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Abstract

A conceptual model of Integrated Catchment Management (ICM) is presented in which ICM is defined as a
process to achieve both ecosystem resilience and community resilience. It requires not only biophysical
knowledge developed by hydrologists and other environmental scientists, but an active partnership with
catchment communities and stakeholders to break the ‘paradigm lock’ described by the HELP programme.

This paper reports observations from ICM research in the Motueka HELP demonstration basin in the upper
South Island of New Zealand. The Motueka occupies 2170 km?® of land yet the river effects are felt on the
seabed more than 50 km? offshore, so the true ‘catchment’ is larger. A hydrologically temperate mountainous
catchment with horticultural, agricultural, plantation forestry and conservation land uses, the Motueka also hosts
an internationally recognised brown trout fishery. Land and water management issues driving ICM research
include water allocation conflicts between instream and irrigation water uses, impacts on water quality of runoff
from intensifying land uses, catchment impacts on coastal productivity and aquaculture, and how to manage
catchment processes in an integrated way that addresses cumulative effects of development.

Collaboration with catchment stakeholders can be viewed as having two primary purposes:

(1) building knowledge and commitment of resource users towards sustainable resource management
(collaborative learning), and

(2) stakeholder involvement in resource management itself (governance).

Examples are presented of a Collaborative Learning Group on Sediment learning of their differing perspectives
on fine sediment impacts, and a Catchment Landcare Group working with scientists to improve water quality in
their river. Success factors for water user committees making decisions about water resource management
include creating opportunities to communicate and build trust, share scientific knowledge on the issue, and
willingness to compromise. Functioning catchment groups have potential to take on delegated governance
responsibility for meeting agreed water quality and other community goals.

Finally the scenario modelling framework IDEAS (Integrated Dynamic Environmental Assessment System) is
presented, in which environmental indicators such as nutrient fluxes are simulated alongside socio-economic
indicators such as job numbers and catchment GDP for a range of land and marine use options.



Toitu te marae o Tane
Toitu te marae o Tangaroa
Toitu te iwi

Scope of Paper

If the domain of Tane
and Tangaroa are healthy
the people will be healthy'

This paper reviews some integrative approaches aimed at better linking environmental research and

management (particularly hydrological science) with economic,
social and cultural outcomes in the Motueka HELP basin of New
Zealand. The examples presented include collaboration methods
and an integrative modelling approach called IDEAS (Integrated
Dynamic Environmental Assessment System). These are among
the research findings from the Motueka basin developed since the
2002 Kalmar HELP symposium® (Bowden et al. 2004) and are
presented from the two senior authors’ perspectives as researcher
and stakeholder respectively, and who both have long involvement
with the catchment.

The 2170 km? Motueka catchment in New Zealand’s South Island
(Fig 1) is a HELP Demonstration Basin from a hydrologically
temperate zone (Basher (ed) 2003). The Motueka catchment is
home to New Zealand’s Integrated Catchment Management (ICM)
research programme (http://icm.landcareresearch.co.nz/).

This is a government-funded research partnership in which
researchers, community and sector group stakeholders, and local
government work collaboratively on basin-scale resource
management issues. This includes catchment impacts on the
adjacent coast, in which the seabed influence of the river plume
extends more than 50 km?, meaning that effectively our catchment
extends beyond the river mouth (Forrest et al., 2007).

Conceptual Models for ICM
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Figure 1: Motueka catchment, South
Island, New Zealand

We define ICM similarly to IWRM and the principles of the HELP programme — but with more focus on land-

water interactions:

Integrated Catchment Management is 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 land and water

resource management for their catchment.

' Maori proverb — Tane is god of forests, birds and the fertility of the land; Tangaroa is god of rivers, lakes and

oceans

2 UNESCO HELP symposium, Kalmar Sweden 8-22 August 2002. Towards integrated catchment management:
Increasing the dialogue between scientists, policy makers and stakeholders.
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Figure 2 — Integrated Catchment Management (ICM) as a
science-based process

Thus ICM is a holistic, transdisciplinary approach
to managing the natural resources of a
catchment with the people of that place. Itis a
process rather than an outcome. Figure 2 shows
our conceptual model for ICM as a science-
based iterative process. Here catchment-scale
issues are identified with stakeholders,
knowledge about those issues is built through a
research and monitoring process, and this leads
to action and re-evaluation.

While this process might suggest a major role for
biophysical science such as hydrology, modern
catchment management is less of a technological
fix involving top-down management and
engineering solutions than 50 years ago.
Catchment managers still need knowledge about
biophysical processes such as water yields,
sediment loads and aquatic ecology. But they
also need to understand community values and
aspirations for their place in the catchment, and
engage stakeholders in resource management.

These bring in social, cultural and economic (including political) dimensions to management.

So we see modern ICM as having two pillars: biophysical knowledge and social process. Including the social
pillar is a way to break the ‘paradigm lock’ (Fig 3) described in the HELP programme (Bonell and Askew, 2000)
so that scientific expertise and local knowledge work hand-in-hand (Fig 4).
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Figure 3: HELP Paradigm Lock (from Bonell and Askew, 2000)

The social process outlined below in Figure 4 (and equally applicable to Figure 2) focuses on strengthening
participation and self-help in natural resource management projects. It is a specific approach that emphasizes
some key steps applicable to developing the knowledge and action needed to change problem situations
constructively. These steps consist of familiar processes used in other fields of cooperation, designed around
basic management actions. The first of these involves establishing a climate for change with the different parties
involved and setting goals and objectives. This is followed by steps that involve searching for information and



developing a shared understanding and action plans to address the issue. Finally, the circular nature of the
process stresses the need to develop feedback loops to maximize the benefits from monitoring and evaluation
and develop a collaborative-learning/self-improving environment.
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Figure 4: A social process approach to breaking the HELP paradigm lock through collaboration (adapted from
Allen and Kilvington, 2005)

Resilience theory (Gunderson and Holling, 2002) also offers a conceptual model for ICM and for HELP. Based
on our two pillars, the objective of ICM is to achieve both ecosystem resilience and community resilience. By
understanding and managing biophysical processes and fluxes of natural capital across a catchment, catchment
managers identify ways to build ecosystem resilience. Similarly, by mapping and developing community
networks and values, and managing our place together, we build community resilience and social capital. This
model implies a combination of top-down and bottom-up governance because it is the combination of scientific
understanding, institutional structures for resource management, and empowered people living within a
catchment which will generate resilient catchment management.

Achieving resilience should not be seen as some sort of optimisation process with a single outcome. Rather
resilience is about understanding thresholds for change and about adaptive management (Gunderson and
Holling, 2002). Attributes of resilience relevant to ICM include maintaining diversity and ecological variability
within the catchment and community; modularity; recognizing slowly expressed variables such as the slow
response of groundwater quality to land use change; feedback; social capital; innovation; multi-level governance;
and accounting for ecosystem services (Walker and Salt, 2006).

Institutional Framework for ICM in NZ

The institutional setting for catchment management greatly affects its successful implementation. Water
management in New Zealand was regionally formalised with the establishment of catchment boards with the Saoil
Conservation and Rivers Control Act 1941, although its emphasis was largely on soil conservation and flood
control rather than water management. The passage of the Water and Soil Conservation Act of 1967 introduced
a more comprehensive water management regime, introducing the water rights for water allocation and seeking
to protect water quality, at least in respect of point source discharges. Catchment Boards in 1967 were also
given the task of water management planning as Regional Water Boards.



A further and significant re-organisation of all natural resource management came with the passage of the 1991
Resource Management Act (RMA) which included water management with other natural resources including air,
land use and coastal management. The RMA seeks integrated management of all such resources. Water
management is largely the responsibility of regional councils, the successors to catchment and regional water
boards. There are 16 regional councils covering NZ. The RMA particularly introduced statutory management
planning into water management in an attempt to address cumulative effects on a catchment basis and the
consequences of incremental changes on natural resources. The RMA, however, has struggled to deal with
water and other resource allocation issues within an ‘effects based’ management regime. This has proven
adequate where water is not short, but has struck difficulties with full allocation.

By comparison with many countries NZ is well endowed with water on a per capita basis, with some very high
annual rainfall in some areas. Despite its temperate climate, NZ still has many localized areas with seasonal
water shortages or areas of high water demand in order to grow certain crops or support particular farming
methods.

Within the Tasman District (Tasman District Council being one of the 16 regional councils) lies the Motueka
catchment. The Motueka River has a nationally recognized recreational brown trout fishery. Protection of the
fishery habitat was sought in 1990 with application by the fishery manager for a statutory water conservation
order. This would set down the river flow and water and river habitat quality standards necessary to sustain the
fishery into the future. In negotiating the flow regime in particular, water users and particular irrigators and land
owners in the upper Motueka River catchment were concerned as to what flow protection for the fishery might
have on access to water for out-of-stream use.

Prior to the main hearings on the conservation order application, the river experienced a major decline in the
abundance of brown trout. Explanations for this varied between observers, from floods, fine sediment
smothering the river bed, over-harvest by anglers, afforestation and various other suggestions. These issues
touched many in the community, from anglers and the tourist industry, landowners including horticulture, pastoral
farming and forestry, and the urban residents of Motueka town. Understanding the relative importance of these
different factors influencing the trout fishery became one of the major underlying reasons for the ICM research
being undertaken in the Motueka River catchment (Fenemor et al., 2006).

This has provided the opportunity to model catchment futures, with changes in the proportion of different land
uses (from dry stock farming to dairy, or farming to forestry, for example). From the outset, a major component
in the programme has been maintaining interest in and feedback from the community by way of social research.

ICM Process in the Motueka Catchment

So how has the ICM process introduced in Figure 2 been applied to the Motueka catchment? Reconciling
catchment scales with the scales of communities of interest is the first issue. It becomes more difficult the larger
the catchment and the less topographically defined the catchment (eg with large deltaic floodplains). The
Motueka is distinct topographically (Figure 1) but has separate upper and lower catchment communities of
interest. The nature of the resource management issues also affects the management scale for ICM. While
there are specific subcatchment issues such as poor water quality and water shortage for irrigation, these are
part of a bigger picture of effects of land use on rivers and then the coast, so a whole catchment basis for ICM is
justified for the Motueka.

Based on meetings across the catchment and a stakeholder survey (Bowden and Wilkinson, 2000), the following
major ICM issues were identified as requiring research:

o Water allocation is a significant issue among water users, with tensions between instream flow needs for
the trout fishery and consumptive needs of irrigation; there has also been conflict between water
allocated for irrigation and the interception of rainfall by forestry development, reducing former levels of



river and groundwater recharge. Understanding the dynamics of surface and groundwater hydrology in
this seasonally-dry catchment is helping to develop sustainable water allocation policies and rules.

e The impacts of water use and land management practices — especially sediment movement - on the
Motueka River and its tributaries, which are a nationally and internationally recognised trout fishery.

e The consequences of the combined impacts of land and river management on coastal aquaculture and
fishing industries, which are of national economic importance.

o Cumulative effects of catchment development by an increasing and more diverse population, including
increasing tourism and Maori cultural and business opportunities.
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Figure 6: ICM research projects by theme in the Motueka HELP catchment

Returning to the thesis that effective ICM needs to integrate both biophysical understanding and stakeholder
participation, the remainder of this paper describes results and observations from our research on collaborative
learning and integrative modelling (*asterisked in Figure 6). Based on involvement of the senior authors in



various water committees, we also make some observations about design and success factors for such
collaborative groups.

Collaborative Processes

Collaboration with stakeholders has at least two dimensions for catchment management: (1) building knowledge
and commitment of resource users towards sustainable resource management (collaborative learning), and (2)
stakeholder involvement in management of land and water resources (governance).

The design of opportunities for collaborative learning is therefore an important facet of ICM. Kilvington and Allen
(2007) suggest this design should have the following features:

e Established relationships between science providers and stakeholders that foster trust and agree mutual
expectations

Managed opportunities for multi-party critical reflection on specific problems
Knowledge repository and retrieval systems that extend information and learning beyond core participants
Progress review and process adjustment

A range of collaborative learning methods have been trialled in the Motueka catchment, including:

e The Community Reference Group, a group of residents acting as a sounding board for research direction
and uptake of results;
A Collaborative Learning Group on Sediment, described below;
Hui (discussions) and powhiri (formal welcomes at the Maori meeting house) to develop an iwi (tribal) GIS
and a river monitoring protocol

e Sector workshops, including one on alternative water allocation options, and one on the science behind river
gravel management
Water User Committees set up by Tasman District Council, also described below;
Watershed Talk, a dialogue process exploring ideas about care and responsibility for the environment,
which built on the participatory success of the earlier art-science collaboration Travelling River

e A catchment landowners’ group (Landcare group) in the Sherry subcatchment who are implementing farm
management practices which are improving river
water quality

e An Annual General Meeting of researchers,
Council staff and catchment stakeholders

e The Motueka Toolbook, an interactive CD-Rom
distiling catchment information to answer
stakeholder questions

e An on-line discussion group Confluens for some
70 people within the ICM research programme

e Our ICM research website
http://icm.landcareresearch.co.nz/

e A mediated/companion modelling process for the
modelling framework IDEAS, discussed in the
following section.
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Figure 7: Sediment Learning Group exchanging
views about sediment from forestry operations

We describe two examples of collaborative learning.
The Collaborative Learning Group on Sediment was
a group of parties interested in the effects of and on
fine sediment in the Motueka River. Fine sediment can
be generated from land surface disturbance. Where this finer sediment then reaches the main river it can impact
the instream biota. The extent and nature of this issue has been debated amongst a group of individuals from
various stakeholder backgrounds, including a fishery manager, landowner, forestry manager, a member of a
local Maori tribe and staff of government agencies.



The process was overseen by social scientists, interested in how the social interaction and learning process
benefitted the parties and informed and was informed by the biophysical research. Much of the benefit was
derived from the process of assisting participants to learn of and see alternative perspectives on the same issue.
The collaborative learning process allowed alternative views about the impacts of fine sediment loss to be
shared among diverse stakeholders to build an agreed view of research priorities.

A second example concerns research motivating action to form a Catchment Landcare Group. ICM water
quality research across the Motueka catchment showed that the Sherry River tributary had high levels of
bacterial contamination indicating that the river was unsafe for swimming in its lower reaches (Young et al.
2005). This information was presented to the ICM programme’s Community Reference Group who passed this
new knowledge through their community networks. ICM researchers were then invited to present the water
quality results at a kitchen meeting of the eight major landowners in the catchment who were expressing concern
at the high bacteria results, especially as they and their families enjoyed swimming in the river.

It was this one piece of information that galvanised the farmers into action — they wanted to know more! What
was causing the problem and what could be done to fix it? They formed an ad hoc Landcare group and asked
the scientists to get to the cause of the problem. In a collaborative exercise, researchers monitored water quality
effects of cows crossing the river. Results showed E. coli levels reaching up to 50,000 cfu/100ml in the Sherry
when 246 cows crossed the river, effectively quadrupling the daily load of faecal bacteria in the river. Suspended
solids and total nitrogen were also elevated by the herd crossing. The work also showed cows are 50 times more
likely to defecate in water than elsewhere on the raceway (Davies-Colley et al. 2004).

Importantly, the results were accepted by the farmers
‘ as they had asked the question, and were therefore an
(T e integral part of the research. The science showed that
i the solution to the problem was obvious — bridge the
crossings — but expensive. The Council, having been
party to the research, helped the landowners by
rebating fees for bridge building consents. Now all 4
dairy crossings in the Sherry are bridged and E. coli
levels have declined substantially. We also now have a
community, the Sherry River Catchment Group, that is
empowered and taking the next steps of Farm
Environmental Plans to show how to further improve
water quality in their catchment.

Experience with groups such as the Sherry River
Catchment Group and water user groups suggests the
possibility of formal devolution of responsibility for
environmental governance by catchment
management groups.

Figure 8: Dairy cows cross newly constructed farm
bridge, Sherry River

Water User Committees involving communities in water resource decision-making are already working
successfully in the Motueka and adjacent river basins. These are established and supported by the Tasman
District Council which has overall responsibility for water, land and coastal resource management. They advise
on flow sharing during drought, suggest water allocation policy when plans are formulated, and guide water
storage projects with full community representation.

They comprise representatives of, where appropriate, abstractive water users such as irrigators from discrete
sub-catchments or aquifers, local authority domestic water suppliers, forestry and other land use sectors,
industry, local Maori tribes, biodiversity, recreation, fisheries and wildlife groups and sometimes even marine
aquaculture. Each member must be mandated to represent their sector, which is not necessarily bound by the
attempted consensus outcome, but generally most groups have realized their interest has greater likelihood of
successful outcomes from active participation. A willingness to compromise, explore a variety of options and
maintain good communication is essential for success.



All parties must have a good reason to be there - they must feel they are at least as likely, if not more likely, to
get a better, more enduring or at least more cost effective result through dialogue than litigation or through
political means, for example. In most cases, the parties participate because they are affected by water
shortages at critical times, so need either access to or security of supply of water, or of instream flows.

Successful dialogue within these groups follows a similar pattern. The primary issue of concern must be scoped
(eg critical water shortage during drought conditions, which may affect different interests by reducing security of
supply for irrigators, restricting planting for foresters, or reducing fish populations for fishers). Relevant, impartial
research knowledge is required such as into the hydrological regime, water requirements for particular crops,
critical instream needs, foreseeable water demand. Different parties scope and/or undertake these work
programmes, preferably by drawing on funds provided by the parties in proportion to their interest or ability to
contribute. It is crucial that the research objectives are agreed by all the parties and that the researchers or
technical experts have their confidence.

The water user group can review the scientific or technical information, with one or more iterations until a
consensus is reached on a minimum flow, rationing regime or size
or location of water storage, for example. During the process, all

Citizen control parties learn about the needs of other sectors and develop personal

gegrees of relationships and understandings which assist in reaching a

itizen consensus. At all times, however, each sector representative must

Delegated power power maintain a close liaison with their sector to ensure their mandate is
Partnership maintained.

. The process takes longer than a single party attempting to scope a
Advisory Role gggzeseesl of _proposal and then per§uade oth_ers that this is the best option., but
Consultation is more robust, enduring and likely to succeed. When decided,

however, legal approvals have been granted in a matter of weeks
Informin without any opposition from any sectors, including environmental,
g Non- recreational and local tribal interests. In contrast, some major

- participation applications for large scale water harvest and irrigation schemes in
Training other parts of New Zealand have proven highly divisive, with

. . communities split and major and expensive opposition and litigation
Manipulation from alternative irrigation proponents, government agencies,
Figure 8: Levels of governance, environmental, recreational and Maori interests. Most parties soon
modified from Arnstein’s ladder of realize that recourse to litigation is likely to result in considerably
participation (1969) more expense without any real control over the outcome, which is

decided by a third party such as a Court which is seldom better
qualified to reach compromises than the parties would be themselves.

A similar approach is being considered for addressing diffuse source water quality runoff of nutrient or sediment
from land uses. This approach would see landowners supported to take on a more devolved governance role,
actively involved in setting acceptable water quality objectives for their sub-catchment and then working
collectively with council support to achieve these, such as in the Sherry River case above.

Figure 8 modifies Arnstein’s ladder of participation and shows that formalising this role would move such
committees’ role from an advisory one towards partnership or delegated power. At a sector workshop to discuss
this and other water management reform proposals, there was support for this idea but with stronger support
from conservation, Maori and government stakeholders than irrigation water users. The workshop considered
they would need clear Terms of Reference, leadership and resourcing from the council, and good access to
science (Sinner at al., 20086).



IDEAS Modelling across the Quadruple Bottom Line

Among the developing integrative tools for ICM and for managing HELP basins is scenario modelling. Models
incorporating visualization offer a powerful way to explore catchment futures. ICM research has developed an
integrated modelling framework called IDEAS — Integrated Dynamic Environmental Assessment System. IDEAS
is a set of linked models for assisting stakeholders to evaluate cumulative effects of major catchment changes,
for example changes in land use, land management practices or population.

So far, both an IDEAS stakeholder group and the ICM Community Reference Group have identified and
prioritised the types of issues they see for the catchment in future, and these form the basis for scenarios.
IDEAS is then applied to assess and compare the environmental and socio-economic impacts of their scenarios.
Integration of environmental and socio-economic factors facilitates learning by stakeholders of the impact of their
personal visions on other stakeholders.
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Figure 8: IDEAS assists catchment planning deliberation by assessing the environmental and socio-economic
outcomes of catchment visions.

IDEAS may be applied at a range of scales, from local through to regional. However, it has particular strength at
the catchment scale where bio-physical processes have strong spatial interactions. For example, in the Motueka
catchment, there is strong interaction between nitrogen runoff from agriculture and aquaculture productivity in
Tasman Bay.

Among the catchment scenarios generated with already with stakeholders are (1) pre-human (2) present land
use (3) present land use with best management practice (4) very intensive agriculture (5) very intensive
agriculture with best management practice, and (6) present growth until 2020. Figure 9 summarises catchment
environmental and socio-economic measures associated with scenarios 1, 2 and 6.
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Figure 9: Environmental and socio-economic measures of pre-human, present and 2020 scenarios for the
Motueka catchment from the IDEAS model

Insights for HELP

Integration is easy conceptually to understand but can be difficult to achieve in practice. A clear understanding
of property rights in relation to water uses, social norms, technical understanding (and the limits to this) and
acceptance of common objectives are all important success factors. Finding a common or critical matter of
interest, such as the trout fishery in the case of the Motueka, can focus efforts and enable a wide range of
options to be considered. This then enables groups which have realized the approach is successful to turn their
attention to the next most important issue, such as marine productivity, or the sustainability trade-offs associated
with forestry, agriculture or horticulture.

No single method can best describe the appropriate catchment scale for investigation or response. It depends
on what is the main issue and objective. Some issues, like water quality effects of land use are manifested at a
broad catchment scale, but are best addressed at a localised level. This can make effective ‘bottom up’
approaches difficult, as any benefits may appear too diffuse (to whole catchment water quality) while costs occur
at the property scale. Other issues, like the effects of water abstraction on downstream water resources and
interests must all be considered at the scale of the likely effect. Using catchments is essential for water based
processes, but this does not always address the most important social questions, which often cross catchment
boundaries.

There may be time lags between cause and effects such as the effects of afforestation on water yield or fine
sediment generation. A precautionary approach is therefore recommended in allowing large scale change if
ecosystem resilience is to be maintained.

Social research can assist with preparing for likely success and uptake of useful ideas. The community may
become better able to articulate and consider possible futures with the benefit of biophysical and social
research.

We described Integrated Catchment Management as having two pillars:
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o Ecosystem Resilience - understanding biophysical processes (eg. hydrological) for resource
management at catchment scale

o Community Resilience — building community networks, informed by science, and implementing
collaborative processes for governance.

In the developed world, knowledge of basin processes is reasonable, if fragmented. Effort is now being put into
research and implementation of knowledge management, integrated policy development, integrative evaluation,
collaborative governance and social science. Work on both elements is needed for HELP in basins in the
developing world. Listening to debates at recent World Water Fora (lll in Kyoto; IV in Mexico), the biggest
dilemma for many developing world basins is how to manage water for human needs versus water for
environmental needs. Development is essential, but will ultimately fail if ecosystem constraints are not
recognised.
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