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1.

INTRODUCTION – JOINT STATEMENT QUALIFICATIONS AND
EXPERIENCE
Nicholas Conland

1.1

My name is Nic Conland, I am an Environmental Scientist. I
have a Bachelor of Science (Chemistry, Information
Systems), Waikato University, Hamilton, a Diploma of Design
(3D), Waikato Polytechnic, Hamilton and a Post Grad
Certificate of Proficiency (Environmental Planning and law),
Victoria University, Wellington.

1.2

I have worked for Sinclair Knight Merz (now Jacobs) as an
Environmental Consultant since 2010. Previously I worked for
Wellington Regional Council for 7 years as an Environmental
Regulation Team leader which involved leading and
directing a team to monitor and assess for impacts on the
environment for a wider range of activities in the rural and
urban environments. I have at least 15 years’ experience
involved in the assessment of environmental effects.

1.3

I have attended numerous Environment Court mediation
sessions as an expert witness. I have prepared evidence for
Boards of Inquiry and prepared and presented expert
evidence for the District Court.

1.4

Of particular relevance to this Inquiry is my past experience
at Greater Wellington Regional Council where I had
responsibility for regional compliance with the RMA for
freshwater effects as a result of rural landuse.

1.5

Also as co-author of the Transmission Gully assessment of
water quality effects report; which included development for
the BoI adaptive management based conditions allow for
development while managing and controlling the effects on
the environment.

1.6

I project managed the development and preparation of the
Tukituki SOURCE Model, this model was used to test the
hypothesis in the proposed Plan Change 6a and the
application for the Ruataniwha Water Storage Scheme.

1.7

I co-authored the SKM Tukituki technical evidence and
contributed technical input to the drafting and editing of the
final plan provisions with Horticulture New Zealand and the
Hawkes Bay Regional Council planning team.
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1.8

My role in the development of the analysis described in this
evidence, has been in contributing to the development of
the modelling methodology and the selection and
identification of the scenarios to consider the catchment
responses to the Variation 1 policy and planning provisions.
Michelle Sands

1.9

My name is Michelle Sands, I am an Environmental Scientist. I
have a Bachelor of Science Honours in Physical Geography
form Victoria University. I am a certified Environmental
Practitioner with the Environment Institute of Australia and
New Zealand.

1.10

I have worked for SKM (now Jacobs) since 2004 as an
Environment Scientist; previously I worked for HR Wallingford
in the UK as a Modeller and in 1996 for Waikato Regional
Council in the Rivers and Catchment group for two years.

1.11

I have 17 years experience working in catchment
management, water quality effects assessments and flood
risk assessment. My involvement in these areas spans policy,
modelling, design and monitoring.

1.12

I have experience in providing evidence as Council and
Board of Inquiry hearings, as will expert witness conferencing
and Environment Court mediation.

1.13

I have specialist expertise in catchment scale water quality
assessment, which is of particular relevance to Variation 1.

1.14

Recent projects include:

1.15

I assessed the water quality effects of the NZ Transport
Authority on Puhoi – Warkworth and Transmission Gully roads
of national significance project. I worked with a team of
modellers to develop a catchment and harbour modelling
methodologies to quantify the effects of the change in
sediment load discharged from the catchments during large
rainfall events that could coincide with the road
construction.

1.16

I am project director of a SOURCE modelling project being
undertaken for Department of Conservation, looking at the
effects of catchment management on nutrient levels within
the Whangamarino wetland.
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1.17

I was involved in the conceptual development of the Tukituki
SOURCE Model, this model was used to test the hypothesis in
the proposed Plan Change 6a and the application for the
Ruataniwha Water Storage Scheme. I also co-authored the
SKM Tukituki technical evidence.

1.18

My role in the development of the analysis described in this
evidence, has been in the review of the methods used to
develop the water quality and quantity limits and allocation
provisions in Variation 1.
Phillip Jordan

1.19

My name is Phillip Jordan I have a Bachelor of Engineering
(Hons. Class I) from the University of Queensland, Australia
(awarded in 1993) I have a Doctor of Philosophy from
Monash University, Australia (awarded 2001).

1.20

I have worked for SKM (now Jacobs) as a Senior Hydrologist
since January 2003. I am the Jacobs Practice Leader for
Modelling Catchment Processes. Previously I worked as an
engineer for the Queensland Water Resources Commission,
as a hydrologist for the Australian Bureau of Meteorology
and as a consulting hydrologist for Snowy Mountains
Engineering Corporation.

1.21

I have twenty years of experience in hydrology and water
resources engineering. I have well-developed skills in water
quality modelling, water resources assessment and
assessment of the potential effects of climate change on
water resource systems.

1.22

I have co-authored eight papers in Australian and
international journals and thirty-eight conference papers for
national and international conferences in hydrology.

1.23

Recent Relevant Project Experience Includes:


Senior Catchment Modeller and Expert Witness,
Board of Inquiry Hearings into proposed Plan
Change 6 for the Tuki Tuki River Catchment, Hawkes
Bay



Senior Catchment Modeller, Hawkesbury-Nepean
integrated water quantity and quality model, Sydney
Water.
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1.24



Senior Catchment Modeller, Nerang River Freshwater
Health Assessment Study, Gold Coast City Council



Senior Catchment Modeller, Nattai River Source
Catchments eWater Application Project , Sydney
Catchment Authority



Project Manager and Senior Catchment Modeller,
Sustainable Diversion Limits for the South West of
Western Australia, Western Australia Department of
Water



Senior Catchment Modeller, Diagnosis of Low Inflows
to Googong Dam, ACTEW AGL



Senior Catchment Modeller, Hornsby Total Water
Cycle Management Strategy, Hornsby Shire Council



Senior Catchment Modeller, Melbourne Water
Stormwater Quantification Tool, Melbourne Water



Product Development Leader, SOURCE Catchment
Product Development, eWater CRC



Senior Catchment Modeller, Murray Darling Basin
Sustainable Yields Project: Modelling Future Impact
of Farm Dams.

My role in the development of the analysis described in this
evidence, has been in undertaking and reviewing the
analysis of flow and water quality for existing conditions,
naturalised flow conditions and under scenarios associated
with the proposed variation 1 to the plan. I have also
analysed the volumes of water that would be taken under
each of these scenarios for consented users and analysed
the periods of time when consented takes would be
restricted. I have also analysed water quality outcomes in
the catchment, in particular total loads of nutrients that
would be delivered to Te Waihora/Lake Ellesmere / Te
Waihora, in-stream nutrient concentrations and the
probability that Nitrate concentrations in groundwater would
exceed drinking water quality guidelines.
Richard Cresswell

1.25

My name is Richard Cresswell. I have a Bachelor of Science
from Sheffield University (1984) and was awarded a Doctor of
Philosophy from the University of Toronto (1993). Both degrees
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were in Geology. I then spent 7 years carrying our research
into groundwater dating, geomorphology, biomedical
tracing and meteoritics at the Department of Nuclear
Physics, Australian National University. From there, I joined the
Australian Government’s Bureau of Rural Sciences to work on
groundwater and salinity issues across the Murray Darling
Basin, including the use of airborne geophysics to map
underground water resources and salinity, before moving to
Brisbane to join CSIRO and continue research into
groundwater geochemistry and sustainable water resource
assessments. I led the Northern Australia Sustainable Yields
Project which provided the first pan-Northern Australia
assessment of all water resources, including predictions of
impacts under multiple climate change scenarios.
1.26

I have worked for SKM (now Jacobs) as a Senior
Hydrogeologist for the past 3 years. I am Jacob’s Practice
Leader for Coal Seam Gas-related Groundwater and lead
the groundwater team in the Sydney office. I am a Member
of the Federal Minister’s Expert Panel for Large Coal Seam
Gas Projects.

1.27

I have studied surface water-groundwater interactions for
the last 15 years, including floodplain dynamics, seawater
intrusion and resource evaluations. I led a major joint
government program looking at conjunctive water use
across the Angas-Bremer Plains in South Australia and a multidisciplinary project examining surface water-groundwater
interactions in the Condamine system of Queensland.
Geochemistry and isotopic assessments were key
components of all projects, using chemistry as an adjunct to
physical understanding of systems and as a means to trace
and evaluate water systems.

1.28

I have published over 40 peer-reviewed scientific papers and
18 book chapters and have authored and presented
numerous papers and presentations on salinity, water
resources planning, groundwater research and water in the
coal and coal seam gas industries at conferences around
the globe.

1.29

My role in this submission has been to evaluate all
groundwater quality aspects of modelling with particular
attention to the geochemical modelling and chemical
characteristics of groundwater under consideration. I
undertook the review of previous water quality modelling
and provide guidance on geochemical aspects of the
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analysis, with a focus on nitrate transport and determination
of nitrogen loads to the lake.
2.

EXPERT WITNESS CODE OF CONDUCT

2.1

We have been provided with a copy of the Code of
Conduct for Expert Witnesses contained in the Environment
Court’s Consolidated Practice Note dated 1 November
2011. We have read and we agree to comply with that
Code. This evidence is within our areas of expertise, except
where we state that we are relying upon the specified
evidence of another person. We have not omitted to
consider material facts known to us that might alter or
detract from the opinions that we express.

3.

INVOLVEMENT IN THE PROPOSAL

3.1

Our involvement in Variation 1 has been has been solely to
provide advice to the Sustainable Land and Water (Selwyn
Waihora primary sector group1 on our analysis of the effects
of Variation 1 on water quantity and water quality in the
Selwyn – Waihora Catchment.

3.2

This evidence is provided jointly in response to the
submissions raised by members of the group. The evidence
authors have been involved in different aspects of the
content and have collated the technical material into a
single concise brief.

4.

PURPOSE AND SCOPE OF EVIDENCE

4.1

To analyse the effects of Variation One, Jacobs reviewed the
methods used to develop the water quality and quantity
limits and allocation provisions. We concluded that the
methods used to predict the effect of future landuse change
on water quality were unlikely to be reliable, and therefore
we consider the assessment of benefits associated with the
variation 1 to also be unreliable.

4.2

Our evidence summarises our improved representation of
the existing environment datasets describing landuse and
ground water quality. We have summarised our analysis of

The Group includes: Horticulture NZ, Central Plains Water, DairyNZ, Fonterra, Irrigation NZ,
Federation of Arable Farmers, Federated Farmers, Dairy Holdings Limited.
1
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the existing environment and our conceptual understanding
the catchments analysis has informed our assessment of
some of the likely outcomes of the proposed variation 1.
4.3

We are in the process of developing an alternative model.
Our SOURCE model will test the effects of the provisions,
compared to the existing situation.

4.4

We will
also use our understanding of the existing
environment be the information to calibrate the SOURCE
integrated catchment model that we have developed for
assessing the effects of specific landuse, flow regime and
regulatory rules.

4.1

The SOURCE model will be run for a number of scenarios to
represent the flows, loads and concentrations of nutrients
that are flowing in the streams of the catchment and into Te
Waihora/Lake Ellesmere. The model was constructed to
represent runoff and nutrient generation from land and
transport to surface water and ground waters. The model
generates predictions for stream flow and in-stream nutrient
concentrations. The catchment model will be run at a daily
time step in order to capture changes in the flow regime
under different scenarios.

4.2

Within this evidence brief from Jacobs will focus on the
following factors:
4.2.1.

Limitation of the E-Can approach and validity for
limit setting (Part 6)

4.2.2.

Policy provisions at risk from current approach (Part
7)

4.2.3.

Nitrogen leaching assessments (Part 8)

4.2.4.

Alternative landuse (best Info) assessments of the
load and nitrogen loss across the planning steps in
Variation 1 (Part 9)

4.2.5.

Alternative calibration for lowland stream water
quality and lake loads (Part 10)

4.2.6.

Alternative catchment modelling approach (part 11)

4.2.7.

Alternative approach to estimating probability of
exceeding drinking water quality guideline limits (Part
12)
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4.2.8.

Selwyn Waihora Source model calibration and
outputs (Part 13)

4.2.9.

Conclusions (Part 14)
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5.

LIMITATIONS OF THE E-CAN APPROACH AND VALIDITY FOR
LIMIT SETTING

5.1

The intent of any modelling is to approximate a natural
system and represent through relationships of the observed
and predicted data outcomes and results for supporting
decision making on natural systems where an uncertain result
needs to be tested. The degree of certainty in a model can
be evaluated by calibration to observed data and the use
of strong empirical relationships. The degree of simplification
and errors in base assumptions can materially affect the
confidence in the results from any model. The review
undertaken points to some significant risks to the policy
framework sought in Variation 1. The paragraphs below
summarise these risks.

5.2

The ECan modelling takes a simplified approach to water
drainage, where a ‘single bucket’ daily soil-water balance
model generates the amount of water used for irrigation and
water draining through the soil profile into groundwater for
dryland and irrigated land.

5.3

This approach has significant sources of potential error
including matters relating to: soil depth, plant available
water depth, fixed crop/crop factors, climate stations,
accounting for coastal high water tables, and irrigation issues
such as irrigation type, efficiency adjustment application
(flow rate or annual allocation) limits (except for ZC
scenario).

5.4

Unrealistic modelling has the potential to overestimate
irrigation demand and drainage to groundwater. There are
issues related to the conceptual understanding of
groundwater and how nitrogen moves from the land usage
in the catchment into streams and Te Waihora/Lake
Ellesmere. The approach in Variation 1 says that the
groundwater aquifers are unconfined, but then states that all
N stays in shallow groundwater while deep groundwater is
sourced from major rivers.

5.5

This ‘separation’ means that there is no allowance for broadscale dilution or nitrogen attenuation effects.
Also, a
significant portion of the upper plains area does not have
shallow groundwater, so nitrogen leaching would be into
deep groundwater. FEMWATER’s water balance shows a
component of outflow to Te Waihora/Lake Ellesmere and
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directly to the ocean. This means that a proportion of the N
load is not passing through Te Waihora/Lake Ellesmere.
5.6

The model adopted to assess nitrogen concentrations in
groundwater uses the probability of exceeding of Ministry of
Health Drinking Water Guidelines (Maximum Allowable
Value, MAV) at bores within each zone and then compares
this to the mean annual nitrate load in the zone. The form of
the distribution used to fit the probability of exceeding MAV
can produce estimates of probability greater than 1 but
cannot produce probabilities of zero, even in conditions
where the mean Nitrate concentration approaches zero. The
form of distribution used to predict the probability of
exceeding the MAV is not a valid statistical model.

5.7

There is also inconsistency between the attenuation factors
used to convert groundwater nitrogen concentrations to
stream flow concentrations and the basic hydrological
assumptions. The fact that an additional factor had to be
introduced (to account for surface water supplied irrigation)
means that there may be something conceptually wrong
with the approach.

5.8

It is clear that the surface water catchment behaviour has
been represented simplistically within the current ECan
modelling framework and has a number of limitations. The
current ECan representation of runoff for the lowland streams
relies upon regression relationships developed from
intermittent gaugings on several of the streams flowing to Te
Waihora/Lake Ellesmere with gauged flows at longer term
flow sites (Clark, 2011).

5.9

The regression approach adopted by ECan may be suitable
for deriving estimates of the mean annual flow from streams
that are not routinely monitored but the representation of
low flow statistics (such as 7DMALF) are likely to be biased by
adopting the adopted regression approach. This is because
the runoff generation processes (flow response from rainfall)
in smaller streams located near Te Waihora/Lake Ellesmere
are likely to be considerably different to runoff generation
processes on the Selwyn River to Coes Ford, which would
have a considerable proportion of its runoff generated in the
higher rainfall parts of the catchment upstream of Whitecliffs.

5.10

The generalised relationships of surface (or quick) flows as
inputs to the groundwater model provide less flexibility in
accounting for changes occurring in the upper Selwyn and
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hill country, particularly for representation of the surface
water transfers from the Rakaia and Waimakariri Rivers to the
Central Plains Water scheme and corresponding land use
changes directly related to increased water allocation in the
command area. Such water usage would most likely modify
the surface water flow component in terms of both flow and
water quality.
5.11

The existing model encompasses the main tributary inflows to
Te Waihora and the corresponding groundwater extent. A
limited representation of the upper catchment restricts the
ability to determine changes to reliability for downstream
consented users.

5.12

With the Central Plains Water (CPW) Community Irrigation
Scheme enabling a migration of groundwater abstractors to
the use surface water in the upper Canterbury Plains,
representation of surface water and unsaturated zone flow
pathways across the whole catchment and their
connectivity with groundwater flow pathways, will be
essential for modelling a variety of current and future
scenario to enable policy and planning rules to be captured
and tested.

5.13

An international peer review was jointly requested by the a
number of submitters to Variation 1 (SLAW Group) following
prior to the notification of Variation 1. CPWL (in collaboration
with the primary sector partners DairyNZ and Horticulture
New Zealand) in particular, along with the the other
submitters included within the SLAW Group, have been
working collaboratively with ECanleading into the planning
hearing for Variation 1 to the proposed Land and Water
Regional Plan (pLWRP). ECan has assisted in providing
relevant information and data for the purposes of the peer
review and generally showed an interest in the model.

5.14

The peer review was undertaken to understand the
assumptions and outcomes of the hydrologic and water
quality modelling and analysis approaches employed by
ECan to establish water quantity and quality limits and
allocation rules as proposed by the Variation 1 to pLWRP.
Where limitations or enhancements to the approach were
found by the review panel an alternative modelling
approach was proposed to address these limitations and/or
knowledge gaps.
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5.15

The review panel participants are listed in Table 1. The
Documents available for review on the modelling and
analysis completed to date on the ECan Variation 1 to the
pLWRP is extensive. A targeted review of reports detailing the
key modelling approaches was conducted by the review
panel and was submitted as part of the Horticulture New
Zealand submission to Variation 1.

Table 1 Review participants

Reviewer

Topic

Organisation

Dr Ian McIndoe,
Groundwater
Scientist

Groundwater Quantity

Aqualinc

Dr Brian Barnett,
Principle
Groundwater
Modeller

Groundwater Quantity

Jacobs

Dr Richard Cresswell,
Senior
Hydrogeologist

Groundwater Quality

Jacobs

Jon Williamson, NZ
Irrigation
Development
Manager

Groundwater recharge &
Irrigation Demand Estimates

Jacobs

Dr Phillip Jordan,
Principal Hydrologist

Surface Water Quantity and
Quality

Jacobs

Michelle Sands,
Water quality and nutrient limit
Senior Environmental setting
Scientist

Jacobs

Dr Lydia Cetin,
Hydrologist

Jacobs

5.16

Te Waihora water quality
modelling

In Environment Canterbury’s Section 32 report discusses
finding an overall workable sustainable water management
solution for the catchment to address existing water issues
but also addressing the effects of current land use taking into
account the time lag in the groundwater system, and the
effects of future (consented) irrigation development, while
still allowing individuals, communities and Ngāi Tahu to
provide for their wellbeing, as being a major challenge.
There is no “silver bullet” that will achieve all community
outcomes sought and improve cultural and environmental
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outcomes to the full extent desired in the catchment while
maintaining farm viability and economic growth”
5.17

Identifying and developing a workable sustainable water
management solution for the Selwyn Waihora catchment
was undertaken through a collaborative panning process.
The collaborative process to determine a water
management solution for the catchment first evaluated the
current situation and the full impact of “current” 2011 land
use (scenario 1) on the community(social, cultural, economic
and environmental) outcomes sought. Plausible futures
(described as scenarios) were then explored with the Zone
Committee and Community Focus Groups.

5.18

The section 42A report recognised that the proposed
catchment agricultural nitrogen load limit/target “was
particularly complex for recommending a catchment
agricultural nitrogen load limit”.

5.19

Environment Canterbury have established a catchment
wide Look-up Table (LUT, Lilburne et al. 2013). The LUT
provides an attribute based table to assign nitrogen
leaching values to a particular landuse depending on the
soil types and relative climate associated with the particular
farm property.

5.20

The LUT assigns a nitrogen load to the agricultural practices
in the Selwyn Waihora catchment.

5.21

This load was applied by the Zone Committee to a series of
scenarios to determine outcomes for Te Waihora.

5.22

These scenarios explore the tolerance required to balance
the conflicting influences on the catchment.

5.23

The scenarios investigated by ECan explored potential
outcomes for the catchment from varying future
approaches to management of the allocation of water and
nutrient loads amongst different users in the catchment. The
accuracy of predictions made for the scenarios depend
upon the ability of the combination of models used by ECan
to represent the connections between implementation of
policy on physical outcomes for the catchment and the
dynamics of the movement of flow and nutrients through the
catchment via surface and groundwater flow pathways.

5.24

The Zone Committee was of the view that the load
developed would:
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5.24.1. reduce nitrate-nitrogen levels in groundwater for
human consumption and reduce inflows of nitrogen
to the lowland streams and Te Waihora/Lake
Ellesmere;
5.24.2. provide an acceptable likelihood of achieving
environmental and cultural outcomes for Te
Waihora/Lake Ellesmere;
5.24.3. achieve an appropriate reduction in nitrate leaching
from agricultural land use, in combination with
reductions in the loads from point sources;
5.24.4. be achievable; technically, economically, culturally
and socially, in a reasonable timeframe.
5.25

Underlying this assessment is the modelling work undertaken
by Environment Canterbury. The modelling approach relied
on a series of loosely linked models rather than an integrated
modelling approach. The modelling had three parts:

5.25.1. Hydrological modelling based on the Groundwater
model (FEMWATER)
5.25.2. Water quality modelling, based on empirical
relationship between shallow groundwater and
surface water
5.25.3. Lake modelling based on the hydrodynamicecological model (DYRESM-CAEDYM).
5.26

The Jacobs review of the Environment Canterbury modelling
approach is summarised above (Appendix to HortNZ
submission as Jacobs-Aqualinc 2014). This review was shared
with Environment Canterbury and their consultants who were
open about their modelling approaches and shared
underlying data sets.

5.27

A meeting was held with Environment Canterbury staff to
discuss the review, the outcome of this meeting and
subsequent discussions were that we considered there were
still a number of limitations with the water quality modelling,
in summary these limitations include:
5.27.1. The nitrate modelling seems to be a simplification on
previous models and is based on empirical
relationships, not analytical assessment, thereby
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being much less reliable in its predictive capability of
outcomes for the scenarios than the earlier models.
5.27.2. The groundwater quality model is also based on a
simplified version of the FEMWATER model, which
does not appear to account for the (probably
substantial) impacts from river recharge across the
plains, in addition to the river recharge in the hills that
supply the deeper aquifer.
5.27.3. No calibration data was shown in the report to
demonstrate that the Lilburne et al. (2013) method
was accurately achieving the average groundwater
concentration for the existing case. (with a possible
correction or explanation related to lag).
5.27.4. The nitrate concentration in the land surface
recharge were multiplied by attenuation factors
derived from existing monitoring data to estimate
long-term average DIN and TN concentrations in the
nine monitored streams that flow into Te Waihora/Te
Waihora/Lake Ellesmere.
5.27.5. The attenuation factor relates to the existing
average relationship, which could change under
future irrigation and abstraction.
5.28

These elements as technical risks to the regulatory and
environmental goals become the focus for the design of the
Selwyn Waihora Source Model we developed.
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6.

POLICY PROVISIONS AT RISK FROM CURRENT APPROACH

6.1

When we considered the design criteria and scope for an
alternative modelling platform we examined how the
existing modelling has the potential for unintended
consequences for catchment regulation and the
environment. These are summarised in the following
paragraphs:
6.1.1.

The issues with the existing modelling puts at risk the
proposed Variation 1 framework due to the
significant potential error in the modelling approach
used (Policy 11.4.1 and tables in section 11.7).

6.1.2.

The uncertainty in the water balance questions the
predictions for flow reliability in the lowland streams
and the allocation of water as a single combined
surface water-groundwater resource (Policy 11.4.21;
Table 11(e)).

6.1.3.

A change in the predicted 7D MALF (Policy 11.4.21;
Table 11(c); 11(k); 11.4.26; 11.4.28; and 11.4.29 ) will mean that
current users may experience a change in their
irrigation reliability and the desired ecological flows
(Table 11(a) and Table 11(c)) will not be met. This also
means that the nitrogen limits for in stream water
quality may also be exceeded more regularly during
summer low flows (Policy 11.4.1; 11.4.6 to 11; Table 11(k)).

6.1.4.

The inability to predict the nitrogen concentrations
across the catchment will create uncertainty for the
proposed environmental indicators and the
outcomes for Lake Te Waihora (Policy 11.4.18; 11.4.19;
Table 11(l)).

6.1.5.

These two previous factors above in combination
where the observed load and the predicted are not
clearly calibrated means the predicted nitrogen
load limit for Te Waihora/Lake Ellesmere isn’t
accurately determined for the protection of Te
Waihora/Lake Ellesmere or providing certainty to
existing land use in the catchment (Policy 11.4.6 to 11;
Table 11(i) and Table 11(j)).

6.1.6.

The lack of certainty in the catchment allocation has
strong implications for the accompanying section 32
analysis to examine the costs and benefits and
consideration of alternatives (Policy 11.4.12; 11.4.18 to 20).
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6.1.7.

In circumstances where the level of the nitrogen
load to Te Waihora/Lake Ellesmere was less than
allocated in the proposed variation 1; or as
predicted from the water balance inherent in the
FEMWATER model split between a catchment load
(with a proportion allocated to deep groundwater
and the sea) and a lake load; the timing for the
mitigation measures would be in question (Policy
11.4.12; 11.4.14 to 17). Essentially, a lot of detailed
analysis of land use and zonation is distilled to a
limited number of zones and parameters to simple
arguments for analytical consideration.
This
approach leaves LUT predictions for future
development providing N loads which may never
reach Te Waihora/Lake Ellesmere (Policy 11.4.6 to 11;
Table (i) and Table (j)).

6.1.8.

If the mitigation measures are reduced or instigated
over a longer timeframe then the cost for the existing
landuse will be significantly lower (Policy 11.4.12; 11.4.14
to 17; 11.4.20). This will affect the community’s ability to
accept and afford the proposed environmental
outcomes in the Variation 1 for Te Waihora (Policy
11.4.1; section 32 analysis).

6.1.9.

An improved understanding and modelling of the
relationship between the generation of nitrogen and
transport through the groundwater and surface
water network may also allow for the desired
outcomes to be achieved more quickly along the
proposed timeframes or in a spatially targeted
approach (Policy 11.4.1; 11.4.11.4.20; Table 11(b)).

6.1.10. The lack of transparency in the N transport approach
in different flow and allocation scenarios means that
the proposed mitigations and interventions are
difficult to assess for performance and efficiency. It
appears that the cost and benefits are narrative
assumptions rather than derived from empirical
relationships (Policy 11.4.1; 11.4.14 to 17; 11.4.20; Table 11(b)).
6.1.11. The relationships between the nutrient loads from the
catchment to Te Waihora/Lake Ellesmere are not
clearly linked to the production of Chlorophyll a; this
implies that the degree and rate of benefit from the
mitigations and interventions is uncertain. As above
this implies that the true cost benefit assessment is
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missing (Policy 11.4.1; 11.4.11.4.20; Table 11(a) and Table
11(b)).
6.1.12. Little consideration of the future compliance and
management needs are provided for in the current
modelling framework both in terms of the long
turnaround time to run for the scenarios and the
inability to undertake a dynamic assessment of the
proposed management ‘levers’ to reduce the
effects on Te Waihora/Lake Ellesmere (Policy 11.4.6;
11.4.12 -17), .4.20; 11.4.22). Such an approach will leave
both the Canterbury Regional Council and
landowner’s exposed to increased costs and
uncertainty for compliance and resource consent
transaction costs.
6.1.13. For the primary sector partners alone the risk for their
investors for changes to mortgage payments due to
mitigation costs for N management and uncertainty
around farm infrastructure investment for consent
renewals where effects relating to stream
concentrations and minimum flows from current
landuse are not empirically matched to proposed
and predicted future development and Nitrogen
losses (Policy 11.4.12 - 16).
6.2

6.3

We have considered these areas of risk for Variation 1 and
have raised 5 key questions in regard to the relative
consequences for the existing and paper allocations on
current farming and for the introduction of the Central Plains
Water Irrigation Scheme:
6.2.1.

What is the N load to Te Waihora/Lake Ellesmere?

6.2.2.

What are the effects on groundwater quality?

6.2.3.

What are the effects on water quality?

6.2.4.

What is the effect on reliability for irrigators?

6.2.5.

What is the effect on MALF and seasonal durations
for min flow?

We believe to implement the Variation 1 plan would require
these questions to be answered to determine the validity of
setting an allocation limit to manage catchment inputs and
ground.
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6.4

We have prepared scenarios for each of these key questions
for the Selwyn Waihora SOURCE model.
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7.

NITROGEN LEACHING ASSESSMENTS

7.1

The leaching assumptions used by Environment Canterbury
are based on a look-up table of theoretical leaching rates
these are described in “Estimating nitrate-nitrogen leaching
rates under rural land uses in Canterbury - updated”.
(Lilburne 2013)

7.2

The Lilburne (2013) leaching rates are considered the best
available information for catchment wide leaching rates. We
have used the rates for our assessment. However, the
leaching rates have limitations for applications other than
catchment wide assessments.

7.3

The conclusion on the Lilburne (2013) report states:
7.3.1.

“In the meantime, the values in this report are a
reasonable starting point to gain an understanding
of the regional implications of land use in relation to
nitrate-N leaching. An important point that was
raised and agreed by participants at the Caucus
Workshop was that while these values are suitable for
exploration of regional or large catchment scale
land use scenarios and for screening the effects of
proposed changes in land uses, they are not suitable
for use at the farm scale (e.g in a consent process)
as these values are simple long term annual
estimates that do not take into account the many
management practices that can minimise or add to
the actual leaching”

7.4

We agree with this statement, and note that in using the
Lilburne leaching rates to set the allocation targets and limits
in tables 11i and 11j of variation one, the leaching
information is being used to inform the consent process, and
is therefore being used beyond its intended purpose.

7.5

The Lilburne leaching rates are not the method identified in
Schedule 7a for calculating the baseline, and therefore
compliance with the proposed catchment allocation
cannot be reliably determined on an equal basis.

7.6

This discrepancy between the Lilburne assumed leaching
rates and leaching rates calculated using methods outlined
in Schedule 7a for the same activity in the same location,
means that the comparison required between baseline
leaching rates calculated using schedule 7a methods and
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the catchment wide allocation in tables 11i and 11j required
in Policy 11.4.14 – 11.4.17, are not reliable.
7.7

Where landuse activity is the same, but the assumed
leaching rate alters to reflect better knowledge, there is no
actual change in water quality. The consequence of an
improved understanding of leachate concentrations is an
improved understanding of attenuation and dilution factors,
rather than a change in water quality in the receiving
environment.

7.8

We recommend Environment Canterbury; update Schedule
7a with a methodology for calculating MGM leachate rates
that is consistent with the manner used for setting the
allocation in Variation One. This is likely to include Overseer
version control. This method need only be applied for
consenting purposes, with each farm manager free to use
evolving leachate accounting systems to guide their day-to
day farm management decisions.
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8.

ALTERNATIVE LANDUSE (BEST INFO) ASSESSMENTS OF LOAD
AND NITROGEN LOSS ACROSS THE PLANNING STEPS IN
VARIATION 1

8.1

Having an accurate understanding of the existing landuse is
important to enable a reliable representation of the
leachate assumptions.

8.2

The landuse assumptions used by Environment Canterbury
are detailed in ‘Estimating nitrate-nitrogen leaching rates
under rural land uses in Canterbury (updated)’ Lilburne (Sept
2013). We obtained the 2011 Lilburne landuse layer and the
2013 leaching look-up tables from Environment Canterbury

8.3

A number of submitters2 undertook stakeholder workshops in
July 2014, to verify landuse assumptions. This process resulted
in an improved representation of existing landuse, including
existing irrigation

8.4

For the catchment outside of CPW command area, the
changes in landuse compared with landuse assumptions
used by Environment Canterbury were minor.

8.5

Within the CPW command area, we looked at the split in the
proposed allocation and the current paper allocation for
CPW for the irrigated and dry portions of the command area
(based on per. com with Susan Goodfellow, CPW). Where
the current 2014 landuse at a property (owner) level was split
into irrigated and dry Lilburne landuse categories. For the
2022 landuse was applied as irrigated as Lilburne categories
based on the “40 Dairy: 40 Arable: 20 Other” landuse
configuration assessed by E-Can.

8.6

To calculate nitrogen loads for land use classes we split each
landuse into the soil, climate divisions to join to the leaching
rates outlined in the Lilburne look-up tables. (2013).

8.7

As such we have prepared 3 landuse figures for the Selwyn
Waihora catchment. These figures portray current and
proposed landuse maps for allocation of nitrogen as follows:

2

8.7.1.

figure 1a Selwyn landuse 2011

8.7.2.

figure 1b Selwyn landuse 2014

8.7.3.

figure 1c Selwyn landuse 2022

HortNZ, DairyNZ, CPW, FAR
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8.8

We have worked with CPW and the wider primary sector to
accurately represent their anticipated landuse at full
development; this is described in Table 2 as “best
information”

Table 2: Selwyn Waihora catchment landuse by area
Lilburne 2011

Best Information 2014
Area (ha)

Area (ha)

Landuse

Best Information 2022
Area (ha)

CPW

Whole
catchment

CPW

Whole
catchment

CPW

Whole
catchment

Dairy

17084

43135

22653

51001

39661

68009

Dairy Support

6652

22656

9967

26455

2554

19043

Irrigated
Sheep, Beef or
Deer

10482

30965

6056

24730

4052

22726

and Beef or
Deer

12391

48756

17150

52724

N/A

35573

Arable

9004

32505

3392

27346

13709

37663

Fruit,
Viticulture or
Vegetables

77

1436

N/A

1690

N/A

1690

Other

2837

28198

781

25176

23

24418

Dryland Sheep

Totals
58527
207650
59999
209122
59999
209122
*2011 CPW area was clipped out of the original 2011 land use layer using the 2014 boundary. The
difference in 2405 hectares is due to the 2011 original layer not including area near the Waimakariri
River.

8.9

Table 3 below describes the existing nitrogen allocation for
the whole catchment and for CPW comparing land use
categories.

Table 3: 2011 and 2014 catchment landuse and annual nitrogen load
Tonnes of nitrogen per year
Lilburne landuse

Landuse

CPW

2014 Landuse

Whole
catchment

CPW

Whole
catchment

Dairy

754

1445

1002

1826

Dairy Support

349

772

386

892

Irrigated Sheep,
Beef or Deer

287

626

153

489

Dryland Sheep and
Beef or Deer

289

649

252

718

24

Arable

230

477

72

377

Fruit, Viticulture or
Vegetables

3

20

N/A

23

Other

43

292

18

289

Totals

1954

4282

1884

4615

8.10

Table 4 below describes the existing (2014) average nitrogen
losses in kg/ha/yr for the whole catchment and for CPW
compared with the 2011 landuse assumptions used by
Environment Canterbury. (E-Can assumptions provided by
Tami Woods, Environment Canterbury)

Table 4: 2011 and 2014 landuse and average nitrogen per hectare
TN kg/ha/yr
Lilburne 2011 landuse

Landuse

CPW

2014 Landuse

Whole
catchment

CPW

Whole
catchment

Dairy

44

39

44

36

Dairy Support

52

34

39

34

Irrigated Sheep,
Beef or Deer

27

20

25

20

Dryland Sheep and
Beef or Deer

23

13

15

14

Arable

26

15

21

14

Fruit, Viticulture or
Vegetables

36

14

N/A

13

Other

15

10

24

12

8.11

Table 5 below describes the estimated 2022 annual nitrogen
load for the whole catchment and for CPW. The land use
assumptions for this scenario are full development of CPW
and no landuse change compared with 2014 for the
remaining catchment. The table compares the annual
nitrogen loads with the policy 11.4.13 15kg/ha/yr applied
and compares applying the proposed reductions in policy
11.4.14, with no reductions.
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Table 5: 2022 landuse and annual nitrogen load
Tonnes of nitrogen per year
2022 11.4.13
2022 11.4.13 (15kg/ha/yr
minimum)

Landuse

CPW

(15kg/ha/yr minimum), 11.4.14
(reduction) for CPW

Whole
catchment

Whole
catchment

CPW

1757

2618

1228

2088

123

633

94

605

Irrigated Sheep,
Beef or Deer

127

504

111

488

Dryland Sheep and
Beef or Deer

N/A

623

N/A

623

361

777

336

751

N/A

29

0

338

0

338

2369

5522

1769

4922

Dairy
Dairy Support

Arable
Fruit, Viticulture or
Vegetables
Other
Totals

N/A

29

8.12

Table 5 above illustrates the existing nitrogen load estimated
for land within the CPW command area. The estimated load
in 2011 of 1945 tonnes of nitrogen per year. The load
calculated for 2014 is 1884 tonnes of nitrogen per year; this is
more than the limit proposed in Variation One for 2022 of
1742 tonnes of nitrogen per year.

8.13

At 2022 the CPW scheme is anticipated to be fully
implemented, and the reductions proposed under policy
11.4.14 are applied. In 2022 without, the reductions proposed
in policy 11.4.14, the estimated load for the proposed
landuse is 2369 tonnes of nitrogen per year. When we tested
the proposed reductions in policy 11.4.14, we calculated a
load of 1769 tonnes of nitrogen per year, this higher than the
proposed limit, but similar.

8.14

Given that CPW may reach development prior to 2022 this
represents a shortfall (up to 485 tons nitrogen) in the
allocation required to reach projected 2022 landuse.

8.15

The Table 6 below shows the split in the allocation between
the existing irrigated and dryland areas. This is based on best
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information obtained from current farm practices. The
nitrogen allocations have been calculated form the Lilburne
LUT however this has several conflicts for existing landuse
such as the Arable landuse class having to be irrigated
which is in conflict with existing practice.
8.16

This table demonstrates the relative contribution from existing
farming into the allocation for CPW and the relationship of
changing landuse and conversion with new irrigation water.
Each of these factors are independent of the proposed
allocation in table 11(j).

Table 6: 2022 landuse and annual nitrogen load
CPW Areas and Nitrogen Values (2011 & 2014) calculated using Lilburne look-up tables (2014)
Nitrogen
(tonnes per
year)

Notes
*2011 CPW area was clipped out of

Year

Category

Area
(hectares)

2011

Irrigated

39910

1445

Dry

18617

509

Total

58527

1954

the original 2011 land use layer using
the 2014 boundary. The total area is
slightly lower than 2014 & 2022 as
the data lacked full coverage in 2011

Irrigated

33740

1306

*2014 NEW CPW irrigation data was

Dry

26259

578

Total

59999

1884

Irrigated

59999

2363

Dry

0

0

Total

59999

2363

2014

2022

based on Peter Brown's Irrigation
work. Properties were split based on
irrigation and assigned dry and
irrigated landuse.
*This calculation is based on all
scheme farms being irrigated via
CPW

8.17

This shortfall is based on a LUT calculation which as discussed
above not based from farm manger or OVERSEER
assessments. As such a Schedule 7a assessment may return
CPW a higher value therefor jeopardising their allocation.

8.18

Table 7 below describes the estimated 2022 average
nitrogen per hectare, for the whole catchment and for CPW
in 2022.

Table 7 2022 landuse average nitrogen per hectare
TN kg/ha/yr
2022 11.4.13 (15kg/ha/yr

Landuse
2022 11.4.13 (15kg/ha/yr minimum)

minimum), 11.4.14 (reduction) for
CPW

27

Whole
catchment

CPW

Whole
catchment

CPW

44

38

31

31

48

33

37

32

Irrigated Sheep,
Beef or Deer

31

22

27

21

Dryland Sheep and
Beef or Deer

N/A

18

N/A

18

26

21

25

20

N/A

17

N/A

17

15

14

15

14

Dairy
Dairy Support

Arable
Fruit, Viticulture or
Vegetables
Other

8.19

We have also prepared figures which represent the nitrogen
input layers for our Source model. These layers detail the
anticipated nitrogen loading from the current and project
landuse. We have also prepared these to demonstrate the
proposed planning steps in Variation 1 as follows:
8.19.1. Figure 2a Selwyn Nitrogen Load 2011
8.19.2. Figure 2b Selwyn Nitrogen Load 2014
8.19.3. Figure 2c Selwyn Nitrogen Load 2017
8.19.4. Figure 2d Selwyn Nitrogen Load 2022
8.19.5. Figure 2e Selwyn Nitrogen Load 2022 (PA rules)
8.19.6. Figure 2f Selwyn Nitrogen Load 2022 (PA rules and
CPW clawback)
8.19.7. Figure 2g Selwyn Nitrogen Load 2037

8.20

These figures show the relative changes to nitrogen losses
and therefor loading across the catchment as a result of the
proposed plan changes they also demonstrate the
distribution of nitrogen use and the relative landuse intensity
and proximity to Te Waihora.

8.21

We have also prepare figures which demonstrate the
changes in nitrogen losses imposed by the proposed
provisions in Variation 1 as follows:
8.21.1. Figure 3a Selwyn Nitrogen Load difference 2017-2014
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8.21.2. Figure 3b Selwyn Nitrogen Load difference 2022 (PA
rule & CPW clawback) – 2014
8.21.3. Figure 3c Selwyn Nitrogen Load difference 2037-2014
8.21.4. Figure 3d Selwyn Nitrogen Load difference 2037 (no
claw)-2014
8.22

These figures illustrate the how the plan change will landuse
practices as a result of the proposed provisions.

8.23

Figure 3a illustrates the difference between the nitrogen load
in 2017 with the permitted rule level of 15 kg/Ha/yr,
compared to the nitrogen load with 2014 landuse without
policy 11.4.14 implemented.

8.24

Figure 3b illustrates the difference between the nitrogen load
with the 2022 assumed land use scenario with policy 11.4.14
applied to CPW, compared to nitrogen load from 2014
landuse.

8.25

Figure 3c illustrates the difference between the nitrogen load
from the 2037 Variation 1 planning and landuse scenario,
compared to current nitrogen load with the 2014 landuse.

8.26

Figure 3d illustrates the nitrogen load change between the
2022 landuse (as at 2037) without policy 14.4.14 compared
to current landuse in 2014.
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8.27

Table 8 below describes the estimated 2037 annual nitrogen
load for the whole catchment and for CPW. The land use
assumptions for this scenario are full development of CPW
and no landuse change compared with 2014 for the
remaining catchment. The table compares the annual
nitrogen loads with the policy 11.4.13 15kg/ha/yr applied
and compares applying the proposed reductions in policy
11.4.14, with no reductions when these are applied to the
whole catchment.

Table 8: 2037 landuse and annual nitrogen load
TN Tons/year
2037 11.4.13 (15kg/ha/yr minimum)

2037 11.4.13 (15kg/ha/yr
minimum), 11.4.14 (reduction)
and 11.4.16 (80kg/ha/yr cap)

Note: is the same as 2022 11.4.13

Landuse

(15kg/ha/yr minimum)

Whole
catchment

CPW

Whole
catchment

CPW

Dairy

1757

2618

1228

1830

Dairy Support

123

633

94

489

Irrigated Sheep,
Beef or Deer

127

504

111

438

Dryland Sheep and
Beef or Deer

N/A

623

N/A

561

Arable

361

777

336

722

Fruit, Viticulture or
Vegetables

N/A

29

N/A

27

Other

<1

338

0

336

Totals

2369

5522

1769

4403

30

8.28

Table 9 below describes the estimated 2037 average
nitrogen in kg/ha/yr for the whole catchment and for CPW.
The landuse assumptions for this scenario are full
development of CPW and no landuse change compared
with 2014 for the remaining catchment.

Table 9: 2037 landuse and average nitrogen per hectare
TN kg/ha/yr
2037 11.4.13 (15kg/ha/yr minimum),
11.4.14 (reduction) and 11.4.16
(80kg/ha/yr cap)

Landuse

2037 11.4.13 (15kg/ha/yr
minimum), 11.4.14 (reduction)
and 11.4.16 (80kg/ha/yr cap)

Whole
catchment

CPW

CPW

Whole
catchment

Dairy

44

39

31.0

26.9

Dairy Support

48

33

36.9

25.7

Irrigated Sheep,
Beef or Deer

31

22

27.3

19.3

Dryland Sheep and
Beef or Deer

N/A

18

N/A

15.8

Arable

26

21

24.5

19.2

Fruit, Viticulture or
Vegetables

N/A

17

N/A

16.1

Other

15

14

15.0

13.8

8.29

The allocation method described in policy 11.4.14, is a
modified grand parenting method of allocating nitrogen.
There are other possible alternative allocation methods that
could be considered. In the recent Tukituki catchment Plan
change 6, the Board of Inquiry adopted an allocation
method based on the Land Use Capability was adopted.

8.30

We have recently undertaken work (Jacobs 2014), looking at
the outcome of a variety of possible allocation methods in
different New Zealand catchment including Selwyn-Waihora.

8.31

We have adapted this work, so it is directly comparable with
the 2037 proposed land use described in Table 2, and the
proposed limit of 4083 tonnes of nitrogen per year for
farming.

8.32

We have tested two scenarios. The first is based on the Land
Use Capability classes, this method is very similar to the
method adopted for the Tukituki catchment, and the
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second is also based on landuse capability, but uses slope
and soil texture.
8.33

Allocation on landuse capability (LUC) is based on extensive
production land capacity leaching ratios for soil and slope
class. Landuse capability classes are based on the LUC
classification. The LUC classification is defined as a
systematic arrangement of different types of land according
to those properties that determine its capability for long term
sustained production. There are eight landuse capability
classes, arranged in order of increasing degree of limitation
and decreasing order of versatility.

8.34

Table 10 illustrates the ratios that were used to distribute the
4083 tonnes of Nitrogen across the LUC classes.

Table 10 4830 tonnes of nitrogen per year allocated by LUC unit
Land Use
Capability (LUC)
class

1

2

3

4

5

6

7

8

Ratio

1.67

1.5

1.28

1

0.89

0.83

0.44

0.06

Kg/ha/yr

32

29

25

19

17

16

8.5

1

8.35

We have also prepared figures which represent the nitrogen
input layers for the selected allocation examples and the
maps which compare them to current landuse and
allocation. These layers detail the anticipated change in
nitrogen allocation from the current (2014) and example
allocation method to reach the “clawback” load as follows:
8.35.1. Figure 4a Selwyn Nitrogen Load allocation Option 1
(LUC)
8.35.2. Figure 4b Selwyn Nitrogen Load allocation Option 2
(slope and soil)
8.35.3. Figure 4c Selwyn Nitrogen Load difference allocation
Option 1 (LUC) - 2014
8.35.4. Figure 4d Selwyn Nitrogen Load difference allocation
Option 2 (slope and soil) - 2014

8.36

Figure 4c illustrates the change in nitrogen allocation for land
parcels comparing the existing nitrogen load for than
landuse and the theoretical LUC allocation method.
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8.37

Table 11 illustrates a slightly more complex allocation
method. This method uses a combination of soil texture and
slope. Ratios distribute the catchment load across these
classes.

Table 11: 4083 Tonnes of nitrogen per year allocated by slope and soil
texture.
Soil
texture

Ratio

Nitrogen
kg/ha/yr

Slope
Flat

Rolling

Easy Hill

Steep
Hill

Very
Steep Hill

Light

0.7

0.26

0.15

0.02

1.1

Medium

0.6

0.28

0.2

0.05

1

Heavy

0.5

0.27

0.15

0.02

0.7

Light

24

15

6

3

<1

Medium

22

13

6

4

1

Heavy

15

11

0

0

0

8.38

Figure 4d illustrates the change in nitrogen allocation for land
parcels comparing the existing nitrogen load for than
landuse and the theoretical soil and slope allocation
method.

8.39

The analysis described in Table 10 and Table 11, and
illustrated in Figure 4a and 4b, demonstrates that there are
number of ways in which the catchment load can be
allocated, and that different allocation methods distribute
the costs and benefits associated with changes in nitrogen
allocation differently.

8.40

It is apparent, that using the LUC methods to allocate
nitrogen within the Selwyn-Waihora, would require a nitrogen
trading system, because these “natural capital” methods
results in a very different distribution of nitrogen compared
with the allocation associated with the existing landuse in the
catchment

8.41

However, a more fundamental question is whether the
catchment nitrogen load proposed by Environment
Canterbury is reasonable estimate of the nitrogen load
required to meet the proposed water quality outcomes.

8.42

We do not support the proposed catchment limit of 4830
tonnes of nitrogen per year or the associated reductions
proposed in policy 11.4.14, because we consider that the
Environment Canterbury modelling methodology is too
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simplistic to determine whether reducing nitrogen leaching
within the catchment by the amounts proposed in Policy
11.4.14, would achieve the proposed water quality limits. This
is discussed in section 9 below.
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9.

ALTERNATIVE CALIBRATION FOR LOWLAND STREAM WATER
QUALITY AND LAKE LOADS

9.1

The simplified conceptualisation of the groundwater systems
into shallow and deep aquifers is appropriate for the
Canterbury Plains hydrogeological approach. Critical,
however, is the appreciation that the systems are
interconnected and a simple segregation of the two systems
is not generally warranted. Assessment of the chemistry of
the groundwater under the Plains reveals a number of
pertinent characteristics that pertain to nitrogen loads to the
lake and nitrogen distribution below ground.

9.2

The simplified “pancake” structure adopted for the
groundwater systems ignores the lateral variability in
transmissivity and the distinct differences between the
shallow and deep “aquifers”. Thus, an assessment of the
spatial (vertical and lateral) distribution of major and minor
ions in groundwater samples illustrates a complex pattern
that should be incorporated into any discussions on nitrate
transport and load in the subsurface. Specifically, while
elevated nitrate is observed across the central plains, there is
an abrupt decrease in nitrate concentration near the lake.

Figure 1 – Spatial distribution of nitrate across the region. Blue denotes
areas with <1mg/L NO3; red is >4mg/L

9.3

Salinity across the plains shows that while the shallow aquifer
is freshest beneath the major channels of the Waimakariri
and Rakaia, freshest groundwaters in the deep aquifer occur
beneath the Selwyn. This later variability suggests a
hydraulically transmissive region beneath the Selwyn,
representing a paleo-channel in the landscape.
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Figure 2 – Alkalinity (HCO3) distribution in the shallow (left) and deep (right)
aquifers

9.4

The groundwater in the deep aquifer exhibits a different
hydraulic head to that emanating from the shallow aquifer.
This is well documented and incorporated into existing
hydrogeological models. What is not incorporated is the
consequence of the deeper aquifer heads being higher
than the shallow aquifer heads close to the lake. Within 10
km of the lake, vertical upwards pressures from the deep
aquifer encourage groundwater discharge from the deep
aquifer to the surface. This are also coincide with the shallow
aquifer discharging to the surface, in part due to the
blocking effect of the deeper aquifer. This has significant
consequences for nitrate loads to the lake.

Figure 3 – 3D perspective of the shallow water table intersecting the ground
surface adjacent to the lake

9.5

Further, the deeper aquifer is generally of higher pH (more
alkaline) than the shallow aquifer. The deep aquifer is also
generally higher in nitrate concentration. It is noted,
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however, that within the near-lake environment, very few
groundwater samples exhibit nitrate levels in excess of
1mg/L. We propose that this is a consequence of alkaline
waters mixing with more acidic waters (which create more
favourable conditions for denitrification) and the saturation
of organic-rich shallow sediments that also promote
denitrification. Hence, there is a natural buffer effect at the
coast as long as groundwater discharge remains a dominant
process.
9.6

Together,
changing
chemical
environment
and
groundwater discharge result in the potential for
denitrification in the shallow aquifer and to any baseflow
contribution to local streams. Studies elsewhere indicate that
nitrate concentrations may reduce by a factor of two for
each day the nitrate-rich waters are in this environment. This
can explain the very low nitrogen levels in near-shore (within
10 km) bores.

Figure 3 – Nitrate concentration in bores and SOURCE nodes and flow-lines.
Note the very low concentrations near the coast

9.7

Across the plains, shallow groundwater often intersects the
rivers providing baseflow to the streams. An estimate of total
baseflow contribution of nitrate to the lake has been
undertaken through analysis of observational data (Figure 4,
below). In comparison, Aqualinc estimate an underground
discharge of groundwater to the lake of about 13 m3/s.
Calculating the weighted mean of the baseflow nitrate as
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4.24 mg/L as a proxy for ambient groundwater levels would
suggests around 5.5 tonnes/day (2000 T/year) is discharging
to the lake. This is 5 times that contributed by the rivers,
though peak river flows can contribute comparable amount
on individual days.

Figure 4 – Historical baseflow contribution of nitrate to the lake

9.8

The nitrate concentration values, however, are taken from
stream gauges beyond the groundwater discharge zone.
Actual groundwater discharge at the lake is thus expected
to contain about 1mg/L nitrate, reducing the total expected
load to just over 1 tonne/day groundwater discharge.

9.9

ECan estimates of long-term average stream discharge to
the lake amounts to 10.3 m3/s. the weighted average
groundwater contribution to this flow is 3.9 m3/s, or about
42% of flow entering the lake.

9.10

If we assume a weighted mean of 4.3 mg/L nitrate, as
measured at stream gauges upstream of the lake, the total
surface water nitrogen load contributing to the lake amounts
to1,400 tonnes/year. Groundwater would contribute over
500 tonnes of this amount.

9.11

Observation of nitrate levels in bores adjacent to the lake,
however, suggest that denitrification may reduce the
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groundwater component by a factor of four (to 125
tonnes/year) before the water enters the lake.
9.12

Total long-term historical flux to the lake can thus be
estimated from observed nitrate nitrogen concentrations in
bores along the lake margin. The mean nitrate N
concentration for these bores is ~1mg/L (approximately four
times less than the observed levels at stream gauges).

9.13

Total estimate surface water load to the lake would
therefore reduce to about 700 tonnes/year (includes about
125 tonnes/year in baseflow).

9.14

As is illustrated in Figure 4, however, there has been no long
term increase in baseflow contribution of nitrate to the lake
since 1967. This suggests that changes to catchment land
use that have occurred over the last 50 years have had
minimal impact to lake nitrate levels.

9.15

In addition, numerical modelling by Aqualinc corroborates
previous estimations of submarine discharge from
groundwaters to the lake and estimates approximately 12
m3/s groundwater discharge directly to the lake floor. This
represents a similar flux to surface water inputs. It is unlikely
that additional denitrification will take place prior to
discharge at these depths, hence the observed average
concentration of nitrate nitrogen measured in aquifers within
10 km of the lake can also be used to estimate nitrogen
loads to the lake via this mechanism. Concentration of
nitrate nitrogen in shallow bores near the lake is about
1mg/L. Hence, about 400 tonnes/year nitrogen is added to
the lake from deep groundwater discharge.

9.16

Total combined nitrate nitrogen load to the lake is therefore
estimated to be 1,100 tonnes/year. This value is unlikely to
vary significantly under any proposed land use changes due
to the buffering effect of the coastal groundwater zone.

9.17

Actual measurements of surface water nitrate at the lake are
required to assess this contribution.

9.18

There is a zone of high EC and nitrate in the central portion of
the plains which coincides with current high leaching areas
and with modelled mounding of shallow groundwaters. The
fact that these higher concentrations do not promulgate to
the lake suggests either:
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9.18.1. the nitrate has not moved far down the catchment
and is still in transit, or
9.18.2. the leached nitrate denitrifies before it reaches the
lake.
9.19

Age dating of groundwater across the plains has been
attempted, suggesting relatively old (>500 years) water
towards the lake and very young waters higher in the
catchment. I argue that all water across the plains exhibit
recent water characteristics and the apparent old ages
reflect mixing with older carbon in the system (). This would
suggest that there has been ample time for shallow
groundwaters to flush to the lake and ocean since nitrogen
leaching increased across the plains and the lower
concentration near the coast are a result of denitrification.
The coincidence of the significant drop in nitrate to the
seaward side of the groundwater-surface intersect supports
this premise. The high transmissivities of the plains’ sediments
would also support rapid groundwater movement with lags
on the order of only decades to reach the coast.
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10.

ALTERNATIVE CATCHMENT MODELLING APPROACH

10.1

Given the uncertainty in the E-Can model to represent the
catchment hydrology and critical nitrogen pathways from
landuse through groundwater and surface water to the Te
Waihora. We sought to connect the functional parts of ECans work to design an alternative modelling approach

10.2

We have constructed the Selwyn Waihora SOURCE model
which represents a combined flow and water quality model
of the catchment that explicitly captures surface and
groundwater flow pathways and the interactions between
them. The model also replicates irrigation and takes for
irrigation from surface and groundwater.

10.3

The model is constructed in the SOURCE modelling platform
and the model will be informed by previous modelling of the
catchment conducted by the Environment Canterbury and
Aqualinc.

10.4

The SOURCE model provides flows and concentrations and
loads of Total Nitrogen (TN), Nitrate nitrogen, Dissolved
Inorganic Nitrogen (DIN) and Chloride at each of the nodes
represented in the model, which represent flow discharge
points from each subcatchment and confluences between
the streams represented in the model.

10.5

For the model, the study area was subdivided spatially into
sixty-seven different subcatchments, on the basis of the
pattern of surface water drainage revealed in a digital
elevation model and the location of surface water streams.
Each subcatchment receives an independent rainfall input
that is derived from observed rainfall data at rainfall gauges.
The spatial arrangements of subcatchments and the stream
network for the SOURCE model is shown in Figure 7.

10.6

The surface water hydrology is represented in the model
using the Soil Moisture Water Balance Model (SMWBM)
developed by Jacobs. Spatial data grids of daily rainfall and
evapotranspiration were used to capture historical trends
and spatial variability in climate. Forty-two years of rainfall
data was used spanning 1 January 1972 – 14 May 2014.
SMWBM models, on a daily time step, the volume of water
stored within the soil profile, the volume of water draining
from the soil profile into groundwater and the volume of
water generated as surface runoff. For irrigated landuse
types, SMWBM calculates the volume of water required by
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an irrigator to maintain the water stored in the soil profile
above a specified allowable soil moisture deficit level.
10.7

Surface water and groundwater interactions were modelled
using a simplified groundwater store model for the aquifer
system that underlies the catchment. The groundwater
model represents the groundwater system as two horizontal
layers: a shallow layer representing approximately the upper
20 m of depth and a deeper layer representing groundwater
below this depth. The SOURCE model allows for interactions
vertically between the layers, recharge of the groundwater
by drainage from the soil profile and discharge of
groundwater from the upper layer into the stream network.
The SOURCE model represents the groundwater within each
layer in each of the sixty-seven subcatchments as being
spatially lumped and fully mixed for all water quality
constituents.

10.8

The Selwyn Waihora catchment hydrology is dominated by
groundwater, to successfully represent the surface water–
groundwater interactions, abstractions and flow pathways
within the Selwyn Waihora Source model, a range of water
allocation and water quality questions to be investigated.

10.9

The eWater Source modelling platform does not explicitly
model groundwater processes in a manner that captures the
lateral fluxes and exchanges between aquifer layers and the
surface water zone.

10.10

The Selwyn Waihora catchment hydrology is dominated by
groundwater. To successfully represent the surface water–
groundwater interactions and abstractions and flow
pathways within the Selwyn Waihora Source model, a range
of water allocation and water quality questions has been
investigated.

10.11

The eWater Source modelling platform does not explicitly
model groundwater processes in a manner that captures the
lateral and vertical fluxes and exchanges between aquifer
layers and the surface water zone.

10.12

Initially, Jacobs proposed to couple the Selwyn Waihora
Source and Aqualinc’s Canterbury Groundwater Model
(FEMWATER) using a customised work flow tool
(“Workbench” developed by CSIRO) to dynamically couple
the exchange of surface flows from Source and the
FEMWATER groundwater dynamics, capitalising on the
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calibrated status of FEMWATER and the significant
catchment knowledge of the Aqualinc team.
10.13

A number of discussions were conducted between Aqualinc
and Jacobs modellers to investigate and understand the
proposed modelling approach, how best to integrate the
two models, data requirements and the method for
calibrating the overall modelling framework to gauged
stream flows.

10.14

As a result of these discussions, it became clear that there
were a number of obstacles to implementing the coupled
model approach. The time allocated to undertake
modelling was already constrained and the FEMWATER
runtime of a week reduced the ability for development time.
FEWMATER did not model groundwater travel times, which
was to be a critical input for the Source model.

10.15

There was also a lack of time to update/modify FEMWATER
with current data, such as land use, abstractions or climate,
and to recalibrate based on land surface recharge inputs
from our Selwyn Waihora Source Model.

10.16

The time constraints made this initial modelling framework
less flexible for exploring a range of scenarios.

10.17

We still needed to preserve an integrated modelling
approach, so the Jacobs team decided to customise an
existing groundwater module for Source that enabled
representation of groundwater lagged flows and
conservative mass transport pathways (based on Gilfedder
et al, 2012).

10.18

The Jacobs team developed additional functionality that
enabled fundamental groundwater processes within multiple
aquifer layers to be represented and provide more flexibility
in representing groundwater abstractions and nutrient
modelling and attenuation through the groundwater
systems.

10.19

The enhanced groundwater module was configured based
on the knowledge and modelling experience shared from
Aqualinc, previous groundwater studies conducted in the
region and from the geochemical modelling undertaken by
Dr Richard Cresswell in the Jacobs team. Initial model
development was calibrated against FEMWATER outputs.
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10.20

To support the development of the Selwyn catchment
model Aqualinc provided the following information and
data as requested by Jacobs:
10.20.1. 2007 Aqualinc groundwater model report
10.20.2. Shapefile of 2D Mesh.
10.20.3. Shapefile of model boundary.
10.20.4. Shapefile of properties at the centre of each
element – aquifer 1 horizontal K, aquifer 1 thickness,
combined deeper layers horizontal K and combined
deeper layers thickness.
10.20.5. Shape file of bottom elevations of the overall model.
10.20.6. Shape file of model total thickness.
10.20.7. Spreadsheet of consents used
groundwater model development.

in

the

2007

10.20.8. Shapefile of hydrological zones.
10.20.9. Irrigated areas, GW demand and LSR for each
hydrological zone (time series – 1967-2011).
10.20.10.
Spreadsheet of River-GW flows (interaction),
grounded/summarised into reaches.
10.20.11.

Shapefile of river reach groups for above data.

10.20.12.
River specified inflows (i.e. top of plains inflows –
Rakaia, Hororata, Selwyn etc.).
10.20.13.
Shape files of GW contours from piezometer
surveys in April and September 2003 – 5 x different
aquifers separately.
10.20.14.

ECan’s wells database as at July 2013.

10.20.15.
Modelled stream flows for calibration scenario
(same data as sent to ECan).
10.20.16.
10.21

Various technical reports, most from ECan.

Consents to take water in the catchment were grouped into
direct surface water takes, stream depleting groundwater
takes and other (non-stream depleting) groundwater takes.
In the SOURCE model, it was assumed that surface and
stream depleting groundwater consents would extract water
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directly from the most prominent stream in the same
subcatchment as the take was located at the rate
estimated for irrigated landuses in that subcatchment
associated with surface water and stream depleting
groundwater consents. Surface and stream depleting takes
were restricted on a daily timestep according to the
minimum flow limits in each stream that were applicable for
each scenario.
10.22

In the SOURCE model, it was assumed that the remaining
groundwater takes would remove water from the upper
groundwater layer in the same subcatchment at the rate
estimated for irrigated landuses in that subcatchment
associated with non-stream depleting groundwater
consents.

10.23

Nutrient transport in the SOURCE model is represented by
surface and groundwater flow pathways. Nutrient transport
via surface water pathways are represented by multiplying
the surface runoff entering the stream on a daily basis by an
estimated Event Mean Concentration (EMC) for each
constituent. Nutrient transport via groundwater pathways are
represented by multiplying the volume of water draining
from the SMWBM model for each subcatchment and
landuse type by an estimated drainage concentration (DC)
for the particular landuse. Water and nutrients draining into
the groundwater then become fully mixed within the two
layers of groundwater beneath each of the subcatchments
in the model.

10.24

Lilburne et al. (2013) provided mean annual rates of
drainage for water and nutrients across 25 different types of
landuse, on 7 different soil classifications under both irrigated
and non-irrigated conditions for 3 different classes of mean
annual rainfall.

10.25

To allow for reasonable run times, the classes included in
Lilburne et al. (2013) were consolidated into a smaller set of
56 functional units in the SOURCE model. The functional units
were derived from combinations of landuse, dryland or
irrigated operations (for some landuses) and two sets of soil
types: “Light” soils and “Other soils”. Light soils were a
combination of XL, VL and L soil classes, while Other soils
were a combination of M, H, PdL and Pd soil classes. A list of
the functional units included in the SOURCE model is shown
in Table 11 below. The spatial arrangement of landuse types
in the SOURCE model is shown in Figure 8 while the spatial
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arrangement of the soil types in the SOURCE model is shown
in Figure 9.
Table 12: List of functional units included in the SOURCE model
Landuse Type

Dryland or Irrigated
Options

Soil Type Options

Number of

Arable

Dryland or Irrigated

Light or Other Soils

4

Beef

Dryland or Irrigated

Light or Other Soils

4

Dairy 3 cows / hectare

Dryland or Irrigated

Light or Other Soils

4

Dairy 4 cows / hectare

Dryland or Irrigated

Light or Other Soils

4

Dairy 5 cows / hectare

Dryland or Irrigated

Light or Other Soils

4

Dairy Support

Dryland or Irrigated

Light or Other Soils

4

Deer

Dryland or Irrigated

Light or Other Soils

4

Forestry

Dryland only

Light or Other Soils

2

Lifestyle

Dryland only

Light or Other Soils

2

Miscellaneous

Dryland only

Light Soils only

1

Native Forest

Dryland only

Light or Other Soils

2

Orchard

Irrigated only

Light or Other Soils

2

Pigs

Dryland only

Light or Other Soils

2

Sheep

Dryland only

Light or Other Soils

2

20% Beef and 80%
Sheep

Dryland or Irrigated

Light or Other Soils

4

10% Beef and 90%
Sheep

Dryland or Irrigated

Light or Other Soils

4

Urban

Dryland only

Light or Other Soils

2

Vegetables

Irrigated only

Light or Other Soils

2

Viticulture

Irrigated only

Light or Other Soils

2

Water

Not applicable

Not applicable

1

Functional
Units

Total number of functional units in SOURCE model

56

10.26

Drainage concentrations (DC) for TN, DIN and Nitrate were
applied for each functional unit to produce the same mean
annual loading rate of TN, DIN and Nitrate that were
estimated by Lilburne et al. (2013). Where several separate
classes in Lilburne et al. (2013) were combined for different
soil types, the rates applied in the soil type represented an
average of the loading rates estimated by Lilburne et al.
(2013).

10.27

For surface runoff, EMC for TN, DIN and Nitrate nitrogen were
derived by examining surface water monitoring data in the
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stream at available locations. The notations contained with
the surface water monitoring data identified times when the
monitoring occurred during runoff events or immediately
after rainfall. We filtered the monitoring record only to these
dates and then calculated representative EMC only for
those dates. The EMC varied by constituent but for a given
constituent the same EMC were applied for all landuse within
the model.
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11.

ALTERNATIVE APPROACH TO ESTIMATING PROBABILITY OF
EXCEEDING DRINKING WATER QUALITY GUIDELINE LIMITS

11.1

Several groundwater bores located in the Selwyn-Waihora
catchment are used to supply drinking water. New Zealand
Ministry of Health (2008) sets the Maximum Acceptable
Value (MAV) for Nitrate ions in drinking water at 50 mg/L,
which is equivalent to a Nitrate nitrogen concentration of
11.3 mg/L.

11.2

Nitrate Nitrogen concentrations in groundwater vary over
time seasonally and there is also an apparent trend in Nitrate
concentrations in groundwater bores over time. The
probability of exceeding the MAV for Nitrate will be
dependent upon the mean Nitrate concentration in the
groundwater and also seasonal variations and variability in
the Nitrate concentration in the groundwater about the
mean and seasonal variations.

11.3

There are a small number of groundwater bores located
across the plains of the Selwyn-Waihora area that have long
time series of relatively frequent (at least four times per year)
monitoring of Nitrate concentrations. The time series from
three bores: L36/0317, L36/0871 and M36/7734 were
identified as being sufficiently long and with sufficiently
frequent observations for analysis of the probability of
exceeding the maximum acceptable value (MAV) for
drinking water quality. Bore L36/0317 is located 15 km to the
North-west of Te Waihora/Lake Ellesmere and is in the zone
where groundwater levels are relatively deep beneath the
surface. Bore L36/0871 is located 5 km to the north-west of Te
Waihora/Lake Ellesmere and is in an area with shallower
groundwater
levels,
where
the
observed
Nitrate
concentrations in the bores reveal that denitrification of the
groundwater is occurring. Bore M36/7734 is located 5 km to
the west of Te Waihora/Lake Ellesmere, also in an area of
higher groundwater levels but where there is insufficient
evidence in the monitored Nitrate concentration data of
denitrification of groundwater.

11.4

A plot of the Nitrate concentration over time at each of the
three identified bores demonstrated that there is a seasonal
trend in the concentration of Nitrate, with the highest
concentrations in each year typically observed in October
and the lowest concentrations observed in April. There is also
a trend toward increasing concentrations of Nitrate in the
bores that are closer to Te Waihora/Lake Ellesmere, L36/0871
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and M36/7734. There a trend toward very slowly long term
decreases in Nitrate concentrations at L36/0317.
11.5

Environment Canterbury (2014) developed an empirical
model that attempts to fit an exponential model with the
mean annual Nitrate load in the zone as a predictor
variable. The form of equation used means that there will be
a mean annual Nitrate concentration at which the
probability of exceedance of MAV exceeds 1, which is
impossible. The form of equation also means that there is a
non-zero probability of exceedance of MAV, even if the
mean annual Nitrate load were to approach zero, which
again is illogical. The direct estimation of the probability of
exceeding MAV from just adopting the probability in the
sample data is potentially biased by the timing of sampling
and temporal trends that are evident in the data.

11.6

A statistical model was fitted to the Nitrate concentrations at
each of the three bores of the form:
(

( ⁄

))

where a, b, c and e are constants fitted to the record at
each bore, C is the Nitrate concentration, t is time, d is the
day of the year, D is the number of days in the calendar year
and r is the residual, or the difference between the observed
Nitrate concentration and the Nitrate concentration fitted
via the equation after removing the seasonal trend and the
trend with time. A Generalised Extreme Value distribution
was fitted to the residuals, r, at each of the bores.
11.7

The SOURCE model represents the long-term variation in the
Nitrate concentration in the groundwater but may not
capture the variability in the groundwater Nitrate
concentrations that are evident in the observed data at the
bores. It was assumed that the SOURCE model would
replicate the mean nitrate concentrations in the
groundwater. The mean Nitrate concentration in the
groundwater from the SOURCE model was therefore
assumed to represent the mean and long-term temporal
trend components that are seen in the observed
concentrations. This is a similar approach to the Environment
Canterbury model, which used the mean annual Nitrate
concentration predicted from catchment model simulation
as a predictor of the probability of exceeding MAV
(11.3 mg/L) and half MAV (6.6 mg/L) concentrations.
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11.8

In our alternative approach, a Monte-Carlo simulation was
conducted applying by stochastically generating Nitrate
concentrations using the seasonal trend in Nitrate
concentrations fitted at each bore along with the statistical
distribution (Generalised Extreme Value) fitted to the
residuals. One hundred years of daily simulated Nitrate
concentrations were generated at each bore, with different
values of mean annual Nitrate concentration. From the
Monte-Carlo simulation, the probability of exceeding the
MAV of 11.3 mg/L, as a function of the mean annual Nitrate
concentration, was estimated for each bore. The probability
of exceeding 6.6 mg/L (half of the MAV) was also estimated
for each bore, as a function of the mean annual Nitrate
concentration.

11.9

The method developed for our approach is more statistically
robust as it explicitly allows for the seasonal variation
component and it fits a probability distribution to the
residuals that is constrained to produce probability values
between 0 and 1.

11.10

The parameters fitted the seasonal trend and the
distributions of the residuals at each bore are as listed Table
12.

11.11

Our Figure 5 shows an example of the regression model fitted
to data from bore L36/0871 and Figure 6 shows the fit of the
GEV distribution to the residuals for the same bore.

Table 13: Parameters fitted to observed Nitrate concentrations at
representative groundwater bores in the Selwyn-Waihora catchment
Bore Number

M36/7734

L36/0871

L36/0317

0.31

0.65

1.25

Location parameter

-0.14

-0.48

-1.16

Scale parameter

0.38

0.64

2.21

Shape parameter

0.110

-0.192

0.086

Half-amplitude in Seasonal Variation in
Nitrate Concentration (mg/L)
Parameters fitted to GEV distribution for
residuals (mg/L)
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12.

SOURCE MODEL CALIBRATION AND OUTPUTS

12.1

At the time of writing this evidence we are in the final
calibration process for the SOURCE model. As our calibration
process for the model is still in progress, we are not sufficiently
satisfied with calibration of the model results for the current
conditions scenario (Scenario 1) to gauged flows and
monitoring data to present any results from the SOURCE
model simulations in this evidence.

12.2

The SOURCE model is well advanced. Following calibration
the scenarios referred to 14.16 below with outputs from the
calibrated SOURCE model for the existing conditions case
and proposed scenarios. The SOURCE model will compute
the total mean annual flow and mean annual loads of TN,
NNN and DIN transmitted to Te Waihora/Lake Ellesmere.

12.3

The model computes the flows and loads transmitted via
surface and groundwater flow pathways through all of the
streams draining to the lake. The SOURCE model also
computes the Nitrogen budget for the catchment, providing
the total loads of TN, NNN and DIN generated within the
catchment and how those loads are broken down between
drainage to groundwater and loads transmitted via surface
water runoff.

12.4

The SOURCE model will provide long term mean Nitrate
concentrations in the groundwater throughout the model.
The probabilities of exceeding the MAV and half of the MAV
for drinking water will be estimated using the outputs from
the Monte-Carlo simulation of variations in Nitrate
concentrations and the mean annual Nitrate concentration
in groundwater estimated from the SOURCE model.

12.5

The SOURCE model will provide estimates of flow, TN, Nitrate
and DIN concentrations in the lowland streams, simulated on
a daily time step for the model run period. Mean annual flow
and 7DMALF will be estimated directly from the daily flow
time series produced by the model for each of the lowland
streams, for each scenario. Median and 95th percentile
concentrations for each constituent will be derived directly
from each scenario from the time series of concentrations
produced by the model.

12.6

The SOURCE model represents demands for surface water
and stream depleting takes, which are linked to a specified
minimum flow threshold in the stream. The SOURCE model will
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stop surface water and stream depletion takes when the
flow in the stream is less than the minimum flow threshold
and the SOURCE model reports a record of the start and end
dates of restriction and the total volume of water that was
not able to be diverted during restriction periods.
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13.

CONCLUSIONS

13.1

We do not consider the modelling approach used by
Environment Canterbury to be sufficiently reliable to predict
the effect of proposed plan change on achieving the
proposed objectives of the plan, nor to assess the effects of
the plan.

13.2

We consider that comparing leachate rates calculated
using Lilburne lookup tables for the catchment load and
approved Schedule 7a methods for Farm Environmental
Plans is unreliable, and therefore the tables 11(i) and (j) are
unreliable limits for landuse controls or regulation.

13.3

We recommend Environment Canterbury; update Schedule
7a with a methodology for calculating MGM leachate rates
that is consistent with the manner used for setting the
allocation in Variation One. This is likely to include Overseer
version control. This method need only be applied for
consenting purposes, with farm manager free to use evolving
leachate accounting systems to guide their day-to day farm
management decisions.

13.4

We have analysed landuse change assumptions
Environment Canterbury used for its assessment. We used
similar landuse information to Environment Canterbury, but
worked closely with CPW and other primary sector groups to
more accurately represent the existing landuse at 2014 and
the proposed CPW landuse.

13.5

Using these landuse assumptions, and the Lilburne look-up
tables we calculated very similar loads to those calculated
by Environment Canterbury. We predict the existing load at
2014 is 4615 tonnes of nitrogen per year, in 2022 , with CPW
fully developed and with no landuse change in the
remaining catchment we predict the load to be 5522 tonnes
of nitrogen per year.

13.6

Policy 11.4.14, establishes a nitrogen allocation methods that
is a modified version of grandparenting. We have tested
two other possible methods of allocation. Our analysis
demonstrates that there is a differing distribution of costs and
benefits with whichever allocation method is adopted. Our
analysis also indicates that a “natural capital” allocation
method is unlikely to practical without an associated
nitrogen trading system. We are not advising for or against

53

any of the possible allocation methods. Our analysis is to
inform decision makers
13.7

The magnitude of the proposed reductions in policy 11.4.14,
and the associated catchment loads described in tables 11i
and 11j and predicated on the groundwater assessment
undertaken by Environment Canterbury (Hansen 2013)

13.8

We consider that the assumptions in the groundwater quality
modelling, which concluded that a change in landuse
would translate into an increase in load to the lake in a
similar proportion, are not supported by the groundwater
quality data, and therefore are overly conservative. We,
therefore, do not support the proposed limits in tables 11i
and 11j nor policy 11.4.14.

13.9

We estimate the total historic combined nitrate nitrogen load
to the lake to be 1,100 tonnes/year. This value has not varied
in the recent past and is unlikely to vary significantly under
any proposed land use changes due to the buffering effect
of the coastal groundwater zone.

13.10

Actual measurements of surface water nitrate at the lake are
required to assess this contribution.

13.11

There is a zone of high EC and nitrate in the central portion of
the plains which coincides with current high leaching areas
and with modelled mounding of shallow groundwaters. The
fact that these higher concentrations do not promulgate to
the lake suggests either:
a) the nitrate has not moved far down the catchment and is
still in transit, or
b) the leached nitrate denitrifies before it reaches the lake.

13.12

We would argue that the latter explanation (denitrification
effect) is more likely as a re-appraisal of groundwater age
data would suggest young groundwater ages and hence
sufficient time for groundwaters to reach the lake from the
irrigation areas. Hence, the fact that this is not seen in nearlake bores supports denitrification of groundwaters before
discharge to the lake.

13.13

The denitrification effect in the zone near the lake would not
improve the groundwater quality higher in catchment, and
therefore land use change may result in changes in surface
water quality and drinking water quality.
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13.14

We consider that a reliable method to test the effect on
changed land use on surface water and groundwater
quality and flow regimes is to develop a calibrated
integrated catchment model.

13.15

We have developed a SOURCE integrated catchment
model to answer the following questions under future
landuse proposed and alternative regulatory conditions.
13.15.1. What is the projected N load to Te Waihora/Lake
Ellesmere?
13.15.2. What are the effects on regional groundwater
quality?
13.15.3. What are the effects on surface water quality?
13.15.4. What is the effect on water reliability for irrigators?
13.15.5. What is the effect on mean annual low flow (MALF)
and seasonal durations for minimum flows?

13.16

Scenarios have been developed to capture the policy
implications and to address the above questions. The
conceptualisation of scenarios in detailed in Table 14. The
outcomes of the scenarios will be assessed against changes
in 7-day mean annual low flows, mean annual flows,
irrigation metrics (ie, number of days unable to irrigate and
volume not supplied), total annual TN load to the Lake and
concentration of DIN, NNN and TN to compare to toxicity
limits in Table 11(k).
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15.

FIGURES
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Figure 5 Regression relationship fitted to observed Nitrate concentrations
with time in Bore L36/0871
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Figure 6 Generalised Extreme Value distribution fitted to residuals between
observed and Nitrate concentrations fitted from the regression model for
Bore L36/0871

1

Figure 7 Structure of SOURCE model, showing subcatchments, the stream network (represented as arrows showing direction of flow), surface water
and stream depletion take points.

2

Figure 8 Landuse categories represented within the SOURCE model

3

Figure 9 Soil type categories represented within the SOURCE model
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Table 14. Scenario set up for the Selwyn Waihora SOURCE Model
Sc No.

Model Objective

Current
Conditions

Calibration of water
movement to
gauged flows and
FEMWATER fluxes

1

Calibration
Water Allocation

Best current
landuse 2014,
informed by
Primary Sector

Nitrate mean annual
drainage
concentrations
Lilburne look up table
(LUT)

0

Estimate naturalised
flows (No Irrigation)

2a

Effect of cutback of
existing consents to
reliability 8.5 in 10
years and
implementation of
Variation 1MFL
restrictions

2b

Water allocation and Minimum Flow
Limits (MFL)
Irrigation demand in SMWBM
determines water use.
Assume irrigated area so that 100%
reliability on all days of modelling
period.
Existing

Calibration of
nitrate
concentrations and
attenuation
functions

3a

Nitrogen
Allocation

Landuse map

Current MFL restrictions on
consented takes.
Allocation capped to existing
paper allocation
As for Sc 1, but
convert
irrigated land
use to arable
land use
Best current
landuse 2014,
informed by
Primary Sector

Water Quality and Hydrology
Outcomes
The model is calibrated and can be
used to predict of surface water
and groundwater quantity and
quality in the catchment.
The model has a sufficiently long
run time that the lag time in the
groundwater is accounted for and
our assessments account for the
predicated long term outcome of
landuse scenarios.

Modified Lilburne LUT
to convert irrigated
leaching rates to
arable leaching rates

Remove all consents
No MFL or allocation limits

Calibration run used for setting
minimum flows.

Modify Lilburne LUT to
increase leaching
rates for particular
landuse areas to
15kg/ha/yr as per
Variation 1

MFL restrictions as per Variation 1.

The effect on habitat of improving
reliability to meet seasonal irrigation
demand for nine out of ten years
reliability.

Allocation capped to Variation 1
Allocation volumes calculated
internally by model based on
method in Schedule 10

CPW implemented
with transfer of
entitlements from
GW to SW

2014 landuse,
modified to
include CPW
irrigation
scheme area

Change leaching
rates of previous CPW
irrigated areas to
dryland

Water Allocation and MFL as per 2a

Effect of Variation 1
Clawback (11.4.14b
- N % reduction per
LU), on allocation
and stream and
lake N loads

As for 2b

Modify leaching rates
based on clawback
identified in Policy
11.4.14

As per 2b

Leaching rates
capped at
80kg/ha/yr upper limit
11.4.16

Addition of CPW irrigation scheme
diversions from Rakaia and
Wamakariri Rivers.
Change of CPW users from GW to
SW.

Policy

Test the method used to
calculate the nitrogen
load in tables 11i and 11j,
to enable meaningful
implementation of
concepts in Policy 11.4.15
and 11.4.17

TestPolicy 11.4.26 and test
effects of MFL in table
11.7.1

Ecology assessment on reduced
Min Flows
The effect on habitat of improving
reliability to meet seasonal irrigation
demand for nine out of ten years
reliability combined with the switch
from GW to Surface water

Test 11.4.26 and clarify the
effect of 11.4.21 and test
effects of MFL in table
11.7.1

Provide nitrogen concentrations
and load, to assess whether the
proposed clawback meets or is
conservative when compared with
Variation 1 water quality limits

Test policy 11.4.14 t
allocation method

