most interest to ICM participants. For instance, the Te Hoiere
catchmentis an environment highly sensitive to sediment and nitrogen discharges. MDC has
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identified these issues within regional planning already and holds good baseline data to support
action.

The ICM-S Framework can be applied across all primary activities and catchments, butin
principle focusses on priority hydrology and contaminants to better support targeted
remediation efforts in a catchment. The ICM-S framework extends to utilising available
information, new science and the understanding and vision of the catchment community.

We distinguish between statutory (resource management) and non-regulatory (catchment
management) ICM, to ensure the purpose of this framework is clear — whilst acknowledging the
fundamental role of science in both allowing for some integration. Doing so helps emphasise
differing conceptual needs of science-based decisions in non-statutory ICM, including:

e localisedresolution —for actions to be promoted to landholders, a key requirement
of those actors (and by association, advisors and catchment care groups) is the
feasibility, effectiveness, and need for actions on a property (e.g., reliance only on
spot or location-specific data without understanding of coverage or representativity
of that for conditions upstream and downstream is insufficient)

e Sub-catchment variation — ensuring actions are targeted requires that local
conditions are considered, which can differ markedly in biophysical or activity-
related factors governing key ecosystem processes (e.g., reliance only on
generalised conditions and lack of variation in those within broader watersheds or
freshwater management units is insufficient and likely to result in poor stakeholder
engagement outcomes)

e Causal understanding - for actions to be promoted to the entire spectrum of actors,
some change in water quality state is required (e.g., actions are not required where
objectives are being met or will be met in future)’.

Useful Explainer: The literature review identified that the ecosystem health framework
developed by Clapcott et al. (2018) made similar recommendations for prioritising the need to
understand the causal pathway for ecological consequences, including as the basis of
conceptual understandings of waterway conditions, direct further targeted monitoring, and
inform resource allocation. This is captured in Figure 8 below and offers further support for the
conceptual underpinnings of this ICM-S Framework.

7 Whilst statistical tools and approaches are possible, unless these are based on mechanistic
understandings of rainfall, land and waterway behaviour (process-based), then forecast outcomes are
neither confident (no matter the statistical fit as they operate outside the bounds of observation) nor,
able to be explained through some pressure-response (e.g., reliance only on statistical inference alone is
insufficient).
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Figure 8. Conceptual representation of developing a causal understanding of pressure (resource use and
management), mechanisms (process-basis), and response (waterway conditions) model adapted from
Davies et al. (2010). Note the use of “biophysical condition” in Davies et al. (2010) is inconsistent with the
ICM-S Framework, where the biophysical condition of the land as well as activity (human pressures) both

combine via processes (mechanisms) into corresponding water quality — showing the advances in
thinking over the past decade and since the ecosystem health framework.

ICM typically supports a catchment “vision” and in turn guides the decisions of catchment
community/partners in implementing actions. In these environments, it is good practice to
establish principles to guide consistent, transparent, and objective decision-making. ICM
success is also generally measured by actions, both the uptake of those and their being
targeted (feasible, efficient and effective) (Hungerford, 2009; Feeney et al., 2010).

To ensure the ICM-S Framework supports the process and outcomes of ICM decision-making,
principles are recommended to ensure the science and decision-making across the spectrum
of science-delivery actors (funder, researcher and product-developer) is consistent with the
requirements of end-users (managers, care groups, advisors, landholders).

ICM science principles to ensure outputs (“products”) are fit-for-purpose to both decision-
making and decision-makers alike, include:

o Locally resolved: the science supports catchment or sub-catchment understanding of
water quality, specifically differing water quality between these areas linked to both the
underlying local controls on water quality (and cumulative changes)

o |ntegrated from sub-catchment to sea: the science allows for the cumulative changes
to water quality measures from upstream actions to be determined
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e Integrated across actors: the science is designed at the outset for use by various ICM
actors in their collective decision-making

e Action-based: the science supports identifying feasible and effective actions at local-
scale, including the prioritisation of these for local and integrated outcomes

e Qutcome-focussed: the science supports accountability linking action to effect and
outcome on direct (physiochemistry, hydrology), indirect (biology) and more intimately
affected measures of water quality impacted by land users (cultural)

e Process-based (causative): the science links or relies on understandings of landscape,
activity and waterway processes whether directly (process-modelling) or indirectly
(using knowledge of biophysical and activity processes to govern design of monitoring
and statistical tools). “What if” analysis is supported and can model fundamental
changes in landscape, activity and waterway processes outside of existing observations

e Targeted to critical conditions: observational information generated to prove a problem
or solution relies on targeted investigation (surveying, monitoring). This supports
decision-making under more specific conditions associated with a biophysical or
activity-related process altering a waterway condition when compared to generalised
conditions resulting from using random or pseudo-random monitoring datasets.

The focus of non-statutory ICM on actions, tailored to local conditions, for broader sub-
catchment through to Freshwater Management Unit, and for both baseline and future
outcomes on water quality is inherently complex for scientists. For managers and funders, the
science can be daunting and require considerably greater effort to prioritise. Moving from the
more generalised understandings typical of resource management to targeted research into
“critical conditions®” is likely to significantly simplify the science ‘products’ and resulting
communications leading to improved understanding. The ICM-S Framework is designed
purposely to make that more complicated decision-making less challenging and more
consistent across watersheds, whilst ensuring management decisions vary with sub-
catchment critical conditions.

There are five components to the ICM-S Framework that are interconnected to help define the
actor (who) and action (where, when) to deliver a change in water quality measures locally,
including science on:

1. Biophysical Landscape and Hydrology — Catchment conceptualisation to identify the
landscape susceptibility to contaminant loss, stream-scape susceptibility to altered
hydrogeomorphology, and primary flow path for transport from source to sink (land to
receiving environments).

Noting: where (1) specifically requires mapping of landscape to fine-scale (e.g., finer
than sub-catchment, ideally to property or finer) and with a sound conceptual (process-
based) understanding of the contaminants of concern driving a water quality issue. For
instance, where sediment is of concern, then mapping the landscape to classes that
discriminate differing erosional risks via knowledge of surface erosion, mass movement
and/or hydrological modification of stream erosion (i.e., where mapping would have to

8 Critical conditions are defined as those times and places, when according to biophysical processes,
discharges or modifications of biophysical processes by activities are likely to disproportionately affect
water quality indicators.
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consider the underlying geological, soil, slope and vegetation interactions governing
both generation and transport of sediment to waterways). See LandscapeDNA for an
example of such mapping across several waterway contaminants
(https://landscapedna.org/).

2. Land Use, Management, and Modification - Identification of anthropogenic pressures
through mapping of land use and land cover, including management and modifications.
Management includes both source controls (practices) and interventions (devices —
edge-of-field and critical source area devices able to minimise changes to hydrology
and contaminant loss from activity). Modifications include infrastructure (e.g., irrigation,
drainage).

Noting: where if (1) and (2) are delivered together or in series, at this point, a catchment
could be mapped for risk or likelihood of contaminant generation and transport (e.g.,
risk mapping completed — using both natural (biophysical) and anthropogenic (land
cover and use)). A key point for framework users is that land use and land cover refer to
distinguishing more than simply the generic assessment of land cover (e.g., more than
using classes in LCDB or LUCAS). Delivering land use and land cover mapping can
require a “typology” is developed discriminating the differing forms of an activity
(pastoral farming, horticultural growing, plantation forestry) for their differing
contaminant loading and/or water demands (e.g., see Monaghan et al., 2021a).

3. Waterway Condition and Problem Diagnosis — Targeted monitoring, critical-condition
assessment and underlying process-based understanding for where, when, what
magnitude and why water quality exceedance is occurring.

Noting: where (3) refers specifically to stratified sampling rather than random or
pseudo-random sampling (as is common in State of Environment monitoring
programmes) - the emphasis being on understanding waterway conditions under
specific conditions associated with heightened risk of contaminant generation and
transport from land to water. Using the observational records to ensure any modelling is
fit for representing these critical conditions (e.g., validated), and informing the process-
based understanding of how land and water processes are operating under conditions
(weather rather than climate) when management solutions will be tailored by ICM
decisions.

4. Management Choices — Mitigation action libraries including information on
interventions feasible in sub-catchment, efficacy, and cost.

Noting: where (4) refers specifically to mitigations or interventions, tailored to activity
types and able to then better represent the variation in cost and efficacy expected within
sectors (e.g., to specific types of dairy farm or grower operation). Like geospatial
exercises in (1) and (2) this requires greater resolution than simply generalising the
costs and effects of an intervention across an entire sector or broader watershed as is
more common in statutory ICM applications (see Auckland Council, 2021 for an
example of progressing from more generalised to more type-specific mitigation
libraries).

5. Prioritisation and Solution Diagnosis — Prioritising across feasible opportunities for
identifying actions that will meet an objective. Derive a set of actions tailored to the
local critical condition, and by association contributing to reducing any downstream
exceedance.

Noting: prioritisation is not optimisation, but where the latter can be suitable in the most
challenging ICM applications. Both are useful only when able to identify which of
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feasible action(s) to take in local areas (sub-catchment) and having considered local-
scale (type-based) differences in cost and effect, specifically under the critical
conditions identified in (3) (modifying a process or reducing the contaminant
exceedance load.

The Biophysical Landscape and Hydrology component includes various data and systems
product types. These largely mapped information and/or typologies for landscape and
streamscape include classification systems for distinguishing differing responses of the land to
overlying land use/cover and/or stream-scape responses to altered hydrogeomorphology and
physicochemical inputs from the land.

The component includes the science to determine the hydrological flowpaths and sub-
catchment boundaries defining cumulative drainage areas of all rainfall and aquifer water
sources, in an integrated or “primary flow” network. The resolution of this primary flow network
is critical to ensuring the capability to target activities or areas of activities within a sub-
catchment for action (e.g., ensuring that all land surfaces are linked to corresponding overland
flow paths, channelised or natural intermittent and permanent streams). The availability of
LiDAR-derived surface information on surface topography is increasingly essential to deriving
accurate primary flow networks, especially where the emphasis is on prioritising areas of sub-
catchment (and land parcels) for mitigation. This is due the potential to prevent release of, or
intercept contaminants, and/or modify downstream hydrology through detention/retention
mitigations (e.g., wetland regeneration or construction).

The component includes all science that conceptualises and maps dominant landscape
processes that control inherent susceptibility to contaminant generation and transport. It
requires an integration of topography, geology, soil, and climate data. A refined understanding
of the hydrological cycle that modifies contaminant generation and drives contaminant
transport from source to receiving environment is crucial.

Conceptualisation of the biophysical landscape recognises that natural process occurring in
the landscape cause differences in water quality outcomes even under similar land use
pressures. Importantly, conceptualisation of the landscape and stream-scape requires a
process-based approach, allowing subsequent components to ultimately leverage on the
causative underpinning to ensure that sub-catchments of greater risk of water quality
degradation are able to be prioritised and justification can be made for that prioritisation (i.e.,
ensuring actions and activities are prioritised in catchments of greater risk for generation and
loss of contaminant, including modification of stream receiving environment sensitivity to
modified hydrology and contaminant input).

Recent advances in biophysical conceptualisation and mapping are notable in this space for
underpinning regulatory and non-regulatory ICM applications alike showing the potential for
this ICM-S Framework to develop science that serves both applications (e.g., Physiographics
(Rissmann et al., 2016; Pearson and Rissmann, 2021) and LandscapeDNA, an application of the
latter to support decision-making; https://landscapedna.org/).
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Outcome/capability 1:

Biophysical characterisation of the processes controlling water quality outcomes to support
actions targeted to the landscape setting.

Capability to define and map areas of a catchment which behave in a similar manner to land
use pressures (Component 2).

Capability to ensure other components can generate product types with plausible (causative)
basis in biophysical processes.

Outcome/capability 2:

Hydrological characterisation of the landscape. Capability to understand the hydrological
catchment contributing area, drainage pathways, and interactions of various contaminants.

Capability to determine the mixing and residence time/pathway-based effects on contaminants
(e.g., better approximate attenuation effects or transformation of contaminant from edge of
property to waterway and through the waterway).

Biophysical Landscape

The biophysical landscape sub-component characterises the natural processes in the
landscape that influence the generation, transport, and transformation of contaminants within
a contributing sub-catchment. For example, a wider variety of contaminants are likely to be
produced from agricultural land with imperfect to poor drainage during peak rainfall events.
This is due to both an ample supply of contaminants (e.g., from land disturbance and addition
of nutrients), sufficient transport mechanisms (e.g., runoff/overland flow), and minimal
interaction with the landscape to entrain or transform contaminants. In contrast, well-drained
soils with high infiltration rates, despite experiencing the same land use pressure and rainfall
intensity, tend to generate fewer contaminants. Here, while the contaminant supply remains
constant, the transport capacity is reduced due to increased infiltration of rain into the soil. In
the first scenario, artificial drainage is often installed to address drainage limitations, ultimately
creating conditions similar to well-drained soils. However, subsurface drainage does not allow
the same degree of water-soil interaction, leading to higher contaminant levels in drainage
discharge. This knowledge of the landscape susceptibility to contaminant loss, the transfer
pathway, and conditions lead directly to components of the framework identifying targeted
monitoring, and management options.

National-scale datasets examples that are available to support biophysical characterisation
include:

« Integrated process knowledge: Physiographic Environments of New Zealand (2018)
https://www.landscapedna.org/maps/physiographic-environments/family/

« Topography data®: NZ 8m Digital Elevation Model (2012) https://data.linz.govt.nz/layer/51768-
nz-8m-digital-elevation-model-2012/ .

o Landscape data: New Zealand Resource Inventory https://lris.scinfo.org.nz/layer/48076-nzlri-
land-use-capability-2021/

o Plantation Forestry Erosion Susceptibility Classification (derived from NZLRI)
https://www.mpi.govt.nz/dmsdocument/19340-plantation-forestry-erosion-susceptibility-classification-
risk-assessment-for-the-national-environmental-standards-for-plantation-forestry

% Finer scale LiDAR based elevation models are now commonplace but lack national coverage.
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o Geological Data: Qmap (version 3) https://data.gns.cri.nz/geology/

o Soils Data: Fundamental Soils Layer (derived from NZLRI) https://soils-
maps.landcareresearch.co.nz/

o Soils Data: S-Map online https://smap.landcareresearch.co.nz/

o Climate Data: Annual rainfall https://data.mfe.govt.nz/layer/89421-average-annual-rainfall-
19722016/

« High Intensity Rainfall https://niwa.co.nz/climate-and-weather/high-intensity-rainfall-design-system-
hirds

It should be noted that the datasets above make up a consistent national scale set of data.
These may be the best available datasets for many catchments. However, for adequate
property-scale analysis as may be required for effective non-statutory ICM, finer-scale data
sets may be required. Part of the role of the ICM-S is to identify the need for finer-scale data and
support the investment case for capture of such data.

Hydrology

The Hydrological sub-component comprises of knowledge around the transport pathway,
timing of contaminant transport, and cumulation of effects. It takes a whole catchment
approach from generation at source, transport through various receiving environments, to
discharge in the coastal marine area.

The purpose is about ensuring any critical condition assessment can diagnose the flow
conditions under which problems occur (i.e., whether runoff or groundwater related pathway,
and particular weather conditions required to cause the availability of contaminant). The
problem diagnosis of critical condition must be able to identify the contributing areas (e.g., both
under what conditions problems occur and contributing sources to —whether a hydrological or
physicochemical problem).

National-scale datasets that are available to support the hydrological characterisation include:

e River Environment Classification (version 2.5)
https://www.arcgis.com/home/item.html?id=5a07a0b45d504e4db4f79753663430b6
« MfE Sea draining catchments https://data.mfe.govt.nz/layer/99776-sea-draining-catchments/

Investment in hydrological datasets and products (a primary flow network) is likely required to
ensure the accurate placement of flowpaths (to aid in their characterisation with remote
sensing —for vegetation cover, geomorphology and evolutionary state/modification) where the
REC (v2.5) and other national products for flowpath and drainage area delineation are not able
to accurately support “opportunity mapping” in Component 4 (e.g., lack sufficient resolution to
accurately determine drainage areas within property parcels). As per the Landscape sub-
component, more detailed property scale products to enable non-statutory ICM and these can
now be produced with relative ease and minimal expense where LiDAR data is available.

Receiving Environment, Streamscape, and Ecology

This sub-component includes knowledge on receiving environments (stream-scape, instream
processes, and ecology).

Receiving environment characteristics are used to identify target or desired state for a water
body. It recognises the intrinsic properties of the water body to identify a suitable target
condition. This is especially relevant when water quality indicators are assigned poor attribute
states under the NPS-FM National Objectives Framework, but underlying natural origins exist.
For example, low clarity in peat lakes, high phosphorus concentrations in catchments
dominated by volcanic geologies or marine sediments.
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A receiving environment typology, describing the differing sensitivity (rate of process-response)
to altered hydrology, contaminant inputs and/or differing stream condition (shading, erosivity)
is important to prioritising sub-catchments (and activities) of greater risk to water quality
degradation. A well described typology will be of greater importance when developing
management solutions in Component 5. Lakes are often viewed as functionally unique, with
potentially marked differences between individual waterways in process-responses reflecting
varied boundary conditions (bathymetry, mixing, exotic macrophytes, pest species). Streams by
contrast are more readily assigned a general type to characterise algal-macrophyte responses
to nutrient inputs, channel erosion (bed, bank) to varying flow velocity and depth, thermally
driven processing of nutrients, organic matter and physicochemical modifying factors for
toxicity (pH, dissolved organic carbon, hardness, etc).

The streamscape, the interface area of saturated hyporheic zone differs in condition and
characteristics governing key processes affecting water quality and ecology compared to wider
landscape characteristics. The streamscape also includes the interface area between stream
bed, toe, and bankful zones that are erosive pressure-response areas (including breakout zones
or floodplains are depositional areas). The geomorphology of the channel and longitudinal
variation in that is integral to ecological habitat and connectivity.

Under the ICM-S it is important to adequately identify the differing typologies and receiving
environments existing within the catchment of interest to provide sufficient detail and reliability
to management decisions in later Components.

Frameworks for classifying streamscape from a management outcomes perspective, include:

e River Styles https://riverstyles.com/

Available datasets to help characterise stream form and processes agnostic of purpose,
include:

e River Environment Classification (version 2.5)
https://www.arcgis.com/home/item.html?id=5a07a0b45d504e4db4f79753663430b6

Notably, both River Styles and an Auckland-variant (Geomorphologically Effective Management
Solutions) require localised data on topography, soil, vegetation and channel dimensions that
are more inaccurately represented at sub-catchment (reach) scale in REC v2.5. Several
remediation programmes have invested in science products characterising these properties at
reach-scale, primarily those programmes managing stream erosion (e.g., Simon and
Chakraborthy, 2019; Hyslop, 2024).

The Land Use, Land Management and Land Modification component includes various data
and systems product types. These consist largely of mapped information and/or typologies for
land activities. These typically take the form of classification systems for distinguishing differing
responses of some primary activity on the land that modifies underlying biophysical
responses). When combined, both components 1 and 2 govern how the land responds to
weather and activity (includes land cover, infrastructure and broader practices combined).

The biophysical characteristics of land and water can be modified by overlying land activities,
including modifying the hydrological and contaminant responses to weather conditions and
resource use.

As pressure from land use is variable across the landscape, mapping differing activity types to
sub-catchments is integral to ensuring prioritisation of mitigation actions to sub-catchments
that contribute disproportionately to modified hydrology and/or physicochemistry instream.

PEARSON ENVIRONMENTAL CONSULTING 2025/06 46
Integrated Catchment Management Science Framework


https://riverstyles.com/
https://www.arcgis.com/home/item.html?id=5a07a0b45d504e4db4f79753663430b6

This requirement to map activities by their differing abilities to generate altered rainfall-
runoff/interflow/groundwater and contaminant generation(process-typology), is also necessary
when identifying critical sources of contaminants (e.g., localised areas within land parcels to
prioritise for mitigation and remedial actions).

Traditionally land cover is used as a proxy for differing land use, but such approaches are not
able to distinguish infrastructural, practice-based or broader management activities occurring
that can modify any biophysical process response (Component 1) and/or alter mitigation
choices (Component 4). More recently, industry bodies have increasingly invested in
developing activity typologies (e.g., pasture — Monaghan et al., 2021a and b; horticulture —
Perrin Ag, 2023).

The development of activity typologies (if not already available) and mapping of these to
property scale is integral to ensuring sub-catchment differences in water quality are able to be
accurately represented (and explained - via differing process-based responses to weather and
activity). Importantly, typologies classify activities (land use) for particular contaminant-
processes occurring on a land parcel, where if investment is required, the choice of typology
should target the contaminants of interest in a catchment. For example, development of a
regional typology for market gardening was targeted primarily at discriminating activity
differences in nutrient (primarily nitrogen) and sediment generation (Perrin Ag, 2023).

Research to develop typologies for activity-related differences in contaminant and hydrological
responses potentially alters products from Component 4 — activity types offer a basis for
developing mitigation library information (e.g., varying action choices, corresponding efficacy
and cost).

Outcome/capability 3:

Identify locations in the catchment that due to the combination of land uses/land use activities
and landscape factors contribute a disproportionate amount to the contaminant loads requiring
remedial actions.

Land Use and Land Management

Within a property, pastoral, cropping and horticultural, forestry areas, and native land cover
exert different pressure on the landscape altering generation rates of different contaminant due
to nutrient additions, irrigation/drainage and physical disturbance of the biophysical
landscape. For example, dryland pasture grazed by sheep typically has a lower contaminant
generation intensity than dairy grazed land due to stocking intensity and lower nutrient inputs.
Modification to the biophysical landscape also increases or decreases the potential for
contaminant generation. For example, irrigation overcomes climatic limitations to primary
production but risks increasing drainage through the soil profile and greater yields of nutrient to
leachate (McDowell et al. 2011; Graham et al., 2022). Artificial drainage overcomes wetness
(excessive saturation) of soils for pastoral and horticultural activities, reducing the likelihood of
runoff occurring but decreasing the potential of the soil to denitrify in these wetter landscapes
(Monaghan et al., 2005; Pearson, 2015).

Notably, land activity typologies and mapped geospatial layers are both highly directional for
informing monitoring designs (Component 3) and development of products for mitigation
options (Component 4).

National datasets that are available to support land use classification include:
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e | UCAS https://data.mfe.govt.nz/layer/117733-lucas-nz-land-use-map-2020-v003/

e | CDBS5 https://lris.scinfo.org.nz/layer/104400-lcdb-v50-land-cover-database-version-50-mainland-new-
zealand/

o Property boundaries https://data.linz.govt.nz/layer/115113-nz-property-hybrid-pilot/

e Irrigated land https://data.mfe.govt.nz/layer/105407-irrigated-land-area-raw-2020-update/

e Protected areas https://data.linz.govt.nz/layer/53564-protected-areas/

e Queen Elizabeth Il National Trust https://geiinationaltrust.org.nz/publications-and-resources/map-
of-our-protected-land/

e Activity typologies (dairying, drystock, horticulture, exotic forestry)

https://www.dairynz.co.nz/media/4mhjdngp/2018-monaghan-et-al-benchmarking-and-mitgating-contaminant-losses-
for-key-dairy-farm-typologies.pdf

Current Interventions and Mitigations

Understanding how land use has modified the landscape is just as important as understanding
the biophysical characteristics and the land use pressures. It is not until all these factors are
considered, that the most accurate understanding of the catchment is generated.

Activity typologies are often not inclusive of ongoing mitigations or interventions applied, but
where the presence of source controls (good practices) and/or interception devices are known,
these need to be included in mapping and typology description. Examples of interception
devices include naturalised wetlands, constructed wetlands, bioreactors, two-stage ditches,
detainment bunds, etc.

Multiple non-statutory ICM outcomes are reliant on correctly understanding the ongoing
interventions in sub-catchments, including;:

e Ensuring resolution of differing sub-catchment water quality — with mitigations reducing
the impact of activity and biophysical conditions (e.g., altering contaminant loss to
waterways or altered flow regimes and processes instream)

e Ensuring prioritisation of appropriate actions — where mitigations are already applied
this removes opportunity for their inclusion later (e.g., avoiding promoting actions
unavailable or already completed in a sub-catchment and activity).

By detailing the current interventions and mitigations in a catchment, any monitoring and
prioritisation of actions can be more targeted. For example, areas within the stream network
can be better prioritised by susceptibility to erosion, land use contaminant loading, and
instream modification by uptake/transformation.

However, knowledge of ongoing mitigations applied to activities, at sub-catchment scale is
particularly challenging to represent currently with no national framework for classifying
mitigations (hindered by an absence of associated national typologies for activities) and no
national inventory for identifying mitigation adoption by region or sub-catchment.

A potential mechanism to obtain this information in future is through the provision of Farm
Environment Plans. Developing collaborative data-sharing relationships across ICM actors to
permit documenting of mitigation actions would assist in many locations. Alternatively, the
outputs from opportunity mapping in Component 4 should identify devices already operating in
a productive landscape.

National support tool:

« Monitoring Freshwater Improvements https://www.monitoringfreshwater.co.nz/
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The Waterway Condition and Problem Diagnosis componentincludes various data, systems
and tool product types that diagnose waterway responses to the combination of biophysical
and activity-related changes in hydrology, contaminants and modifying factors like stream
condition.

Component 3 covers observational science (monitoring, surveying), as well as modelling of
waterways (statistical, semi-process based or process-based) to demonstrate the “nature” of a
water quality problem. This component seeks to not simply identify the presence of degraded
water quality but use a fundamental process-based lens to explain water quality state as a
consequence of biophysical and activity-related causes. Notably, the component includes
modelling products that are the only viable means of providing information on water quality on
both sub-catchment spatial and temporal variability throughout a watershed (e.g., meeting
requirements of non-statutory ICM) and which are integral to later prioritisation (see
Component 5). Modelling approaches are also important where forecasting of water quality
states in response to proposed mitigation is necessary to build community engagement.

To satisfy non-regulatory ICM science requirements, the component intentionally requires both
observational and modelling datasets that provide evidence of the “critical conditions” - that is
the specific conditions under which water quality is degraded, including resolution of:

e Critical location —where across a network of sub-catchments, the combination of
biophysical and activity related pressure-responses, combine to generate greater
degradation in water quality indicator (e.g., from an acute and chronic perspective,
inclusive of contaminant concentration and/or loading, and environmental flows).

e Critical qualifying condition — under what activity-related, seasonal or event-driven
conditions do land, activity and stream responses intensify (e.g., causing periodic
exceedance, often overlooked in ongoing regulatory ICM applications where event-
based monitoring is eschewed in favour of pseudo-randomised monthly sampling that
better lends itself to trend analysis).

National scientific good practice guidance notes that environmental models should work
alongside measurement, with both interdependent (Ministry for the Environment, 2023a). For
instance, that “models without data are fantasy. Data without models are chaos”'°. Modelling
and monitoring combined are needed to reliably diagnose problems at scale. The ICM-S
requires Component 3 data that is similar to the products of freshwater accounting processes.
These include environmental sampling, observations and modelling that complement each
other.

The ability to undertake sampling of waterway conditions under episodic or critical conditions is
challenging in terms of logistics and technological demands (e.g., potentially requiring differing
methods, equipment and hazard management compared to regulatory monitoring
programmes). However, non-statutory ICM requirements of science include evidence of
localised water quality issues requiring action (e.g., for both engaging actors and for targeting
local action). Hence, despite the challenge, a key design requirement of both observational and
modelling science products is the ability to resolve variation in water quality under critical
conditions to aid in targeting actions appropriately (to choices effective under those conditions)

0 Sourced in MfE (2023a) from Nisbet, E., Dlugokencky, E., and Bousquet, P. (2014). Methane on the Rise
Again. Science (343) 6170: 493-495.
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and ensuring prioritisation of actions (to choices of greater efficacy under critical conditions —
see Component 5)".

Useful Explainer: The requirement within the ICM-S Framework to ensure observational
science (monitoring) and modelling design rely on a plausible, causative understanding of the
environment, is strongly aligned with other science frameworks developed for environmental
modelling (MfE, 2023a) and freshwater accounting (Bright et al., 2023). The shared requirement
reflects the need for any science to be fit for purpose, but the Framework also notes the
requirement for the observational and modelling science to be fit for users.

By fit for purpose we mean able to facilitate decision-making based on forecasting alternative
managed futures, potentially beyond observational dataset coverage and which requires a
mechanistic understanding of the sub-catchment biophysical, land use and waterway
conditions

By fit for users we mean able to plausibly explain to end users (including non-technical users),
existing degradation and future improvement from actions yet to be implemented

Whilst Component 3 is both logistically and technically challenging, targeting of monitoring and
modelling efforts, also represents a challenging difference to the ongoing design of most
regional/unitary council State of Environment monitoring programmes. Many such programmes
are purposely randomised or pseudo-randomised in sampling interval (monthly) to suit State of
Environment reporting requirements (Parliamentary Commissioner for the Environment, 2023).
Where any targeting is for broad representativity rather than directly representing variation
along differing landscape, activity and stream-scape process gradients. For example,
generalised to factors like land cover, Strahler order and drainage area (Clapcott et al., 2018).
So, combined where the sampling is intentionally more generalised rather than specifically
sited to represent conditions and locations of disproportion contaminant input (i.e., presenting
difficulties explaining particular event-conditions or locations of combined biophysical &
activity type differences in contaminant generation and transport).

Useful Explainer: Arecommendation of the ICM-S Framework is for alignment and integration
of existing State of Environment monitoring with additional targeted or critical-condition
monitoring for ICM. The shared value of both combined can yield significant benefits to
regulatory and non-regulatory applications across Aotearoa New Zealand.

Targeted or critical-condition monitoring ensures observational information diagnosing a water
quality problem (and validating modelling tools), is targeted at times and places where activity
related contaminant and hydrological changes are most marked (e.g., where any outcome of
actions will subsequently then be reported for).

" Notable examples in Aotearoa New Zealand of developing monitoring programmes targeted to critical
conditions include Auckland Council’s event-based sediment monitoring network that purposely
autosamples suspended sediment water quality indicators under storm events, to ensure better
characterisation of sediment loading and yields from rural land under “critical erosive conditions” (see
Hicks et al., 2021).
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This Component can otherwise be solely observational, where either resourcing permits and/or
ICM actors have identified that monitoring and/or surveying alone is sufficient to engage in
developing action plans (but where caution is needed on part of any science funder that the
ability to support mitigation decision-making in Component 4 and prioritisation of mitigation
choices in Component 5 might require a degree of environmental modelling).

To ensure an understanding of critical conditions underpins decision-making on actions, the
products of monitoring would ideally be carefully sequenced, ensuring:

a. Components 1 and 2 are developed to guide decisions on locations, qualifying
conditions (e.g., flow, season, weather) and methods are informed by the process-
based understanding of sub-catchments. Ensuring monitoring is representative of the
spread in biophysical landscape, activity and streamscape conditions (or prioritised
mixes of those) is of importance to the targeted management decision-making.

b. The design of the monitoring needs to be informed by:
- the type of waterway environment

- the broader processes likely to cause response in contaminant input or
modified hydrology

- the choice of indicator (physicochemical and ecological measures)

- the conditions causing greater sensitivity to resource use (e.g., to inputs or
modification of streamscape or hydrology).

c. Understanding the c key boundary conditions during which the land use (modified
hydrology, contaminant discharge and/or modified habitat) is likely to be causing some
problem (e.g., higher concentrations, more extremes of physical condition, such as
temperature, DO, clarity, turbidity).

Outcome/capability 4:

Measurement and observational information that is relevant to the potential conditions
expected to define “problems” in a receiving environment with greater confidence. This
information is not simply for the next stage and to focus on the problem diagnosis but also used
in later engagement by land managers with landholders on the nature of a problem.

Component 3 is required to relate the problem/s (water quality issue) to the underlying cause
(Components 1 and 2) and to prioritised solutions (Components 4 and 5).

National datasets and tools that are available to support waterway condition and problem
diagnosis include:

o State of Environment Monitoring in LAWA
o Surface water: https://www.lawa.org.nz/explore-data/river-quality
o Groundwater: https://www.lawa.org.nz/explore-data/groundwater-quality

o Kaupapa Maori Freshwater Assessments https://www.nrc.govt.nz/media/n0ip2ksp/kaupapa-maori-
assessments-final-jan-2019.pdf

o NIWA Stream health monitoring and assessment kit (SHMAK)

https://niwa.co.nz/freshwater/stream-health-monitoring-and-assessment-kit

We reiterate the point that monitoring and modelling science products in widespread use for
regulatory ICM decision-making are seldom process-based or semi-process based
(conceptually based on process knowledge), nor targeted to critical conditions (e.g., Larned et
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al., 2017; Whitehead et al., 2022; Fraser, 2023). However, we envisage the ICM-S Framework
developing a complementary database and tools that serve differing purposes (action
planning). These should support revisions in those largely statistical approaches and
randomised/pseudo-randomised sampling programmes. Given the earlier identified
requirements of actors and brief for non-statutory ICM, fundamentally different monitoring (and
modelling) than statistical and generalised approaches common in regulatory decision-making,
is a necessity of successful relationships, decision-making and action planning. For the delivery
of understanding to decision makers, ICM-S monitoring and modelling should provide answers
to targeted questions relevant to the sub-catchments in question.

The Management Choice component includes various data and systems product types, that
identify differing intervention (device and source control) or mitigations available for managing
hydrological, contaminant and/or waterway condition associated problems.

Component 4 covers activity-based differences in mitigation choices, specifically:

e Mitigation types suitable to corresponding biophysical and activity-related types (e.g.,
tailored mitigation library for each activity, with corresponding biophysical rules
governing potential for adoption of the source control or footprint of the device)

e Mitigation efficacy, potentially also varying by biophysical and activity-related types
(e.g., degree of reduction in contaminant generation and/or treatment of contaminants
via interception)

e Mitigation opportunity, either implicitly by activity and biophysical types, or explicitly
(geospatially) mapped onto sub-catchments. Where opportunity outputs clarify the
degree of uptake for some mitigation, feasible in a sub-catchment (e.g., localised)

The component would ideally be strongly linked to the activity typologies identified in
Component 2, ensuring that the process-logic underpinning how differing activity types
correspond to differing contaminant generation, transport and loss rates, also informs the
choices of suitable mitigations for those processes. Likewise, where practice-based (source
control) actions tend to vary in efficacy in line with underlying typology (Auckland Council,
2021), and where device-based interventions tend to reflect underlying biophysical conditions —
so in both, recognising that the activity or natural factors governing the contaminant behaviour
of a parcel of land also impact on the choices of suitable mitigations.

The literature review uncovered that generalised mitigation opportunity information is typically
produced within statutory ICM applications. In these highly generalised assumptions or
inferences are made about the “opportunity” for activities to implement some degree of
mitigation (e.g., simplified scenarios with assumed consistent uptake of an intervention across
a sector, activity or watershed. See: https://farmapt.dairynz.co.nz or
https://www.farmmenus.org.nz/). In contrast, to ensure localised advice on actions (tailored to
sub-catchment biophysical and activity conditions) and a causal understanding of their
outcomes, generalised approaches are often unsuitable for non-statutory ICM. Instead, recent
advances in Aotearoa New Zealand include development of Landscape DNA
(www.landscapedna.org) and geospatial “opportunity maps” (for Auckland Council’s
Freshwater Management Tool and Kaipara Moana Remediation agency’s Tataki Wai
Management Tool, in prep). The ICM framework from Ireland also highlighted the need for
considering co-benefits of actions, favouring those that not only improved water quality but
also increased carbon sequestration, reduced greenhouse gas emissions and enhanced
biodiversity outcomes.
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The ICM-S Framework prioritises generation of information on the location and extent of
mitigation choices, linked to the critical conditions and process-logic for water quality
degradation identified in Component 3. Hence, Component 4 builds on earlier components and
focusses on the development of mitigation libraries with corresponding opportunity and
efficacy information for sub-catchments. The preference should be for locally and explicitly
mapped information for device footprints that already exist (e.g., determining existing riparian
condition or stock exclusion as a precursor to determining opportunity for riparian mitigations)
ensuring the promotion of feasible over infeasible mitigations in sub-catchments. A key
requirement of engagement with advisors and landholders is the expectation that new actions
promoted are feasible.

Many of the science products for mitigation libraries are a mix of activity-related modelling
information (e.g., farm/grower modelling in Overseer, APSIM or SPASMO) and geospatial
modelling (assessing geospatial layers for identifying suitable footprints for interventions, and
corresponding drainage areas). For devices, the ability to determine extent of device (to inform
costing and treatment) as well as drainage area to device (hydrological or contaminant load
modification) requires detailed geospatial products, most notable a primary flow network (see
Component 1). Hence, as the decision-making progresses, care needs to be taken in adopting
or building on earlier science products to ensure overall science investment is designed and
sequenced carefully (e.g., maximise value from science investment).

Examples of device interventions include wetlands, riparian corridors, bioreactors, two-stage
ditches, detainment bunds and detention ponds. If erosional contaminants are a priority for
management and measures to stabilise disproportionately erosive land are prioritised for
action, then the remediation focus would also ideally consider connectivity to water for these
areas.

Devices are typically feasible to directly map into sub-catchments using geospatial data and
corresponding criteria governing suitable locations. These seek to either modify generation or
transport processes on-land. Criteria for locating such devices typically include slope, soil
type, distance to primary flowpath, activity type, vegetation cover, underlying geology/highly
erodible land status etc. Device opportunity mapping is a core science product for several non-
statutory remediation programmes in Aotearoa New Zealand (e.g., Kaipara Moana
Remediation, Mahurangi East Land Remediation, DOC/Living Water). These typically employ a
mixture of oblique photography, physiographics, vegetation analysis and underlying
biophysical mapping to identify riparian, wetland, flow-controls, bioreactor locations and
erodible land device opportunities (see: https://kmr.org.nz/,
https://www.ngatimanuhiri.iwi.nz/melr, https://www.livingwater.net.nz).

Source controls typically include “good farming practices” (GFP), a term used to describe the
wide diversity of differing practices suitable to addressing hydrological and contaminant
processes on-land (e.g., effluent, nutrient/fertilizer, water usage, erosion/soil, cropping/tillage,
irrigation, drainage and livestock management practices —see McDowell et al., 2023; DairyNZ,
2024). GFP can be highly effective, albeit complex to identify both opportunity for and, efficacy
of, given large potential spread in existing adoption and marked variation in efficacy between
farm/grower/forestry systems. The potential mix of GFP suitable to activity types and local-
scale efficacy of feasible practices, can be a valuable addition to mitigation libraries
(management choices), as well as rewarding to socialise as evidence of ongoing efforts by ICM
actors (e.g., build relationships and positive communications — see outputs from “Farming for
Good” outputs: https://ourlandandwater.nz/farming-for-good/).

National datasets and tools that are available to support management choice include:

e National Science Challenge Our Land and Water https://ourlandandwater.nz/topic/mitigation/
e Actions targeted to hydrological flow pathway https://www.landscapedna.org/actions/
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Outcome/capability 5: Process-based understanding of feasible and effective actions,
suitable to addressing the local and integrated problem. Actions are linked through process-
knowledge to underlying biophysical and activity differences, and to critical conditions; tailored
to activity types and sub-catchment opportunity.

Ensuring actions promoted as part of a catchment plan are feasible and effective for local
activities and local critical conditions.

Recognition of co-benefits for carbon storage, greenhouse gas reductions, ecology and
biodiversity.

Useful Explainer: Various sectors are developing or have developed activity typologies, with
accompanying information on generalised mitigation choices (e.g., horticulture, pasture). For
example, the dairy sector typology developed by DairyNZ and AgResearch is aligned with
generalised abatement curves, albeit these science products are as the name suggests, more
aligned to large-scale resource management rather than catchment management (e.g., they
involve no local scale information on opportunity, nor localised efficacy) (see Macintosh, 2021
orMcDowell et al., 2023). When local biophysical or activity information are included to drive
estimates of reductions in contaminant or flow modification, those generalised typologies are
well suited both to Component 2 and here in Component 4, as the basis of defining mitigation
libraries and progressing to deliver opportunity mapping products for device-based actions.

The Prioritisation and Solution Diagnosis component includes tool product types, that allow
for prioritisation at the local and integrated catchment scale, of feasible and effective actions
(see Component 4).

Prioritisation typically involves spreadsheet-based or geospatial models, allowing for the sub-
catchments upstream of degraded water quality, to have corresponding mitigation choices
ranked. Ranking can occur by treatment (reduction in contaminant generation and/or loss) or by
using multicriteria for effort (e.g., cost, technical difficulty, minimum extent and access).
Prioritisation can extend through to optimisation, a more sophisticated form of decision-making
on the actions to take in a catchment. Optimisation considers the unit costs and effects from
multiple varying mixes of feasible actions to generate a least-cost set of increasingly costly set
of interventions in each sub-catchment for increasingly greater contaminant or hydrological
benefit. An optimised solution would seek to identify the maximal cost/benefit solution for
interventions in any given sub-catchment.

A cautionary note worth emphasising is that prioritisation and optimisation tools can vary
markedly in complexity, data-demands and cost. For clarity, users would be best to consider a
science product that suits the levels of investment, complexity of management choices, and
actors’ needs of accounting (e.g., prediction of outcomes on water quality from actions) This is
a key requirement of non-statutory ICM acknowledged in broader international and national
literature within Chapter 2. For example, highly sophisticated optimisation tools like the
Freshwater Management Tool or Tataki Wai are more suitable when ICM applications are large-
scale (100,000 Ha’s) and/or of large targeted action resourcing ($100M+), but for smaller-scale
projects, much simpler logical rules prioritising an action over others, or an opportunity for the
same action over another, are far easier to develop. Note that this approach will come with a
lesser ability to account for outcomes of actions on water quality.
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To enable decisions on which science products should be used to guide prioritisation, the ICM-
S Framework strongly recommends adopting national good practice guidance for
environmental modelling (Ministry for the Environment, 2023a) — which aligns strongly with ICM-
S Framework recommendations in Components 1 and 2 for a robust causative understanding of
catchment water quality (creating a conceptual model), and ensuring the complexity of any
modelling is fit-for-purpose (e.g., reflecting costs, data, complexity of decision-making, simpler
whenever possible). For situations where modelling is not used, the general principles
contained in Ministry for the Environment, 2023a and a subsequent development from that
work, Phillips, Robson-Williams and Oliver 2025 (in prep) can still be applied to aid decision
making.

By adopting earlier components, any actions promoted will by their basis in carefully designed
science products, already be locally tailored, causally understood and critically effective. This
means they will be linked to causative biophysical and activity processes governing water
quality and able to modify on-land contaminant, hydrological or stream-scape responses
during times and at places most at risk of water quality degradation. However, a further
consideration for non-statutory ICM science across the actors and related to decision-making
on actions, is the ability to forecast outcomes or “account” for the effects on water quality -
whether simply for those actions promoted and/or for the actual actions adopted on-land (e.g.,
where specific combinations of landholder actions can be expected to differ from those
generally promoted more due to a variety of other criteria otherwise important to the local
actors; Ministry for Primary Industries, 2021).

If accounting is a valuable function, the Framework is designed to support users applying
modelling products developed for Component 3 —requiring that the brief for any such modelling
of waterway conditions includes the need to be able to forecast the effects of various actions
(and thereby coupling a science product from Component 3 to 5). If so, any such model
developed for Components 3 and 5 can leverage from outputs of Component 4 (mitigation
library efficacy information, by activity type, and opportunity information on land areas treated).
However, the model solution used can only be plausible if either semi-process or fully process-
based (e.g., where actions taken will fundamentally change the process-response of land and
waterways). Statistical models driven by underlying process-based classifications of land and
waterway (using products of Components 1 and 2) offer a hybrid approach for plausible
accounting, or where greater complexity and capability is possible from distributed process-
models.

Our limited review here suggests solution diagnosis appears an uncommon capability of non-
statutory ICM, requiring considerable modelling effort and science investment, but which aids
decision-making on action or engaging in decision-making (noting the distinction of
prioritisation from solution diagnosis — with handful of notable examples mentioned above).
Alternatives to modelling actions to demonstrate outcome in waterway, is to ensure the
monitoring network developed in Component 3, should then offer a record of changing water
quality (e.g., already targeted to conditions and locations where water quality degradation is
most marked due to biophysical and activity-related causes, and where design of science
products in Component 4 should ensure effects of actions are then most evident).

Outcome/capability 6:

Ability to prioritise (and optimise, if necessary), feasible actions suited to critical conditions, for
change (e.g., in hydrological, contaminant and/or habitat indicator).
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Useful Explainer: Various prioritisation tools have been developed, from generalised
abatement curves through to generalised priority tools. These are suitable for generally advising
an activity type, but typically devoid of local opportunity information and unable to demonstrate
outcomes from actions at sub-catchment or integrated scales. For instance, the Farm Action
Prioritisation tool developed by DairyNZ and Our Land and Water, which is type-based but does
notincorporate localised information on opportunities or outcome of mitigation.

Only a handful of advanced (catchment-based) optimisation tools have been developed,
primarily for non-statutory ICM purposes. For instance, in the Kaipara Moana watershed
(NZFARM - statistical, optimising catchment model; Daigneault et al., 2017; Green and
Daigneault, 2018); Taataki Wai — semi-process based, optimising catchment model Auckland
Council, in prep.). The complexity of optimisation models is potentially unnecessary for non-
statutory ICM where actor (landholder/advisor) decisions can be expected to be made on the
ground and potentially over-riding more geospatial dataset-driven decision-making tools. This
likely reflects the uncertainty/inaccuracy in models and geospatial data inputs, as well as the
variety of factors a landholder considers in prioritising action.

The science components are combined into a framework in Figure 9. As the science is
developed within a catchment, the emphasis and resourcing changes through the different
stages. To start a larger emphasis is placed on catchment conceptualisation (Component 1 and
2) and measurement data (Component 3) to validate the process knowledge and ensure the
underlying causes are well understood. This process is iterative as new data becomes available
and spatial resolution improves. With this improved conceptual understanding, actions can
then be targeted to the cause and transportation pathway of contaminants (Components 4 and
5). This can support landowners in making the best choices for mitigation that are at
appropriate locations and scale to effect reductions in contaminant loss. These actions
feedback into the catchment conceptualisation, specifically the land use, management, and
modification and through targeted monitoring to measure change over time.

Way to visualise the framework in diagram is:

e Two fundamental structural components needed in a catchment group to ensure the
latter can decide on and implement targeted actions —in this example relationships
between MDC and actors AND information and tools for actors/MDC.

e Two fundamental capabilities needed in a catchment group being the ability to direct
(from relationships) and knowledge of direction (from information and tools = science).

e Role of science then is twofold:
- To strengthen relationships by adding transparency and objectivity
- Toinform decisions by:

- Developing options that are causative and able to demonstrate basis in
the landscape, land use activity, and waterway

- By developing criteria for options

- By developing means of prioritising on criteria, but under direction of
stakeholders.
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Figure 9. Integrated Catchment Management Science Framework.

The ICM-S framework is envisaged as a continually improving iterative loop. Actors wishing to
intervene in a catchment can embark on the loop at any point although having basic biophysical
and water quality data would seem to be a prerequisite for most projects. Potentially, many
catchments will have sufficient information to embark on work at several points in the loop.

For a catchment starting completely fresh, the natural start point for science would be at
Component 1 - Biophysical Landscape and Hydrology. The initial start point may be to utilise
national scale datasets to gain an initial understanding of the catchment and identify data gaps.
The process then rapidly follows to the subsequent components continually ‘checkingin’ to
Component 3 - Waterway Condition and Diagnosis. Each iteration of the process would seek to
identify where science can provide improved insight.

In a catchment with pre-existing information, an important first step is to collate the pre-
existing data for every component. In this situation, it may be desirable for the initial in-
catchment actions to start with stakeholder engagement as this can help to identify the data
gaps and community concerns that need to be addressed by science. Starting at multiple
points in the loop can enable the first few iterations of the loop to proceed quickly. The
implication of this however, is that the scale of work required is large and multifaceted at an
early stage of a project. A lack of capacity at this stage can create impediments and frustrations
for actors.
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Useful Explainer: As an example, imagine a hill-country catchment where sediment is
impacting downstream mahinga kai values and aquatic habitat. This ICM-S Framework helps

local actors decide which parts of the catchment to prioritise, what on-farm practices are likely

to reduce sediment most effectively, and what kind of evidence is needed to track whether
those actions are working.

Example Scenario (Hill country catchment):

Biophysical Landscape and Hydrology: LIDAR-derived overland flow maps identify areas of
concentrated runoff in steep gullies.

Land Use and Management: Sheep and beef grazed hill country with winter forage cropping
occurring in the gullies.

Waterway Condition and Diagnosis: Monitoring shows turbidity spikes during heavy rain.
Management Choices: Mitigation library recommends runoff interception, grass buffers, and
winter grazing alternatives.

Prioritisation and Solution Diagnosis: A GIS-based tool ranks feasible mitigations based on
sediment reduction potential and cost.
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4 Te Hoiere Project - A National Exemplar

This section is a collaboration with the MDC Science team to demonstrate THP as an exemplar
for the ICM Science Framework. Here we discuss the MDC Catchment Care Programme which
is based on a non-statutory ICM approach for sustainable land and water management, a
stocktake of the science undertaken in the THP aligned with the ICM Science Framework, and
the identification of future science needs.

The MDC team science project leads and contributors are as follows:

o Steffi Henkel - Senior Surface Water Scientist

e Pete Davidson - Senior Environmental Scientist - Groundwater

e Charlotte Tomlinson - Environmental Scientist - Hydrology

e Matt Oliver - Senior Environmental Scientist - Land Resources.

¢ India Hamill - Environmental Scientist - Freshwater Ecosystems
e Pete Hamill- Team Leader Land and Water

e Rachel Russell - Te Hoiere Programme Manager

e Aubrey Tai-Te Hoiere Catchment Care Officer

¢ Nic Dann-Regional Catchment Facilitator

¢ AlanJohnson - Environmental Science & Monitoring Manager

Marlborough District Council developed The Catchment Care Programme is based on ICM
aimed at sustainable land and water management (Addenbrooke and Oliver, 2019). It focuses
on non-regulatory methods to support landowners and communities in preserving natural
resources while complying with national and regional regulation.

National regulations include the Resource Management Act (1991), Local Government Act
(2002), Soil Conservation and Rivers Control Act (1941), National Policy Statement for
Freshwater Management (2014, 2017, 2020), National Environmental Standards for Plantation
Forestry (2017), and Conservation General Policy (Section 17C). Regional regulations include
the current Regional Plan and the Marlborough Environment Plan.

The key objectives of the programme are to:

e Protect and improve water quality by reducing nutrient, sediment, and bacterial
contamination.

e Reduce erosion and sediment production by implementing land management practices
to minimise soil loss.

¢ Protect sensitive environments by safeguarding wetlands, rivers, lakes, estuaries, and
urban infrastructure.

Implementation of the Catchment Care Programme has involved:
1. Community Engagement & Catchment Enhancement Plans (CEP):

o ldentify catchment-specific water quality issues.
o Develop action plans with landowners and stakeholders.
o Prioritise intervention areas based on degradation severity.

2. Implementation Methods:

o Property-level planning for landowners.
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o Adoption of Good Management Practices (GMP).
o Erosion control and riparian planting.
o Field days, demonstration farms, and industry engagement.

3. Funding Assistance:
o MDC provides financial support for eligible land and water management

practices.
o Partnerships with government funding sources.

4. Monitoring & Reporting:

o Long-term water quality and land use impact tracking.
o Data collection and community reporting to ensure transparency.

The Catchment Care Programme represents MDC'’s strategy to integrate regulatory compliance
with practical, community-based land and water management solutions and is summarised in
Figure 10 from Addenbrooke and Oliver (2019). The new applied-science framework designed in
this document sits within the Catchment Care elements to ensure that the fundamental
science “components” needed to inform regulatory and management decision-making for
water quality remediation are robust.

National legislative context

NPS-FM Other legislation

Regional context

proposed Marlborough EnvironmentPlan Public and twi
consultation

|

Catchment Care elements

= e
Water qualty Catchment

B sy Characterisation_

o...... Water Quality
Monitoring Annual Review and

Monitor implementation,
feedback to Catchment Catchment
Enh Enhancement Plan_

Er t Planning p A % o collaboration P

Mitigation /

measures identified

—
————
=

Resourcing- National and
Council funding and capability

Figure 10. Elements of the Catchment Care Programme (from Addenbrooke and Oliver, 2019).
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Future considerations for the programme include:

e Aligning with changed national freshwater regulations and policies.
e Developing funding mechanisms for continued support.
e Expanding community-driven conservation efforts.

This section summarises the science produced by MDC and collaborators under the THP
program to demonstrate a use pathway for the ICM-Science Framework. While the sequencing
of work may not be chronologically accurate, the placement of the science within the
framework can be used to show advances made by MDC and identify future science needs.

The condition of the Havelock Estuary and Pelorus Sound have concerned the local community
for several decades. This is supported by Coastal State of the Environment monitoring defining
the state of the Havelock Estuary (Davidson, 2000; Roberts, 2024). A significant body of
monitoring and research over this time has identified sediment as a key stressor (Handley,
2015; Urlich, 2015; Handley et al 2017; Swales et al, 2021). Surface water State of Environment
monitoring at a site located at the bottom of the Te Hoiere catchment was also used to identify
catchment condition (state and trend) (Henkel, 2020). Of critical concern to ecosystem health
in the Te Hoiere catchment is elevated sediment and E.coli under high flow conditions, and
nitrogen accumulation in groundwater which when combined with community concerns set the
direction for an ICM-based targeted science programme.

The science products developed in Component 1: Biophysical Landscape and Hydrology are
summarised in Table 4. These products utilise recently collected high-resolution elevation and
radiometric datasets for the region providing greater conceptual understanding of the
catchment. A new digital elevation model derived from 1m LiDAR was used to develop the
digital stream and micro-catchment network, and river geomorphology tools. Surface waterflow
mapping was also performed to help identify critical source areas. Landscape connectivity
mapping was undertaken as part of the river geomorphology work. This dataset identifies the
degree of connection a landscape feature has to a major stream or river. A technical guide and
ArcGIS toolbox was produced (Woods, 2024).

Landscape topographical features of terrecetting, micro-ridges, and bare soil were also derived
from LiDAR and aerial imagery (Oliver, 2024). Radiometrics (or gamma-ray spectrometry) is a
measure of the radioelements: potassium, uranium and thorium in the near surface.
Radiometric surveys provide a high resolution (50 m) geological mapping tool which can be
used to map changes in lithology or soil type and environmental mapping purposes such as
delineation of surface drainage features and wetness gradients. In THP the radiometric survey
was used to detect changes in lithology to inform sediment susceptibility across erosional and
depositional environments (Pearson and Rissmann, 2024). Erosion modelling identifies debris
flow paths and shallow landslide risk (Bloomburg and Palmer, 2022; Wolter et al., 2022; Rosser
et al, 2023). The mapping of landslides following two large storm events has proved critical to
erosion modelling work (Rosser et al., 2023). Smap soil mapping was also updated in lowland
areas across Marlborough which can be used to inform hydrological flow pathways and
inherent landscape susceptibility to contaminant generation and loss.

The science products developed in Component 2: Land use, land management, and land
modification are summarised in Table 5. Land use mapping was undertaken to map land use to
property boundaries regionally utilising council records, national land cover maps, and land
use specific information such as irrigation and winter cropping (Pearson, 2023; 2024a). The
Technical Land Use Map visually represents both land use and land cover, incorporating
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biophysical landscape factors and land management data to support prediction of
contaminant loss from various catchments (Pearson, 2024b). Improved mapping of forestry
land use types was included in erosion modelling work (Rosser et al., 2023).

The science products developed in Component 3: Waterway condition and problem diagnosis
are summarised in Table 6. In THP, a key monitoring programme was the detailed water quality
survey at 100 sites targeting both changes in landscape setting (tributaries) and land use within
the 9 main subcatchments (Henkel, 2021). This supplements the long-term State of
Environment (SOE) monitoring data at 10 bottom of catchment locations in the catchment
(Henkel, 2020; 2023; Marlborough District Council, 2024). Mitigation monitoring sites were
established at 9 sites within THP on small streams to allow better detection of water quality
changes and to ensure improvements can be linked back to mitigation measures (Henkel,
2021). Sites were chosen based on data from the original catchment study (sites with very poor
water quality and one reference site) and where actions have been undertaken in the upstream
catchment. Continuous nitrate monitoring was undertaken in the lower Rai River and in another
stream outside of THP to better understand nitrate dynamics. Continuous flow and turbidity
sites have also been established in the catchment and will be used to target sediment
monitoring in future. Groundwater characterisation and isotope studies quantified
groundwater quality and catchment scale water flow patterns to better understand the
movement of surface contaminants and their fate (Morgenstern, 2013; Morgenstern et al.,
2014; Morgenstern, 2023; Davidson, in prep, Tomlinson, in prep). Catchment condition surveys
were completed to establish a baseline condition and identify causes of degradation to target
for remedial actions (unpublished data held in confidence, Oliver, Pers. Comm. 2025). This
information is used to both validate the conceptual understanding of the catchment and inform
the suitability of actions to address issues.

The Nature-based Solutions Project for flow and flood resilience spans Components 3 and 4,
with monitoring data collected to support modelling to evaluate the potential to use nature-
based solutions to mitigate flooding in THP area (Table 6) (Oliver, 2025a; Tunnicliffe, in prep).
The biodiversity projects also span both components 3 & 4 with surveys to identify barriers to
fish passage and modelling to inform priority remediation sites.

The science products developed in Component 4: Management choice are summarised in
Table 7. The science identified here focused on land transition from forestry in areas that are
highly susceptible to sediment losses (Top of South Wood Council, in prep) and the
identification of sites for riverbank mitigation work to reduce bank erosion where no council
scheme currently exists (Christensen, 2025; Oliver, 2025b).

The science products developed in Component 5: Prioritisation and diagnosis was a single tool
that ranked micro-catchments based on the risk of sediment generation due to a combination
of inherent landscape susceptibility (from Component 1) and land use pressure (from
Component 2) (Table 8). The tool was produced to aid council staff in directing resources to
those areas identified as high priority (Pearson and Rissmann, 2024). Catchment
characterisation and condition surveys from Component 3 are also used to prioritise action
within the catchment. This toolis currently undergoing refinement to focus on pastoral land
uses (to align better with funding sources) and to incorporate the data from Catchment
conditions surveys, connectivity mapping and completed mitigation work.
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Table 4. Component 1: Biophysical landscape and hydrological science outputs.

Project Component Produced by Type Output Spatial Scale Units Detail/Use
Title extent/Area of
interest
Biophysical: Radiometric Land & Water  Data GISvector Radiometric Region to Polygons derived  Classifies radiometric data to group areas with similar
Sediment geological Science (Lisa layer extentin property from clustering of  patterns of spatial variability in regolith characteristics
susceptibility classification Pearson) Marlborough 50x50m arisen due to interaction between climatic, geomorphic
region radiometric data (including topography), and lithologic (regolith
provenance and weathering) factors across different
scales and timeframes. Can provide a finer level of
detail than national scale geological mapping.
Sediment Land & Water  Tool GISvector Te Hoiere Catchment to Polygons derived  Classification of the susceptibility of the regolith to
susceptibility Science (Lisa layer and catchment property from clustering of  mass wasting, erosion, and fine sediment generation.
Pearson) terrain 50x50m Provided as a ranking from high to low across both
rasters radiometric data  erosional and depositional areas. Susceptibility layer
is supported by 5m LiDAR-derived terrain metrics.
Biophysical: Melton Ratio University of Tool KMZ files All North Subcatchment 5m pixels Debris flow pathways mapped plus contributing
Erosion Canterbury Marlborough catchments; catchments scored by Melton ratio into
Modelling (Mark high, medium, low propensity to produce and
Bloomberg) propagate debris flows.
Rainfall GNS Tool GISvector All of Subcatchment 16m pixels Identifies land susceptible to rainfallinduced
Induced (Brenda layer plus  Marlborough landsliding. Work currently underway, due for
Landslide Rosser and reports completion 2027.
model Andrea
Wolter)
Shallow Landcare Tool GISvector AllNorth Subcatchment  5m pixels Identifies land susceptible to shallow landsliding.
landslide Research layer plus  Marlborough Focussed primarily on sediment production and
susceptibility (Hugh Smith) reports connectivity to waterways.
and
connectivity
mapping
Biophysical: Terrecetting BiospatialLtd  Tool GISvector Te Hoiere Subcatchment 1m pixels Shows terrecetting (surface erosion features) on
Spatial Tools (Andrew layer catchmentonly to paddock farmed hill country. Scaled to 30% of identified terrain,
Mcdonald) on farmed land. no metadata supplied. High density of terrecetting

associated with elevated sediment production from
pasture. Helps to identify potential hillside space
planting locations.

PEARSON ENVIRONMENTAL CONSULTING 2025/06
Integrated Catchment Management Science Framework

63



Project Component Produced by Type Output Spatial Scale Units Detail/Use
Title extent/Area of
interest
Micro ridges BiospatialLtd  Tool GISvector Te Hoiere Subcatchment Polylines derived ~ Shows local high points in terrain, can identify tops of
(Andrew layer catchmentonly to paddock from1 m pixels streambanks and ephemeral flow paths. no metadata
Mcdonald) on farmed land. supplied. Matches well with surface water flow
mapping and aids identification of appropriate
locations for fencelines and CSA mitigations.
Bare soil BiospatialLtd  Tool GISvector Te Hoiere Subcatchment  1m pixels Shows areas of bare soil. derived from 2020 LiDAR and
(Andrew layer catchment to paddock 2017 NDVI from aerials. Used with terrecettes and
Mcdonald) micro ridges can identify erosion features such as
small-scale bank erosion and landslide scars. Use of
time-synced LiDAR and imagery would be preferable.
No metadata supplied.
Tree canopy BiospatialLtd  Tool GISvector Te Hoiere Subcatchment 1m pixels Identifies all tree canopies individually. Derived from
layer (Andrew layer catchment to paddock LiDAR DSM. No metadata supplied.
Mcdonald)
Wetlands BiospatialLtd  Tool GISvector Te Hoiere Subcatchment  1m pixels Combining the tree layer with the Digital Stream
>500m? (Andrew layer catchment to paddock network enables the identification of in-stream wetland
Mcdonald) areas. This layer identifies wetlands larger than 500 m?
with tree canopy cover close to streams. No data is
available about the tree species within these wetlands.
Biophysical: S-Map Landcare Data/ GISvector Alllowland Subcatchment  1:50,000 National soil map updated for all lowland soils in Te
Soil Mapping Research Web layer areasin Hoiere catchment and other sounds catchments
(Kirstin Portal Marlborough between 2018-2024.
Deuss)
Biophysical: Hydro- BECA (Paul Data Reports Te Hoiere Subcatchment Areview of the geohydrological effects of tectonic tilting
Hydrogeological geological Wopereis), catchment was carried out along with the drilling of 6 shallow
Characterisation  review MDC - Peter boreholes by MDC to support hydrogeological
Davidson characterisation.
Hydrological: Digital stream BiospatialLtd  Tool GISvector Te Hoiere Catchment to Down to Strahler  Derived from LiDAR, provided as two sets with 1 ha
Spatial Tools and micro- (Andrew catchment paddock order1,1and2 micro catchment and 2 ha micro catchment versions
catchment Mcdonald) hectare (including major, minor and micro burnlines to hydro-
network microcatchments enforced DEM).
Surface water MDC - Matt Tool GIS Te Hoiere Paddock 1 mresolution LiDAR derived flow accumulation areas, utilises
flow Oliver raster catchment pixels burnlines from above to ensure hydrologically

accurate water accumulation.
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Project Component Produced by Output Spatial Scale Units Detail/Use
Title extent/Area of
interest
Hydrological: River, soil and University of GISvector Te Hoiere Catchment to River and River Geomorphology study across whole of Te Hoiere
River erosion Auckland and catchment property floodplains mainstem rivers. LiDAR used to delineate floodplain
Geomorphology processes (Jon raster, covered with 5m landforms, MATLAB predictions of future river
Tunnicliffe) ARCGIS resolution movement. Historic aerials used to identify degree of
Storymap river alteration and movement. Story map to explain
work.
River University of GISvector Te Hoiere Subcatchment 1m resolution Identifies how 'connected' land is to a waterway.
connectivity Auckland and catchment to paddock pixels, hilltop to Connectivity is relative to which waterway is of
model (Jon raster, mainstem river concern. Can be applied at Catchment scale to
Tunnicliffe ARCGIS coverage, mainstem rivers, and paddock scale to smaller
and Thomas Pro streams. Applying at unequal scales is meaningless.
Woods) Toolbox
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Table 5. Component 2: Land use, land management, and land modification science outputs.

Project ComponentTitte Produced by Type Output Spatial Scale Units Detail/Use
extent/Area of
interest
Land Use Base land use Land & Water Data/ GIS Marlborough Region to Property tile Property scale land use classification with land
Mapping map Science (Lisa Tool vector region property cover and use attributes including irrigated land,
Pearson) layer and winter crop area.
Historical Land Land & Water Data/ GIS Marlborough Region to Land cover Land use maps corresponding to LUCAS time
Use Maps Science (Lisa Tool vector region property (1:50,000) periods 1990, 2008, 2012, 2016 and a 2023 proxy
Pearson) layer with MDC vineyard data. Used to estimate land
use/cover change in the region since 1990.
Technical land Land & Water Data/ GIS Te Hoiere Region to Property Property scale land use classification with spatially
use map Te Science (Lisa Tool vector catchment property title/Land cover depicted land cover, use attributes, land use
Hoiere Pearson) layer units intensity proxy, and physiographic environments.
Community Fish Passage MDC - India Data GIS THP Whole Point locations Detail where FP work completed
Action Mitigation Hamill vector catchment
Record layer
Fence/Planting/ MDC, Te Data GIS THP Whole Polygon area of Detail where all publicly funded mitigation work
wetland Hoiere vector catchment mitigation completed (211,000 native plants have been
implementation  Project staff layer planted on private and public land, 73 kilometres
record of fencing across the catchment).
Dung beetles MDC, Te Data GIS layer THP/Catchme Property Point locations The 'tunneler' dung beetles being trialled in Te
Hoiere nt Care Hoiere help to reduce runoff of stock effluent to
Project staff streams by burying dung underground. Dung beetle

farm packs — 17 packs released by THP; 10 packs
released in Catchment Care areas.
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Table 6. Component 3: Waterway condition and problem diagnosis science outputs.

Project Component Title Produced by Type Output Spatial Scale Units/Frequency Detail/Use
extent/Area of
interest
State of SOE surface water MDC - Steffi Monitor Data Regional Subcatchment Monthly - Monthly SOE monitoring of river water quality at
Environment quality monitoring Henkel ing standard SOE bottom of water management units (catchments). The
(SOE) test set monitoring programme was reviewed and extended in
2020-2022, dividing the whole region into 57 “water
management units” - 56 are now monitored (the last
monitoring site will be established 2025). 10 SOE sites
located in THP.
SOE continuous MDC - Steffi Monitor Data Regional Subcatchment  Continuous Continuous monitoring of fewer parameters,
surface water Henkel ing dissolved varies by site - 1 site within THP.
oxygen and
water
temperature
Lake SOE MDC - Steffi Monitor Data Regional Catchment Monthly - 2 lakes monitored monthly, 3+ remote lakes done as
monitoring Henkel ing standard SOE baseline monitoring — one-off monitoring in summer ->
test set indicative only -> potentially additional monitoring if
issues are detected (i.e., Tarndale Lakes)
Estuary SOE MDC - Oliver Monitor Data Coastal Marine  Subcatchment  5yearly - Monitoring of estuarine condition and state.
Monitoring Wade ing substrate cover, Broadscale and fine scale undertaken at different time
flora and fauna scales. Includes extent and cover of substrates, flora
and fauna.
Recreationalwater  MDC - Steffi Monitor Data Regional Catchmentand  Weekly (Nov - Monitoring of most popular swimming sites based on
quality monitoring Henkel ing Coastal Marine  March) - E.coli surveys and sites identified through recent NPS-FM
and FC or Ent. community consultation. 10 river sites (3 river sites in
the THP area) and 9 coastal beaches.
Annual SOE MDC - Steffi Monitor Data Regional Subcatchment ~ Annual Total of 61 sites across region (34 long-term sites and
Macroinvertebrate Henkel ing 26 new sites to increase regional coverage)
SOE groundwater MDC - Peter Monitor Data, Regional Subcatchment Quarterly - MDC samples 23 wells (1 site in THP) each season to
quality monitoring Davidson ing reports standard SOE provide a representative measure of the quality of
test set groundwater to understand the impacts of land uses,

settlement and to provide insights into aquifer
hydrology.
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Project Component Title Produced by Type Output Spatial Scale Units/Frequency Detail/Use
extent/Area of
interest
SOE groundwater MDC - Peter Monitor Data, Regional Subcatchment Groundwater Permanent groundwater level recorder installed in
quantity monitoring  Davidson ing reports level SOE monitoring well near Rai Valley township in 2025
to observe seasonal variation in water table. Purpose
is to capture groundwater response to the high
rainfall, fluctuations in Rai River flow and response to
irrigation.
Flow monitoring MDC - Monito Data, Regional Catchment Continuous 4 sites within THP (aligned with key water quality
Charlotte ring reports flow sites)
Tomlinson
Climate MDC - Monito Data, Regional Catchment Rainfall 5 rainfall sites supplemented with NIWA climate
monitoring Charlotte ring reports network
Tomlinson
Targeted Detailed Water MDC - Steffi Monitor Data Te Hoiere Subcatchment ~ Monthly - Targeted monitoring at 100 sites and reporting to
Monitoring Quality Study Henkel ing catchment dissolved identify water quality issues at sub catchment scale
nutrients, within THP.
turbidity, E.coli,
pH
Nitrate monitoring MDC - Steffi Monitor Data Te Hoiere Subcatchment  Continuous Continuous nitrate monitoring in the lower Rai River
Henkel ing catchment + nitrate and in another stream outside of Te Hoiere to better
other understand nitrate dynamics.
Mitigation MDC - Steffi Monitor Data Te Hoiere Subcatchment ~ Monthly - 9sites in the THP Catchment. On smaller streams to
Monitoring Henkel, Te ing catchment Dissolved allow better detection of changes and to ensure
Hoiere Project nutrients, changes can be linked back to mitigation measures.
turbidity, E.coli, Sites were chosen based on data from the original
pH, MCl, catchment study (sites with very poor water quality &
Electrofishing one reference site) + mitigation actions in the
upstream catchment.
Linkwater MDC - Steffi Monitor Data Linkwater Subcatchment Monthly - Supports the local catchment group. Repeat
Monitoring Henkel, Te ing Dissolved monitoring of sites from original Te Hoiere baseline
Hoiere Project nutrients, monitoring and an earlier catchment study + some

turbidity, E.coli,
pH.

additional sites within problem areas + sites chosen
by the catchment group. The monitoring plan was
developed with the catchment group and data were
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Project Component Title Produced by Type Output Spatial Scale Units/Frequency Detail/Use
extent/Area of
interest
regularly supplied to the group. Repeat in 5 years to
assess progress.
Detailed Sediment MDC - Steffi Monitor Data Te Hoiere Subcatchment  Sediment Sediment gauging planned once turbidity and flow
Study Henkel, Te ing catchment gauging sites are established. 4 sites in THP.
Hoiere Project
Detailed Flow MDC - Monitor Data Te Hoiere Subcatchment  Continuous flow Targeted monitoring and reporting at 4 sites to identify
Study Charlotte ing catchment and turbidity water quality issues at sub catchment scale within
Tomlinson THP.
GW MDC - Peter Monitor Data, Te Hoiere Subcatchment Longitudinal flow  Baseline quantification of groundwater hydrology &
Characterisation Davidson, ing reports catchment gauging catchment scale water flow patterns. Fundamental
Study Charlotte observations of aquifer interaction with rivers, wetlands
Tomlinson & influence on water quality. Hydrological context
necessary for explaining water quality processes and
pathways.
GW Isotope & GNS (Uwe Monitor Data, Te Hoiere Subcatchment  Age dating for Understand water flow patterns for tracking
radon tracer Morgenstern), ing reports catchment residence time, movement of surface contaminants & their fate. What
studies MDC - Peter Quantify is the significance of groundwater storage on catchment
Davidson, groundwater water budget, are there dilution or lag effects on nutrients
Charlotte reservoir draining to Sounds.
Tomlinson
Characterisation  Catchment MDC - Steffi Monitor  Reports Many Subcatchment Usually monthly Approximately 1-year studies of more intensive
Characterisation Henkel ing catchments for one year; monitoring in degraded catchments identified through
Studies dissolved monthly SOE river water quality monitoring and
nutrients, reporting. Catchment Study reports try to integrate
turbidity, E.coli, hydrology, soils and groundwater as well as water
pH (additional quality monitoring information, but there is currently
parameters might no integration of the different disciplines to do a
be added -i.e. combined catchment study. Site selection is generally
heavy metals for based on land-use influences and tributaries
urban monitoring in order to identify areas that require
catchments) improvements and identify causes of degradation.
Nature Based Flow and flood MDC - Matt Monitor Data, GIS  Te Hoiere Subcatchment  Stream stage MfE funded modelling-only project to evaluate
Solutions resilience Oliver & ing layers, catchment data, HEC-RAS potential to use nature-based solutions to mitigate
report flooding in THP area. Utilises small water level
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Project Component Title Produced by Type Output Spatial Scale Units/Frequency Detail/Use
extent/Area of
interest
Charlotte sensors to monitor stream stage as proxy for flow on
Tomlinson 21 small tributaries. Some flow gauging performed to
develop rating curves. These provide data to HEC-RAS
model to estimate flood peak attenuation and delay
with various NBS interventions. Additional data on
stream bed state gathered by UoA students.
Catchment Catchment MDC - Matt Monitor  GIS Te Hoiere Subcatchment  Smallreach scale Walking survey of riparian margins. Stock exclusion
Condition condition survey Oliver ing/ Vectors, catchment to paddock /paddock scale Y/N, fish passage Y/N, document stream crossings,
Tool Dashboar Observations fence condition, stream bed condition, riparian
ds planting type. Used to identify easy win fencing sites,
CSAs.
Biodiversity Fish Passage NIWA, MDC - Tool GISvector Te Hoiere Subcatchment  Strahler Order 3 LiDAR based fish passage barrier assessment,
Action Plan India Hamill; Te layer plus  catchment approx incorporates data from catchment condition Survey.
Hoiere Project reports Identifies barriers, currently habitable reaches and
potentially habitable above barriers. Prioritises
streams by length of potential habitat.
Fish Passage BART ~ NIWA, MDC - Tool GISvector Te Hoiere Subcatchment  Strahler Order 3 Reprioritisation of existing fish passage data, provides
model India Hamill; Te layer plus  catchment approx improved reporting, technical info and improved
Hoiere Project reports prioritisation based on more holistic criteria
Fish surveys NIWA, DOC, Monitor Spreadsh  Te Hoiere Subcatchment  Strahler Order 3 Regular stream monitoring performed annually to
MDC - India ing eet, catchment approx. RHA monitor improvements/declines following mitigations.
Hamill; Te technical Includes rapid habitat assessments (RHA).
Hoiere Project report
Fish Species MDC basedon  Tool GIS Te Hoiere Subcatchment  Strahler Order 3 Model to predict fish species that should be presentin
predictor model NIWA model Vector catchment approx. given habitat. In progress
Forestry Sediment Top of South Monitor Dataplus TeHoiere Subcatchment  Single Order 1 Monitoring of suspended sediment and turbidity
projects Wood Council ing reports catchment stream within forestry block across harvest. Fill sediment
plus NIWA sub- monitoring gap on Ultic soils.
contractors, Te
Hoiere Project
Ungulate control Top of South Trial Report Te Hoiere Subcatchment 5 paired fenced Study impact of feral ungulates on vegetation
Wood Council catchment to paddock and unfenced composition and stature. Ecological surveys
plus sub- sites conducted at 3 monthly intervals.
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Project Component Title Produced by Type Output Spatial Scale Units/Frequency Detail/Use
extent/Area of
interest
contractors, Te
Hoiere Project
Table 7. Component 4: Management Choices science outputs.
Project ComponentTitle Produced by Type Output Spatial Scale Detail/Use
extent/Area of
interest
Forestry Land Transition Top of South Conceptual Report THP Whole Understand impediments to land use change from forestry to
projects Wood catchment other. Intending to facilitate land use change to reduce
Council plus sediment loading
sub-
contractors,
Te Hoiere
Project
Riparian Top of the Report THP Whole Investigate the feasibility of five riparian planting
planting project  South Wood catchment methodologies. 3 monthly ecological assessments
Council; Te
Hoiere
Project
Access accord Top of the Report THP Whole Access accord provides a process for scientists/researchers to
and forestry South Wood catchment access forestry sites for research purposes; Forestry database
database Council; Te provides ownership and contact details.
Hoiere
Project
Making room for Te Hoiere Kyle GIS and THP Subcatchment Identify sites and methods for riverbank mitigation work to
theriver Riverbank Christensen Report reduce bank erosion, improve maintenance work in rivers
Erosion and where no council scheme exists. Utilises Room for the River

Sediment Plan

methodology.
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Table 8. Component 5: Prioritisation and Solution Diagnosis science outputs.

Project ComponentTitte Produced by Type Output Spatial Scale Units Detail/Use
extent/Area of
interest
Sediment Sediment Land & Water Tool GIS Te Hoiere Subcatchment 2ha watersheds Drainage watersheds prioritised for sediment loss
susceptibility prioritisation Science (Lisa vector catchment to paddock by landscape susceptibility (Component 1) and
Pearson) layer exc. high land use intensity (Component 2). Landscape
elevation attributes and HIRDS high intensity rainfall
conservation estimates are provided to support scaling of
headwater mitigation efforts.
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This section identifies potential future science and information needs for the THP under the ICM
Science Framework component headings.

Specific projects to consider under each of the ICM-S components are presented for use by
MDC. Broader readers should carefully consider the relevance of such science before
emulating — please contact MDC for further discussion to aid your decision-making. The
recommendations below are from application of the framework but specifically for MDC and
THP (with examples of similar work raised in discussion with MDC to deliver this report).

Component 1: Biophysical Landscape and Hydrology

Packaging the geospatial information produced in a way that is accessible and user-
friendly for landowners and catchment officers to use at farm scale to support farm
environment plans and on-farm actions.

Improve geological mapping further by amalgamating radiometric derived geological
classes with Qmap and NZLRI. This will allow for better integration of LiDAR and other
high-resolution erosion mapping outputs.

Update Physiographic Environments to accommodate new soil map and geological
map (from above) to better inform processes controlling contaminant susceptibility and
hydrological flow paths. Inform with validations sampling (see Component 3 -
hydrochemical sampling).

Water mass balance for catchments to understand both water flow, dilution, nutrient
management. This will require irrigation water meter readings as an input dataset (see
Component 2 - Register of Land Management).

LiDAR queried vegetation layer (e.g., reprocess LiDAR for highest returns, omit building
footprints and structures, buffer from primary flow layer by 20m out from centreline).
This dataset is useful for assessing stream condition and informing riparian
management actions (e.g., working out continuity and complexity of vegetation cover —
for instance whether grass, scrub, forest and proportions of within buffer from
centreline).

Stream profile layer (e.g., LIDAR channel profiles and longitudinal gradient for water
surface). This dataset is useful for identifying channels actively eroding from those more
stable, for later prioritisation of upstream hydrological management actions. Seek
repeated LiDAR capture to monitor river movement.

Component 2: Land Use, Land Management, and Land Modification

Develop a Register of Land Management to support and verify land use map. This
information should include farm details such as stock types and numbers, fertiliser use,
irrigation volumes, etc. to guide the identification of land use pressures within a
catchment, and critical source areas on farm. This information can be used to develop a
Marlborough-specific farm typology to inform suitability of actions on a property (e.g.
reductions in nitrogen fertiliser use in conventional farming systems). In urban
environments, management information includes information on wastewater, such as
identification of reticulated vs septic tanks, and stormwater discharges.
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Register of Actions (on private land and public) — collating actions undertaken in the
catchment, especially those that are management and intervention based, that can be
used to inform the current pressure on the environment from land use. Recording these
actions can be used to link measured improvement in water quality outcomes to
community action in future. The current THP implementation register is predominantly
public land. This could be expanding to record private works as well. This could be done
during catchment conditions surveys (and is a good way of engaging with farmers -
"show us the stuff you have done already") or through future farm plans.

Component 3: Waterway Condition and Problem Diagnosis

High flow (event) sampling instream to better characterise peak contaminant
concentrations, discharge and loading of sediment at critical locations. To aid in
addressing the key stressor of sediment, this should prioritise locations downstream of
disproportionate areas of highly erodible land. Seek to develop relationships between
discharge, level and TSS/SSC/turbidity under existing steady state (climate, land
management) and then repeat process as diagnosis of problem to identify those sub-
catchments which are disproportionate contributors under critical event conditions.
Additionally, repeat in 10-20 years to show how those relationships have changed as
proof of success.

Hydrochemical sampling to verify catchment conceptualisation - Add analytes to
surface water monitoring to validate landscape processes (Component 1), specifically
hydrology and redox processes — see guidance from Pearson and Rissmann (2018)
Physiographic Environments of New Zealand Guidance for Regional Councils (targeting
a high, mean, and baseflow conditions as a minimum).

Periodic continuous monitoring to characterise downstream baseline and supplement
any SOE-like monitoring with 3-month deployments of portable continuous sampling
equipment for nutrients. Permanent installation of turbidity with level sensors (e.g.,
allow for continuous assessment of nitrogen, phosphorus and sediment indicators
during peak-risk quarter or potentially deploy for full year. This monitoring would allow
for high resolution nutrient and sediment baseline conditions to be established now and
then revisited in later years after actions implemented.

Component 4: Management Choice

Mitigation Library & Guidance - requires some degree of earlier typology developed for
Component 1 and 2, but to move from reliance of national (generalised, non-localised)
tools to type-specific and farm-scale. Projects within could include:

- Device opportunity mapping — utilise primary flowpath and activity mapping data
(see recommendations for Components1 and 2), and LiDAR-based riparian
vegetation cover layer (see recommendation for Component 1), to run
geospatial queries to identify suitable areas for interventions. Examples of
interventions could include:

wetland retirement

- riparian retirement

- detainment bunds

- race-management near streams

- detention structures to help arrest downstream peak flow/sediment.
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- Science products could include footprint of, and drainage area treated, by
interventions. This allows the ability to prioritise by treated area per unit area of
device footprint; or estimation of generalised loads to device (from land activity
typology) and treatment factors (from national mitigation library)

- Develop device costing — utilise expert judgement to estimate lifecycle costs of
various devices on differing land activity types (for later prioritisation tool) (e.g.,
Perrin Ag history of developing LCA for mitigation types)

- Good farming practice bundle menu — using OVERSEER and FARMAX modelling
on pastoral farms to both identify good practices and allow those to be
prioritised across the farms in the catchment (e.g., both prioritisation of bundles
for N or sediment, and sequencing of easier through to harder practices to
increasingly reduce contaminant yields).

Component 5: Prioritisation and Solution Diagnosis

A prioritisation tool can be developed via a simple spreadsheet model to help direct
managers to device footprints of greater absolute benefit to hydrological or
contaminant treatment. This should account for unit areas of land treated by actions
per device footprint and could be developed with weighting by corresponding
biophysical/physiographic rating or activity type to represent greater/ lesser
contaminant yield).

Modify above to include a treatment factor — using nationalised mitigation treatment
estimates to then help rank between device type opportunities.

Modifying above to include a cost factor — utilising the device costing information
developed for component 4. The prioritisation tool would then be able to rank the device
opportunities in each sub-catchment by corresponding area treated, rank area by yield
factor (e.g., proxy for load treated) and by cost relative to area or area by yield score.
This can then be overlaid on farm or forestry parcels and produce a ranked list of
mitigations for sediment or nitrogen on any farm in the catchment.

Freshwater accounting tools are possible to develop after prioritisation and would have
no impact on the prioritisation. They would be more useful later to account for benefits
when regional plan decisions being made on objectives and to determine if actions will
achieve goals. Remember that the ongoing diagnostic monitoring should offer a
validation of mitigations.
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5 Summary Infographics

This section provides infographic summaries for the Science Framework for Integrated
Catchment Management and Te Hoiere Project — A National Exemplar. These infographics have
been prepared for a general audience.
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Science Framework for Integrated Catchment Management

K’Righf Action, Right Actor, Right Place\

Purpose. Inform investment in science for Integrated
Catchment Management (ICM) to:

* Provide a consistent approach to science

* |dentify criteria, linkages, and sequencing of
science choices

* Determine the most suitable science for decision
making.

Principles. Ensuring the science is:

* Remediation focused - on actions to improve
water quality

* Integrated design — based on pathways and
transport of water and contaminants

* Landscape based - understanding the landscape
factors thatincrease contaminant generation risk

* Targeted- prioritised within a catchment.

People. Science informs community decisions:

* Landholders and Catchment Care groups -
science gives direction and is trusted

* lwi-aid alignment with mataurangaand build
trust

* Catchment managers — supportresourcing for
delivering actions

* Regulators — met NPS-FM requirements and set
realistic environmental goals

¢ Central government agencies — science thatis
better funded, coordinated and scaled to Aotearoa
New Zealand.

Needs. Inform decisions on targeted management:
* Atlocaland cumulative scales

* By communities and agencies

* Tailored to their needs.

The ICM-S framework s designed to generate greater
value from science investment. Itdirects
communities and regulators to the science needed to
ensure actions are appropriate to both scale
(landholder) and condition (specific times during

which managementis required) of water quality
objectives.

poo

J

PEARSON

Biophysical Landscape Prioritisation and
and Hydrology:

Ability to understand the
processes controlling
water quality in the
catchment. Supports
actions targeted to the

landscape setting.

Waterway Condition and
Problem Diagnosis:
Monitoring

information expectedto
define “problems” ina
receiving environment.
This stage is continually
revisited to assess the
success of ICM.

Ability to prioritise
and/or optimise
actions for change.

Targeted
Actions

Catchment
Conceptualisation

Biophysical - - Prioritisation
Landscape & B & Solution
Hydrology & oy Diagnosis
/ Waterway Gondition
" & Problem Diagnosis
| -
Land Use, ‘ A :
Management Management
& o Choices

Modification

Process-based & Causative

Management Choices:

Strong understanding of where, when,
and why water quality problems arise
leads to well-chosen improvements in
land management practice and other
intervention actions.

Recognition of co -benefits for carbon
storage, greenhouse gas reductions,
ecology & biodiversity.

Land Use, Management and
Modification:

Map land use, land management
activities, and land modification
including actions undertaken to reduce
contaminant loads.

Identify locations in the catchment
that require remedial actions.

Solution Diagnosis:

Integrated Catchment Management
Principles

ICM promotes sustainable resource use by integrating
environmental, social, and economic objectives under
the following outcomes:

* Holistic Management - All aspects of the
catchment (land, water, biodiversity, etc.)

* Stakeholder Engagement - Engages all relevant
parties (governments, communities, landowners,
iwi, and industries) in decision-making

* Relationship Building — Connecting and building
relationships between affected actors to permit
decision-making

* Catchment-Based Planning — Uses natural

boundaries (e.g., rivers, watersheds) instead of
administrative borders

* Sustainability — Balances environmental
protection with economic and social development

* Accountability — Tracking progress to objectives,
relating changes to actions and resolving spatial
variation throughout a catchment

* Integration of Policies and Institutions — Aligns
policies across sectors (e.g., agriculture, forestry,
urban development) and agencies (e.g.,
government, local government, primary sector,
catchment care groups, mana whenua)

* Adaptive Management - Incorporates monitoring

and feedback to adjust strategies over time.

Qhat across activities and biophysical conditions).

/Guidance on Use. The ICM-S Frameworkis an approach to considering how to identify and prioritise \
investment in science whose findings can be useful products in engaging and informing decisions on
feasible and targeted actions. State of Environment monitoring or equivalent should be used to guide
initial problem diagnosis to support direction of catchment conceptualisation.

The ICM-S Framework should be viewed as a useful guide to deciding on the science products
required, and any prioritisation of those forinforming decisions on actions (including the variation in
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Te Hoiere Project - A National Exemplar

/ Te Hoiere Project \ K Marlborough Catchment Care Programme\

Catchment Targeted MDC d

. . . . . eveloped The Catchment Care Programme based on
Te Hoiere Project (THP) is a national exemplar catchment for Conceptualisation Actions ICM components aimedat sustainable laﬁd and water
prioritisation under both Ministry for the Environment (Jobs for Biophysical Prioritisation e e e
Nature and At-Risk Catchments) and Department of Landscape & & Solution ) > .

. _ s . — support landowners and communities in preserving natural

Conservation (Nga Awa) initiatives supporting remediation. As Hydrology Diagnosis resources while complying with national and regional
a partner in Te Hoiere Project, Marlborough District Council emlenen

(MDC) has been leading applied science and strategic outputs
to guide remediation of THP catchment in line with THP’s
national “exemplar” status through investment in science,
decision-making tools, and collaborative partnerships
between local community, iwi, and agencies. In the
catchment, water quality issues primarily relate to excessive
erosion generating sediment, nitrogen loading, and rainfalt
driven E.colienrichment. From THP, a clear identification of

The key objectives of the programme are:

*  Protect and improve water quality

* Reduce erosion and sediment production

* Protect sensitive environments.

Implementation of the Catchment Care Programme involves:

Land Use,
Management Community Engagement & Catchment Enhancement

cause, localised variation risk and connectivity, and Manag;:ement Choices Plans:
opportunities for action have been identified. I ] : L o
Modification Process-based & Causative . Identify catchment-specific water quality issues.
Strong visions of a nonregulatory, whole of community - Develop action plans with landowners and stakeholders.
approach to mitigation have been developed by the project . . - Prioritise intervention areas based on degradation
partners, covering a range of issues across social, economic, B|ophy3|ca! Land;cape 9“" Hydrology: '-a“?' l_Jse,_ Management and severit
. . . . . * Radiometric derived sediment Modification: Ve
and environmental domains allowing progressive community susceptibility classification Implementation Methods:
collaboration to occur. Successful community collaboration cep y , , Property scale land use map P :
has relied on providing access to meaningful datasets and * Sediment production modelling and « Historical region wide land use maps - Property-level planning for landowners.
decision-support tools geared at implementing action- to mapping * Te Hoiere technical land use map * Adoption of Good Management Practices.
. .. . ° H|gh defil’lition stream netWOI’kS and Combinin land use land cover and . . . .
enable science-based decisions on action. - ng ) g ’ « Erosion control and riparian planting.
watersheds biophysical attributes q n "
. . . . . . * Field days, demonstration farms, and industry
Targeted science outputs have helped identify the degraded * LiDAR derived spatial tools * THP catchment mitigations record e
status of THP catchment, biophysical condition, land use risks,  « Biodiversity and Fish Passage mapping « Fish passage mitigation record T e .
and supported operational decision-making for taking remedial unding Assistance:
action. THP environmental datasets have been upgraded from Waterway Condition & Problem Diagnosis: + MDC provides financial support for eligible land and water
traditional (i.e. databases, LUC-based and subjective » State of Environment monitoring for * Groundwater characterisation and isotope management practices.
assessment) to modern approaches (including LiDAR, data- surface water quality, groundwater quality ~ studies +  Partnerships with government funding sources.
driven fine-scale biophysical mapping, targeted water qualit and quantity, lake quality, recreational * Nature based solutions for flow and flood itori P
o d fi hp ’ pdp llg g. h ked R d bathing, macroinvertebrates, surface resilience Monitoring & Reporting:
monitoring, and fish passage modelling) with marke water flows, and rainfall. . . - Long-term water quality and land use impact. tracking.
improvements in resolution, underlying processlogic, and . . . Catchment condition surveys—stream walk . . .
. o . * Detailed 100 site water quality study . . « Data collection and community reporting to ensure
more suitable to catchment remediation (e.g., community . Linkwater catchment monitoring with * Fish passage action plans, surveys, BART S ——
engagement, partnership relationships with kaitiaki, catchment group g moc?ellmg, species predictor modelling
prioritisation and implementation of remedial actions). Mitigation monitoring * Sediment monitoring from forestry ~ ~
‘ * Ungulate control monitoring . .
The THP approach to delivering science offers improved - Sediment gauging Science Providers & Collaborators
targeted-management outcomes (with benefits to regulatory * MDC Environmental Science  * Land and Water Science
design) and scalable outcomes for remediation across the Management Choices: Prioritisation and Solution Diagnosis: and Monitoring Section * Pearson Environmental
Marlborough region. As well as improving decision-making by * Land transition from forestry to alternative + Micro-watershed (2ha) prioritisation Ll € Gy Consiliin
resource management agencies on how to progress from land uses ranking for sediment reductions : gmgesrs!ty of Auckland : :'é)éiat'al Ltd.
iati i . * Riparian planting methods ’ clence ’
regulatory to remediation actions P . p. g e * Manaaki Whenua Landcare * Top of South Wood Council
* ldentification of stream bank mitigation Research and sub -contractors
’ \ rlnfographics poducedby: Dr Lisa Pearson\ work to reduce bank erosion * NIWA
ﬁ “ (PEC), Matt Oliver (MDQ), and Dr Tom (. <
9 U Stephens (PDP) o Report Information Contact Information
\ Reviewed by: Dr Clint Rissmann (L&WS Stephens T., Pearson, L, Khoo, C. and Oliver, M.(2025) DrTom Stephens Dr Lisa Pearson Matt Oliver
‘ Fundedby: Access to Experts (provided on Intep rated éatchmen; Nianagémént Science,Frr—;mewo.rk Pattle Delamore Partners Pearson Environmental Marlborough District Council
behalf of the Ministry for the Environment by g . . ) Tom.Stephens@pdp.co.nz Consulting Matt.Oliver@marlborough.govt.nz
Pearson Environmental Consulting Report 2025/06. p81. . .
Te Holere kBeca and NZ Landcare Trust) and MDC. ) Lisa@pearsonenviro.co.nz )
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