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ABSTRACT Worldwide, the cumulative effects of diffuse pollution arising from a range of human activities are diminish-

ing the quality and ecosystem capacity of lakes, rivers, estuaries, and oceans. Devising effective ways to regulate the

causes and effects of diffuse pollution is a fraught legal, political, policy, and management challenge given the difficulties

in identifying and measuring who is responsible for what, where, and when. In 2011, under its Resource Management Act,

1991, the South Pacific nation of New Zealand introduced national policy to arrest diffuse pollution with a requirement

for local government to institute enforceable water quality and quantity limits on all freshwater bodies. The blueprint for

these national freshwater policy reforms comes from its South Island region of Canterbury. Canterbury’s regional council

has adopted a catchment load approach whereby an overarching limit on nutrient losses from agricultural land is calcu-

lated and linked to land use rules to control property-scale agricultural activities. With a focus on the Canterbury region,

this case study examines two approaches to establishing a catchment load for diffuse nutrient pollution to link to legal

provisions in its regional plan. One is based on a river’s nutrient concentrations and the other relies on predictive model-

ling. The case study opens important questions about measuring and regulating diffuse pollution and the difficulties faced

by policy-makers and regulators in linking numbers to legally binding compliance and enforcement mechanisms, e.g. how

to account for lag effects when establishing ‘in-stream’ limits and how to address changes in software when relying on

‘modelled’ limits?

KEYWORDS water policy and management, water quality, New Zealand, Canterbury, resource limits, diffuse pollution,
predictive modelling, measuring to manage

LEARNING OUTCOMES

• An in-depth understanding of the characteristics
of diffuse pollution that relate to the difficulties in
identifying and measuring links between causes
and cumulative effects and the implications for
regulation and management.

• A comparison of the strengths and weaknesses of
two approaches to the regulation of diffuse
pollution: ‘in-stream’ versus a ‘modelled’
catchment load limit approach.

• The ability to critique the legal, policy, and
management framework for regulating diffuse
pollution and propose options for future action.

CLASSROOM TESTED? YES

INTRODUCTION

For some time, governments across the world have been de-
vising ways to impose limits and thresholds on the use, take,
and contamination of natural resources and ecosystem serv-
ices to prevent or reverse over-exploitation. For example,
sustainable yield mechanisms are used to manage marine
and forest resources; licensing is used to regulate pollutants
into freshwater, oceans, and the atmosphere, and trading
schemes are used to regulate a range of pollutants [, , ].
Some of these regulatory approaches rely on measuring the
extent or capability of a resource from which to calculate a
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yield. Others rely on measuring end-of-pipe losses. While
these modes of regulation can work for point sources of
pollution, and are often resolvable by technological and
engineering solutions, regulating diffuse pollution presents
a number of challenges, which are the focus of this case study.

CASE EXAMINATION: CHARACTERIS ING DIFFUSE

POLLUTION

Regulating the causes and effects of diffuse pollution is a
fraught legal, political, policy, and management endeav-
our the world over given the difficulties in identifying
who is responsible for what, where, and when [, , ,
, , ]. From agricultural land, nutrients can move into
waterways through groundwater and via sediments mov-
ing with surface run-off in rainfall events. The movement
of nitrogen arising from fertiliser and cow urine through
or over soil can vary significantly from place to place and
is influenced by a range of factors, for example: farm type,
land use practices, distance from waterways, soil proper-
ties and structure as well as microbial activity that can
catalyse denitrification in soils [, ]. Measuring nutri-
ent losses and assigning responsibility is very difficult
when causes in one place can have effects long distances
away and across long, sometimes generational, time
scales. Hence, when policy-makers and regulators con-
sider the cumulative effects of diffuse pollution, they
have to also consider the additional but unknown “load
to come” with the myriad uncertainties of when and
where it might arrive and its impact [, p.].

NEW ZEALAND ’S RESOURCE MANAGEMENT

LEGISLATIVE AND INSTITUTIONAL CONTEXT

New Zealand’s ‘effects-based’ Resource Management Act,
 (RMA) establishes the legal, institutional, policy, and
planning framework for the integrated management of the
nation’s natural and physical resources. While the Act has
been able to regulate point sources of pollution (with vary-
ing degrees of success), it has struggled to deal with diffuse
pollution notwithstanding its provision to address cumula-
tive effects. Guided by the objective of ‘sustainable manage-
ment’, the RMA requires the effects of activities to be
managed rather than prescribe where and how activities
should occur [].

On-the-ground implementation of the RMA is dele-
gated to local government, which consists of  regional
councils (that largely align with water management catch-
ments) as well as  city councils and  district councils
(collectively known as territorial authorities) [, ]. The

RMA establishes a framework that is hierarchical. This
means that central government can provide national policy
direction and consistency to local government through na-
tional policy statements and national environmental stand-
ards. The RMA requires the provisions of higher level
policy statements and standards to cascade down to regional
policy statements and then to regional and district or city
plans, which can be quite specific in terms of rules that es-
tablish with what environmental effects consents to use or
gain access to a resource can be granted or not.

MANAGING EFFECTS

The meaning of ‘effect’ in the RMA is comprehensive and
includes: “any positive or adverse effect; any temporary or
permanent effect; any past, present, or future effect; any
cumulative effect which arises over time or in combina-
tion with other effects”. These are “regardless of the scale,
intensity, duration, or frequency of the effect, and also in-
cludes any potential effect of high probability and any po-
tential effect of low probability which has a high potential
impact” (RMA Part ). The ‘effects-based’ RMA has been
criticised for how it has been implemented to operate on a
consent-by-consent basis that cannot account for the over-
all capacity of a resource. Hence, notwithstanding the
wide-ranging definition of ‘effect’, many have argued that
the consent system under the RMA has been unable to ef-
fectively address cumulative effects [, ]. Important for
this case study is the assumption that underpins the RMA
which is that environmental effects are measurable. While
amenable for regulating point sources, the RMA runs into
difficulties when faced with diffuse pollution. Assuming
measurability has implications for how water policy in
New Zealand has been developed and written and for pol-
icy implementation [].

POL ICY REFORMS TO ADDRESS DIFFUSE POLLUTION

In , two decades after the introduction of the RMA,
New Zealand’s central government moved to provide na-
tional guidance for the regional planning and management
of the nation’s water resources under a National Policy
Statement for Freshwater Management (NPSFM) [].
The NPSFM establishes a limits-based approach across
the existing effects-based system by requiring regional
councils to set enforceable water quality and quantity
limits for all freshwater management units in accordance
with national values and community objectives. Hence,
the NPSFM seeks to bolster the RMA’s regulatory reach
to diffuse pollution.
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MEASURING EFFECTS AND SETTING LIMITS

Prior to the introduction of the NPSFM in , and draw-
ing inspiration from the United States Environment Protec-
tion Agency’s Total Maximum Daily Load regime [, ],
local government in the South Island region of Canterbury
was already heading down the path of setting limits under
its Canterbury Water Management Strategy (CWMS)
[] (see www.ecan.govt.nz). Canterbury’s limit setting ap-
proach, which has become the blueprint for national re-
forms under the NPSFM, involves a number of steps: it
starts with community decisions on desired water quality
objectives informed by community values. These objectives
are then quantified by scientists into threshold levels of nu-
trient enrichment (or nutrient reduction) in waterbodies
and ultimately translated into catchment nutrient loads.
These catchment loads are used by planners to devise land
use rules that link to property-scale nutrient discharge al-
lowances [, , , , ]. This approach is expected to
make diffuse pollution governable and allocable and water
management precautionary as well as proactive rather than
reactive. The vision is as follows:

It would be more certain for environmental outcomes,
fairer, less time-consuming and more cost effective, if
appropriate water quality objectives and related nutrient
load limits were established before the assimilative
capacity of a lake (or a river system) is exceeded. This
would make the ground rules for land developers clear
before they make investment decisions. Measureable
plan objectives and nutrient load caps would clearly
quantify the sustainable capacity of the lakes in terms of
catchment land use [, pp.–].

This is an accounting vision that is now embedded in re-
gional planning in Canterbury and is a provision of the
NPSFM that is expected to allow resource managers to
know when “resource availability is available for current and
potential resource users” [, , p. ]. Achieving the vision
and implementing the policy is still a work in progress and
is facing challenges that relate to measuring diffuse pollu-
tion and tightly linking numbers derived from models to
regulation and compliance mechanisms [, ].

MEASURING NUTRIENT LOSSES FROM

AGRICULTURAL LAND

Pivotal to setting limits in New Zealand is a mathematical
model known as Overseer® (www.overseer.org.nz). It is a
farm-scale nutrient budgeting tool that was developed by
government and industry long ago to help fertiliser sales

representatives and farmers to work out how much fertiliser
to apply on farm. It quantifies nutrient pathways, e.g. nitro-
gen through the farm system into production or as excess
into the atmosphere or water (i.e. through drainage arising
from irrigation). While initially used as a decision-support
tool, regional councils across New Zealand are now requir-
ing farmers to demonstrate compliance with regional plan
rules and conformity with good management practices with
outputs from the model [, ].

The use of Overseer® in regulation has been, and re-
mains, highly controversial. It has created many challenges
for farmers and policy-makers alike [, ]. Controversy
arises from the model’s well-known levels of inaccuracy of
between plus or minus –% in predicting nutrient
losses, unavoidable variability in how data is interpreted for
use in the model, the low resolution of rainfall and soil type
data embedded in the model, the tendency for regulators to
use the numbers in absolute rather than relative terms, and
the continued release of new versions of the model to up-
date the science that predicts the effects of agricultural land
use and quantifies mitigation measures [, , , , ].

CANTERBURY ’S CATCHMENT LOAD APPROACH

The following cases illustrate two ways that have been used
by the Canterbury regional council to establish catchment
load limits for regulating diffuse agricultural pollution to
address water quality. One is identified as an ‘in-stream’ ap-
proach and the other is a ‘modelled’ approach. Both have
strengths and weaknesses to which I now turn.

Hurunui Waiau Zone: An ‘In-Stream’ Approach

Current implementation of the CWMS requires com-
munities to collaborate to make decisions to address so-
cial, environmental, cultural, and economic targets in
the management of water resources []. To this end, in
, North Canterbury’s Hurunui Waiau Zone Commit-
tee determined that a significant expansion of irrigation
could occur only if water quality in the zone’s two major
rivers (the Hurunui and Waiau) remained the same or saw
an improvement into the future. To be plugged into the ‘ef-
fects-based’ RMA, and made enforceable under a regional
plan, this decision had to be translated by scientists and
planners into numbers and rules that could capture and
control particular activities that could affect river water
quality. Land use change was defined in the plan as a %
or greater increase in nutrient loss from land, as calculated
by Overseer®. A number of provisions, including the %
rule, were linked to nutrient concentrations in both rivers
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and ‘in-stream’ catchment loads for nitrogen and phospho-
rus in the Hurunui River []. These load limits were calcu-
lated using an average of six years of monthly water quality
monitoring observations and flow records taken in the
upper and lower catchment.

As long as the Hurunui River catchment loads were not
exceeded at the lower catchment monitoring site (i.e. State
Highway ), all farms could operate as a permitted activity.
However, by the time the regional plan was fully operative in
December , the phosphorus load in the river had been ex-
ceeded. This meant that any land use change above State
Highway would be deemed a non-complying activity. These
rules were intended to ensure there was a way for the regional
council to pull land use intensification into the regulatory sys-
tem to disallow it or impose conditions. However, there have
been unintended consequences. For example, dryland farmers
(i.e. those without irrigation), whose farms have very low nu-
trient losses, have found themselves facing the prospect of
farming illegally by virtue of % of their low nutrient loss
numbers derived from Overseer® triggering the land use
rule through normal farming operations. At a zone commit-
tee meeting attended by around  unhappy farmers in
September , questions were being asked about how the
rules could possibly be about addressing water quality when
they allowed dairy farms to generate far greater losses than
them under the plan (e.g. % of  kg/ha/pa for a dairy
farm =  kg/ha/pa before invoking the rules whereas for
them % of  kg/ha/pa = . kg/ha/pa triggers the rules).

A strength of this ‘in-stream’ approach is that it links the
rules to the actual state of the Hurunui River. It also makes
everyone in the catchment above the State Highway mon-
itoring site responsible for land use practices that contribute
nutrients to the river. These aspects are also a weakness be-
cause the nutrients detected in the river at a particular point
in time reflect past land use practices. This means that the
environmental effects of what is currently occurring on the
land are yet to show up.

Existing dairy farmers maintain that water quality is
likely to improve in the future given their adoption over
several years of what are now classed as good management
practices (GMP), for example, the conversion from flood to
spray irrigation. They have also expressed concern that the
effects of further large-scale irrigation would not be seen for
some time and could ultimately jeopardise everyone’s con-
sent to farm. Indeed, they argue that ‘nutrient headroom’
they expect will be coming through the groundwater system
should belong to them, given the investment they have
made to create it, not new irrigators [, , ].

It would appear that making everyone equally responsi-
ble has caused friction across agricultural sectors that con-
tribute different levels of nutrients to the cumulative
effects problem. And those calculated to have the highest
levels of nutrient losses, the dairy farmers, are reluctant to
create ‘nutrient headroom’ to allow new irrigation as it
would impose mitigation costs they maintain could over-
burden their businesses given that they have already
invested in more efficient irrigation systems. From their
perspective, this would be a subsidy from them to new irri-
gators. Dairy farmers maintain that while they are willing to
adopt industry-agreed GMP they are not prepared to go any
further []. In the process, dryland farmers are losing eq-
uity in their properties as the potential for converting to
currently-lucrative dairy farming has been lost with the set-
ting of limits.

Selwyn Waihora Zone: A ‘Modelled’ Approach

In North Canterbury’s SelwynWaihora zone, collaborative
and scientific work was undertaken over several years to
identify an agreeable catchment load limit. Importantly,
this limit had to include an allocation for a large-scale irriga-
tion scheme that had already been approved in the zone.
Hydrologic, environmental, and economic models were
used to predict and communicate the effects of current and
potential future land use intensification and irrigation expan-
sion under a range of scenarios alongside mitigation options
to address environmental effects on the lower catchment’s
shallow coastal lake, Te Waihora/Lake Ellesmere []. These
models include Overseer® and the catchment model CLUES
(Catchment Land Use for Environmental Sustainability—
see www.niwa.co.nz) which contains a suite of models, in-
cluding Overseer®, to assess the effects of land use change on
water quality [].

This region’s plan provisions set a catchment load limit
for nitrogen for existing farms of , tonnes per annum
and provide an allocation for the approved irrigation
scheme known as Central Plains Water. The catchment
load limit is to be achieved by  with an overall %
catchment reduction by . To achieve this load limit,
rules have been written, underpinned by catchment model-
ling, to require existing farms to reduce their nitrogen losses
beyond what have been estimated to be GMP loss rates.
Hence, the modelled approach allows different levels of re-
sponsibility to be calculated and reflected in the rules, e.g.
dairy % beyond GMP and irrigated sheep, beef, or deer
are required to go % beyond GMP []. It also means that
existing farmers are forced through regulations (and the
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process of dividing up the modelled future catchment load)
to go beyond GMP to create headroom for the new irriga-
tion scheme.

As well as differentiated responsibility, a strength of the
modelled approach is the lag effect can be accounted for
and a range of future scenarios with different land use and
mitigation configurations can be tested. From the scenar-
ios and modelling outputs, an ultimate level of contamina-
tion and protection can be agreed upon, which occurred
through a community process to set the limits set out
above [].

However, a number of challenges arise. First, it is not
possible to know if the difference between actual water
quality and predicted water quality arising from predicted
nutrient losses is due to the lag effect (which would mean
nutrients are still on their way to a waterbody) or attenua-
tion (i.e. the processing of nutrients underground before
they get to water). To overcome this uncertainty, an atten-
uation assumption is included in the modelling that half of
what is calculated to be leaching from land makes its way to
water []. Second, while the modelled approach provides
an allocation (i.e. a number) for each farmer to work to,
once the load is set and allocated it is very difficult to
claw-back what has been given. Third, highly contingent
numbers derived from a string of models are being used
to establish legally binding rules, which raises important
questions about the credibility and enforceability of the
numbers and the public accountability of compliance
mechanisms [, , ].

Compounding these challenges is that Overseer® is regu-
larly updated. This has meant that the numbers from the
same on-farm activities keep changing as new versions of
Overseer® are released to reflect, for example, improvements
in the science and finer resolution of embedded environ-
mental data systems. Updates also include calculations for
on-farm mitigation actions to be deducted from nutrient
contributions [, , ]. Because the science has been
showing greater effects arising from irrigation on particular
soil types, in Selwyn Waihora far more farmers have been
caught in the regulatory net than was expected when the
plan was written []. This means additional administrative
burdens for the regional council and many more farmers are
having to apply for a consent to continue to farm. Those
wanting tighter regulations would argue this is the appropri-
ate outcome while farmers are concerned about unexpected
costs that can run into the thousands of dollars to obtain a
consent to continue farming and the continued costs of
demonstrating compliance.

These issues have prompted a small shift away from
Overseer® in Canterbury to setting thresholds for con-
sents for permitted activities in regional plans based on
the area of high nutrient loss land uses (e.g. winter graz-
ing of dairy cows and fodder crops). Notwithstanding the
challenges and the adjustments, Overseer® remains cen-
tral to limit-setting in New Zealand and Canterbury for
a range of compelling reasons related to consistency and
quantification that bring visibility and tractability to nu-
trient losses to manage cumulative effects []. Hence,
government funding is now focused on efforts to value
the benefits of Overseer® [], expand the model’s capa-
bility and applicability and provide guidance on how
planners and regional council staff should use the model
in regulation [, ].

This case study presents how New Zealand is grappling
with setting resource limits and opens many important
questions about measuring, predicting, and regulating dif-
fuse agricultural nutrient pollution and the challenges of
linking numbers to legally binding compliance and enforce-
ment mechanisms.

CASE STUDY QUESTIONS

. How does the management of diffuse pollution
differ from point-source pollution and how should
regulations differ?

. What are the advantages and limitations of an
‘effects-based’ approach?

. What are the challenges of implementing the
‘limits-based’ regime?

. What other strengths and weaknesses of each
limit-setting approach can be identified?

. What strategies, beyond regulation with
catchment limits, could be used to address diffuse
agricultural pollution?

ACKNOWLEDGEMENTS

I would like to thank the anonymous reviewers for their
helpful comments.

FUNDING

I would like to thank the Lincoln University Research Fund
for its financial support for the research that has contrib-
uted to this case study.

COMPETING INTERESTS

The author has declared that no competing interests exist.

Duncan | Regulating Diffuse Pollution with Catchment Limits 5



REFERENCES

. Keohane, N.O. and Olmstead, S.M. . Markets and the
Environment. nd ed. Washington: Island Press.

. Oates, W.E. . The RFF Reader in Environmental and
Resource Policy. nd ed. Washington: Resources for the
Future.

. Sterner, T. and Coria, J. . Policy Instruments for Environ-
mental and Natural Resource Management. nd ed. Washing-
ton: Resources for the Future.

. Carrick, S., Fraser, P.M., Dennis, S., Knight, T. and Tabley, F.
. Challenges for leachate monitoring from alluvial sedimen-
tary soils. In: Currie, L.D. and Christensen, C.L. (Eds.): Accurate
and Efficient Use of Nutrients on Farms. Occasional Report No.
. Fertilizer and Lime Research Centre, Massey University,
Palmerston North, New Zealand. Available at http://www.
massey.ac.nz/~flrc/workshops//Manuscripts/Paper_Carrick_
_.pdf (accessed  December ).

. Goolsby, D.A., Battaglin, W.A., Aulenbach, B.T. and Hooper,
R.P. . Nitrogen input to the Gulf of Mexico. J. Environ.
Qual. , –.

. Howard-Williams, C., Davies-Colley, R., Rutherford, K.
and Wilcock, R. . Diffuse pollution and freshwater
degradation: New Zealand perspectives. Selected paper from
the th International Conference of the IWA Diffuse Pollution
Specialist Group, DIPCON . Beaupre, Quebec, Canada,
October.

. Howden, N.J.K., Burt, T.P., Worrall, F., Mathias, S.A. and
Whelan, M.J. . Farming for water quality: balancing food
security and nitrate pollution in UK river basins. Ann. Assoc.
Am. Geograph. (), –.

. PCE (Parliamentary Commissioner for the Environment).
.Water Quality in New Zealand: Understanding the Science.
Wellington: PCE. Available at http://www.pce.parliament.nz/
publications/water-quality-in-new-zealand-understanding-the-
science.

. Rabotyagov, S.S., Kling, C.L., Gassman, P.W., Rabalais, N.N.
and Turner, R.E. . The economics of dead zones: causes,
impacts, policy challenges, and a model of the Gulf of Mexico
Hypoxic Zone. Review of Environmental Economics and Policy.
(), –.

. Stenger, R., Clague, J., Woodward, S., Moorhead, B., Wilson, S.,
Shokri, A., Wohling, T. and Canard, H. . Denitrification –
the key component of a groundwater system’s assimilative capac-
ity for nitrate. In: Currie, L.D. and Christensen, C.L. (Eds.):
Accurate and Efficient Use of Nutrients on Farms. Occasional
Report No. . Fertilizer and Lime Research Centre, Massey
University, Palmerston North, New Zealand. Available at
http://flrc.massey.ac.nz/publications.html.

. Woodward, S.J.R., Stenger, R. and Bidwell, V. . Dynamic
analysis of stream flow and water chemistry to infer subsurface
water and nitrate fluxes in a lowland dairying catchment.
Journal of Hydrology. , –.

. Peart, R. . The Community Guide to the Resource
Management Act, . nd ed. New Zealand: Environmental
Defence Society.

. Environment Foundation. . Statutory Bodies. Available at
http://www.environmentguide.org.nz/overview/statutory-bod-
ies/ (accessed  October ).

. CMF (Canterbury Mayoral Forum). . Canterbury Water
Management Strategy. Strategic Framework  Targets up-
dated July . Available at http://ecan.govt.nz/get-involved/
canterburywater/Pages/Default.aspx (accessed  March ).

. Russell, S., Frame, B. and Lennox, J. (Eds.) . From Old
Problems to New Solutions in Old Problems New Solutions:
Integrative Research Supporting Natural Resource Governance.
Lincoln, NZ: Landcare Research.

. Duncan, R. . Rescaling knowledge and governance and en-
rolling the future in New Zealand: a co-production analysis of
Canterbury’s water management reforms to regulate diffuse pol-
lution. Society & Natural Resources. DOI: http://dx.doi.org/
./...

. MfE. . National Policy Statement for Freshwater Manage-
ment. Available at http://www.mfe.govt.nz/sites/default/files/
media/Fresh%water/nps-freshwater-management-jul-.pdf
(accessed  August ).

. Copeland, C. . Clean Water Act and Pollutant Total
Maximum Daily Loads (TMDLs). Congressional Research Ser-
vice. Available at http://www.fas.org/sgp/crs/misc/R.pdf
(accessed  September ).

. Norton, N., Snelder, T. and Rouse, H. . Technical and
Scientific Considerations When Setting Measurable Objectives
and Limits for Water Management. NIWA Client Report
CHC-. Prepared for the Ministry for the Environ-
ment, Wellington.

. Freeman, M., Robson, M., Lilburn, L., McCallum-Clark,
M., Cooke, A. and McNae, D. . Using OVERSEER in
Regulation – Technical Resources and Guidance for the Appropri-
ate and Consistent Use of OVERSEER by Regional Councils.
August . Report prepared by Freeman Environmental
Ltd for the OVERSEER Guidance Project Board.

. Duncan, R. . Converting community knowledge into catch-
ment nutrient limits: a constructivist analysis of a New Zealand
collaborative approach to water management. Nature & Culture.
(), –.

. Duncan, R. . Regulating agricultural land use to manage
water quality: the challenges for science and policy in enforcing
limits on non-point source pollution in New Zealand. Land Use
Policy. , –.

. Norton, N., Spigel, B., Sutherland, D., Trolle, D. and Plew, D.
. Lake Benmore Water Quality: A Modelling Method to
Assist with Assessments of Nutrient Loadings. NIWA Client
Report CHC-. August . Prepared for Environ-
ment Canterbury Regional Council, Christchurch.

.MfE. .AGuide to theNational Policy Statement for Freshwater
Management .Wellington:NewZealandGovernment. Avail-
able at http://www.mfe.govt.nz/publications/fresh-water/guide-
national-policy-statement-freshwater-management- (accessed
 August ).

. Arbuckle, C. . Stocktake of Regional Council Uses of Overseer®.
Client report . Dunedin, NZ: Aspiring Environmental.

6 CASE STUDIES IN THE ENVIRONMENT 2017

http://www.massey.ac.nz/~flrc/workshops/13/Manuscripts/Paper_Carrick_2_2013.pdf
http://www.massey.ac.nz/~flrc/workshops/13/Manuscripts/Paper_Carrick_2_2013.pdf
http://www.massey.ac.nz/~flrc/workshops/13/Manuscripts/Paper_Carrick_2_2013.pdf
http://www.pce.parliament.nz/publications/water-quality-in-new-zealand-understanding-the-science.
http://www.pce.parliament.nz/publications/water-quality-in-new-zealand-understanding-the-science.
http://www.pce.parliament.nz/publications/water-quality-in-new-zealand-understanding-the-science.
http://flrc.massey.ac.nz/publications.html.
http://www.environmentguide.org.nz/overview/statutory-bodies/
http://www.environmentguide.org.nz/overview/statutory-bodies/
http://ecan.govt.nz/get-involved/canterburywater/Pages/Default.aspx
http://ecan.govt.nz/get-involved/canterburywater/Pages/Default.aspx
http://dx.doi.org/10.1080/08941920.2016.1265187.
http://dx.doi.org/10.1080/08941920.2016.1265187.
http://www.mfe.govt.nz/sites/default/files/media/Fresh%20water/nps-freshwater-management-jul-14.pdf
http://www.mfe.govt.nz/sites/default/files/media/Fresh%20water/nps-freshwater-management-jul-14.pdf
http://www.fas.org/sgp/crs/misc/R42752.pdf
http://www.mfe.govt.nz/publications/fresh-water/guide-national-policy-statement-freshwater-management-2014
http://www.mfe.govt.nz/publications/fresh-water/guide-national-policy-statement-freshwater-management-2014


. agKnowledge Ltd. . Statement of Evidence of Douglas
Charles Edmeades on behalf of Canterbury Pastoral Ltd in the
matter of the hearing of submissions on the Proposed Canter-
bury Land and Water Regional Plan. Evidence presented on 

April . Christchurch: Environment Canterbury Regional
Council. Available at http://files.ecan.govt.nz/public/lwrp/
hearing-evidence/doc/doc.pdf (accessed  November
).

. FAR (Foundation for Arable Research). . A Peer Review of
OVERSEER® in Relation to Modelling Nutrient Flows in Arable
Crops. Available at https://www.far.org.nz/assets/files/editable/
dfa-ec-e-aba-dcdc.pdf (accessed  July
).

. ECRC (Environment Canterbury Regional Council). .
Hurunui and Waiau River Regional Plan. Available at https://
ecan.govt.nz/your-region/plans-strategies-and-bylaws/hurunui-
waiau-river-regional-plan/ (accessed  December ).

. Duncan, R. . A view from the farm-gate: farmers’ perspec-
tives on water quality. Lincoln Planning Review. (–), –.

. Duncan, R. . Ways of knowing – out-of-sync or incompat-
ible? Framing water quality and farmers’ encounters with

science in the regulation of non-point source pollution in the
Canterbury region of New Zealand. Environmental Science &
Policy. , –.

. Robson, J. . Technical Report to Support Water Quality and
Quantity Limit Setting in Selwyn Waihora Catchment: Predict-
ing Consequences of Future Scenarios: Overview Report. Report
R/. Christchurch: Environment Canterbury. Available at
http://files.ecan.govt.nz/public/lwrp/variation/tech-report-sw-
overview.pdf (accessed  March ).

. Elliott, S., Semadeni-Davies, A. and Shankar, U. . CLUES
CatchmentModelling –Lessons from Recent Applications. Available
at http://www.massey.ac.nz/~flrc/workshops// Manuscripts/
Elliot_.pdf (accessed  March ).

. Duncan, R. . Problematic practice in integrated impact
assessment: the role of consultants and predictive computer
models in burying uncertainty. Impact Assess. Project Appraisal.
(), –.

. Journeaux, P. . Valuation of the benefits of the OVERSEER®
Nutrient Budget Model. Prepared by AgFirst Waikato for Over-
seer Ltd.

Duncan | Regulating Diffuse Pollution with Catchment Limits 7

http://files.ecan.govt.nz/public/lwrp/hearing-evidence/doc/doc1795977.pdf
http://files.ecan.govt.nz/public/lwrp/hearing-evidence/doc/doc1795977.pdf
https://www.far.org.nz/assets/files/editable/6d6f0a04-4e6c-47e4-aba7-d4c1d8c73971.pdf
https://www.far.org.nz/assets/files/editable/6d6f0a04-4e6c-47e4-aba7-d4c1d8c73971.pdf
https://ecan.govt.nz/your-region/plans-strategies-and-bylaws/hurunui-waiau-river-regional-plan/
https://ecan.govt.nz/your-region/plans-strategies-and-bylaws/hurunui-waiau-river-regional-plan/
https://ecan.govt.nz/your-region/plans-strategies-and-bylaws/hurunui-waiau-river-regional-plan/
http://files.ecan.govt.nz/public/lwrp/variation1/tech-report-sw-overview.pdf
http://files.ecan.govt.nz/public/lwrp/variation1/tech-report-sw-overview.pdf
http://www.massey.ac.nz/~flrc/workshops/11/Manuscripts/Elliot_2011.pdf
http://www.massey.ac.nz/~flrc/workshops/11/Manuscripts/Elliot_2011.pdf


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for submission to The Sheridan Press. Configured for Adobe Acrobat Distiller v8.0 02-28-07.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




