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Selwyn Waihora limit setting: Overview report

Executive summary
Between 2011 and 2013, Environment Canterbury ran a collaborative and community-centred process
to set water quality and water quantity limits in the Selwyn Waihora catchment. The collaborative
process used in the Selwyn Waihora catchment builds upon an earlier process known as the
‘preferred approach’ developed in the Hurunui catchment.
The Selwyn Waihora Zone Committee, supported by wider community focus groups, was the recipient
of a large body of technical information, and was responsible for recommending water quality and
quantity limits to the Environment Canterbury Commissioners.
To develop these limits, a series of exploratory scenarios were developed to examine the social,
cultural, economic and environmental consequences of different outcomes for the catchment. This
information was used by the community and stakeholders to reach a negotiated agreement on limits
for the catchment.
Based on these scenarios and feedback from the community and Zone Committee, an initial package
of regulatory and non-regulatory measures plus catchment limits (Solutions Package 1) was
developed and presented to the Zone Committee. These were discussed by the Committee and
community, and a revised solutions package (the Zone Committee Solutions Package) was
recommended by the Zone Committee to the Environment Canterbury Commissioners.
This report summarises the process and the technical work used to support the policy process. The
following table summarises how each scenario and solutions package performs against the Zone
Committee’s aspirations for the catchment, called priority outcomes.
Priority outcomes
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Introduction

1.1

Report purpose

This report documents the technical work undertaken to inform and support the
community-centred policy process for developing water quality and quantity limits in
the Selwyn Waihora catchment. The report summarises the predictions of social,
cultural, economic and environmental consequences of a range of possible future land
uses in the Selwyn Waihora catchment. Other technical information that was
requested and provided to the Zone Committee is provided in the supplementary
information report.

1.2

Preferred approach

In 2009, Environment Canterbury initiated the ‘Land use and Water Quality’ project in
the Hurunui catchment to address deteriorating water quality and on-going pressure
from land intensification in the Canterbury region. One of the objectives of this project
was to agree an approach for setting water quality limits that could be used across the
remainder of the region. One of the results of this case study was the development of
the ‘preferred approach’, (EnvironmentCanterbury, 2012) which was agreed and
endorsed by the Environment Canterbury Commissioners. The limit setting process in
the Selwyn Waihora has followed the overarching principles of the preferred
1
approach , while learning and modifying the process along the way. Figure 1 is a
schematic of the process used in the Selwyn Waihora limit setting process

Figure 1

Key points

This report is an
overview of the
biophysical,
economic, social
and cultural
scenario
assessments
undertaken

The Selwyn
Waihora process
was built on the
overarching
principles of
Environment
Canterbury’s
‘preferred
approach’

Schematic of the approach for setting water quality and quantity
limits used in the Selwyn Waihora catchment

1

Environment Canterbury, 2012. The preferred approach for managing the cumulative effects of land
use on water quality in the Canterbury Region: a working paper. ECan report R12/23
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1.3

Report layout

Key points

A large amount of technical work that has been done to support and inform this
planning process. To make the reporting easier, the work is reported as:
•

A high-level overview report summarising the technical work (This
report)

•

10 technical reports covering the modelling and assessment work
(Appendices 9-18)

•

Supplementary technical information compendium

Figure 2 shows the relationship between the various reports.

Figure 2

2

Reporting of the
technical work
consists of an
overview report,
10 technical
reports covering
the modelling
and assessments
and a
compendium
report containing
all the other
technical
material
provided to the
Zone Committee

Report structure for technical information

Methodology

In brief, the following methodology was used to develop the technical work:
1. The Zone Committee described their aspirations for the catchment in the form
of priority outcomes, published in their Zone Implementation Programme (ZIP)
(SWZC, 2012)
2. The technical team developed indicators based on these outcomes, against
which attainment of outcomes could be assessed
3. The Zone Committee agreed a suite of scenarios, to test ‘what if’ questions
that they wanted to understand the consequences of
4. The technical team developed models, tested each of the scenarios, and used
the indicators to predict the likely consequences on the community values.
This information was integrated and simplified and then communicated back
to the Zone Committee and wider community to help inform their discussions
5. After the exploratory scenarios had been considered, the Zone Committee,
wider community and technical team each brainstormed all potential aspects

2
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of a solutions package and selected an initial suite of solutions to model. This
became Solutions Package 1. Solutions Package 1 was modelled in the same
way as the earlier scenarios and the outcomes delivered to the Zone
Committee and wider community

Key points

6. The Zone Committee then had a period of iterative discussions where
additional information and analyses were requested and delivered
7. A final package of solutions, the ‘Zone Committee Solutions Package’ was
agreed upon. This was recommended to the Environment Canterbury
Commissioners and then modelled by the technical team to generate the
catchment limits that relate to the agreed outcomes
The Environment Canterbury planning team and Zone facilitator worked constantly
with the Zone Committee and were responsible, with support from the technical team,
for turning the final package of solutions into a RMA plan and an amended ZIP.
The following sections describe the relevant steps (Establish community values, Build
assessment framework and Technical assessment) of Figure 1 in more detail.

2.1

Establish community values

As required by the Canterbury Water Management Strategy (CWMS) the Selwyn
Waihora Zone Committee developed a Zone Implementation Programme (ZIP)
(SWZC, 2012). The CWMS outlines high level regional outcomes across ten target
areas: economic, social, cultural and environmental. For each of these target areas,
the Zone Committee developed a set of priority outcomes and sub-outcomes for their
zone. The Selwyn Waihora Zone Committee’s priority outcomes and sub-outcomes
are shown in Table 1.
However, not all of the outcomes in the ZIP were relevant to the project area or the
limit-setting process. Some of these were process-based outcomes and couldn’t be
assessed through the scenario analysis e.g. Alpine rivers and high country values are
protected, or Rūnanga are actively involved in resource management decision
making. These were excluded from the assessment.

Table 1

Understanding
the community
values, as
determined by
the Zone
Committee, was
the starting point
for the technical
team to
determine the
project scope to
build the
assessment
framework

Selwyn Waihora Zone Committee Zone Implementation
Programme outcomes. Outcomes highlighted in grey were
excluded from this assessment

Selwyn-Waihora Zone Committee
Priority Outcomes

a. Thriving communities and
sustainable economies

Sub-outcomes

-

b. High quality and secure supplies
of drinking water

-

c. Best practice nutrient and water
management
-

Sustainable and productive land use
Energy security is increased
Customary and commercial fisheries are
improved
Secure water supply to provide a target of
95% reliability for irrigation
All domestic drinking water meets national
standards preferably without treatment
within 10 years
Land managers use optimal water and
nutrient practices for their land class, soil
type and farm system
Management is based on clear and agreed
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d. Kaitiakitanga is integrated into
water management in the zone

-

e. Healthy lowland streams

-

f. Te Waihora is a healthy ecosystem

-

g. Hill-fed waterways support
aquatic life and recreation

-

h. Alpine rivers and high country
values are protected

-

i. Enhanced indigenous biodiversity
across the Zone

-

4

science including mātauranga
Innovative nutrient and water management
is adopted rapidly
Rūnanga are actively involved in resource
management
decision making
Wāhi tapu and mahinga kai are protected
and enhanced (used as priority outcome)
Water quality, flows and habitat supports
increased abundance and diversity of
aquatic life
Safe and plentiful food gathering is
available
Nutrient inflows decline over time to
acceptable levels
There are healthy macrophyte beds and
water clarity is Improved
Fish recruitment and food gathering on and
around the lake is improved
Governance of Te Waihora reflects
Rangatiratanga and Kaitiakitanga in action
Nutrient inflows decline over time to
acceptable levels
Recreation opportunities are improved
Popular swimming places meet contact
recreation standards
Flows are sufficient to provide for
swimming at popular swimming places
Flows support aquatic life and fish passage
Threatened bird populations trends
improve
The natural braided character of alpine
rivers is preserved
High water quality and quantity in high
country lakes and streams is maintained
Populations of native and sports fish
flourishing
River mouths and hapua are healthy and
functioning
High quality recreation opportunities are
maintained
No further loss of indigenous biodiversity
habitat and ecosystems
Indigenous biodiversity corridors are
created across the plains including
waterway corridors
Significant high country wetlands are
protected
Wetlands associated with hill fed river flows
are protected and restored
Wetlands on the plains are restored
The wetlands of Te Waihora are enhanced

Key points

Zone Committee
ZIP outcomes
were refined to
those relevant to
limit setting and
the project area
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2.2

Build assessment framework

Key points

The assessment framework is made up of four key elements:
•
•

•
•

Assessment of scope and boundaries
Models or technical assessments
o Biophysical
o Social
o Economic
o Cultural
Indicators
Scenarios

The following sections will describe each of these elements in more detail. There is
also a section on uncertainty and the steps taken to create a fit for purpose
assessment framework.

2.2.1

Assessment of scope and boundaries

The scope of the technical work was determined by the community values expressed
as priority outcomes and sub-outcomes, covering environmental, economic, social and
cultural aspects. This original scope was then modified by:
•

Time constraints, meaning that existing models needed to be used or
adapted where possible and where no model existed, simple models were
built

•

The availability of assessment techniques and robust indicators needed in
order to test the scenarios

Climate change scenarios were not included in the wider modelling project due to
technical difficulties in predicting changes to land use and tributary inflow
characteristics. A memorandum (Leftley, 2012) reviewing climate change modelling
the Selwyn Waihora catchment was produced and circulated to the Zone Committee
and is included in the supplementary technical information. However the influence of
climate change on the lake has been studied using the same models used in this
project (i.e. DYRESM-CAEDYM) and general predictions published in the scientific
literature (Trolle et al., 2011). That work predicted that climate change (and particularly
temperature increase), would in general exacerbate the adverse effects of further
nutrient load increases to the lake. Trolle et al. (2011) predicted that climate change to
the year 2100 could have an equivalent effect on lake trophic state as an additional
50% external TN and TP load to the lake. While there is significant uncertainty with
such predictions they add context to the scenario predictions and for decision-making
on setting limits. The context for lake water quality is:
i)
ii)

iii)
iv)

v)

Climate change adds further justification for the need to make timely
decisions on setting limits
The potential impact of climate change adds only incrementally to the
urgency of the need to make these decisions – i.e. even without climate
change the need is urgent
Consideration of climate change doesn’t alter the direction of predicted
changes to the lake
Consideration of climate change may not significantly change the nature
of the recommendations on where to set load limits, because these have
been made by striking a pragmatic and realistic balance across the wellbeings.
Consideration of climate change supports the need for pursuing a suite of
interventions, not just relying on a single solution
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The scope of the
project was
determined by
the community
values and
modified for
time constraints
and available
assessment
methods
Where possible,
existing
biophysical
models were
used
The project
boundary is the
surface water
catchment for Te
Waihora plus the
Little Rakaia
zone
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The project area is the Te Waihora/Lake Ellesmere catchment plus the Little Rakaia
zone, Figure 3. Within this project boundary the area can be divided into several
areas; hill country (above 15° slope), the little Rakaia zone, the Kaituna catchment and
the plains area.

Key points

Some of the models used do not cover the whole project area. The groundwater
quantity and quality models exclude the hill country and the Kaituna area due to the
lack of groundwater in those areas. Although the little Rakaia area is covered by the
quantity model, the results have been discarded as the model did not represent
groundwater flows satisfactorily.

There are three
key water bodies
in the catchment:
• Groundwater
• Rivers and
streams
• Te Waihora

Figure 3

Map showing the Selwyn Waihora project boundary. Source
Environment Canterbury

Identification of key water bodies and monitoring/modelling points
There are three key water bodies or receiving environments in the Selwyn Waihora
catchment. A suite of monitoring sites was used as reference sites where the effects
of scenarios on each of the receiving water bodies were described:
•

•

6

Groundwater
o This assessment was limited to shallow groundwater (<50m). The
location of monitoring wells that were used to assess impacts are
shown in Figure 4.
Rivers and streams
o Twelve lowland streams and main drains are identified as the
main surface water bodies in the catchment, Figure 5. Ten are
also modelling points. Approximately 90 % of the flow into Te
Waihora/Lake Ellesmere passes through the nine modelled points
(excluding the Kaituna River) (Clark, 2014). The three additional
sites are the Lee River and Jollies Brook in the Little Rakaia Zone
and the Kaituna River in the Kaituna catchment.
o The Kaituna river catchment is not hydrologically connected to the
plains area. Consequently the catchment water quality is not

The project has
focussed on
shallow
groundwater (<50
m)
There are 12
lowland stream
assessment sites,
9 on the plains, 2
in the Little Rakaia
area and 1 in the
Kaituna
catchment
Approximately
90% of the flow to
Te Waihora
passes through
the 9 stream sites
on the plains
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•

Figure 4

affected by the land use change scenarios on the plains. No land
use or water use change was assumed in the Kaituna catchment.
Water quantity modelling was undertaken to provide an input to
the lake water balance model and both quality and quantity were
held constant for all scenarios.
o The streams in the Little Rakaia area do not flow into the lake, but
discharge directly to the sea. The Little Rakaia area is a part of
the overall Selwyn Waihora Zone but the exact catchment
boundary is not well defined. Therefore the decision was made by
Environment Canterbury to include the Little Rakaia area in the
project area. The groundwater modelling for the Little Rakaia area
was discarded early in the process as the model was not
performing well enough. This could be due to the influence of the
Rakaia River recharge or the lack of calibration data in that area.
The impact of scenarios on the Lee River and Jollies Brook is
described as a narrative change from current based on expert
judgement and the modelling outputs from other sites.
o Hill fed streams. No hill fed streams were modelled except the
Selwyn. It was assumed there would be no significant abstraction
from the other hill-fed rivers, and therefore there would be no
change to flows beyond what was predicted above natural climate
variability. No land use change was assumed in the hills. Land
use change on the plains affected the water quality in lower
reaches of the upper catchment streams in some scenarios.
Te Waihora/Lake Ellesmere. The mid-lake monitoring point was used as
the reference point for the study and predictions for the lake were made
for this point. Some scenarios also predicted outcomes in the lake
margins, Figure 5.

Key points

A sub-group of
Environment
Canterbury’s
long-term
groundwater
monitoring
programme
wells were used
for assessments

Subsection of Environment Canterbury’s long-term groundwater
quality monitoring programme. Yellow boundary indicates the
Selwyn Waihora catchment
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Key points

Figure 5

Locations of the modelled surface water sites (green) un-modelled
surface water sites (orange) and mid lake site (red) in the Selwyn
Waihora catchment

The four main
contaminants in
the Selwyn
Waihora area
are nitrogen,
phosphorus,
faecal bacteria
and sediment

The key contaminants and their pathways
There are three elements to managing diffuse source pollutants:
•
•
•

There are 3
elements to
diffuse
pollution:
• Source
• Pathway
• Receptor

Source of contaminants
Contaminant pathway
Receiving environment
2

The four key contaminants in the Selwyn Waihora catchment are nitrogen ,
phosphorus, sediment and faecal bacteria (Hughey, 2007). The main pathway for
nitrate-N loss is via leaching. As drainage water leaves the rootzone, it can carry
nitrates with it. Phosphorus, sediment and faecal bacteria are generally lost via
overland flow or shallow interflow via artificial drainage although phosphorus leaching
is also possible (Webb et al., 2010).
The catchment models available at the time of this work were not able to adequately
characterise phosphorus, sediment or faecal bacteria loss pathways to water for this
catchment. However, they are important in the assessment of impacts of scenarios on
various receiving environments. The assumptions for phosphorus for each scenario
are described in Appendix 7. The assumptions for faecal bacteria and sediment are
described in the scenario assessments under the relevant indicators.

2

8

The models
available were
not able to
adequately
characterise
phosphorus,
sediment or
faecal bacteria
pathways to the
receiving
environments in
this catchment

Many forms of nitrogen exist. For groundwater, streams and rivers, we are mainly interested in
the nitrate-nitrogen (nitrate-N) form. Nitrate-N is highly soluble, so it is easily carried with
water and it is in a form that plants can immediately take up and use. For the lake, we are
also interested in Total Nitrogen
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Key points
2.2.2

Model/assessment choice, set up and calibration

A conceptual understanding of how water and nutrients moved through the catchment
was discussed between the technical team and Zone Committee and wider
community and helped inform the modelling approach.
The time constraints of the project meant that where possible existing models were
used or adapted. Detailed description of the models used can be found in Appendices
9-18. A brief outline of the whole modelling approach (biophysical, social, economic
and cultural) is given here as well as the conceptual understanding of the catchment.
High level description of catchment hydrology: Conceptual understanding of
the catchment
Rivers and streams in the hills in the west of the catchment are generally fed from
overland flow and shallow subsurface flow. When these watercourses reach the plains
they generally lose their flow to deep groundwater. It is assumed that this water does
not resurface in the catchment, except the Selwyn River that sometimes flows all the
way across the plains.
Drainage from the soil under the plains area is assumed to enter shallow groundwater.
This shallow groundwater is assumed to resurface in the lower part of the catchment
through a network of springs providing the baseflow for the lowland spring-fed
streams (Clark, 2014; Hanson, 2014; Scott and Weir, 2014). This flow carries nitrate-N
with it, and consequently the streams are influenced by groundwater quality and
quantity. Considerable time (i.e. decades) can elapse between drainage water
carrying nutrients being lost from the soil on the plains until it resurfaces again in a
lowland stream (Bidwell, 2009). Therefore there is an amount of nitrate-N that is
already in transit, or ‘in the post’ that will inevitably arrive in the lowland streams,
regardless of subsequent changes in land use practices.
On the plains, no denitrification is expected to occur as the nitrate-N drains from the
base of the rootzone and moves through the groundwater. However, where the
groundwater resurfaces denitrification may occur (Webb et al., 2010). In addition
anoxic conditions in the groundwater in the lower portion of the catchment close to the
lake, can also facilitate denitrification (Hanson, 2014).
The two alpine rivers, the Waimakariri and the Rakaia, border the catchment to the
north and south. They are assumed to form the hydrological boundary to the
catchment and water and nutrients do not pass below them. They are also assumed to
be losing water to groundwater as they flow across the plains, influencing baseflows in
the lowland streams, especially the ones nearby (Clark, 2014). This alpine water is
characteristically low in nutrients and is uninfluenced by land use changes in the
Selwyn Waihora catchment and therefore provides a dilution effect in the groundwater
and some spring fed streams (Hanson, 2014).
In the lowland streams, a significant proportion of their nitrate-N comes from the plains
area of the catchment via the groundwater. The converse is true for phosphorus,
sediment and faecal bacteria. It is runoff from land, shallow subsurface drainage or
direct discharges to waterways in the lower part of the catchment that is the source of
the majority of the phosphorus, sediment and faecal bacteria.
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A broad
conceptual
understanding
of how water
and nutrients
move through
the catchment
was developed
Drainage from
the plains is
assumed to
resurface in the
lowland springs

The Rakaia and
Waimakariri are
boundaries and
provide
groundwater
into the lower
part of the
catchment
Much of the
nitrate-N in the
lowland streams
comes from the
plains via
groundwater
and much of the
phosphorus
comes from the
land in the
lower part of
the catchment
via overland or
shallow
subsurface flow

9

Selwyn Waihora limit setting: Overview report

For the lake, most of the flow is assumed to enter the lake via the waterways and only
a small proportion directly from groundwater. There has been a build-up of sediment
and phosphorus in the lake bed sediments, which has been lost from the catchment
as a result of past land uses. Due to the shallow nature of the lake, this is continuously
being re-suspended. The lake is periodically artificially open to the sea.
Water also leaves the catchment by going directly out to sea as deep groundwater
and is dominated by alpine water.
Model integration
A consequence of the overall time constraint was the need to use pre-existing
biophysical models. These models had been built for different purposes and calibrated
separately and therefore there was the potential for conflicting assumptions. An
exercise was conducted at the start of the project to highlight any conflicting
assumptions. The main conflicting assumption identified was the recharge from soil.
The lookup tables (Lilburne et al., 2010; Lilburne, 2013), used to estimate nitrate-N
losses in the water quality modelling gives recharge depths and drainage
concentrations from which the nitrate-N load is calculated. The groundwater model
(Scott and Weir, 2014) also has recharge as an input. However there is a disparity
between these two estimations, with the Lookup Table having lower recharge than the
groundwater model. This has been discussed in both Hanson (2014) and Scott and
Weir (2014). The way the modelling has been undertaken, with quality being driven
from nitrate-N concentrations in the lookup tables, the discrepancy did not alter the
overall direction and relativities of the model predictions for nitrate concentrations
(Hanson, 2014). However it does represent an area of uncertainty in the modelling
and dual assumptions have been used.
Biophysical modelling
The biophysical modelling aims to predict what the physical and environmental
outcomes will be from land use changes. The Selwyn Waihora catchment is relatively
complex and therefore a series of models has been ‘bolted together’ used to trace the
effects of changes in land use through to those impacts in groundwater, surface water
and the lake. The biophysical modelling chain can be broken into 4 stages, Figure 6.
Stage 1 Land and climate
3
A series of GIS layers was created (Appendix 8, (Hill, 2014)) that capture soil type,
rainfall, land use, irrigation, drainage and nitrate losses. Soil type information was
4
5
sourced from S-MAP . Land use information was derived from AGRIBASE survey
data, and was modified according to land use change rules developed for each
scenario (Appendices 2-5). The extent of irrigation was derived from remote sensing
data and the Environment Canterbury consents database (Hill, 2012), drainage and
nitrate losses are based on the Lookup Tables (Lilburne et al., 2010; Lilburne, 2013).

3

Geographical Information System (GIS) is a way to capture, manage and present all types of spatial
data, like maps.
4
http://smap.landcareresearch.co.nz/
5
AGRIBASE is a system run by AsureQuality for capturing information on all types of rural properties.
Information is collected annually on aspects such as property size, management operations, land use
and stock numbers.
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Key points
A significant
proportion of
the phosphorus
in the lake is
from resuspended lake
bed sediments
The main
integration
problem was
around the
volume of
drainage coming
from the land
with 2 models
using different
quantities
This discrepancy
is not thought to
alter the
direction and
relativities of
the predictions
of nitrate-N
concentrations

The biophysical
modelling chain
can be
described in 4
stages, the loss
of water and
nutrients from
the root zone,
the passage
through
groundwater,
the surface
water and the
final arrival at
the lake
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Key points
The
groundwater
models take
information
from stage 1.

1
2
3
4

Figure 6

A schematic diagram of the Selwyn Waihora catchment. The
numbers represent the stages of the biophysical modelling

Stage 2 Groundwater
6
Groundwater flow was initially modelled using two separate models . Due to
calibration issues with the MODFLOW model, only the FEMWATER model was used
throughout all of the scenarios. The FEMWATER model has been calibrated using
measured flows and groundwater levels (Scott and Weir, 2014). To test the different
scenarios, the groundwater flow model takes the land use information from stage 1
and predicts drainage water losses from those land uses. These losses are routed
through the groundwater system and reappear in the spring fed streams further down
the catchment and are termed ‘baseflow’.
The groundwater quality model uses the estimated nitrate-N losses (as
concentrations) from the land use in stage 1 to predict the groundwater quality in the
shallow aquifers (Hanson, 2014). The nitrate-N concentrations in the shallow
groundwater are assumed to be the same concentration as the drainage from the soil,
in other words no denitrification, dilution or other attenuation is assumed as the nitrateN travels through the unsaturated zone and through the groundwater system on the
plains.
Stage 3 Surface water
For lowland spring flows, the groundwater model predicts baseflow at each of the
modelling points (Scott and Weir, 2014). Another model predicts ‘quickflow’, which is
the proportion of water in the streams that is generated from overland flow and
shallow drainage in the lower portion of the catchment (Clark, 2014). Separate studies
have been carried out on minimum flows in the catchment’s streams, outlining what
the current minimum flows protect for, and recommending what minimum flow should
be from an ecological (Burrell, 2011) and a cultural (Tipa, 2013) point of view.

The flow model
ultimately
predicts the
amount of
‘baseflow’ in the
lowland streams
The quality
model predicts
the nitrate
concentrations
in shallow
groundwater
and in the
lowland streams

The surface
water flow
model takes the
modelled
baseflow and
adds in overland
and shallow
drainage flow to
give predictions
of flow in the
lowland streams

To predict nitrate-N concentrations in the streams an attenuation factor was
established for each of the modelled streams and rivers by comparing measured
surface water concentrations and nearby shallow groundwater concentrations. This
factor would include dilution, denitrification and other attenuation processes. This
6

MODFLOW was run by Environment Canterbury and FEMWATER was run by Aqualinc
Research Ltd
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factor was applied to modelled groundwater concentrations for each scenario to give
predicted surface water nitrate-N concentrations (Hanson, 2014).
It was not possible to model catchment phosphorus losses because of the lack of a
suitable model to deal with the complex surface/groundwater interactions in the
catchment. Instead phosphorus loads and concentrations were assumed as inputs for
different scenarios. The assumptions for phosphorus are set in Appendix 7.
Estimates of nitrate-N losses from non-agricultural land uses that are captured in the
lookup tables (Lilburne et al., 2010; Lilburne, 2013) (e.g. forestry, golf courses, lifestyle
blocks) were modelled in the same way as agricultural losses. Losses from land based
treatment of municipal sewerage were not explicitly modelled in the groundwater
quality model, instead typical losses under the land use to which the effluent was
applied were used (Hanson, 2014). This is likely to have underestimated some losses
from some land based effluent sites. Their contribution is likely to be minor in terms of
overall nitrate-N predictions. Estimates of point source losses were included in the
7
overall catchment load calculations and were estimated by Loe (2013) .
Stage 4 Te Waihora/Lake Ellesmere
The lake quantity model uses the flow information from stages 2 and 3 to predict the
impact that changes in flow will have on the lake levels and opening and closing
regime. The lake quality model uses quality information from stage 3 and lake flows
from stage 4 to predict the ecological response of the lake. The model predicted
effects on a suite of indicators including nutrient concentrations, risk of algal blooms,
8
likely impact on biodiversity and Trophic Level Index (TLI).
Social impact assessment
Any form of environmental or economic change in an area will have implications for
people who live, work and recreate there. Some of these changes are tangible and
some are not. The social impact assessment (SIA) identified the potential positive and
negative social effects for people associated with predicted changes. The two main
components of the SIA were:
•
•

To develop a baseline of the current socio-economic context
To undertake an impact assessment of each of the scenarios and predict the
consequences of the change on the social indicators

The scenario assessments drew on comparative case data from, for example, the
Hurunui, Waitaki and Opuha irrigation areas. These comparison cases were only used
as indicators of social change; local conditions were taken into account in predicting
the impacts of each scenario. Key informant interviews were used to investigate the
potential implication of land-use changes. Additional information was derived from the
wider community focus group sessions and included in information presented to the
Zone Committee.
The social assessment utilised information from biophysical, economic (on farm and
regional) and the cultural scenario assessments.

7

Loe, 2013
TLI is a classification system to indicate the health of New Zealand lakes. It runs from less than 1
(almost pure water) to more than 7 (highly degraded)

8
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Key points
Phosphorus
movement
through this
catchment
could not be
modelled
The lake models
took
information
from stages 2
and 3
The lake
quantity model
predicted the
impact on lake
levels and
opening and
closing regime
The lake quality
model predicted
the ecological
response of the
lake
At the end of
the biophysical
modelling chain,
the results were
used for social,
cultural and
economic
impact
assessments
The social
impact
assessment
used interviews
and
comparative
case studies to
inform scenario
assessments
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Economic impact assessment
The economic impact assessment used a combination of farm scale and regional
scale economic models to predict the consequences of different land use scenarios.

Key points

A set of revenue, expense and cash farm surplus estimates were derived from MAF
farm monitoring reports (last 3 years). For dairy, the revenue and variable expense
estimates were adjusted to reflect differences in stocking rate. For sheep and beef the
fixed expenses were adjusted to reflect the change in fixed expenses/stocking rate
ratio across a number of different farm types. This results in profitability being
9
predicted to increase with increasing stocking rate . For arable, horticulture and
forestry properties a fixed budget was used.

The economic
impact
assessment
considered both
farm and
regional scale

Estimates of regional outcomes from changes in agricultural land use were assessed
using a regional input/output table model. Input/output tables are developed to
describe the interdependencies of different aspects of a regional (or national)
economy and are based on production functions and profitability relationships. It was
considered as the most suitable type of model for use at this scale with the information
and time available. The input/output tables used in this study were originally
developed for the CWMS (Harris Consulting., 2010), and although they are now three
years old, they are considered to be sufficiently accurate for the purposes of this
modelling. The outputs generated include regional GDP and employment, revenue
and profit, capital expenditure, taxes and population. Regional input/output modelling
tends to overestimate the total economic impact because it does not include feedback
10
effects .

Revenue,
expenses and
cash farm
surplus were
generated at
the farm scale

Cultural assessment
An assessment of Ngai Tahu cultural values was undertaken by Tipa and Associates.
The predictions of cultural health under each scenario were tested and agreed with
Ngai Tahu whakapapa prior to going to the technical team and the community and
Zone Committee. The assessment draws from the perspectives of tangata whenua
articulated in published management plans, evidence presented at hearings and lake
reports (Tipa, 2014). In addition, whanau from the kaitiaki Rūnanga actively engaged
11
in assessing river flows and cultural health as part of a concurrent COMAR study.
These primary and secondary sources inform about the current situation. For future
scenarios, others in the technical team modelled and predicted the likely biophysical,
social and economic changes and the cultural assessment interpreted those changes
and predicted likely impacts on cultural health and the eco-cultural system (Tipa,
2014) on which cultural values depend.
On farm assessment
On-farm information was derived from a variety of sources and was presented to the
Zone Committee and community focus groups. The key types of information used
were on farm nitrate-N losses, the cost and efficacy of nutrient loss reduction
measures across a range of farm types and soils and the maximum feasible mitigation
across farm types and associated financial implications. This information was used in
the modelling as well as directly by the Zone Committee and community focus groups.
12

Farm losses of nitrate-N were based on the lookup tables . Where scenarios required
better than good management performance, a reduction was applied to nitrate-N
9

For dairy this can be problematic since there are situations where operators with low stocking rates
have similar or better profitability than those with high stocking rate. Harris, 2013 discusses this in
further detail.
10
An example of a feedback effect is where a change increases demand for labour in an area, which
results in higher wages, which in turn impacts on demand for labour across a range of sectors.
11
Tipa, 2013
12
The original Look up Table (2010) was ultimately derived through a combination of data sources
comprising modelling, lysimeter data, and expert judgment. The tables were arrived at as a consensus
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Regional
indicators
included GDP,
employment,
revenue and
taxes

The cultural
assessment
used primary
and secondary
sources of
information to
assess impacts
of scenarios on
cultural values
Key on farm
information
used was
nitrate-N
leaching, cost
and efficacy of
mitigations and
the maximum
feasible
mitigation.
Information was
derived from
multiple sources
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losses from farm up to an assumed maximum feasible mitigation for a range of land
uses in the catchment, Table 2. Maximum feasible mitigation is the biggest reduction
in nutrient losses that a farm system can achieve without changing land use given
current technology. It does not indicate whether or not the farms will be financially
viable at this level of mitigation. There are usually costs associated with reductions in
nutrient losses above good management practices and the greater the reduction, the
greater the cost. The costs of mitigation will be different across industries. Indicative
mitigation costs are included in the assessment of scenarios.
The percentages in Table 2 were based on a suite of information. This information has
been included in Appendix 8 with the exception of the report by Howard et al., (2012)
which is referenced. The information for dairy, irrigated and dryland dry stock and
arable is summarised in Table 3. For other land uses, where no other information
existed, the percentage reductions used in the Hurunui Land use and water quality
project were used (Monaghan, 2010 in cited Brown et al., 2011).
Table 2

Estimated maximum feasible mitigation for nitrate-N over good
management practice for different agricultural land uses

Arable

Estimated maximum feasible reduction
over assumed good management practice
for nitrate-N leaching
10%

Dairy

40%

Dairy support (dry)

20%

Dairy support (irrigated)

40%

Dryland livestock (beef, sheep, deer, pigs)

10%

Land use

Forestry

0%

Fruit (orchard, summer, berry, vine)

10%

Golf course

0%

Irrigated livestock (beef, sheep, deer, pigs)

20%

Lifestyle

0%

Vegetables

10%

Key points
The maximum
feasible
mitigation for
nitrate-N varies
across farm
types. The
feasibility refers
to technical
feasibility. The
likely costs
incurred are
presented
below
Considerable
costs can be
incurred where
a high degree of
mitigation is
required

Table 3 summarises the likely impact of different mitigation requirements in terms of
estimated impact on EBIT (Earnings before Interest and Tax) and complexity of
mitigation measures. This table was used to illustrate in broad and indicative terms the
likely impacts across industries of differing mitigation requirements. Further
information about the cost of mitigations is included in Harris, 2014. During the
process, nitrification inhibitor products were withdrawn from the market. It was
suggested at the time that they were likely to be reinstated in the medium term.
Therefore the decision was made to leave nitrification inhibitors in the toolbox of
possible mitigations.

between experts. There were concerns raised at the time with some of the farm systems used.
OVERSEER v5 was not ultimately used in the formation of the tables due to its limitations in modelling
losses from shallow and stony soils. In 2012 a new version of OVERSEER was released with significant
updates to the underlying modelling framework. The lookup table patch was generated from a rerunning of the original pastoral farm files in the new version of Overseer. As anticipated, this has
resulted in higher leaching estimates on some shallow and stony soils than had been predicted under
previous versions of the model.
13
For the purpose of this project, the lookup table values are assumed to be at good management
practice. The GMP assumptions are included in Appendix 2

14
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Table 3

14 a

Summary of management and mitigation options, their complexity and indicative impact on EBIT to achieve % reductions in nitrate-N for dairy, irrigated and dryland drystock and arable systems from
14
multiple information sources The colours in the table are indicative of what percentage reduction in nutrient loss can be achieved through mitigation alone (green) and what levels of reduction cannot be
met and would therefore require either trading of up to 20% of the mitigated amount (orange) or land use change (red).

b

c

Generalised mitigation efficacy and EBIT supplied to MfE. (McDowell, Monaghan and Muirhead, 2012, unpublished. Included in Appendix 8 ), Selwyn Waihora nitrogen loss reduction and allocation systems (Howard et al., 2013) DairyNZ, Hurunui land use and water quality project
d
(Monaghan, 2010 in cited Brown et al., 2011) Appendix 8, Modelling of generic farm types and mitigation cost and efficacy (Mathmo and Feitje, 2012, unpublished. Included in Appendix 8)
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Managing uncertainty and creating a ‘fit for purpose’ assessment framework
Setting outcomes and natural resource limits for catchments and deciding on the
available capacity for resource use is not simply a technical question. These decisions
are value judgements that involve weighing up, trading off, and balancing between
conflicting outcomes and values. The key role for the technical team in these
processes is one of informing those decisions, by making consequences transparent,
rather than making the decisions themselves.
This shifts the role of Environment Canterbury from knowledge ‘arbiter’ to one of
knowledge ‘broker’, exploring the implications of different management options with
the community. It also shifts the role of the science, away from trying to find the ‘right’
answer and defending that position in scientific terms to a role of supporting and
informing. The technical team needs to supply sufficient relevant and credible
15
information that has been legitimately gathered , analysed and presented to a
community in a way for them to understand the connections and make
recommendations in the knowledge of the likely consequences – i.e. to make an
informed value judgement. This shift also means that an understanding of the
inevitable uncertainty of the science or limited information is integral to the nature of
16
the decisions being made, and is not used as a reason for not making them .
There are many sources of uncertainty in a limit setting process such as the Selwyn
Waihora. There is uncertainty both in the input sources of information and the numeric
models and assessment techniques used to make predictions. Where possible the
uncertainty associated with individual technical assessments has been discussed in
the technical reports. However, no quantitative assessment of overall uncertainty of
the scenario predictions has been attempted.
In order to help the Zone Committee and the wider community make informed value
judgements recognising the uncertainty that exists in the technical work, the
expectations of the technical team were to:
•
•

Describe the direction of change and likely magnitude of change under
future scenarios
Predict the likelihood of outcomes being achieved for each of the future
scenarios

At a project level, the following methods were used to try and achieve a credible,
salient and legitimate assessment framework:
•
•
•
•
•
•
•

Base assessments on a logical framework
Use best information available at the time of assessment
Agree a conceptual understanding of how the catchment worked
hydrologically with the technical team and stakeholders
Examine the outputs from each model component for sense and
plausibility before passing information on through the chain (including
review of relevant literature if applicable)
Calibrate individual model components where possible
Use independent advice and review through initial modelling set up and
building of assessment framework
Use sensitivity analyses to understand the impact of uncertainty in some
assumptions e.g. land use configuration

Key points
Setting
outcomes for
catchments
requires value
judgements to
be made
The role of the
technical team
is to inform, not
make, decisions
The technical
team needs to
supply sufficient
credible,
relevant and
legitimate
information to
inform decisions
being made in
the light of
uncertainty
To make clear
the
consequences
of future
scenarios while
acknowledging
uncertainty, the
expectations of
the technical
work were for
direction and
likely magnitude
of change under
future scenarios
and expressed
as likelihoods of
outcomes being
achieved

15

For science to be effective in policymaking it should be credible, salient and legitimate (Cash et al.,
2003)
16
Day v Manawatu- Wanganui Regional Council [2012] NZ EnvC 182 para5-8
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•
•
•
•
•
•
•
•

•
2.2.3

Provide regular opportunities to the community to talk with the technical
team
Test and review the scenario results with the technical team before they
are released to public, so that the technical team collectively agree the
interpretation of the scenario results
Use multiple lines of evidence approach where possible
Involve the community in the setting of priority outcomes and scenarios,
and agreeing indicators and assumptions for modelling and scenarios
Explain modelling and assessment components and assumptions to the
community and stakeholders
Maintain an open and positive attitude toward good quality data and
assumptions from sources outside of the technical team
Make all the relevant information publically available on the website
including all underlying technical material and a cumulative Q and A
document
Make scenario assessment information available to the community at
three differing level of complexity and detail
Communicate uncertainty in terms of likelihoods of outcomes being
achieved

Indicator development

Each of the scenarios was tested against the Zone Committee’s priority outcomes and
17
sub-outcomes. The relevant outcomes as articulated in the ZIP were often not in a
form that could be used or modelled directly; therefore the technical team developed a
suite of indicators for each outcome.
The indicators were developed in a two stage process. The Zone Committee was
asked to describe what their outcomes and sub-outcomes would look like for the
catchment. These descriptions were formalised into a narrative for each sub outcome
and provided to the technical team. Indicators were developed by the technical team
that gave the best information on the issues expressed by the Zone Committee within
the bounds of the assessment framework. The full set of indicators were then tabled
with the Zone Committee and accepted, Appendix 1. Some indicators were used for
multiple for different outcomes and sub-outcomes.

2.2.4

Scenario development

The final part of the assessment framework is the scenario development. Scenarios
examine various alternative futures and were used to increase understanding of the
catchment and to facilitate discussions among all parties with an interest in the future
management the catchment’s water resources.
The scenarios used in the process can be divided into 2 types; initial exploratory
scenarios and two solutions packages. The initial exploratory scenarios were derived
from the Selwyn Waihora ZIP aspirations of further irrigation expansion and delivery of
environmental goals. The content of the scenarios was agreed with the Zone
18
Committee and in a wider public forum (Scenarios 1, 2 and 3). A subsequent
exploratory scenario was then developed in response to feedback from wider
community focus groups and the Zone Committee (Scenario 2+).

17
18

Key points

The technical
team undertook
a suite of
measures to
increase
relevance,
credibility and
legitimacy of the
assessment
framework
The technical
team derived a
suite of
indicators from
the Zone
Committee’s
priority
outcomes and
their narrative
description of
what the
outcomes
actually meant
Initial
exploratory
scenarios were
agreed and
tested, building
up
understanding
of
consequences.

See Section 2.1 for exclusions
December 2011
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Once the scenario testing phase was over, the individual elements of a solutions
package were chosen, assembled and tested (Solutions Package 1). This package of
measures was reviewed by the Zone Committee, Ngai Tahu, community and industry
groups, and modified based on their feedback.

Key points

The Zone Committee formally adopted the amended package (Zone Committee
Solutions Package), and recommended that it be accepted by the Environment
Canterbury Commissioners.

The more
extensive
solutions
packages were
assembled by
the Zone
Committee and
wider
community and
tested by the
technical team

The full suite of scenarios modelled is shown in Table 4. The full assumptions
associated with each scenario are included in Appendices 2-5.
Table 4

Summary of scenarios tested

Scenario name

Description

Current state

The current scenario describes what people see and
experience now across social, economic, environmental
and cultural areas. It includes the current biophysical
state of the catchment water bodies as described by
existing data.
Assumes no change to current (2011) land use.
All flow and nutrient load effects are assumed to have
arrived at the lake (i.e. after all lag times).

Scenario 1 (baseline)

Social and economic are assumed to be the same as
current.

Scenario
2
(30,000
additional irrigation)

Scenario 3 (TLI 6)

ha

This scenario is based on a surface water supply
providing for 60,000 ha of irrigation. This will comprise
approximately 30,000 ha of new irrigation on the plains
and replacing of approximately 30,000 ha of
groundwater takes with surface water.
The scenario recognises that other enterprises and land
uses in the catchment will also intensify. All flow and
nutrient load effects are assumed to have arrived at the
lake (i.e. after all lag times).
This scenario is based on achieving the specified
environmental outcome of a Trophic Level Index (TLI) of
6.0 in the Lake. A TLI of 6.0 was the Natural Resources
19
Regional Plan (NRRP) target for the lake.
All flow and nutrient load effects are assumed to have
arrived at the lake (i.e. after all lag times).

Scenario 2+ (Bolt-on
mitigations)

This scenario is based on Scenario 2 with 30,000 ha of
new irrigation plus maximum feasible on-farm
mitigation.
Some catchment and lake interventions have been
assumed (i.e. a lake level and opening control structure
and P-inactivation measures).
All flow and nutrient load effects are assumed to have

19

The NRRP was the operative regional plan at the time
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Scenario name

Description
arrived at the lake (i.e. after all lag times).
The Solutions Package 1 is based on Scenario 2 with
30,000 ha new irrigation plus on-farm nutrient
reduction measures. The on farm mitigation is set at a
level mid-way between good management practice and
maximum feasible mitigation.
The package includes catchment mitigations (riparian
buffers and wetlands), further lake interventions (i.e. a
lake level and opening control structure, P-inactivation
measures, macrophyte bed and marginal wetland
restoration, and construction of floating wetlands), as
well as economic/social mechanisms, point source
pollution control, and planning policies.

Solutions Package 1

Key points

In total 7
scenarios and
solutions
packages were
tested

All flow and nutrient load effects are assumed to have
arrived at the lake (i.e. after all lag times).
The Zone Committee Solutions Package is based on
Scenario 2 with 30,000 ha new irrigation plus on-farm
nutrient reduction measures. At a catchment level the
on farm mitigation is set at approximately mid-way
between good management practice and maximum
feasible mitigation.
All plains areas have a minimum allocation of 15 kg
N/ha/year to allow low leaching land use some
increased flexibility.

Zone Committee
Package

Solutions

Land uses losing > 15 kg N/ha/year must reduce
nitrogen losses by fixed percentage. The actual
mitigation requirements are based according to impact
on EBIT.
The package includes catchment mitigations (effective
riparian buffers and wetlands), further lake
interventions (i.e. a lake level and opening control
structure, P-inactivation measures, macrophyte bed and
marginal wetland restoration, and construction of
floating wetlands), as well as economic mechanisms,
point source pollution control, further research on
mitigations and planning policies.
All flow and nutrient load effects are assumed to have
arrived at the lake (i.e. after all lag times).

Environment Canterbury Technical Report
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Key points

2.3

Technical assessments

2.3.1

Flow of information through technical team

Figure 7 shows the flow of information through the technical team. The social,
economic and cultural assessments are placed in the middle as they all depended on
the biophysical information. A single scenario would take approximately 11 weeks to
run through all of the assessments. Once each individual assessment had been
completed the results were sense checked. Problems that arose were dealt with and if
necessary the individual model rerun before passing the data to the next stage of the
modelling chain.
For each component model or assessment a technical assessment was written for
each scenario. Where necessary this was supplemented with a narrative to describe
the predictions of the scenario to enable other members of the technical team to use
them as part of their assessments. An overview was written for each scenario based
on these technical assessments and all were made available on the Selwyn Waihora
20
public website .

Figure 7

20

Each scenario
would take
approximately
11 weeks to run
The outputs of
each
component of
the modelling
chain were
sense checked
before being
passed on

A schematic showing the flow of information within the Selwyn
Waihora technical team and the associated technical reports

www.ecan.govt.nz/selwyn-waihora.
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2.3.2

Assessment of scenarios and communication of uncertainty

The aim of each assessment was to describe the direction and likely magnitude of
change and support a narrative of the likely implications and likelihood of achieving
priority outcomes. The assessments were built up from specific indicators to sub
outcomes and finally to outcomes.
In principle the predicted likelihood of an outcome being met depended on the
predicted impact at the indicator and sub-outcome level. However, in considering
whether or not specific outcomes were likely to be met, the technical experts implicitly
weighted the relative importance of individual indicators in contributing to an outcome.
Where the priority outcomes were themselves a value judgement e.g. ‘healthy’ or
‘sustainable’ this required a value judgement by the technical expert in question. For
the social and economic assessments, this value judgement was not considered as
appropriate, and a relative change from current was assessed instead.
The following categories were used to describe the likelihood of achieving a particular
outcome or indicator, Table 5 Likelihood categories used in the assessment of
scenarios against indicators, sub-outcomes and priority outcomes
Likelihood of outcome
being achieved
Indicative
numeric
likelihood out of 10

Likelihood of change
relative to current

Almost
certainly

Probably

Possibly

Unlikely

9,10

7,8

4,5,6

Significan
tly
improved
relative to
current

Probably
improved
relative to
current

Possibly
improved
relative to
current

2,3
Unlikely
to
improve/
no
change
relative to
current

Environment Canterbury Technical Report

Highly
unlikely/
no
0,1
Worse
relative to
current

Key points

Uncertainty was
communicated
using likelihood
of indicators,
sub outcomes
and outcomes
being met
The likelihood
categories
ranged from
almost certainly
to highly
unlikely/no
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. These colours and terms are used throughout the report in the tables used to
describe the likelihood of each scenario supporting each sub-outcome and outcome.
Table 5

Likelihood categories used in the assessment of scenarios against
indicators, sub-outcomes and priority outcomes

Likelihood of outcome
being achieved
Indicative
numeric
likelihood out of 10

Likelihood of change
relative to current

22

Almost
certainly

Probably

Possibly

Unlikely

9,10

7,8

4,5,6

Significan
tly
improved
relative to
current

Probably
improved
relative to
current

Possibly
improved
relative to
current

2,3
Unlikely
to
improve/
no
change
relative to
current

Highly
unlikely/
no
0,1
Worse
relative to
current
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Before releasing each scenario analysis, an overview report was written integrating
and summarising all the technical work and the implications for the catchment
outcomes. The full technical team would review the analysis in a workshop, resolve
any issues in the integrated report and agree the interpretation of the scenario.

2.3.3

Provision of information to Zone Committee and community

For each scenario, the results were presented in the following ways:
•
•

•

•

Technical summaries, detailing all technical information for the
scenario), were generally available on the public website just prior to
public meetings/Zone Committee meetings. (Complex level)
Overview summary, summarising all of the technical material and written
for the general public. The overview report was organised by priority
outcomes (including indicators and sub outcomes) to facilitate the
deliberation process. The report was pre-circulated by email and
available on the website in the week prior to public meetings/Zone
Committee meetings (basic –intermediate level)
A high level summary presentation of technical material for public
meeting/Zone Committee. The presentation was broadly organised by
priority outcomes to facilitate the deliberation. A copy of the presentation
was placed on the website after the public meeting (basic to
intermediate level)
A brief 2 page summary of all technical as well as deliberation
information was placed on the website after each public meeting (basic
level)

In addition, Q and A sessions with the technical team were held prior to the community
meetings for the community Focus Groups and interested Zone Committee members.
A Q and A session was also run after the overview presentation during public
meetings. The Zone Committee meetings themselves were supported with the
relevant technical people throughout the process. In addition, monthly clinics for the
community focus groups with the technical, planning and community leads were run
as a further opportunity for people to raise issues and ask questions.
The integrated results of the technical assessment are presented in Sections 3 and 4
of this report. Links to the individual technical assessments are included in the
appendices

Key points

For each
scenario, an
overview report
was written
summarising the
technical
assessments
Information was
presented in
multiple ways
and at varying
levels of
complexity
For each
scenario, Q and
A sessions were
held to allow
questioning of
the technical
team
Monthly clinics
were held for
the wider
community
focus group
members to
raise technical
or planning
questions.
Relevant
members of the
technical team
were available
to support Zone
Committee
discussions
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3

Part 1: Integrated results of the
exploratory scenarios and Solutions
Package 1

The results sections (sections 3 and 4) summarise the information provided to the
Zone Committee and community Focus Groups. Section 3 summarises the
information presented to the community and Zone Committee for current and
Scenarios 1, 2, 2+, 3 and Solutions Package 1. Section 4 summarises the information
for the Zone Committee Solutions Package 1.
The information is presented aligned with the Zone Committee’s priority outcomes.
Under each of the priority outcomes there is:
•
•
•
•

A brief narrative description of the Zone Committee’s sub outcome
A list of the technical indicators used to inform on the sub outcome
A table summarising the likelihood of the sub outcome being supported for
each scenario
21
A summary of the relevant technical information

Table 6 summarises the results at a priority outcome level for current state and
Scenarios 1, 2, 2+, 3 and Solutions Package 1.
Table 6

Likelihood of current, Scenario 1, 2, 2+, 3 and Solutions Package 1
supporting the Zone Committee’s priority outcomes

Priority outcomes

Thriving communities
and
sustainable
economies
High quality and secure
supplies of drinking
water
Wahi Tapu and mahinga
kai are respected,
understood, protected
and enhanced
Healthy lowland
streams
Te Waihora is a healthy
ecosystem
Hill-fed waterways
support aquatic life and
recreation
Enhanced indigenous
biodiversity across the
Zone

Scenario 3

Scenario
Current
Scenario 1
2+
Does the scenario support priority outcomes?
Unlikely to Probably
Possibly
As current
improve
improved
supported
across
relative to currently
whole
current
catchment
Possibly
Possibly
Possibly
Unlikely
supported
currently
Possibly
Possibly
Unlikely/is
Highly
not
unlikely/no
supported
currently
Possibly
Unlikely
Unlikely to Highly
be
unlikely/no
supported
currently
Probably
Possibly
Unlikely to Unlikely
be
supported
currently
Possibly
Probably
Possibly
Possibly
supported
currently
Possibly
Possibly
Unlikely to Unlikely
be
supported
currently

Scenario 2

Solutions
Package 1

Probably
improved
relative to
current

Probably
improved
relative to
current

Unlikely

Unlikely

Highly
unlikely/no

Possibly

Highly
unlikely/no

Probably

Unlikely

Probably

Probably

Probably

Unlikely

Probably

Key points

The results
section is in two
parts. The first
part covers the
exploratory
scenarios and
solutions
package 1

The summary
table, Table 6
shows how the
scenarios and
first solutions
package
compare in the
delivery of the
priority
outcomes

21
Where an indicator is used more than once in the assessment of a priority outcome, a cross reference
has been used. If the same indictor is used in different priority outcomes, the information has been repeated
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3.1

Priority Outcome A: Thriving communities and
sustainable economies

3.1.1

Sub outcome A1: Sustainable and productive land use

Key points

Zone committee narrative
Appropriate land use, new enterprises and changed land owner practices and
management processes result in healthy and conserved soils, with minimal adverse
environmental impact, acceptable levels of discharge, and healthy levels of production
and profit. Farms in the catchment remain environmentally and financially sustainable
for generations to come.
Technical indicators:
• A1.1 - Farm ownership, types and size of holding
• A1.2 - Average age of farmers
• A1.3 - Qualifications of farmers and involvement in agricultural extension
activities
• A1.4 – On farm economic impacts
• A1.5 - Number of farmers and farm workers

Likelihood of meeting outcomes
Table 7 shows the likelihood of the scenarios and Solutions Package 1 meeting
sustainable and productive land use.
Table 7

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting sustainable and productive land
use

Technical indicator
On farm economics
Number of farmers and
farm workers
Overall sub outcome of
sustain able and
productive land use

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
Solutions
2+
Package 1
Does the indicator for each scenario support priority sub outcome?
Unlikely
Probably
Probably
As current
Probably
Probably
supported
currently
Possibly
Possibly
Possibly
As current
Possibly
Possibly
supported
currently
Less
More
Possibly
As current
More
More
productive
productive
supported
productive
productive
currently

Relevant information from technical assessments
A1.1. Under Scenarios 2, 2+ and Solutions Package 1 farms are expected to become
larger with bigger herd numbers for dairy, more corporate farms and fewer family
farms, and some change in ownership as farms are sold to newcomers. This change
is consistent with national trends towards larger farms and herds and away from
owner-operator farm systems, although accelerated in this area.

Table 7 shows
the likelihood of
scenarios
supporting
sustainable and
productive land
use

Under
all
scenarios farms
are expected to
get larger with
fewer
family
owned farms

In the arable sector there could be a shift to higher value crops and a greater diversity
of crops. Sub division pressure is likely to remain high around peri-urban areas. In
other areas where there is access to water and/or little restriction on nutrient losses,
there will be reduced pressure to subdivide farms into lifestyle blocks and rural
residential developments.
Under Scenario 3, larger and more capital intensive dairy operations are predicted to
take over from ownership by families, with a reduced number of share-milkers in
production and livestock ownership. There will be more dairy farm workers and
managers in corporate structures rather than farmer-operated businesses. Some
smaller scale/traditional dairy farmers are likely to leave Selwyn Waihora for other

Environment Canterbury Technical Report
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regions of New Zealand. Low-intensity pastoral farming is predicted to undergo farm
amalgamations, increases in farm size, and a reduction in the number of operations.
Innovative practices in dryland pastoral farming are likely; particularly production for
high value niche markets such as fine wool and deer velvet.

Key points

Under Scenario 3, there will also be increased pressure to subdivide farms into
lifestyle blocks; especially in areas where soil types are only suitable for dryland
farming. Demand will be focussed on those areas within comfortable commuting
distances/times to the Christchurch labour market; particularly along SH1 and close to
centres such as Darfield, Coalgate/Glentunnel and Kirwee.

Under Scenarios
2, 2+ and SP1
the average age
of farmers is
expected
to
decrease

A1.2. The average age of dryland sheep and beef farmers is currently 53 years old
and is increasing steadily. Dairy enterprises are generally characterised by younger
farmers, farm managers and farm workers. Under Scenarios 2, 2+ and Solutions
Package 1, the average age of farmers is expected to decrease, as the numbers of
dairy enterprises increase. There is expected to be a shift to younger farm families,
and increased transience of some families, particularly in relation to dairying.
Demographic changes for arable farmers may be less noticeable.

Under Scenario
3, the average
age of farmers is
expected
to
increase

Under Scenario 3, the average age of farmers is predicted to increase into the late 50s
and 60s with many postponing retirement. There will be little incentive for farmers to
retire with reduced ability to draw on the farm asset base. As with other scenarios, the
shift to more intensive dairy production will lower the average age of farmers,
managers and workers in areas where they are located and increase the number of
families with children.
A1.3. Under all scenarios and Solutions Package 1, there is expected to be an
increase in formal education and qualifications, which could lead to a greater
willingness to adopt new technology and sustainable farming practices.
Under Scenarios 2+, 3 and Solutions Package 1, new approaches to dairy production
(especially on farms with hardened surfaces and structures for on-farm mitigation) will
require a substantial shift in practices for farm managers and farm workers.
A1.4. Under Scenarios 2, 2+ and Solutions Package 1, there is predicted to be a
substantial increase in economic activity on farm from current, driven by the increase
in irrigated land, and to a small extent by the increased intensity on existing land use.
Under Scenario 3 there is predicted to be no change in on farm economic impacts
from current viewed at a catchment scale. However, over 85% of the revenue and
cash farm surplus would be generated by dairying with the other industries declining
from current levels.

Under Scenarios
3, 2+ and SP1 a
substantial shift
in
on
farm
practices will be
required

Under Scenarios
2, 2+ and SP1 on
farm economic
activity
will
increase
Under Scenario
3 dairying is
predicted
to
intensify
and
other industries
decline
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Key points
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Scenario 2+
Solutions package 1
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Figure 8

Cash Farm Surplus

Comparison on
($million/annum)

Cash Farm Surplus
after capital costs
of transition
farm

economic

impacts

by

scenario

A1.5. Under Scenarios 2, 2+ and Solutions Package 1 there is predicted to be an
increase in on farm employment in dairy, beef and sheep and arable industries, Figure
9. Changes to other land uses are likely to be minor.
The largest increase in employment is predicted to be in dairying operations. This is
likely to lead to an increase in daily commuting from larger settlements in Selwyn
District and also from Christchurch. The increased demand for labour will draw on the
regional labour market other parts of New Zealand and overseas, as has occurred in
other areas such as Southland and Ashburton.
Under Scenario 3 although the overall total employment on and off farm will not
change substantially, the types and locations of land use and associated employment
will experience major change. Like the other scenarios, there will be increased need
for workers on intensive dairy farms, but there is predicted to be a significant decline in
employment on beef, sheep and arable farms.
None of the scenarios will bring specific additional opportunities for Maori workers on
or off farm unless there is a dedicated programme designed to train and place Maori
workers with intensive farming operations.
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Under Scenarios
2, 2+ and SP1 on
farm
employment
will increase,
especially in
dairy
Under Scenario
3 dairy
employment is
predicted to
increase and
other industries
decline
substantially
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Key points
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Scenario 3
Scenario 2 +
Solutions Package 1

Figure 9

3.1.2

Comparison of on farm employment by scenario (Full Time
Equivalents)

Sub outcome A2: Energy security is increased

Zone committee narrative
Maintained or increased water storage capacity enables increased irrigation and
power generating capacity while reducing energy demands through the reduction of
ground water pumping for irrigation. Security maintained in the face of climate change
Technical indicators:
• A2.1 - Amount of stored water in catchment available for power generation and
or irrigation
• A2.2 - Volume of surface water vs. groundwater sourced irrigation
• A2.3 - Area of irrigation in catchment
Likelihood of meeting outcomes
Table 8 shows the likelihood of the scenarios and Solutions Package 1 meeting the
sub-outcome of energy security being increased.
Table 8

22

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting the increase of energy security

Technical indicator
Overall sub outcome of
Energy
security
is
increased

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
Solutions
2+
Package 1
Does the indicator for each scenario support priority sub outcome?
Unlikely
Probably
Possibly
As current
Probably
Probably

Relevant information from technical assessments
A2.1. Scenarios 2 and 2+ assume no change in water storage within the catchment.
The supply of water for the new and replacement irrigation is based on storage of
surface water, but not within the Selwyn Waihora/Lake Ellesmere catchment. This
stored water would be available for both irrigation and power generation
22

Not all indicators are applicable for this analysis. All indicator predictions were considered when
deciding the likelihood of the sub-outcome being met
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Table 8 shows
the likelihood of
scenarios
supporting
increased
energy security

The scenarios
that include
increased
irrigation
assume that this
will come from
stored surface
water.
However
storage is not
modelled to
occur within the
catchment
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Under Scenario 3, there is no change in water storage and any existing irrigation is
expected to be met mainly by groundwater.
Solutions Package 1 does not include a final decision on storage. The supply of water
for the 60,000 ha of new and replacement irrigation is based on run of river takes from
the Rakaia and Waimakariri Rivers and storage of water. This storage could occur
inside or outside the catchment. This stored water would be available for both
irrigation and power generation.
A2.2. Under Scenarios 2, 2+ and Solutions Package 1, the area of irrigation supplied
by surface water increases through takes from the Rakaia and Waimakariri Rivers and
the area supplied by groundwater decreased as groundwater takes supplied with
alternative surface water supplies are retired.

Key points
Under Scenario
3, irrigated area
decreases and
remaining
irrigation
demand is
expected to be
met from
groundwater

Under Scenario 3, there is not predicted to be any import of new surface water into the
catchment, however, there is also predicted to retirement of many groundwater takes
due to land use changes.
A2.3. Currently approximately 110,000 ha is irrigated in the catchment. Under
Scenario 2, 2+, and Solutions Package 1, the total amount of irrigated land would
increase to approximately 140,000 ha. Under Scenario 3, the total amount of irrigated
land is predicted to decrease to approximately 72,500 ha.

3.1.3

Sub outcome A3: Customary and commercial fisheries are
improved

Zone committee narrative
Improved water quantity and quality of streams and reduced algal blooms in lakes
increases customary and commercial fish populations and quality for use by current
and future generations
Technical indicators:
• A3.1 - Trophic Lake Index (TLI)
• A3.2 - Phytoplankton blooms
• A3.3 - Lake level and opening/closing regime
• A3.4 - Satisfaction that seasonal runs and migrations of taonga species
observed
• A3.5 - Iwi satisfaction quantity, catch effort and condition of kai/cultural
materials collected of species, age and seasonality, gathering consistent with
tikanga
• A3.6 - Overall flows plus low flows and minimum flows. Flow intermittency and
proportion of river length accessible from the sea for migratory fish species
with a marine phase
• A3.7 - Periphyton and macrophyte for recreation, aesthetics and benthic
biodiversity
• A3.8 - Nitrate-N concentrations and nitrate-N toxicity
• A3.9 – Ngai Tahu cultural assessment
• A3.10 – Economic valuation for commercial fishery

Under Scenarios
2, 2+ and SP1
the irrigated
area increases
to
approximately
140,000 ha.
Under Scenario
3, the irrigated
area decreases
to
approximately
72,500 ha

Likelihood of meeting outcomes
Table 9 shows the likelihood of the scenarios and solutions packages supporting the
sub-outcome of customary and commercial fisheries being improved.
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Table 9

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting the improvement of customary
and commercial fisheries

Technical indicator
Trophic Lake Index (TLI)
Phytoplankton blooms
Lake
level
and
opening/closing regime
Satisfaction
that
seasonal
runs
and
migrations of taonga
species observed
Iwi satisfaction quantity,
catch
effort
and
condition of kai/cultural
materials collected of
species,
age
and
seasonality, gathering
consistent with tikanga
Overall flows plus low
flows and minimum
flows.
Flow intermittency and
river length accessible
from the sea for
migratory fish species
with a marine phase
Periphyton
and
macrophyte coverage
Nitrate-N
concentrations
and
nitrate-N toxicity in lake
Nitrate-N
concentrations
and
nitrate-N toxicity in
streams
Cultural assessment
Economic valuation for
commercial fishery
Overall sub outcome of
improved
customary
and
commercial
fisheries

Scenario
Current
Scenario 1
Scenario 2
Solutions
2+
Package 1
Does the indicator for each scenario support priority sub outcome?
Probably
Possibly
Unlikely
Unlikely
Unlikely
Probably
highly
highly
Possibly
Possibly
Unlikely
unlikely/no unlikely/no Possibly
Almost
Almost
Almost
certainly
certainly
Possibly
Possibly
Possibly
certainly

Scenario 3

Possibly

Possibly

Possibly

Unlikely

Possibly

Possibly

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Possibly 23

Possibly

Probably

Possibly

Possibly

Probably

Probably

highly
unlikely/no

highly
unlikely/no

Highly
unlikely/no

highly
unlikely/no

highly
unlikely/no

highly
unlikely/no

Probably

Possibly

Unlikely

Unlikely

Unlikely

Probably

Probably

Possibly

Possibly

Unlikely

Unlikely

Probably

Unlikely
Possibly
No change
relative to
current

Unlikely
Possibly
No change
relative to
current

Unlikely
Unlikely
Current

Unlikely
Unlikely
No change
relative to
current

Unlikely
Possibly
No change
relative to
current

Unlikely
Possibly23
No change
relative to
current

Probably

Possibly

Unlikely

Unlikely

Unlikely

Probably

Relevant information from technical assessments
24
A3.1. The current annual Trophic Level Index (TLI) is approximately 6.8 mid-lake.
This is in the Hypertrophic or highly nutrient enriched state. Figure 10 shows the
predicted TLI scores under the various scenarios. Under Scenario 2+, 3 and Solutions
Package 1, the lake will become less phosphorus enriched (due to reductions of incoming and especially internal loads due to the modelled use of a phosphorus binding
agent e.g. alum). In general, this means small decrease in the likely frequency of
nuisance algal blooms compared with current. Under Scenario 1 and 2, the predicted
TLI increases as does the likely frequency of nuisance algal blooms compared with
current.

23

24

Key points

Table 9 shows
the likelihood of
scenarios
supporting
improved
customary and
commercial
fisheries

The lake is
currently highly
nutrient
enriched with
an average
Trophic Level
Index of 6.8.
Under Scenarios
2+, 3 and SP1
the TLI is
predicted to
decrease
Under Scenario
1 and 2, the TLI
is predicted to
increase

Originally classified as probably, but amended in Tipa (2014)

A classification system to indicate the nutrient status and productivity of New Zealand lakes (Norton et
al., 2014). It runs from <1 (almost pure water) to >7 (highly nutrient enriched). Usually the classification is
based on nitrogen phosphorus, clarity and algal growth. However in Te Waihora, due to the highly turbid
nature of the water, TLI3 is used which is based on nitrogen , phosphorus and algal growth

30

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

Key points

Figure 10

Illustration of TLI scale showing relative position of current state
(today), estimated historic (pre-European) state, and Scenarios 1,
2, 2+ and 3, and Solutions Package 1 predicted TLI state

No persistent, regular or severe oxygen depletion is experienced currently, or is
expected under any scenario or solutions package. This is due to the shallow, wind
exposed and therefore highly mixed conditions in the lake. Nonetheless, the risk of
oxygen depletion reduces under Scenario 2+, 3 and Solutions Package 1 compared
with current.
Scenarios 2+ and 3 and Solutions Package 1 would benefit the abundance of
indigenous fish species; eel, flounder, mullet and whitebait. Although the lake would
remain in a nutrient enriched state, these species are tolerant of the current enriched
state in the lake and these scenarios bring a slight improvement in habitat quality and
health. Scenarios 1 and 2 are not predicted to adversely impact on the abundance of
those indigenous fish species as they are tolerant of the current enriched state.
However, there is more to a customary fishery than just population size and health of
the fish. In addition to the positive effects on fish populations (compared to current),
Scenario 2+ and 3 and Solutions Package 1 are predicted to bring improvements to
the quality of customary fisheries through reduced nuisance and toxic blooms,
improved amenity values and improved potential for establishing macrophyte beds
that would provide for the use of more diverse customary fishing methods. Scenarios
1 and 2 are predicted to have adverse impacts on the quality of the fishery through
increased frequency of nuisance algae blooms (including risk of toxic cyanobacteria),
decreased amenity value (e.g. more days at low lake level), and by making any future
attempts to re-establish macrophyte beds more difficult.
For commercial fisheries, Scenario 2+ and 3 and Solutions Package 1 are predicted to
reduce market volatility due to reduced risk of tainting of flavours and toxicity from
algae blooms and improved market perceptions of a quality product. Under Scenarios
1 and 2, the commercial market may be more exposed to risk.
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Scenarios 2+, 3
and SP1 are
predicted to
benefit both the
abundance and
quality of the
customary and
commercial
fishery in the
lake
Scenarios 1 and
2 are predicted
to adversely
impact the
quality but not
the abundance
of the
customary and
commercial
fishery
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A3.2. Historically Te Waihora/Lake Ellesmere has not experienced regular toxic
cyanobacteria blooms, despite some risk associated with its nutrient enriched state.
There have been occasional temporary health warnings for cyanobacteria, such as
those placed on the lake in 2011 and 2012. Under Scenario 2+ and 3 and Solutions
Package 1, there is predicted to be a decreased risk of toxic algal blooms due to the
management of nutrient loads, reduced saltwater intrusion, and fewer periods of low
lake level in summer. Under baseline Scenario 1 and Scenario 2 there is predicted to
be a small increase in the risk of toxic algal blooms.
A3.3. A significantly greater number of artificial openings to the sea are predicted to
occur under baseline Scenario 1 (approximately 30 % increase from historic
frequency) and Scenario 2 (approximately double the historic frequency), due to
increased lake inflows combined with new opening rules under the recent Water
Conservation Order (WCO). This brings a significant benefit for fish migration (autumn
openings) and recruitment (spring openings) for indigenous species (e.g. eel, flounder,
mullet, whitebait).
Going beyond the WCO, a controllable outlet to the sea has been assumed under
Scenario 2+, 3 and Solutions Package 1. Assuming an effective lake level
management structure is in place this allows the benefits for fish migration and
recruitment, lake levels could be controlled to minimise unwanted flooding of lake-side
land, and could also be managed to avoid very low lake levels. Very low lake levels
can have several detrimental effects on aspects of water quality and ecological health
that are important for customary and commercial fisheries. Any structure on the lake
will need a full assessment of cultural and ecological impacts prior to implementation.
A3.4. Under all scenarios, the greater number and/or control over the lake openings to
the sea are predicted to benefit migration and recruitment taonga species to the lake.
However, some taonga species also migrate up the tributaries of the lake. Under all
scenarios the slightly increased flows in the tributaries may benefit the migrations of
taonga species if the higher flows occur at the key migration times (Tipa, 2014). It is
unclear how much of the catchment will be barrier free and in a condition that enables
unimpeded passage (e.g. depth of flows and intermittency). The benefit for migration
of taonga species is greatest for those scenarios that include additional water being
brought into the catchment.
A3.5. The lake opening regime and more water in the system may enhance the
populations of species. However, this does not equate to an improved customary
fishery. Whanau have to be confident of the quality of the lake and streams, the
safety of gathering, have aquatic conditions that mean they are physically able to
gather, and have to perceive the conditions of the aquatic environment as fit for
customary use. Scenarios 2+, 3 and Solutions Package 1 do represent an
improvement over current, but for some whanau to re-establish customary use within
the lake environs, they will want and need to see a visible difference in the condition of
the lake and its tributaries and initiatives being implemented on the ground. This
means it is important that the initiatives not only ‘beautify’ a river-scape for observers,
but they also lead to enhanced aquatic health. Seeing improvements may lead to a
re-establishment of customary use patterns. Adding alum to the streams and lake
may not lead to whanau use of these environs.
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Key points
Under Scenarios
2+, 3 and SP1
the risk of algal
blooms is
predicted to
decrease from
current and
increase under
Scenarios 1 and
2
The opening of
the lake to the
sea is important
for the
migration of key
fish species
In Scenarios 2+,
3 and SP1 a
controllable lake
structure is
assumed to
benefit
migration and
lake level
control
The migration of
taonga species
is most
benefitted with
increased
stream flows
To gather food,
whanau need to
be confident of
the quality of
the water.
Scenarios 2+, 3
and SP1 are
considered an
improvement
over current
and Scenarios 1
and 2 a
deterioration
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A3.6. All scenarios are expected to deliver increased overall flows in the catchment
compared with flows actually experienced over the past 5-10 years. Solutions
Package 1 delivers the biggest increases in flow. An important aspect of flow for
supporting aquatic life is the duration and magnitude of low flows. Golder (2012)
25
recommended that flows of 70-90% of natural 7DMALF are required to protect
ecological values in streams. Figure 11 shows an assessment of time spent below this
26
ecological threshold flow .
In general, there is less confidence in predictions of impact on individual streams
compared to catchment trends. In addition, the individual stream predictions will to
some degree depend on the assumed location of any land use change.

Key points
In terms of
overall flows, all
scenarios are
expected to
deliver higher
flows than
currently seen,
with SP1
delivering the
most increase
For the
ecologically
important low
flows, the
additional water
in Scenarios 2,
2+ and SP1 bring
benefits

Figure 11

Modelled 7DMALF under various scenarios and solution packages
27
7DMALF. Recommended
as a percentage of Scenario 0
ecological low flows, indicated by dashed horizontal lines, were
based on Golders (2011) rationale

A3.7 and A3.8.
Table 10 shows a summary of the current and predicted water quality indicators and
outcomes for ecological and environmental values. Of relevance to customary and
commercial fisheries are macrophyte and algae coverage and nitrate toxicity. Under
Scenarios 3, 2+ and Solutions Package 1 macrophyte and algal coverage are
predicted to improve than current. Under Scenarios 1 and 2 macrophyte and algal
coverage are predicted to decline. No stream currently meets the 95%, 90% or 80%
level of protection for aquatic biodiversity for nitrate-N except the Kaituna River. Jollies
brook meets the 80% level of protection. Nitrate-N concentrations are predicted to
increase under Scenarios 1 and 2. Scenario 2+ and Solutions Package 1 are
predicted to have a similar nitrate-N risks to current, and under Scenario 3, all streams
are predicted to meet the 80% level of protection.
25

The 7DMALF is a statistic of low flows. The 7DMALF is the long term average of the 7 lowest
consecutive days in each year. The 7DMALF is a flow that represents a low flow period not just an
absolute minimum on a given day, there will be days when flow is below 7DMALF but these will not be
for durations of 7 days or greater.
26
70-90% of naturalised 7DMALF
27
Scenario 0 is a modelled scenario representing flows with no abstraction in the catchment. Scenario 0
results are used to approximate natural flows
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Table 10

34

Summary of whether or not ecological and environmental outcomes are being (current) or likely to be achieved under scenarios for streams in the lower Selwyn Waihora catchment
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For Kaituna River, no changes in flows or quality are expected under any scenario.
Solutions Package 1 requires fencing and assumes stream-side planting along the
Kaituna and is expected to enhance in-stream habitat.
Lee River and Jollies Brook were not modelled beyond Scenario 2. For all scenarios
they are expected to respond in a similar way to other lowland streams. Solutions
Package 1 requires fencing and assumes stream-side planting and is expected to
enhance in-stream habitat.
A3.9. Whanau are concerned at the current flow regimes and the current water quality.
It is acknowledged that scenarios that result in higher flows in the system are a
positive step, as are those scenarios that improve water quality. However, some
whanau aspire to streams and lake health which is more aligned to their historic state,
and therefore may perceive marginal improvements (and increased irrigated land) as
not going far enough in the right direction.
A3.10. The commercial fishery comprises eels (short and long finned), flounder and
yellow eyed mullet. The current revenue of the commercial fishery was estimated at
28
29
$1.5 million per annum using 2011 F.O.B. prices for the different species . The
fishery is not expected to be significantly affected by the changes in TLI associated
with any of the scenarios and Solutions Package 1, as the allowable catch is usually
taken. However, there is potential for decreased variability in the catch due to fewer
blooms of toxic algae, and improved water quality and ecological health in Scenarios
2+, 3 and Solution Package 1. Any increase in fish population would benefit customary
and recreational catch after the quota is taken.

3.1.4

Sub outcome A4: Secure water supply to provide a target of 95%
reliability for irrigation

Zone committee narrative
Water storage capacity is enhanced so that water is available for designated irrigated
land at 95% reliability
Technical indicators:
• A4.1 - Amount of stored water in catchment available for power generation and
or irrigation
• A4.2 - Volume of surface water vs. groundwater sourced irrigation
• A4.3 - Proportion of irrigation at 95% reliability
Likelihood of meeting outcomes
Table 11 shows the likelihood of the scenarios and solutions package supporting the
target of 95% reliability of supply for irrigation.

28

Denote price based on product and that the seller pays for transportation of the goods to the port of
shipment, plus loading costs. The buyer pays freight, insurance, unloading costs and transportation from
the port of destination to the factory.
29
Eel $9/kg, Flounder $5.75/kg, and yellow eyed mullet estimated at $5/kg.
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Key points
Under Scenarios
1, 2, 2+, and 3
no changes in
flows or quality
are expected in
the Kaituna
River, Lee River
or Jollies Brook.
Under SP1
riparian fencing
and planting is
assumed and is
expected to
enhance instream habitat

Whanau are
concerned with
current water
quality and
flows. Although
the higher flows
and improved
water quality in
Scenarios 2+
and SP1 are
acknowledged,
some whanau
aspire to further
improvements
in stream and
lake health
No change in
the value of the
commercial
fishery is
expected with
any scenario,
although
improved water
quality may
decrease the
variability in the
catch
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Table 11

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and the
Zone Committee Solutions Package supporting the target of 95%
reliability of supply for irrigation

Technical indicator
Overall sub outcome of
a target of 95%
reliability for irrigation

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
Solutions
2+
Package 1
Does the indicator for each scenario support priority sub outcome?
Possibly
Probably
Current
As current
Probably
Probably

Relevant information from technical assessments
A4.1 See sections A2.1

Key points
Table 11 shows
the likelihood of
scenarios
supporting the
target of 95%
reliability of
supply for
irrigation

A4.2. See sections A2.2
A4.3. Currently 82 % of the irrigated land has >95 % reliability of water. Under
Scenario 2, 2 + and Solution Package 1 this area is predicted to increase to 86 %.
Under Scenario 3 this area decreases to 75 % and the total irrigated area has
reduced. The 75 % is based on farmers in the lower portion of the catchment
continuing to use surface water and shallow groundwater sources. If higher reliability
was desired, deeper groundwater could be tapped in the lower catchment. This would
give > 95 % reliability.

3.1.5

Sub outcome A5: Thriving sustainable community

Zone committee narrative
The Selwyn Waihora catchment consists of thriving sustainable communities with high
social capital supported by well-resourced health, educational, transport, water,
sewerage and telecommunications services. Local residents enjoy a ‘sense of place’
and community identity, full employment and opportunities for financially viable
businesses.

Under Scenarios
2, 2+, and SP1,
irrigation
reliability is
expected to
increase from
current

Technical indicators:
• A5.1 – On farm economic impacts including revenue, farm working expenses,
variable expenses and cash farm surplus
• A5.2 – Regional economic impacts including GDP, earned household income,
rates and taxes
• A5.3 – On farm and regional employment
• A5.4 - Median household income
• A5.5 - Unemployment
• A5.6 - Population in Selwyn Waihora catchment
• A5.7 - Services including health, infrastructure and education. Social
connectedness
• A5.8 - Housing (housing affordability, rent to income ratio)
• A5.9 - Trust (level of trust in policy makers and other actors involved in policy
process)
• A5.10 - Safety and security (crime rates, perceptions of safety)
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Likelihood of meeting outcomes
Table 12 shows the likelihood of the scenarios and solutions packages supporting a
thriving sustainable community.
Table 12

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and the
Zone Committee Solutions Package supporting a thriving
sustainable community

Technical indicator

On farm economic
impacts
including
revenue, farm working
expenses,
variable
expenses and cash farm
surplus
Regional
economic
impacts including GDP,
earned
household
income, rates and taxes
On farm and regional
employment
Median
income

household

Unemployment
Population
in
S-W
catchment
Services
including
health, infrastructure
and education. Social
connectedness
Overall sub outcome of
supporting a thriving
sustainable community

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
Solutions
2+
Package 1
Does the indicator for each scenario support priority sub outcome?

Worse
than
current
Probably
improved
from
current
Probably
improved
from
current
Probably
improved
from
current
Possibly
improved
from
current
Unlikely to
deliver
over whole
catchment
Unlikely to
deliver
over whole
catchment
Possibly

No change
from
current
Significantl
y improved
from
current
Significantl
y improved
from
current
Significantl
y improved
from
current
Probably
improved
from
current
Probably
improved
from
current
Possibly
improved
from
current
Probably

Probably

As current

Possibly

As current

Possibly

As current

Possibly

As current

Possibly

As current

Possibly

As current

Possibly
Possibly

As current
As current

Probably
improved
from
current
Significantl
y improved
from
current
Significantl
y improved
from
current
Significantl
y improved
from
current
Probably
improved
from
current
Probably
improved
from
current
Probably
improved
from
current
Probably

Probably
improved
from
current
Significantl
y improved
from
current
Significantl
y improved
from
current
Significantl
y improved
from
current
Probably
improved
from
current
Probably
improved
from
current
Probably
improved
from
current
Probably

Relevant information from technical assessments
A5.1. See A1.4.
A5.2. Scenarios 2, 2+ and Solutions Package 1 are predicted to significantly increase
regional GDP above current, Figure 12. Scenario 2+ and Solutions Package 1
generate similar outcomes as Scenario 2 despite the requirement for on farm
mitigations because the majority of the regional flow-on impacts are generated from
revenue.
It should be noted that contribution to regional GDP is not a direct equivalent of
benefit because there will be costs associated with this economic activity that are not
taken into account, for example the need to upgrade roads. Furthermore there is
always the potential that the resources used to generate the economic impact could
be harnessed elsewhere to generate activity in other parts of the economy. However
these figures demonstrate that there is significant economic activity generated through
the increase of intensive agriculture.
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Key points

Table 12 shows
the likelihood of
scenarios
supporting a
thriving
sustainable
community

Under Scenarios
2, 2+ and SP1
regional GDP is
predicted to
increase
significantly due
to the increase
of intensive
agriculture
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Local and central government revenues are also predicted to increase under these
scenarios and Solutions Package 1 associated with the increased activity.

$ million/annum

Under Scenario 3 there is also predicted to be an increase in regional GDP,
household income and government revenue, albeit smaller than for the other
scenarios. This is associated with the intensification of dairying predicted.

$1,000
$900
$800
$700
$600
$500
$400
$300
$200
$100
$0

Figure 12

Key points
A smaller
increase in
regional GDP is
predicted under
Scenario 3
associated with
the increase in
dairying
predicted

Current/Scenario 1
Scenario 2
Scenario 3
Scenario 2+
Solutions package 1
Contribution
to Regional
GDP
(including
flow on)

Earned
household
income

Comparison of
($million/annum)

Local and
central
government
revenue

regional

economic

impacts

by

scenario

A5.3. In terms of regional employment (including flow on effects) all scenarios are
predicted to increase employment from current, with Scenario 3 having lower
predicted increases than the other scenarios.
At the farm scale, under Scenarios 2, 2+ and Solutions Package 1 there is predicted to
be an increase in on farm employment in dairy, beef and sheep and arable industries,
Figure 13.
Under Scenario 3 although the overall total employment on and off farm will not
change substantially, the types and locations of land use and associated employment
will experience major change. As with the other scenarios there is predicted to be
increased need for workers on dairy farms, but there is also predicted to be a
significant decline in employment on beef, sheep and arable farms.
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Regional and on
farm
employment is
predicted to
increase under
Scenario 2, 2+
and SP1
Under Scenario
3, regional
employment
will increase
slightly, on farm
employment
will increase in
dairying and
decrease
significantly in
other
agricultural
industries
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Key points

Full Time Equivalents

14000
12000
10000
8000

Current/Scenario 1

6000

Scenario 2

4000

Scenario 3

2000

Scenario 2+

0

Figure 13

Solutions package 1
On farm
employment (FTE)

Contribution to
Regional
employment
(including flow on)
(FTE)

Comparison of on farm and regional employment by scenario

A5.4. Across all scenarios and Solutions Package 1, the predicted increases in
employment is expected to lead to an increase in median household incomes for the
population directly affected, Figure 12. The increases in household income are
greatest in Scenarios 2, 2+ and Solutions Package 1.

On and off farm
incomes are
predicted to
increase
especially under
Scenarios 2, 2+
and SP1

A5.5. An increase in on-and off-farm employment is likely to put downward pressure
on unemployment in the area, depending on the work readiness of those seeking jobs.
The employment increases are greatest in Scenarios 2, 2+ and Solutions Package 1.
A5.6. Currently some areas are rapidly urbanising. Under Scenario 2, 2+ and
Solutions Package 1, an increase in employment will mean an increase in population
across the catchment with the arrival of more farmers, farm workers and families.
There will also be an increase in turnover of the population as workers move between
farms and districts, leading to a decrease in the stability of populations and
communities. The prediction that employment will increase both on and off farm
means that the population effect will be felt across the catchment including some of
the smaller communities and townships. The location of major processing activities,
such as a dairy factory, will drive population growth in nearby areas.
Under Scenario 3 the overall population growth of the rural areas (as distinct from
settlements that act as dormitory communities of Christchurch) is likely to be minor.
While there are likely to be small increases of population in areas with more intensive
dairy production, any increase is likely to be offset by population decline in the areas
of dryland pastoral production on the plains areas. In areas of less intensive farming
activities the population of service centres will decline as people from the working age
population seek employment elsewhere.
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Under Scenarios
2, 2+ and SP1
there is
expected to be
an increase in
population
across the
catchment,
especially
associated with
agriculture
Under Scenario
3 population
increases are
predicted
associated with
the intensified
dairying on the
deeper soils and
significant
depopulation in
the plains area
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A5.7. Under Scenario 2, 2 + and Solutions Package 1 the social infrastructure, such
as health services and schools, is predicted to benefit from increased employment and
population and an increase in younger families with children. While local factors may
influence the effects on individual primary schools overall there should be either
stabilisation or growth of rolls under these scenarios and Solutions Package 1. An
increase in international workers and greater ethnic diversity associated with the
increase in dairying is predicted to create some challenges and new demands for
health services, churches and schools. The annual churn of dairy farm and seasonal
workers may create some issues for service providers and communities. There may
be some effects on community cohesion and participation as a result of a more
transient community, language differences and cultural diversity. Value conflicts could
arise between traditional pastoral farming areas and areas farmed more intensively.
Under Scenario 3, the departure of people from areas of less intensive farming is
predicted to put pressure on schools and other population funded services such as
health as experience decreased demand. That demand will shift to the dairying areas
with the arrival of newcomers, and will require good management to ensure that there
is an adequate supply of health, education and other services.
The major changes predicted across the Selwyn-Waihora catchment under Scenario 3
have the potential to cause widespread social disruption if they are not appropriately
managed. Not only will many farming families need to change their farming routines,
but all will face a new social landscape. Some people will experience social
dislocation, while others may enjoy a more relaxed lifestyle. In some areas there may
be conflict between long term residents and newcomers, while in other places there
may be a sense of grief and loss of sense of place land uses change and as friends
and family depart.
A5.8. Under Scenario 2, 2 + and Solutions Package 1, changes in land use and
increased on-farm workforces are predicted to lead to short-term shortages of rural
housing and some upward pressure on rental prices.
Under Scenario 3 housing is predicted to get more expensive within commuting
distance of the areas shifting to intensive dairy production. Where less intensive
farming predominates, housing will get cheaper.
A5.9. The level of trust in policy makers and other actors involved in policy process
will heavily depend on how satisfied people are with the policy process and their
needs being met by it. Generally people are happier and more trustful when they
have a chance to participate.
The large scale of change envisaged by Scenario 3 is likely to be a major issue for
many people within the Selwyn Waihora Zone, and there is potential for loss of trust in
policy makers.
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Key points
Under Scenario
2, 2+ and SP1
health services,
schools and
social
infrastructure is
predicted to
improve.
However the
increased
transience could
adversely
impact
community
cohesion
Under Scenario
3, the rural
depopulation in
the plains are
would reduce
demand for
schools and
services. The
demand in the
intensively
farmed areas
would
significantly
increase
Scenarios 2, 2+
and SP1 are
likely to
increase
pressure on
housing and
push up housing
and rental
process.
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A5.10. The intensification of land uses under Scenarios 2, 2+ and Solutions Package
1 are likely to bring an increase in on-farm health and safety issues. In addition, there
may be negative perceptions or a sense of insecurity when newcomers (particularly
from different ethnic groups) arrive. Negative perceptions do not necessarily mean
there will be any increase in crime rates or any other threat to personal safety. There
is likely to be a modest reduction in safety on rural roads with an increase in heavy
traffic volumes (e.g. milk tankers).
Under Scenario 3, the perceptions of health and safety are also predicted to change
with the major changes in land use. The movement of people between areas will instil
feelings of isolation on residents as their friends move out, or insecurity when
newcomers (particularly from different ethnic groups) arrive.

41

Key points
Under Scenario
2, 2+ and SP1
on farm health
and safety
issues may
increase and the
influx of
newcomers to
the area may
increase a sense
of insecurity

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

3.2

Priority Outcome B: High quality and secure
supplies of drinking water

3.2.1

Sub outcome B1: All domestic drinking water meets national
standards preferably without treatment

Key points

Zone committee narrative
30
Good quality domestic drinking water is readily available to all residents in the
Selwyn Waihora catchment
Technical indicators:
• B1.1 - Average groundwater nitrate-N concentrations in comparison with ½
Maximum Allowable Value (MAV)
• B1.2 - Exceedences of MAV
• B1.3 - Bacterial contamination of groundwater
• B1.4 - Nitrate-N concentrations in surface waters
• B1.5 – Cost of deepening wells
Likelihood of meeting outcomes
Table 13 shows the likelihood of the scenarios and solutions package supporting the
outcomes of high quality and secure supplies of drinking water.
Table 13

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting high quality and secure supplies
of drinking water

Technical indicator

Average groundwater
nitrate-N
concentrations
in
comparison with ½
(MAV)
Exceedences of MAV
Bacterial contamination
of groundwater
Nitrate-N
concentrations
in
surface waters
Overall sub outcome of
supporting high quality
drinking water supplies

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
Solutions
2+
Package 1
Does the indicator for each scenario support priority sub outcome?

Possibly
Possibly

Possibly
Possibly

Possibly
Possibly

Unlikely
Unlikely

Unlikely
Unlikely

Unlikely
Unlikely

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Almost
certainly

Probably

Probably

Probably

Probably

Probably

Possibly

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Relevant information from technical assessments
National drinking water standard (Maximum Allowable Value, MAV) for nitrate-Nnitrogen = 11.3 mg/L
½ MAV = 5.65 mg/L
B1.1 and B1.2. In order to generally prevent exceedences of the drinking water MAV,
the average nitrate-N concentrations should be at or below ½ MAV (Hanson, 2012).
Table 14 shows the predicted average groundwater concentrations under all
scenarios, as well as the likely impact on exceedences of the drinking water standard
in the shallow groundwater. These exceedences are likely to be primarily in the
shallower domestic wells. The public supply wells are likely to tap deeper groundwater
with lower nitrate-N concentrations.
30

Table 13 shows
the likelihood of
scenarios
supporting
drinking water
meeting
national
standards

The national
drinking water
standard for
nitrate-N is a
Maximum
Allowable Value
of 11.3 mg/L
In order to
broadly protect
against
exceedences of
the drinking
water standard,
the average
nitrate-N
concentrations
in groundwater
should be at or
below ½ MAV

Self and community supply
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Key points
Overall, all scenarios except Scenario 3 have average groundwater concentrations
above ½ MAV. The maximum nitrate-N concentrations are not predicted to remain
above the MAV for more than a few months before they drop back down. The wells
around the lake, including those at the Taumutu marae, are not at risk of increased
nitrate-N contamination from broad-scale land use change on the plains. Nitrate-N
concentrations in groundwater around the lake are kept low by denitrification in anoxic
conditions and by dilution by the upward flow of deep, low nitrate-N groundwater.
Table 14

Current and simulated groundwater nitrate-N concentrations and
likely compliance with the drinking water standard

Predicted average
nitrate-N in shallow
groundwater
% wells with
predicted maximum
nitrate-N
concentrations above
MAV
% wells with average
nitrate-N
concentrations above
1/2 MAV

Current

Scenario
1

Scenario
2

6.6

8.9

9.4

33%

54%

58%

61%

89%

66%

Scenario
3

Scenario
2+

Solution
Package
1

31

6.9

8.2

22%

39%

49%

4.7

33%

63%

79%

B1.3. Shallow wells (<50m below ground surface) wells could be vulnerable to
bacterial contamination and this may be exacerbated through the intensification of
land use, increased stock or waste water discharge to land in the proximate
catchment. However, no assessment has been made in terms of risk of bacterial
contamination is relation to groundwater from land use scenarios. In Solutions
Package 1, regulatory setbacks for activities around wells and Farm Environment
Plans require a risk assessment to be carried out for all receiving environments on
farm, including groundwater.
B1.4. All streams in the catchment currently meet the drinking water standard for
nitrate-N concentrations, and are predicted to still meet the standard under all
scenarios.
B1.5. The costs incurred for deepening drinking water wells are expected to be
negligible for Scenarios 3 and 2+. For Scenario 2 the cost to deepen wells for secure
drinking water would be approximately $3.5 million and for Solutions Package 1,
approximately $2.6 million (capital value cost in both cases).

The current
average
groundwater
nitrate-N
concentration is
6.6 mg/L. This
increases under
all scenarios
except Scenario
3

No assessment
of bacterial
contamination
to groundwater
has been made

Costs are
expected to be
incurred to
provide drinking
water to some
domestic
supplies by
deepening wells
under Scenario
2 and SP1

31

In original presentation of Scenario 3, average groundwater concentration was modelled as
6.1 mg/L
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3.3

Selwyn Te Waihora Zone Priority Outcome D. Wahi
tapu and Mahinga kai are respected, understood,
protected and enhanced

3.3.1

Sub outcome D1: Wahi tapu and Mahinga kai are respected,
understood, protected and enhanced

Key points

Original Zone committee narrative
Wahi tapu (sacred place) and mahinga kai (Food and places for obtaining natural food
and resources) are identified, publicised, treated with respect, protected and the
resource used within appropriate limits to ensure long term sustainability. Mahinga kai
is abundant and plentifully available for customary use.
Update
In August, Zone Committee requested that more aspects were considered under this
outcome going forward. Specifically to cover 4 areas; mahinga kai, wahi tapu/wahi
taonga, streams rivers and springs and Te Waihora.
Technical indicators:
• D1.1 - Customary fish stocks
• D1.2 - Cultural assessment of Mahinga kai and Wahi Tapu sites
Likelihood of meeting outcomes
Table 15 shows the likelihood of the scenarios and solutions package supporting the
outcomes of Wahi tapu and Mahinga kai being respected, understood, protected and
enhanced.
Table 15

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting the outcomes of Wahi tapu and
Mahinga kai being respected, understood, protected and enhanced

Technical indicator

Customary fish stocks
Cultural assessment of
Mahinga kai and Wahi
Tapu sites
Mahinga kai
Wahi tapu/wahi taonga
Streams, rivers, springs,
hapua and wetlands
Te Waihora
Overall sub outcome of
supporting wahi tapu
and mahinga kai being
respected, protected,
understood
and
enhanced

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
2+
Does the indicator for each scenario support priority sub outcome?
Highly
Highly
Highly
Possibly
Possibly
unlikely/no
unlikely/no
unlikely/no

Possibly
N/D
N/D

Possibly
N/D
N/D

N/D
N/D

N/D
N/D

Possibly

Possibly

Highly
unlikely/no

Highly
unlikely/no

Solutions
Package 1

N/D

Highly
unlikely/no
N/D
N/D

Highly
unlikely/no
N/D
N/D

N/D
Possibly
Unlikely

N/D
N/D

N/D
N/D

Possibly
Possibly

Highly
unlikely/no

Highly
unlikely/no

Possibly

Relevant information from technical assessments
D1.1. Indigenous fish species (e.g. eel, flounder, whitebait) and the customary
fisheries associated with them, are predicted improve under Scenarios 2+ and 3 and
Solutions Package 1. This is on the basis that while these species are tolerant of the
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Table 15 shows
the likelihood of
scenarios
supporting Wahi
tapu and
Mahinga kai
being respected,
understood,
protected and
enhanced

Under Scenario
3, 2+ and SP1
indigenous fish
species are
predicted to be
benefited
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current enriched state, the improved TLI in the lake will lead to improved habitat and
quality, and improved connection with the to the sea at key times will benefit migration
and recruitment.
Scenarios 1 and 2 may not adversely impact on the abundance of these indigenous
fish species as they are tolerant of the current enriched state. However these
scenarios are predicted to have adverse impacts on the quality of the fishery through
increased frequency of nuisance algae blooms (including risk of toxic cyanobacteria),
decreased amenity value (e.g. more days at low lake level), and by making any future
attempts to re-establish macrophyte beds more difficult.
A second key factor influencing fishery productivity is the amount of fish that are
caught, or fishing pressure. This is managed independently of any land development
scenario.
D1.2. Whanau believe that a further deterioration of the health of the aquatic
resources (as expected under baseline Scenario 1 and 2) will continue to adversely
impact mahinga kai and wahi tapu. For Scenario 3, 2+ and Solution Package 1,
whanau see an attempt to mitigate many of the adverse effects currently being
experienced in the lake and tributaries. This is viewed positively. However whanau
are conflicted somewhat by what Scenario 2+ and Solutions Package 1
represent.
Uncertainty and a conflicted position arises because there is
intensification of land use in the catchment with the additional 30,000ha of
irrigation. This means whanau are uncertain that wahi tapu and mahinga kai will be
protected. Protection will be dependent on:
•
•
•

a changed regulatory environment (providing increased flows and higher
water quality standards)
a range of on farm mitigations
lake mitigation actions to minimise the impacts of contaminants in the
sediments of the lakebed.

These scenarios can only be viewed positively if it can be assumed that all types of
mitigations will be implemented. However, it should be noted that the lake laevel
management structure and the use of any phosphorus inactivation chemicals such as
alum need to be assessed for their cultural as well as ecological effects. For some
whanau they represent a significant risk for cultural impact so this needs to be
weighed carefully. The long term effects need to be understood.
32

It is acknowledged that some taonga species (such as eels ) can live in poor water
quality.
While on-going degradation is expected under baseline Scenario 1 and
Scenario 2; Scenario 3, Scenario 2 + and Solution Package 1 are understood to result
in improved environmental outcomes. It is noted that changes may not be
immediately visible and that it is likely only to be long term regular users of the lake
that would notice any incremental changes.

Key points
Scenarios 1 and
2 are predicted
to adversely
impact the
quality but not
the abundance
of the
customary fish
species
While the
predicted
improvements
with Scenario 2+
and SP1 are
viewed
positively, the
associated
additional
irrigation causes
increased
uncertainty
Protection of
wahi tapu and
mahinga kai are
dependent on
multiple
measures.
Whanau need to
be confident
that these
measures will all
be implemented
Before
implementation
the cultural
effects of lake
mitigations
need to be fully
investigated

32

Although eels are not listed as a taonga species they are generally recognised as taonga
(Tipa, 2014)

45

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

3.4

Selwyn Te Waihora Zone Priority Outcome E.
Healthy Lowland streams33

3.4.1

Sub outcome E1: Water quality, flows and habitat supports
increased abundance and diversity of aquatic life

Key points

Zone committee narrative
Water quality in high and low land streams is biologically healthy and supports
abundant and diverse native aquatic flora and fauna (e.g., kokupu – freshwater
galaxias, and koura - fresh water crayfish). Stream flows meet aesthetic values as well
as providing adequate flows for abundant fish life. Invasive pest species are
eliminated or managed and controlled
Technical indicators:
• E1.1 - Overall flows plus low flows and minimum flows
• E1.2 - Periphyton and macrophyte for recreation, aesthetics and benthic
biodiversity
• E1.3 - Nitrate-N concentrations and nitrate-N toxicity
• E1.4 - Diversity and abundance of aquatic species
• E1.5 - Cultural assessment
Likelihood of meeting outcomes
Table 16 shows the likelihood of the scenarios and Solutions Package 1 supporting
abundance and diversity of aquatic life.
Table 16

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting increased abundance and
diversity of aquatic life

Technical indicator

Scenario 3

Scenario
Current
Scenario 1
Scenario 2
2+
Does the indicator for each scenario support priority sub outcome?

Overall flows plus low
flows and minimum
flows

Possibly

Almost
certainly

Unlikely

Possibly

Almost
certainly

Almost
certainly

Periphyton
and
macrophyte
for
recreation, aesthetics
and benthic biodiversity

Possibly

Possibly

Unlikely

Unlikely

highly
unlikely/no

Probably

Nitrate-N
concentrations
nitrate-N toxicity

Unlikely

Unlikely

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Unlikely

Diversity
and
abundance of aquatic
species
Cultural assessment

Possibly
Possibly

Possibly
Possibly

Unlikely
Unlikely

Highly
unlikely/no
Unlikely

Highly
unlikely/no
Unlikely 34

Probably
Unlikely 35

Overall sub outcome of
supporting
increased
abundance
and
diversity of aquatic life

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Probably

and

Solutions
Package 1

Table 16 shows
the likelihood of
scenarios
supporting
abundance and
diversity of
aquatic life

33

Includes lower Selwyn River
Previously reported as possibly
35
Previously reported as possibly
34
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Relevant information from technical assessments
E1.1. In terms of overall flows, all scenarios are expected to deliver increased flows in
the catchment compared with actual experienced flows over the past 5-10 years, with
Solutions Package 1 delivering the most increases in flow. An important aspect of
flow for supporting aquatic life is the duration and magnitude of low flows. Golder
36
(2012) recommended that flows of 70-90% of natural 7DMALF are required to
protect ecological values in streams. Figure 14 shows an assessment of time spent
37
below this ecological threshold flow
In general, there is less confidence as the impact on individual streams of any land
use change in the catchment will to some degree depend on the configuration of
location of that land use change.

Key points
In terms of
overall flows, all
scenarios are
expected to
deliver higher
flows than
currently seen,
with SP1
delivering the
most increase
For the
ecologically
important low
flows, the
additional water
in Scenarios 2,
2+ and SP1 bring
benefits

Figure 14

Modelled 7DMALF under various scenarios and solution packages
38
7DMALF. Recommended
as a percentage of Scenario 0
ecological low flows, indicated by dashed horizontal lines, were
based on Golders (2011) rationale

E1.2 and E1.3. Table 17 shows a summary of the current and predicted water quality
indicators and outcomes for ecological and environmental values. Of relevance to
‘water quality, flows and habitat supports increased abundance and diversity of
aquatic life’ is macrophyte coverage, algae coverage, nitrate toxicity and supporting of
benthic biodiversity and trout habitat.
Under Scenarios 3, 2+ and Solutions Package 1 macrophyte and algal coverage and
supporting benthic biodiversity and trout habitat are predicted to improve, or be at less
risk than current. Under Scenarios 1 and 2 macrophyte and algal coverage and
supporting benthic biodiversity and trout habitat are predicted to decline or be at
greater risk than current.
36

The 7DMALF is a statistic of low flows. The 7DMALF is the long term average of the 7 lowest
consecutive days in each year. The 7DMALF is a flow that represents a low flow period not just an
absolute minimum on a given day, there will be days when flow is below 7DMALF but these will not be
for durations of 7 days or greater.
37
70-90% of naturalised 7DMALF
38
Scenario 0 is a modelled scenario representing flows with no abstraction in the catchment. Scenario 0
results are used to approximate natural flows
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Macrophytes,
algal coverage,
nitrate toxicity,
benthic
biodiversity and
trout habitat are
important for
supporting
aquatic life
Under Scenarios
3, 2+ and SP1
macrophytes,
algal coverage,
nitrate toxicity,
benthic
biodiversity and
trout habitat are
predicted to
improve or be at
less risk than
current.
Scenarios 1 and
2 are predicted
to decline or be
at increased risk
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Table 17

48

Summary of whether ecological and environmental outcomes are being (current) or likely to be achieved under Scenario 2 + for streams in the lower Selwyn-Waihora catchment
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No stream currently meets the 95%, 90% or 80% level of protection for aquatic
biodiversity for nitrate-N except the Kaituna River. Jollies brook meets the 80% level of
protection. Nitrate-N concentrations are predicted to increase under Scenarios 1 and
2, thereby increasing risk for aquatic biodiversity. Scenario 2+ and Solutions Package
1 are predicted to have a similar nitrate-N risks to current, and under Scenario 3, all
streams are predicted to meet the 80% level of protection.
For Kaituna River, no changes in flows or quality are expected under any scenario.
Solutions Package 1 requires fencing and assumes stream-side planting along the
Kaituna and is expected to enhance in-stream habitat.
Lee River and Jollies Brook were not modelled beyond Scenario 2. For all scenarios
they are expected to respond in a similar way to other lowland streams. Solutions
Package 1 requires fencing and assumes stream-side planting and is expected to
enhance in-stream habitat.

E1.4. The diversity and abundance of invertebrates and fish, as well as bird
populations which depend upon them, are likely to show an improvement under
Scenario 2+, 3 and Solutions Package 1 from current. The predicted decreases in
macrophytes and algae in these scenarios have the potential to improve existing
ecological values. The increased flow associated with these scenarios provides more
habitat for native fish and trout. Native fish species, although they are generally more
tolerant of poor water quality than trout for example, still depend on a healthy stream
ecosystem for food and habitat.
The scenario with a decrease in nitrate-N concentrations (Scenario 3) is likely to have
a positive effect on trout and trout spawning due to lower direct toxicity effects.
Scenario 2+ and Solutions Packages 1 are likely to have little change from current,
and Scenarios 1 and 2 are predicted to have a negative effect on trout spawning.
The targeted sediment removal and improved riparian management in Solutions
Package 1 would improve quality and extent of habitat and spawning areas for both
native and recreational species.

E1.5 Whanau are concerned at the current flow regimes and the current water quality.
It is acknowledged that scenarios that result in higher flows in the system are a
positive step, as are those scenarios that improve water quality. However, some
whanau aspire to streams and lake health which is more aligned to their historic state,
and therefore may perceive marginal improvements (and increased irrigated land) as
not going far enough in the right direction.
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Key points
Under Scenarios
1, 2, 2+, and 3
no changes in
flows or quality
are expected in
the Kaituna
River, Lee River
or Jollies Brook.
Under SP1
riparian fencing
and planting is
expected to
enhance instream habitat
The diversity
and abundance
of aquatic
species show an
improvement
under Scenario
2+, 3 and SP 1
from current
Only Scenario 3
with decreased
nitrate –N
concentrations
is predicted to
have a positive
effect on trout
spawning
Whanau are
concerned with
current water
quality and
flows. Although
the higher flows
and improved
water quality in
Scenarios 2+
and SP1 are
acknowledged,
some whanau
aspire to further
improvements
in stream and
lake health
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Key points
3.4.2

Sub outcome E2: Safe and plentiful food gathering is available

Zone committee narrative
Water quality and quantity is good enough to ensure that mahinga kai (e.g. water
cress, tuna, flounder) and trout is plentiful to gather and safe and healthy to eat
Technical indicators:
• E2.1 - Customary fish stocks including tuna and whitebait.
• E2.2 - Stream beds are safe and accessible without deep sediment beds, or
nuisance algal mats.
• E2.3 - Ecological impact of changes in flows
• E2.4 - Cultural assessment
Likelihood of meeting outcomes
Table 18 shows the likelihood of the scenarios and Solutions Package 1 supporting
safe and plentiful food gathering.
Table 18

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting safe and plentiful food gathering

Technical indicator

Scenario 3

Scenario
2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Customary fish stocks
including tuna and
whitebait.

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Probably

Stream beds are safe
and accessible without
deep sediment beds, or
nuisance algal mats.

Possibly

Unlikely

Unlikely

Unlikely

Unlikely

Probably

Ecological impact
changes in flows

Possibly

Possibly

Unlikely

Unlikely

Possibly

Probably

Cultural assessment

Possibly

Possibly

Unlikely

Unlikely

Unlikely 39

Possibly

Overall sub outcome
supporting safe and
plentiful food gathering

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Possibly

of

Relevant information from technical assessments
E2.1. Indigenous fish species (e.g. eel, flounder, whitebait) and the customary
fisheries associated with them, are predicted to improve under Scenarios 2+ and 3
and Solutions Package 1. This is because while these species are tolerant of the
current enriched state, the reduced nutrient load in the lake will lead to improved
habitat and quality, and connection to the sea at key times will benefit migration and
recruitment.

39

Table 18 shows
the likelihood of
scenarios
supporting safe
and plentiful
food gathering
Scenarios 2+, 3
and SP1 are
predicted to
benefit both the
abundance and
quality of
indigenous fish
species and the
associated
customary
fishery

Previously reported as possibly
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Scenarios 1 and 2 may not adversely impact on the abundance of these indigenous
fish species as they are tolerant of the current enriched state. However these
scenarios are predicted to have adverse impacts on the quality of the fishery through
increased frequency of nuisance algae blooms (including risk of toxic cyanobacteria),
decreased amenity value (e.g. more days at low lake level), and by making any future
attempts to re-establish macrophyte beds more difficult.
A second key factor influencing fishery productivity is the amount of fish that are
caught, or fishing pressure. This can be managed independently of any land
development scenario.
E2.2. Under Scenarios 3, 2 + and Solutions Package 1 there will be a likely small
decrease in the risk of nuisance blooms from current. No modelling on sediment has
been undertaken. However mitigation practices assumed on farm in these scenarios
will contribute to management of sediment losses. Under baseline Scenario 1 and 2,
there is likely to be a small increase in risk of nuisance algal blooms. Accessibility may
be improved and worsened under Solutions Package 1 as the reduced algae and
plant cover and reduced sediment is likely to increase accessibility, however the
extensive riparian margins on both streams and drains may hinder access.
E2.3. See E1.5
E2.4 Whanau need and want to fish where they have the right to fish. They want to
use the methods they are accustomed to using, and know they can fish safely and
share the fish gathered safely. At present they are unable to do this to the extent they
aspire to, and they do not know if this will improve enough under any scenario.
A lake level management structure has been assumed under Scenario 3, 2+ and
Solutions Package 1. As noted earlier this represents a significant change for
manawhenua from current practice and the full range of cultural impacts, both positive
and negative, need to be assessed. It is recognised that this management structure
could bring benefits for indigenous fish species.
The proposed introduction of alum under Scenario 3, 2+ and Solutions Package 1 is a
cause for significant unease among whanau.

3.4.3

Sub outcome E3: Nutrient inflows decline over time to acceptable
levels

Zone committee narrative
Nutrient inflows (e.g., nitrogen and phosphorus) are reduced to levels that overtime
result in nutrient concentrations at the river springhead, in low land streams and Te
Waihora lake falling to within a standard acceptable (e.g., absence of toxic algae
blooms) to the Selwyn Waihora catchment community.
Technical indicators:
• E3.1 - Modelled spring fed stream nitrate-N concentrations decreasing from
current
• E3.2 - Nutrient levels decline to deliver macrophyte and periphyton targets
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Key points
Scenarios 1 and
2 are predicted
to adversely
impact the
quality but not
the abundance
of indigenous
fish species and
the associated
customary
fishery
Whanau are
unable to gather
fish where they
want, using
customary
methods and
confident that
they can safely
share the fish.
They are
uncertain that
any scenario will
improve this to
the level aspired
to
The cultural
impacts of lake
interventions
will need to be
fully
investigated
prior to
implementation.
Addition of
chemicals such
as alum cause
significant
unease among
whanau
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Likelihood of meeting outcomes
Table 19 shows the likelihood of the scenarios and solutions package supporting the
outcomes of nutrient inflows declining over time to suitable levels.
Table 19

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting the outcome of nutrient inflows
declining over time to suitable levels

Technical indicator

Scenario
3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Modelled spring fed
stream
nitrate-N
concentrations
decreasing from current
Nutrient levels decline
to deliver macrophyte
and periphyton targets
Overall sub outcome
supporting
nutrient
levels declining over
time to suitable levels

Almost
certainly

Highly
unlikely/no

Current

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Unlikely

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Probably (in
combinatio
n with rest
of package)

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Possibly

Relevant information from technical assessments
E3.1. See E1.3.
E3.2. See Table 11, Section E1.2.

Key points

Table 19 shows
the likelihood of
scenarios
supporting
nutrient inflows
declining over
time to suitable
levels
Nitrate –N
concentrations
are predicted to
increase under
Scenarios 1, 2
and SP1, remain
about the same
under Scenario
2+ and decline
under Scenario
3
Under Scenarios
3, 2+ and SP1
macrophytes
and algal
coverage are
predicted to
improve over
current.
Scenarios 1 and
2 are predicted
to decline
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3.5

Selwyn Te Waihora Zone Priority Outcome F. Te
Waihora/Lake Ellesmere is a healthy ecosystem

3.5.1

Sub outcome F1: There are healthy Macrophyte beds and water
clarity is improved

Key points

Zone committee narrative
Te Waihora has a healthy and stable shoreline with minimal signs of erosion. In calm
conditions the water is clear with the lake bottom and fish visible. Healthy native
macrophytes (aquatic plants) are abundant in ratios suitable to provide supportive
living conditions for the full range of local fauna (e.g., snails to crabs to tuna).
Unwanted and invasive organisms (e.g., didymo) are eliminated or controlled
Technical indicators:
• F1.1 - Water clarity and colour in Te Waihora/Lake Ellesmere
• F1.2 - Macrophyte beds
• F1.3 - Trophic Lake Index (TLI)
• F1.4 - Phytoplankton blooms
Likelihood of meeting outcomes
Table 20 shows the likelihood of the scenarios and solutions package supporting the
healthy macrophytes and improved water clarity.
Table 20

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting healthy macrophytes and
improved water clarity

Technical indicator

Scenario 3

Scenario
2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Water clarity and colour
in Te Waihora/Lake
Ellesmere

Unlikely

Macrophyte beds

Probably in
vicinity of
beds

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Unlikely
Highly
unlikely/
no

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Trophic Lake Index (TLI)

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Assumed in
package
Possibly
(<6.0
in
vicinity of
beds)

Phytoplankton blooms
Overall sub outcome
supporting
healthy
macrophytes
and
improved water clarity

Possibly

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Probably in
vicinity of
beds

Unlikely

Relevant information from technical assessments
F1.1. Throughout the lake water is currently turbid with very low clarity (~10 cm
visibility), and is brown/green in colour due to re-suspended sediments and algae. The
effects of any of the scenarios on water colour and clarity will be subtle. Due to the
fact that colour and clarity will continually change depending on weather conditions
(and thus sediment re-suspension) the effects of the scenarios would not be noticed
by a casual observer. Changes may be noticed by regular close observers and/or
scientific measurement. Predicted changes are as follows:

53

Table 20 shows
the likelihood of
scenarios
supporting
healthy
macrophytes
and improved
water clarity

The lake is
naturally turbid
and has a
green/brown
colour
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•
•

•

Clarity: Negligible change in clarity is expected because this is dominated by
fine suspended sediment and sediment loads in the lake are not expected to
change significantly
Colour: Decreased nutrient loads under Scenarios 3, 2+ and Solutions
Package 1 are expected to reduce phytoplankton abundance and therefore
reduce the green contribution to the brown/green water colour. During windy
conditions (most of the time) brown sediment will dominate and colour will be
similar to present. During calm periods (usually only hours to small numbers of
days) the water will be less green. Under baseline Scenario 1 and Scenario 2,
there is predicted to be an increase in phytoplankton abundance and therefore
increasing the green contribution to the brown/green water colour during calm
periods
The decreased risk of algal blooms means that there would be fewer
incidences of visible scums on the lake surface that could accumulate along
the leeward shoreline, affecting visual amenity values under Scenarios 3, 2+
and Solutions Package 1. These scums, if they occurred, may be able to be
managed with controlled outlet flushing. Under Scenarios 1 and 2, there is
predicted to be an increase in risk of algal blooms

F1.2. Currently there are negligible macrophyte beds. Macrophyte beds were
periodically present in the 1900-1960s but have not returned following the Wahine
storm (1968). No change is expected as a direct result of any scenario i.e.
macrophyte beds will remain almost non-existent unless an effort is made to reestablish them. However, an effective lake level management structure would enable
minimum lake level to be controlled, thus reducing excessive salt water intrusion, and
avoiding very low lake levels in dry summers, all factors that would assist efforts to reestablish macrophyte beds. Macrophytes that have existed previously such as Ruppia
spp. require lower salinity levels for establishment than for growth once established.
Reduced nutrient loads and phytoplankton abundance would also enhance the
chances of successful macrophyte bed restoration.
It is noted there is some doubt about whether re-establishment is even practically
feasible at present. Scenarios 2 +, 3 and Solutions Package 1 improve feasibility and
Scenarios 1 and 2 reduced feasibility. Other factors hindering re-establishment (e.g.
grazing pressure from swans and geese) may also need to be managed. If
macrophyte beds were re-established in any scenario this could lead to greater bird
numbers and consequently a possible increased load of bird-sourced microorganisms
to some areas in the lake margins.

Key points

Negligible
change in clarity
is expected
under any
scenario
Under Scenario
3, 2+ and SP1,
the lake may be
less green on
calm days. But
this would be
un-noticed by a
casual observer
Under Scenario
3, 2+ and SP1,
the lake would
have fewer
incidences of
visible scums
No change in
macrophyte
beds is expected
as a direct result
of any scenario.
SP1 includes
restoration as a
part of the
package.
Although some
doubt remains
about the
feasibility of reestablishment
The lake is
currently highly
nutrient
enriched with
an average
Trophic Level
Index of 6.8.
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40

F1.3. The current annual Trophic Level Index (TLI) is approximately 6.8 mid-lake.
This is in the Hypertrophic or highly nutrient enriched state. Figure 15 shows the
predicted TLI scores under the various scenarios. Under Scenario 2+, 3 and Solutions
Package 1, the lake will become less phosphorus enriched (due to assumed
reductions of internal and external loads). In general, this means a small decrease in
the TLI and the likely frequency of nuisance algal blooms compared with current.
Under baseline Scenario 1 and Scenario 2, the predicted TLI increases as does the
likely frequency of nuisance algal blooms compared with current.

Key points
Under Scenarios
2+, 3 and SP1
the TLI is
predicted to
decrease
Under Scenario
1 and 2, the TLI
is predicted to
increase

Figure 15

Illustration of TLI scale showing relative position of current state
(today), estimated historic (pre-European) state, and Scenarios 1,
2, 2+ and 3, and Solutions packages 1 predicted TLI state

No persistent, regular or severe oxygen depletion is experienced currently, or is
expected under any scenario. This is due to the shallow, wind exposed and therefore
highly mixed conditions in the lake. Nonetheless, the risk of oxygen depletion reduces
under Scenario 2+, 3 and Solutions Package 1 compared with current.
F1.4. Te Waihora/Lake Ellesmere historically has not experienced regular toxic
cyanobacteria blooms, despite some risk associated with its nutrient enriched state.
There have been occasional temporary health warnings for cyanobacteria, such as
those placed on the lake in 2011 and 2012.
Under Scenario 2+ and 3 and Solutions Package 1, there is predicted to be a
decreased risk of toxic algal blooms due to the management of nutrient loads, reduced
saltwater intrusion, and fewer periods of low lake level in summer. Under baseline
Scenario 1 and Scenario 2 there is predicted to be a small increase in the risk of toxic
algal blooms

3.5.2

Sub outcome F2: Fish recruitment and food gathering on and
around the lake is improved

The lake does
not experience
regular toxic
blooms
Under Scenarios
2+, 3 and SP1
the risk of algal
blooms is
predicted to
decrease from
current
Under Scenario
1 and 2, the risk
of algal blooms
is predicted to
increase from
current

Zone committee narrative
Te Waihora is a healthy lake with plenty of riparian vegetation (e.g., toetoe, harakeke,
medicinal plants) and teeming with a rich diversity of native and imported fauna (e.g.,
tuna, mullet, whitebait, flatfish, patiki – flounder, bully, swan eggs, flapper swans) that
40

A classification system to indicate the nutrient status and productivity of New Zealand lakes. It runs
from <1 (almost pure water) to >7 (highly nutrient enriched). Usually the classification is based on
nitrogen phosphorus, clarity and algal growth. However in Te Waihora, due to the highly turbid nature of
the water, TLI3 is used which is based on nitrogen , phosphorus and algal growth

55

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

are healthy and safe for human consumption. Food fish populations are plentiful
enough that fish may be caught from the edges of the lake. Safe passage to the sea is
available for migratory fish such as long fin tuna and whitebait. Lake Te Waihora is
safe and secure environment easily accessible to all for harvesting mahinga kai

Key points

Technical indicators:
• F2.1 - Water clarity and colour in Te Waihora/Lake Ellesmere
• F2.2 - Macrophyte beds
• F2.3 - Trophic Lake Index (TLI)
• F2.4 - Phytoplankton blooms
• F2.5 - Lake level and opening/closing regime; impact on fish passage and
recruitment
• F2.6 - Customary and commercial fish populations
Likelihood of meeting outcomes
Table 21 shows the likelihood of the scenarios and solutions package supporting the
outcomes of improved fish recruitment and food gathering around the lake.
Table 21

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting improved fish recruitment and
food gathering around the lake

Technical indicator

Scenario 3

Scenario
2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Water clarity and colour
in Te Waihora/Lake
Ellesmere

Unlikely

Macrophyte beds

Highly
unlikely/no

Probably in
vicinity of
beds

Unlikely

Highly
unlikely/no

Unlikely
Highly
unlikely/
no

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Highly
unlikely/no

Trophic Lake Index (TLI)

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Assumed in
package
Possibly
(<6.0
in
vicinity of
beds)

Phytoplankton blooms
Lake
level
and
opening/closing regime;
impact on fish passage
and recruitment
Customary
and
commercial
fish
populations
Overall sub outcome of
supporting improved
fish recruitment and
food gathering around
the lake

Possibly

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Possibly

Almost
certainly

Almost
certainly

Possibly

Possibly

Possibly

Almost
certainly

Probably

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Probably

Probably

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Probably

Relevant information from technical assessments
F2.1-2.4. See section F1.1-1.4
F2.5. A significantly greater number of artificial openings to the sea are predicted to
occur under baseline Scenario 1 (approximately 30 % increase from historic
frequency) and Scenario 2 (approximately double the historic frequency), due to
increased lake inflows combined with new opening rules under the recent Water
Conservation Order (WCO). This brings a significant benefit for fish migration (autumn
openings) and recruitment (spring openings) for indigenous species (e.g. eel, flounder,
mullet, whitebait).
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Table 21 shows
the likelihood of
scenarios
supporting
improved fish
recruitment and
food gathering
around the lake

The opening of
the lake to the
sea is important
for the
migration of key
fish species
In Scenarios 2+,
3 and SP1 a
controllable lake
level
management
structure is
assumed.
However full
assessment of
cultural impacts
would be
necessary
before
installation
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Going beyond the WCO, a controllable outlet to the sea has been assumed under
Scenario 2+, 3 and Solutions Package 1. Assuming an effective lake level
management structure is in place this allows the benefits for fish migration and
recruitment, lake levels could be controlled to minimise unwanted flooding of lake-side
land, and could also be managed to avoid very low lake levels. Very low lake levels
can have several detrimental effects on aspects of water quality and ecological health
that are important for customary and commercial fisheries. Any structure on the lake
will need a full assessment of cultural and ecological impacts prior to implementation

F2.6. Scenarios 2+ and 3 and Solutions Package 1 would benefit the abundance of
indigenous fish species; eel, flounder, mullet and whitebait. Although the lake would
remain in a nutrient enriched state, these species are tolerant of the current enriched
state in the lake and these scenarios bring a slight improvement in habitat quality and
health. Scenarios 1 and 2 are not predicted to adversely impact on the abundance of
indigenous fish species; eel, flounder, mullet and whitebait as they are tolerant of the
current enriched state.
However, there is more to a customary fishery than just population size and health of
the fish. In addition to the positive effects on fish populations (compared to current),
Scenario 2+ and 3 and Solutions Package 1 are predicted to bring improvements to
the quality of customary fisheries through reduced nuisance and toxic blooms,
improved amenity values and improved potential for establishing macrophyte beds
that would provide for the use of more diverse customary fishing methods. Scenarios
1 and 2 are predicted to have adverse impacts on the quality of the fishery through
increased frequency of nuisance algae blooms (including risk of toxic cyanobacteria),
decreased amenity value (e.g. more days at low lake level), and by making any future
attempts to re-establish macrophyte beds more difficult.
For commercial fisheries, Scenario 2+ and 3 and Solutions Package 1 are predicted to
reduce market volatility due to reduced risk of tainting of flavours and toxicity from
algae blooms and improved market perceptions of a quality product. Under Scenarios
1 and 2, the commercial market may be more exposed to risk.
Whanau need and want to fish where they have the right to fish. They want to use the
methods they are accustomed to using, and know they can fish safely and share the
fish gathered safely. At present they are unable to do this to the extent they aspire to,
and they do not see this improving to the extent aspired to under any scenario,
although Scenario 3 is the closest.
Whanau are likely to be concerned at the
identification of any further risks to the health of indigenous fisheries.

3.5.3

Sub outcome F3: Nutrient inflows decline over time to acceptable
levels

Zone committee narrative
Nitrogen and phosphorus levels in Te Waihora are reduced over time. Lake weed
levels and toxic algal blooms are reduced in comparison to the current lake state.
Nutrient concentrations eventually fall to levels low enough that trout reproduce and
thrive, water cress is safe to harvest and eat, and humans may safely swim year
round
Technical indicators:
• F3.1 - Nutrient loads entering the lake
• F3.2 - Trophic Lake Index (TLI)
• F3.3 - Phytoplankton blooms
• F3.4 - Lake nitrate-N concentrations
• F3.5 - Water safe for contact recreation
• F3.6 - Watercress safe to eat
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Key points
Improved
management of
lake levels and
avoiding very
low lake levels
in summer
would avoid
several
detrimental
effects on water
quality and
ecological
health

Whanau are
unable to gather
fish where they
want, using
customary
methods and
confident that
they can safely
share the fish.
They are
uncertain that
any scenario will
improve this to
the level aspired
to
No change in
the value of the
commercial
fishery is
expected with
any scenario,
although
improved water
quality may
decrease the
variability in the
catch under
Scenarios 3, 2+
and SP1
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Likelihood of meeting outcomes
Table 22 shows the likelihood of the scenarios and solutions package supporting the
decline of nutrients to acceptable levels.
Table 22

Key points

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting the decline of nutrients to
acceptable levels

Technical indicator

Scenario 3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Nutrient loads entering
the lake
Trophic Lake Index (TLI)
Phytoplankton blooms
Lake
nitrate-N
concentrations

Water safe for contact
recreation
Watercress safe to eat
Overall sub outcome
supporting decline of
nutrients to acceptable
levels

Possibly
Possibly
Possibly

Possibly
Possibly
Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Possibly

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Possibly

Unlikely
More
incidences
of
restriction
than
current

Probably
Fewer
incidences
of
restriction
than
current

Probably
Fewer
incidences
of
restriction
than
current

Probably
Fewer
incidences
of
restriction
than
current

Possibly

Possibly

Highly
unlikely/no
More
incidences
of
restriction
than
current

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Possibly

Current

Unlikely

Unlikely

Possibly

Relevant information from technical assessments
F3.1. Under Scenarios 1, 2, 2 + and Solutions Package 1, modelled total N loads to
lake are predicted to exceed current, Figure 16. Only in Scenario 3 are N loads are
predicted to decrease from current. Under all scenarios except baseline Scenario 1
and Scenario 2, P concentrations are assumed to decrease by 50 % in streams due to
stream interventions, mitigations on farms and P inactivation dosing in streams
(modelling assumptions Appendix 7) and Internal P loads in the lake are assumed to
decrease by 50 % as a result of P inactivation treatment (modelling assumption
Appendix 7).
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Table 22 shows
the likelihood of
scenarios
supporting the
decline of
nutrients to
acceptable
levels

Under Scenarios
1, 2, 2 + and
SP1, modelled N
loads to lake are
predicted to
exceed current
Under Scenario
3, 2+ and SP1
phosphorus in
the lake and
streams is
assumed to be
reduced
through
catchment,
stream and lake
interventions
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Total predicted N load delivered to
Lake tN/year

3000

Key points

2500
2000
1500
1000
500
0
Current Scenario 1 Scenario 2 Scenario Scenario 3 Solutions
2+
Package 1

Figure 16

Predicted Total Nitrogen loads entering Te Waihora/Lake
Ellesmere under current, Scenario 1 (baseline), 2, 2 +, 3 and
Solutions Package 1

F3.2-3.3. See sections F1.2 -1.3
F3.4. The 99 % level of protection for aquatic species for nitrate-N toxicity (Hickey,
2009) would almost always be supported in the middle of the lake under all scenarios.
The nitrate-N concentrations in the tributaries are predicted to be elevated above the
mid-lake concentrations in all scenarios. Therefore concentrations at the edge of the
lake in the vicinity of tributary mouths will also be elevated and this may induce stress
in some more sensitive species.
F3.5. see section F1.1 and F1.4.
Faecal indicator microorganism concentrations are usually (but not always) within
41
criteria for ‘Good’ contact recreation grade. Negligible change is expected under any
scenario based on the assumption that the on farm good management practices
assumed in the modelling are employed on all current and future intensified land-use
throughout the catchment, and provided that point sources including those from urban
areas (sewage and stormwater) are tightly managed.

The 99% level of
protection for
nitrate-N
toxicity (2009)
would almost
always be
supported in the
middle of the
lake under all
scenarios
Negligible
change the
contract
recreation grade
is expected
provided farms
operate at good
practice and
point sources
are managed

F3.6. For gathering of watercress, washing is important for ensuring good food
hygiene currently and this expected to continue under all scenarios. It is questionable
whether whanau would feel safe gathering watercress because of the risk of
contamination and the uncertainty around the effects of alum on watercress.

41

No modelling on Faecal Indicator Organisms has been undertaken. The comments made in this section
are based on technical judgment by technical team
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3.5.4

Sub outcome F4: Recreation opportunities are improved

Key points

Zone committee narrative
Te Waihora lake is a safe and suitable environment for local and tourist swimming and
recreation activities. Sporting activities are returned to the lake (e.g., skiing regatta)
and new recreational opportunities, that boost social capital and enhance cultural and
civic activities, established (e.g., waka ama races)
Technical indicators:
• F4.1 - Tropic Lake Index (TLI)
• F4.2 - Phytoplankton blooms
• F4.3 - Water safe for contact recreation
• F4.4 - Recreational fish populations trout, eel, flounder and whitebait
• F4.5 – Other recreational uses on or around the lake
Likelihood of meeting outcomes
Table 23 shows the likelihood of the scenarios and solutions package supporting
improved recreational opportunities
Table 23

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting improved recreational
opportunities

Technical indicator

Scenario 3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?

Tropic Lake Index (TLI)

Probably

Possibly

Possibly

Unlikely

Unlikely

Possibly

Phytoplankton blooms

Probably
Fewer
incidences
of
restriction
than
current

Possibly
Fewer
incidences
of
restriction
than
current

Unlikely

Possibly

Unlikely
More
incidences
of
restriction
than
current

Unlikely
More
incidences
of
restriction
than
current

Possibly
Fewer
incidences
of
restriction
than
current

Probably

Probably

Possibly

Possibly

Possibly

Probably

Probably

Possibly

Possibly

Unlikely

Possibly

Probably

Probably

Possibly

Possibly

Unlikely

Possibly

Probably

Water safe for contact
recreation
Recreational
fish
populations trout, eel,
flounder and whitebait
Other recreational uses
on or around the lake
Overall sub outcome of
supporting Improved
recreational
opportunities

Relevant information from technical assessments
F4.1-4.3. See sections F1.3, F1.4 and F3.5.
F4.4. See section F2.6 for impacts on recreational native species.
Scenarios 2+, 3 and Solutions Package 1 are predicted to positively impact the trout
fishery in the lake due to: i) slightly improved habitat quality, ii) slightly reduced nitrateN concentrations (compared to Scenario 1, but higher than current) and therefore
slightly reduced risk of toxicity stress to both adult fish and spawning success, iii)
improved potential for future clarity improvements associated with fringing wetlands
and macrophyte beds at the lake margins (Solutions Package 1), and iv) improved
angler amenity value.
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Table 23 shows
the likelihood of
scenarios
supporting
improved
recreational
opportunities
The 99% level of
protection for
nitrate-N
toxicity (2009)
would almost
always be
supported in the
middle of the
lake under all
scenarios
Negligible
change the
contact
recreation grade
is expected
provided farms
operate at good
practice and
point sources
are managed
The trout fishery
in the lake is
expected to be
improved under
Scenario 3, 2+
and SP1 and
adversely
affected under
Scenarios 1 and
2
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Under baseline Scenario 1 and Scenario 2 the trout fishery in the lake environment is
predicted to be negatively affected.

Key points

It is possible that increased lake opening frequency under all scenarios (compared
with current) may permit the entrance of sea run brown trout into the lake to augment
the limited population. Sea run brown trout are favoured by some anglers.
F4.5. Positive effects on the lake in general (lake levels and water quality) under
Scenario 2+, 3 and Solutions Package 1 are likely to see some improvement in
nature-based recreation activities such as passive recreation, bird watching, gamebird hunting, and fishing (including trout and whitebait/flounder). Reduced frequency
of very low lake levels, and better timed and longer openings, should enhance a
number of recreational opportunities. Timing of openings will be important for
recreational (as well as culturally important) species such as whitebait, flounder, eels
and sea run trout, mullet etc. Fewer instances of health warnings for people, stock and
dogs from toxic algal blooms or bacterial contamination will have a positive effect on
recreational use.
The risk of low lake levels over summer under Scenarios 1 and 2 could negatively
affect power-boating and boats with fins and keels in particular. There are likely to be
lesser effects likely on wind surfing and kite boarding. The risk of low summer lake
levels and the impact on water quality are likely to lead to a downward trend that will
negatively affect most forms of recreation, including contact recreation and those that
depend on positive perceptions of lake turbidity and colour for levels of participation.
Users of the rail trail will have reduced aesthetic quality of experience. There could
also be a small increase in instances of temporary restrictions on use. There is no
predicted effect on duck shooting.
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Nature-based
recreational
activities are
likely to improve
under Scenario
3, 2+ and SP1
and decline
under Scenarios
1 and 2
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3.6

Selwyn Te Waihora Zone Priority Outcome G. Hillfed waterways support aquatic life 42 and
recreation43

3.6.1

Sub outcome G1: Popular swimming places meet contact
recreation standards

Key points

Zone committee narrative
Water quantity and quality at identified popular swimming places (e.g., Coes Ford,
Chamberlains Ford,) meets microbiological standards for contact recreation.
Swimming holes have a high degree of clarity and are free from algae
Technical indicators:
• G1.1 - Periphyton in the Selwyn River - Coes Ford
• G1.2 – Macrophytes in the Selwyn River - Coes Ford
• G1.3 – Suitability for contact recreation – microbial quality
• G1.4 – Recreational use
Likelihood of meeting outcomes
Table 24 shows the likelihood of the scenarios and solutions package supporting
contact recreation standards at swimming places.
Table 24

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting contact recreation at swimming
places

Technical indicator

Scenario 3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Periphyton
in
the
Selwyn River - Coes
Ford
Macrophytes in the
Selwyn River - Coes
Ford
Suitability for contact
recreation – microbial
quality

Recreational use
Overall sub outcome of
supporting
contact
recreation at swimming
places

Possibly

Unlikely

Unlikely

Highly
unlikely/no

Highly
unlikely/no

Possibly

Possibly

Possibly

Probably

Highly
unlikely/no

Highly
unlikely/no

Probably

Possibly
Likely
to
increase
from
current

Possibly
Likely
to
increase
from
current

Unlikely

Possibly

Highly
unlikely/no
Likely
to
decrease
from
current

Highly
unlikely/no
Likely
to
decrease
from
current

Possibly
Likely
to
increase
from
current

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Possibly

Table 24 shows
the likelihood of
scenarios
supporting
contact
recreation
standards at
swimming
places

42

This indicator refers to the hill fed rivers in the upper catchment. The lower Selwyn, although a hill fed
stream has been grouped together with the lowland streams for assessment on health and aquatic life.
43
As there is no recreation sub outcome for the healthy lowland streams, swimming in the lower Selwyn
has been considered here.
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Relevant information from technical assessments
G1.1. Filamentous periphyton in the Selwyn River at Coes Ford currently exceeds the
44
NRRP maximum cover of 30 %, and it is predicted to continue to exceed this cover
under all scenarios, with increased risks under Scenarios 1 and 2 and reduced risks
under Scenarios 2+, 3 and Solutions Package 1, Error! Reference source not
found.. Recreational use as a result of algal growth is determined to be at risk under
all scenarios.
G1.2. Macrophyte coverage in the Selwyn River at Coes Ford currently meets the
45
NRRP maximum cover of 50 % and is predicted to continue to meet the threshold
under Scenarios 2 +, 3 and Solutions Package 1. Under Scenarios 1 and 2 the Coes
Ford site is at risk of exceeding this threshold. More than 50 % coverage of
macrophytes is considered as adversely affecting both habitat and recreational use.

Key points
Periphyton
coverage
exceeds 30 %
currently as is
predicted to
exceed under all
scenarios, with
higher risks
under Scenario
1 and 2
Macrophyte
coverage is
currently below
50 % at Coes
Ford, and
predicted to
remain below
this threshold
under Scenarios
3, 2+ and SP1.
There is a higher
risks of
exceedence
under Scenarios
1 and 2

44
45

Natural Resources Regional Plan, the operative regional plan at the time
Natural Resources Regional Plan, the operative regional plan at the time
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Table 25

Summary of whether or not ecological and environmental outcomes are being (current) or likely to be achieved under all scenarios for streams in the lower Selwyn-Waihora catchment
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G1.3. Environment Canterbury’s summer contact recreational monitoring programme
currently grades the Selwyn at Coes Ford as poor for contact recreation. In contrast,
the Selwyn site at Chamberlains Ford (3-4 km upstream of Coes ford) is graded as
good. No modelling has been undertaken on Faecal Indicator Organisms. However,
based on the on farm good management practices that are assumed in the modelling
for all scenarios, such as fencing stock out of waterways and good effluent
management, there may be little increase in microbial contamination with the
agricultural land use change. Point sources, including those from urban areas would
also need to be tightly managed.
G1.4. Under Scenarios 2+, 3 and Solutions Package 1, improvements to flows in the
lower Selwyn River and reduced risk of nuisance plant growth is likely to lead to an
increase in swimming and related contact recreation activities, as well as for picnicking
and passive activities, raising the profile of the fords as recreation reserves close to
the city and the growing settlements of the catchment. Under Scenarios 1 and 2,
changes in Selwyn River water quality and aesthetics including increased risks of
algae, aquatic weeds, and chronic nitrate-N toxicity effects for trout are likely to
discourage a range of uses including swimming, fishing and picnicking.

3.6.2

Sub outcome G2: Flows are sufficient to provide swimming at
popular swimming places

Zone committee narrative
Catchment water flows adequate for swimming at identified popular swimming holes
Technical indicators:
• G2.1 – Annual and summer flows at Selwyn River - Coes Ford
Likelihood of meeting outcomes
Table 26 shows the likelihood of the scenarios and solutions package supporting flows
at popular swimming places.
Table 26

Negligible
change the
contact
recreation grade
is expected
provided farms
operate at good
practice and
point sources
are managed

Swimming and
contact
recreation are
likely to improve
under Scenario
3, 2+ and SP1
and decline
under Scenarios
1 and 2

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting flows at popular swimming places

Technical indicator

Scenario 3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Annual and summer
flows at Selwyn River Coes Ford
Overall sub outcome of
supporting flows at
popular
swimming
places

Possibly

Probably

Unlikely

Unlikely

Probably

Probably

Possibly

Probably

Unlikely

Unlikely

Probably

Probably

Relevant information from technical assessments
G2.1. Annual flows and low flows in the Selwyn are predicted to increase under all
scenarios above what has been experienced over the past 5-10 years. The greatest
increase in flows is predicted under Solutions Package 1. For recreational impacts see
G 1.4.
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Key points

Table 26 shows
the likelihood of
scenarios
supporting
flows at popular
swimming
places

Flows are
expected to
increase under
all scenarios,
especially
Scenarios 2, 2+
and SP1
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3.6.3

Sub outcome G3: Flows support aquatic life and fish passage

Zone committee narrative
Hill-fed wetland locations are maintained in a healthy ecological state, good upper
river flows (i.e., intermittency of river flow similar to that in the 1970s) and the upper
catchment water quality and quantity is sufficient to support abundant fauna e.g.,
birds, tuna, and other fish species native to the catchment, and trout.
Technical indicators:
• G3.1 - Overall flows plus low flows and minimum flows
• G3.2 - Periphyton and macrophyte for recreation, aesthetics and benthic
biodiversity
• G3.3 - Nitrate-N concentrations and nitrate-N toxicity
• G3.4 - Flow intermittency
• G3.5 - COMAR flow preference assessment
• G3.6 - Diversity and abundance of aquatic species including tuna, trout and
native fish in upper catchment
• G3.7. – Fishing activity in the upstream tributaries

Key points
Swimming and
contact
recreation are
likely to improve
under Scenario
3, 2+ and SP1
and decline
under Scenarios
1 and 2

Likelihood of meeting outcomes
Table 27 shows the likelihood of the scenarios and solutions package supporting
aquatic life and fish passage
Table 27

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting aquatic life and fish passage

Technical indicator

Scenario 3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Overall flows plus low
flows and minimum
flows
Periphyton
and
macrophyte
for
recreation, aesthetics
and benthic biodiversity
Nitrate-N
concentrations
and
nitrate-N toxicity

Possibly

Probably

Possibly

Probably

Probably

Probably

Unlikely

Unlikely

Unlikely

Unlikely

Unlikely

Possibly

Probably

Probably

Similar
access
to
upper
catchment
over current

Probably
Improved
access to
upper
catchment
over
current

Possibly

Probably
Similar
access to
upper
catchment
over
current

Probably
Improved
access to
upper
catchment
over
current

Probably
Improved
access
to
upper
catchment
over
current

Unlikely

Unlikely

Unlikely

Unlikely

Unlikely

Possibly

Unlikely

Unlikely

Unlikely

Unlikely

Unlikely

Possibly

Fishing activity in the
upstream tributaries

Unlikely

Possibly

Unlikely

Unlikely

Possibly

Possibly

Overall sub outcome of
supporting aquatic life
and fish passage

Possibly

Probably

Possibly

Probably

Probably

Probably

Flow intermittency
Cultural assessment
Diversity
and
abundance of aquatic
species including tuna,
trout and native fish in
upper catchment

Environment Canterbury Technical Report

Table 27 shows
the likelihood of
scenarios
supporting
aquatic life and
fish passage
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Relevant information from technical assessments
G3.1. In the hill fed streams in the upper portion of the catchment, no specific analysis
has been undertaken as there is not expected to be any significant change in water
use in the hill fed river catchments under any scenario. Therefore, no change from
current flows is expected.
G3.2. and G3.3. In the hill fed streams in the upper portion of the catchment, no
specific modelling has been undertaken as no change in land use was assumed. Land
use change rules under Solutions Package 1 would reduce the opportunity of
intensifying land use in these hill country areas. Current state and the impact of land
use change (on the plains) on periphyton, macrophytes, and nitrate-N concentrations
relative to nitrate-N toxicity levels of protection are shown in Table 28.
Table 28

Summary of whether current state and modelled scenarios achieve
or are likely to achieve ecological/ environmental values and
46
outcomes in the hill fed rivers of the upper catchment

Key points
Under Scenario
3, 2+ and SP1,
risks from
periphyton and
nitrate-N
concentrations
are not
expected to
change from
current
Nitrate
concentrations
may increase in
the
Waianiwaniwa
under Scenarios
1 and 2

G3.4. Under all scenarios the dry reaches of the Selwyn river is expected to decrease
in both the duration and length below and above the Hororata River confluence. The
greatest decrease is expected under Solutions Package 1 and the smallest is
expected under Scenario 3.
G3.5. Under all scenarios the slightly increased flows in the tributaries may benefit the
migrations of taonga species if the higher flows occur at the key migration times (Tipa,
2014). It is unclear how much of the catchment will be barrier free and in a condition
that enables unimpeded passage (e.g. depth of flows and intermittency). The benefit
for migration of taonga species is greatest for those scenarios that include additional
water being brought into the catchment.
Scenario 2+, 3 and Solutions Package 1 are expected to bring a relative improvement
in overall aquatic conditions relative to current with respect to cultural health.
Scenarios 1 and 2 represent a relative decrease is overall aquatic conditions with
respect to cultural health.

46

Lag times are considered to be short in these sub catchments and therefore current is assumed to be
the same as Scenario 1 (baseline)
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Under all
scenarios there
is expected to
be a decrease in
the length and
duration of
drying reaches,
especially under
SP1
Under Scenarios
3, 2+ and SP1 a
relative
improvement in
overall aquatic
conditions with
respect to
cultural health
are expected.
Although it is
uncertain if the
increased flows
will be at crucial
times of year for
key species
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G3.6 and 3.7. The diversity and abundance of resident aquatic species is predicted to
change little in the upper hill-fed streams between current, and any of the scenarios.
Populations of migratory fish, such as tuna and spawning runs of brown trout to the
upper Selwyn River are currently thought to be limited by the drying reaches on the
Selwyn River and its upper tributaries. Under Scenarios 2, 2+ and Solutions Package
1 where there is predicted to be the largest decrease in length and duration of drying
reaches, this may increase the access to headwaters for migratory fish and improve
recruitment to and from the headwaters of the Selwyn River system. This would also
benefit the recreational fishery.
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Key points
The diversity
and abundance
of resident
aquatic species
is predicted to
change little in
the upper hillfed streams
between
current and any
of the scenarios
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3.7

Selwyn Te Waihora Zone Priority Outcome I.
Enhanced indigenous biodiversity across the Zone

3.7.1

Sub outcome I: The wetlands of Te Waihora are enhanced 47

Key points

Zone committee narrative
Native flora, fauna and water quality and quantity of wetlands on the plains of the
Selwyn Waihora catchment are increased or enhanced. Community awareness and
knowledge regarding ecological systems is increased and public values regarding
protection and preservation of natural resources are enhanced and normalised.
Increased numbers of catchment community members participate in ecological
restoration, preservation or protection activities
Technical indicators:
• I1.1 - Base flow at springs increase or decrease
• I1.2 - Lake level, opening and closing regime
Likelihood of meeting outcomes
Table 29 shows the likelihood of the scenarios and solutions package supporting
enhanced wetlands of Te Waihora.
Table 29

Likelihood of indicators under current, Scenario 1, 2, 2+, 3 and
Solutions Package 1 supporting enhanced indigenous biodiversity

Technical indicator

Scenario 3

Scenario 2+

Current

Scenario 1

Scenario 2

Solutions
Package 1

Does the indicator for each scenario support priority sub outcome?
Base flow at springs
increase or decrease

Possibly

Possibly

Unlikely

Possibly

Possibly

Probably

Lake level, opening and
closing regime

Possibly

Possibly

Unlikely

Unlikely

Unlikely

Probably

Overall sub outcome of
supporting enhanced
wetlands of Te Waihora

Possibly

Possibly

Unlikely

Unlikely

Possibly

Probably

Relevant information from technical assessments
I1.1. All scenarios are expected to deliver higher overall flows in the catchment
compared with actual experienced flows over the past 5-10 years. The biggest
increase in flows is predicted under Scenarios 2, 2+ and especially Solutions Package
1, and the smallest increase is predicted under Scenario 3.
This increase in catchment flows will generate higher base flow of springs due to a
rise in the water table; this provides an opportunity to restore some wetland habitats
around the spring head areas and will increase the surface area and depth of lake
fringing wetlands. The ecological benefits of the rise in water table will be limited by
the drainage network.

47

Table 29 shows
the likelihood of
scenarios
supporting
enhanced
wetlands of Te
Waihora
An increase in
catchment flows
especially under
Scenario 2, 2+
and SP1
provides an
opportunity to
restore some
wetland
habitats,
although the
extent will be
limited by the
drainage
network

The technical indicators refer to lake marginal wetlands
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I1.2. Currently modest areas of fringing wetlands exist but these are nonetheless
highly valued. These are restricted in area due to regular lake openings to avoid
flooding neighbouring land. Negligible change in fringing wetlands is expected as a
direct result of baseline Scenario 1, Scenarios 2, 2 + or 3 because the extent of
fringing wetlands will be driven mostly by the level of physical restoration effort rather
than flow and nutrient load changes. Under Solutions Package 1, restoration efforts
are included. For Scenarios 2, 2 +, 3 and Solutions Package 1 the increase in the
base flow of springs due to a rise in the water table will increase the surface area and
48
depth of lake fringing wetlands and an effective lake level management structure
would enable better lake level control, reduce excessive salt water intrusion, and avoid
very low lake levels in dry summers, all factors that would assist efforts to restore and
extend fringing wetlands.

3.7.2

Sub outcome: No further loss of indigenous biodiversity habitat
and ecosystems

Zone committee narrative
Increased area in catchment with a full range of indigenous species and vegetation.
Increased abundance of indigenous flora (e.g., kahikatea, harakeke, pikao (pingao)
grass, muehlenbeckia, kowhai, totara, kawakawa) and fauna in the catchment (e.g.,
bird life, frogs, fish, skinks geckoes) especially chronically or acutely threatened
species, such as, the Canterbury gecko and the spotted skink, respectively, in areas
of high biodiversity value like the Kaitorete Spit.
Technical indicators: None
Relevant information from technical assessments
Predicting effects on biodiversity is challenging and carries a high degree of
uncertainty.
For the lake, our best estimate is that nutrient loads and flows under Scenario 2 +, 3
and Solutions Package 1, represent a shift in an ecological positive direction and
under baseline Scenario 1 and Scenario 2 represent a shift in an ecologically negative
direction. However no scenario is expected to cause more than a negligible change to
49
current species diversity , for the following reasons:
•
•

Current species present are likely to continue to dominate in the (still) very
enriched (i.e. supertrophic -hypertrophic) lake conditions
Threshold change (i.e. ‘flipping’) has already occurred, i.e. Waihora/Ellesmere
is now in an enriched phytoplankton-dominated state rather than a
macrophyte-dominated state, and Scenario 2 + won’t cause a shift back

However, Scenario 2 +, 3 and Solutions Package 1 will slightly improve habitat quality
and potentially the health of some species as a result of reduced; i) toxic algae and
cyanobacteria blooms, ii) dissolved oxygen fluctuations, iii) nitrate toxicity (compared
to Scenario 1 baseline), and iv) periods with low lake levels and high water
temperatures.
Furthermore because these scenarios would assist efforts to restore riparian
vegetation, fringing wetlands and potentially macrophyte beds, there could potentially
be a gain for physical habitat diversity for invertebrates, fish and bird species. All of
these things represent a small gain for overall biodiversity.
48

Albeit with benefits of the rise in water table limited by the available space for wetland expansion
relative to drainage network
49
Note that species diversity (the list of species present) is one important aspect of biodiversity. The
term biodiversity also encompasses considerations of the diversity and quality of habitat for the species
present, as well as species health and effective ecosystem function and processes.
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Key points
Negligible
change in the
extent of
fringing
wetlands is
expected as a
direct result of
any scenario as
it is driven
mostly by the
level of physical
restoration
effort. Under
Solutions
Package 1,
restoration
efforts are
included
Negligible
change in
species diversity
is expected
under any
scenario as the
lake is already
nutrient
enriched and
the species
found there are
accustomed to
it.
However
Scenarios 3, 2+
and SP1
represent a shift
in an
ecologically
positive
direction and
Scenarios 1 and
2, a negative
one
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Key points

No direct water quality effects of any scenario on birds are anticipated.
For the rest of the catchment, current levels of indigenous biodiversity are dependent
upon the diversity of suitable habitats; streams, springs, groundwater, wetland and
terrestrial, and the degree of ecological connectivity between these. The increased
flows under Scenario 2 +, 3 and Solutions Package 1 and the reduced algae and
macrophyte cover, will combine to produce an improved habitat and in stream
ecosystem.
Notwithstanding management of flow and nutrient loads into tributaries, local habitat
restoration, riparian planting and the cessation of sediment inputs and stock access to
waterways would prevent further loss of biodiversity.

3.7.3

Sub outcome:
protected

Significant

upper

catchment

wetlands

are

Zone committee narrative
Increased number of protected significant natural areas and increased area of high
country wetlands under protection in the upper Selwyn Waihora catchment. Fencing is
increasingly used to protect significant natural areas and invasive species (e.g.,
willow) are reduced in number
Technical indicators: None
Relevant information from technical assessments
Wetlands, springs and ponds in the upper catchment of the Selwyn River and its
tributaries are important habitats for the nationally threatened Canterbury mudfish.
The Selwyn River catchment supports the largest and most significant known
population of Canterbury mudfish. The Hororata area has the greatest number of
mudfish records in the Selwyn River catchment, along with a large population recently
identified in the Waianiwaniwa Valley.
Mudfish may be considered intermittent river and wetland specialists as they are able
to tolerate waterways drying, which allows them to avoid competition and predation
from other fish. Indeed, mudfish are seldom found co-occurring with predatory trout or
eels. However, whilst mudfish can tolerate waterways drying out, it is a means of
survival and can result in significant mortality. Therefore, mudfish populations may be
sensitive to large increases or decreases in groundwater/wetland water levels and
river flows. In particular decreases in flow which results in longer periods of drying or
increases in flow which allows the invasion of predatory trout and eels. Under
Scenario 2, 2 + and Solutions Package 1 especially there may be a small increase of
risk to mudfish through increased exposure to predatory fish.
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No direct effect
on birds is
anticipated
under any
scenario
Local habitat
restoration and
riparian
planting,
cessation of
sediment inputs
and prevention
of stock access
can help
prevent further
losses of
biodiversity
Mudfish
populations are
sensitive to
large increases
or decreases in
groundwater/
wetland water
levels and river
flows
The decrease
length and
duration of
drying reaches
under Scenarios
2, 2+ and SP1
are thoughts to
bring a small
increased risk to
mudfish through
increased
exposure to
predatory fish
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4

Part 2: Integrated results of the Zone
Committee Solutions Package

The results sections (sections 3 and 4) summarise the information provided to the
Zone Committee and community Focus Groups. Section 3 summarised the
information presented to the community and Zone Committee for current and
Scenarios 1, 2, 2+, 3 and Solutions Package 1. Section 4 summarises the information
for the Zone Committee Solutions Package 1.
Between the assessment of the first and the Zone Committee Solutions Packages,
some underlying sources of information were updated. These changes included:
•
•
•
•

Updated estimates of farm leaching losses from the original lookup table
50
(Lilburne et al., 2010) to the lookup table patch (Lilburne, 2013)
Updated toxicity guidelines for nitrate-N (Hickey, 2013)
Updated on farm economic and mitigation information (Harris, 2014).
Improvements in the GIS routines used to derive nitrate-N leaching losses
st

Because the scenarios and 1 Solution Package were assessed using the old
information and the Zone Committee Solutions Package was assessed using the
updated information, they are not directly comparable and therefore have been
presented in separate sections. However, in order to give a sense of the relative
impact of the Zone Committee Solutions Package, the baseline Scenario 1 has been
re-assessed for this section with the updated information and presented along with
current. For some social and economic indicators current is given as equivalent to
baseline Scenario 1.
Table 30

The results
section is in two
parts. The
second part
covers the
assessment of
the Zone
Committee
Solutions
Package (ZCSP)
The ZCSP is
based on some
updated input
information and
therefore can’t
be directly
compared with
other scenarios
or SP1

Likelihood of current, Scenario 1 baseline and the Zone Committee
Solutions Package supporting the Zone Committee’s priority
outcomes

Priority outcomes

Thriving communities and sustainable
economies
High quality and secure supplies of drinking
water
Wahi Tau and mahinga kai are respected,
understood, protected and enhanced
Healthy lowland streams
Te Waihora is a healthy ecosystem
Hill-fed waterways support aquatic life and
recreation
Enhanced indigenous biodiversity across the
Zone

50

Key points

Current

Zone
Committee
Solutions Package
Does the scenario support priority outcomes?
Possibly
As current
Probably improved from
current
Possibly
Unlikely
Unlikely
Highly
unlikely/no
Unlikely

Scenario 1

Possibly

Unlikely
Possibly

Highly
unlikely/no
Highly
unlikely/no
Unlikely
Possibly

Unlikely

Unlikely

Probably

Probably
Probably
Probably

The summary
table, Table 30
shows how the
Zone
Committee
Solutions
Package is
predicted to
perform in the
delivery of the
priority
outcomes

The original Look up Table (2010) was ultimately derived through a combination of data sources
comprising modelling, lysimeter data, and expert judgment. The tables were arrived at as a
consensus between experts. There were concerns raised at the time with some of the farm systems
used. OVERSEER v5 was not ultimately used in the formation of the tables due to its limitations in
modelling losses from shallow and stony soils. In 2012 a new version of OVERSEER was released
with significant updates to the underlying modelling framework. The lookup table patch was
generated from a re-running of the original pastoral farm files in the new version of Overseer. As
anticipated, this has resulted in higher leaching estimates on some shallow and stony soils that had
been predicted under previous versions of the model.
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4.1

Priority Outcome A: Thriving communities and
sustainable economies

4.1.1

Sub outcome A1: Sustainable and productive land use

Key points

Zone committee narrative
Appropriate land use, new enterprises and changed land owner practices and
management processes result in healthy and conserved soils, with minimal adverse
environmental impact, acceptable levels of discharge, and healthy levels of production
and profit. Farms in the catchment remain environmentally and financially sustainable
for generations to come
Technical indicators:
• A1.1 - Farm ownership, types and size of holding
• A1.2 - Average age of farmers
• A1.3 - Qualifications of farmers and involvement in agricultural extension
activities
• A1.4 – On farm economic impacts
• A1.5 - Number of farmers and farm workers
Likelihood of meeting outcomes
Table 31

Likelihood of indicators under current, Scenario 1 baseline and the
Zone Committee Solutions Package supporting sustainable and
productive land use

Technical indicator

On farm economic impacts
Number of farmers and farm
workers
Overall sub outcome of
supporting sustainable and
productive land use

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Increase
from
Probably
As current
current
Possibly

As current

Possibly

As current

Possibly
More productive
compared
with
current

Summarised relevant information from technical and policy assessments
Compared with current and baseline Scenario 1, under the Zone Committee Solutions
Package farms are expected to become larger with bigger herd numbers for dairy,
with more corporate farms and fewer family farms, and some change in ownership as
farms are sold to newcomers. This change is consistent with national trends towards
larger farms and herds and away from owner-operator farm systems, although the
trend is accelerated in this area.
In the arable sector there could be a shift to higher value crops and a greater diversity
of crops. Sub division pressure is likely to remain high around peri-urban areas. In
other areas where there is access to water and/or little restriction on nutrient losses,
there will be reduced pressure to subdivide farms into lifestyle blocks and rural
residential developments.
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Table 31 shows
the likelihood of
scenarios
supporting
sustainable and
productive land
use

Under the ZCSP
farms are
expected to get
larger with
fewer family
owned farms
Arable farms
could shift to
higher value
crops and
greater diversity
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The average age of dryland sheep and beef farmers is currently 53 years old and is
increasing steadily. Dairy enterprises are generally characterised by younger farmers,
farm managers and farm workers. Under the Zone Committee Solutions Package, the
average age of farmers is expected to decrease, as the number of dairy enterprises
increase. There is expected to be a shift to younger farm families, and increased
transience of some families, particularly in relation to dairying. Demographic changes
for arable farmers may be less noticeable.
Overall, the technical qualifications of all farmers and farm workers are expected to
increase. This change will be more evident for intensive farming operations, it will also
be apparent across the catchment with the increased emphasis on environmental
sustainability with regulatory controls and on-farm mitigation strategies. There will be a
demand for an increasingly sophisticated set of skills and active involvement in
agricultural extension.
The results for the economic analysis suggest that there will be a substantial increase
in activity on farm. This activity is driven by the intensification associated with the
increase in irrigated area, and to a small extent by the increased intensity on existing
land use. The majority of the impacts are generated by dairy farming, at approximately
2
/3 of the total farm revenue under the Zone Committee Solutions Package, and
account for approximately ¾ of the increase in revenue from current.
Sheep and
beef and arable farming are predicted to account for 14% and 18% respectively of the
on farm revenue under the Zone Committee Solutions Package. The operating
51
surplus is predicted to increase from current although operating surplus increases
only marginally after capital costs of transition to irrigation are accounted for, Figure
17.

$ Total

Economic outcomes by scenario
$1,200,000,000
$1,000,000,000
$800,000,000
$600,000,000
$400,000,000
$200,000,000
$0
Operating surplus

Figure 17

Operating surplus
after transition
capital costs

Contribution to
Regional GDP
(including flow on)

Cash farm surplus before and after capital costs of transition and
mitigation and contribution to regional GDP for current (purple)
and the Zone Committee Solutions Package (orange)

Key points

Under the ZCSP
the average age
of farmers is
expected to
decrease with a
shift to younger
farm families
particularly in
relation to
dairying
A substantial
shift in on farm
practices will be
required

On farm
economic
activity will
increase
compared with
current, mainly
associated with
dairying
The operating
surplus from the
catchment will
only marginally
increase from
current, as it
takes into
account all of
the mitigations
and
interventions in
the ZCSP

51

This figure includes on and off farm mitigation, commercial fisheries revenue, costs of drinking water
remediation, and costs of minimum flows. It is slightly unorthodox because the annual capital costs
associated with the off farm mitigation has been treated as an expense rather than as a capital item.
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The package of catchment and lake interventions and farm plans in the Zone
52
Committee Solutions Package includes very significant capital works (~$190 million )
and some on-going maintenance work (~$2.3 million). The estimated cost to meet the
catchment loads is approximately $10 million /year (over 20 years, capital and
operating costs). The direct employment associated with the capital works is
estimated to be in the order of 100 FTEs for a period of 20 years, with some potential
flow on effects in the regional economy. Whether the employment associated with
these capital works represents an overall increase will depend on the nature of the
funding sources, with some potential for transfer from other parts of the economy if, for
example, rates or taxes were used.
The estimated cost for on farm mitigation to reduce nitrate losses above good
management practice is approximately $17 million per annum. The largest part of this
mitigation cost is borne by the dairy sector ($13 million), with arable the next most
significant contributor at $2 million per annum.
Both the on-farm economic analysis and social assessment of change under irrigation
indicate a substantial increase in on-farm employment, from 2,300 to 2,700 FTE. The
majority of the increase will be on dairy farms. As such, there will be an increased
need to employ dairy farm workers, especially on the more intensive and corporatestructured operations. These workers will include farm managers and migrant workers
from other regions of New Zealand. There is likely to be an increase in overseas
migrant workers for dairy production as has occurred in other South Island regions
such as North Canterbury, Southland and Ashburton.

4.1.2

Sub outcome A2: Energy security is increased

Zone committee narrative
Maintained or increased water storage capacity enables increased irrigation and
power generating capacity while reducing energy demands through the reduction of
ground water pumping for irrigation. Security maintained in the face of climate change
Technical indicators:
• A2.1 - Amount of stored water in catchment available for power generation and
or irrigation
• A2.2 - Volume of surface water vs. groundwater sourced irrigation
• A2.3 - Area of irrigation in catchment

Key points
The cost of the
ZCSP is
approximately
$27 million /
year over 20
years. This
includes an
estimated $10
m for lake,
stream and
catchment
interventions
and an
estimated $17
m for on farm
mitigations
An increase in
on farm
employment is
predicted and
will likely bring
immigration
from other parts
of New Zealand
and abroad

Likelihood of meeting outcomes
Table 32
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Likelihood of indicators under current, Scenario 1 baseline and
the Zone Committee Solutions Package supporting increased
energy security

Technical indicator

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?

Overall sub outcome of
supporting
increased
energy security

Possibly

As current

Probably

Summarised relevant information from technical and policy assessments
There are no final decisions on storage in the Zone Committee Solutions Package.
The supply of water for the 60,000 ha of new and replacement irrigation is based on
run of river takes from the Rakaia and Waimakariri Rivers and storage of water. This
52

Of which ~$30 million is already funded through the Whakaora Te Waihora.
Not all indicators are applicable for this analysis. All indicator predictions were considered when
deciding the likelihood of the sub-outcome being met
53
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Table 32 shows
the likelihood of
scenarios
supporting
increased
energy security
The ZCSP
assumes that
the additional
water will come
from run of river
and stored
surface water.

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

storage could occur inside or outside the catchment. However, in order to facilitate
future decisions on storage, the proposed sub regional chapter of the Land and Water
Plan identifies areas where storage would be prohibited. This stored water would be
available for both irrigation and power generation. The additional irrigation under the
Zone Committee Solution Package takes the total irrigated land for the catchment to
approximately 140,000 ha and increase the amount of irrigation from surface water.

4.1.3

Sub outcome A3: Customary and commercial fisheries are
improved

Key points
The irrigated
area increases
to
approximately
140,000 ha.

Zone committee narrative
Improved water quantity and quality of streams and reduced algal blooms in lakes
increases customary and commercial fish populations and quality for use by current
and future generations.
Technical indicators:
• A3.1 - Trophic Lake Index (TLI)
• A3.2 - Phytoplankton blooms
• A3.3 - Lake level and opening/closing regime
• A3.4 - Satisfaction that seasonal runs and migrations of taonga species
observed
• A3.5 - Iwi satisfaction quantity, catch effort and condition of kai/cultural
materials collected of species, age and seasonality, gathering consistent with
tikanga etc.
• A3.6 - Overall flows plus low flows and minimum flows. Flow intermittency and
proportion of river length accessible from the sea for migratory fish species
with a marine phase
• A3.7 - Periphyton and macrophyte for recreation, aesthetics and benthic
biodiversity
• A3.8 - Nitrate-N concentrations and nitrate-N toxicity (lake and streams)
• A3.9 - Cultural assessment
• A3.10 – Economic valuation for commercial fishery
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Likelihood of meeting outcomes
Table 33

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting increased
customary and commercial fisheries

Technical indicator

Trophic Lake Index (TLI)
Phytoplankton blooms
Lake
level
and
opening/closing regime
Satisfaction that seasonal
runs and migrations of
taonga species observed
Iwi satisfaction quantity,
catch effort and condition of
kai/cultural
materials
collected of species, age and
seasonality,
gathering
consistent with tikanga etc
Overall flows plus low flows
and minimum flows.
Flow intermittency and river
length accessible from the
sea for migratory fish
species with a marine phase
Periphyton and macrophyte
coverage
Nitrate-N
concentrations
and nitrate-N toxicity in lake
Nitrate-N
concentrations
and nitrate-N toxicity in
streams
Cultural assessment
Economic valuation for
commercial fishery
Overall
sub
outcome
supporting
increased
customary and commercial
fisheries

Current

Scenario 1

Possibly

Possibly

Almost certainly

Possibly

Unlikely

Possibly

Unlikely

Unlikely

Possibly

Possibly

Possibly

Probably

Highly unlikely/no

Highly unlikely/no

Highly unlikely/no

Unlikely

Unlikely

Possibly

Possibly

Unlikely

Probably

Unlikely
Unlikely

Unlikely
Unlikely

Unlikely
Possibly

Current

No change

No change

Unlikely

Unlikely

Probably

Key points

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely
Unlikely
Probably
Unlikely
Highly unlikely/no
Possibly

Table 33 shows
the likelihood of
scenarios
supporting
increased
customary and
commercial
fisheries

The ZCSP is
predicted to
benefit the
abundance of
the customary
and commercial
fishery in the
lake over
current and
Scenario 1

Summarised relevant information from technical and policy assessments
Compared with current and baseline Scenario 1, the Zone Committee Solutions
Package would benefit abundance of indigenous fish species (eel, flounder, mullet
and whitebait) in the lake for three reasons:
•
•

•
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While these species are tolerant of the current nutrient enriched state in
the lake, the Zone Committee Solutions Package brings improved overall
water quality from current in terms of TLI and frequency of algal blooms
Wetland and macrophyte bed restoration assumed within the Zone
Committee Solutions Package constitutes greater plant species diversity
than is currently the case, and provides greater diversity of habitat for
invertebrates and fish
An effective lake level management structure provides the benefits of
increased lake opening frequency in spring and autumn, favouring
successful fish recruitment from the sea to the lake and migration from
lake to sea respectively, without the negative effects of large saltwater
intrusion and low summer lake levels. Successful recruitment is thought to
be a key factor, along with harvest control, influencing fishery productivity.
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However, there is more to a quality fishery than just population size and health of the
fish. In addition to the positive effects on fish populations (compared to current, and
baseline Scenario 1), the Zone Committee Solutions Package brings improvements to
the quality of customary fisheries such as:
i)
ii)
iii)

Reduced nuisance and toxic blooms
Improved water clarity and amenity values at the lake margins
Options for customary fishing amongst macrophyte beds that don’t
currently exist.

For commercial fisheries, the Zone Committee Solutions Package is predicted to
reduce market volatility due to reduced risk of tainting of flavours and toxicity from
algae blooms, and improved market perceptions of a quality product compared to
current and baseline Scenario 1. However, the presence of macrophyte beds may
reduce the area suitable for net fishing and cause a nuisance following storms when
macrophytes break off the lake bed and accumulate in nets and along shorelines.
The current revenue of the commercial fishery was estimated at $1.5 million per year
54
55
using current F.O.B. prices for the different species . The commercial value of the
fishery is not expected to be significantly different under the Zone Committee
Solutions Package as the full quota is usually caught. However, the increase in fishery
population would benefit customary and recreational catch after the commercial quota
is taken.
The lowland streams and drains also provide habitat for customary and commercial
fish species. An important aspect of flow for supporting aquatic life is the duration and
magnitude of low flows. Golder (2012) recommended that flows of 70-90% of natural
56
7DMALF are required to protect ecological values in streams. Under the Zone
Committee Solutions Package, all the lowland streams spend less time below this
57
ecological threshold flow and have higher overall and low flows than currently
experienced and under Scenario 1 baseline, Figure 18. There is variability of the
predicted benefits, for example the lowland streams to the north of the Selwyn River
are predicted to benefit less than other areas. The targeted stream augmentation
58
proposed in the vicinity of Boggy Creek and Harts Creek support increased overall
or low flows in these and neighbouring streams from current, Figure 18.
There is more confidence on the effect on flows predicted at a catchment scale than at
the individual stream level.

Key points
The ZCSP is
predicted to
benefit the
quality of the
customary and
commercial
fishery in the
lake over
current and
Scenario 1
No change in
the value of the
commercial
fishery is
expected with
ZCSP, however
improved water
quality may
decrease the
variability in the
catch compared
with current and
Scenario 1
For the
ecologically
important low
flows, all
streams spend
less time at low
flows under
ZCSP than
currently
experienced

54

Denote price based on product and that the seller pays for transportation of the goods to the port of
shipment, plus loading costs. The buyer pays freight, insurance, unloading costs and transportation from
the port of destination to the factory.
55
Eel $9/kg, Flounder $5.75/kg, and yellow eyed mullet estimated at $5/kg.
56
The 7DMALF is a statistic of low flows. The 7DMALF is the long term average of the 7 lowest
consecutive days in each year. The 7DMALF is a flow that represents a low flow period not just an
absolute minimum on a given day, there will be days when flow is below 7DMALF but these will not be
for durations of 7 days or greater.
57
70-90% of naturalised 7DMALF
58
The benefits of the targeted stream augmentation are a function of the magnitude and location of the
augmentation. If the location or magnitude change, then so would the benefits.
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Key points

Figure 18

Modelled 7DMALF under various scenarios and solution packages
59
7DMALF. Recommended
as a percentage of Scenario 0
ecological low flows, indicated by dashed horizontal lines, were
based on Golders (2011) rationale

In terms of water quality in the streams, of relevance to customary and commercial
fisheries are macrophyte and algae coverage and nitrate-N toxicity. Compared with
current and baseline Scenario 1 there is less risk of the macrophytes and algal
coverage thresholds being breached under the Zone Committee Solutions Package.
This is due to the assumed mitigation measures including, reduced phosphorus
concentrations in the streams from reduced on farm losses and in stream P
inactivation dosing in lower reaches of stream, shading of stream channels from
riparian margins, active management of macrophytes and targeted removal of
sediments, Table 24.
For nitrate-N concentrations, there are increased risks to customary and commercial
fisheries under the Zone Committee Solutions Package compared with current but
slightly lower risk than baseline Scenario 1. Boggy Creek and Doyleston Drain are not
60
predicted to meet the updated nitrate toxicity 80% level of Protection (based on
th
estimated 95 percentile). The increased risk to customary and commercial fisheries
from the elevated nitrate concentrations may be partly offset by the improved habitat
and expected reduction in macrophyte and periphyton coverage.

59

Scenario 0 is a modelled scenario representing flows with no abstraction in the catchment. Scenario 0
results are used to approximate natural flows
60
Hickey (2013)
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Macrophyte and
algal coverage
and nitrate
toxicity are
important for
customary and
commercial
fisheries
Compared with
current and
Scenario 1,
there is less risk
of the
macrophytes
and algal
coverage
thresholds being
breached under
ZCSP
ZCSP predicts
higher nitrate-N
concentrations
in the streams
than current,
but lower than
Scenario 1. Two
streams are not
predicted to
meet the
revised 80%
level of
protection

Environment Canterbury Technical Report

Summary of whether ecological and environmental outcomes are likely to be achieved under current, baseline Scenario 1 and the
Zone Committee Solutions Package for streams in the lower Selwyn-Waihora catchment
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In comparison with current and baseline Scenario 1, the Zone Committee Solutions
Package is expected to benefit the abundance and quality of species valued by
whanau, although there is residual concern over the elevated nitrate concentrations
and their impact on the fishery. However, seeing initiatives being implemented on the
ground and seeing improvement in aquatic condition over time is essential and may
lead to a reestablishment of customary use patterns. This means it is important that
the initiatives not only “beautify” a riverscape for observers, but that they also lead to
enhanced aquatic health. What may remain a barrier to customary usage is if
changes in the environment are not immediately apparent.
However, while
improvements may not be apparent to casual users, whanau regularly interacting with
sites around the lake are likely to see positive changes over time if the full suite of
mitigation measures is implemented.

4.1.4

Sub outcome A4: Secure water supply to provide a target of 95%
reliability for irrigation

Zone committee narrative
Water storage capacity is enhanced so that water is available for designated irrigated
land at 95% reliability
Technical indicators:
• A4.1 - Amount of stored water in catchment available for power generation and
or irrigation
• A4.2 - Volume of surface water vs. groundwater sourced irrigation
• A4.3 - Proportion of irrigation at 95% reliability

Key points
Whanau
acknowledge
that ZCSP is
expected to
benefit valued
species
There is residual
concern over
the impact of
elevated nitrate
concentrations
Seeing
initiatives
implemented
and seeing
results is
important for
re-establishing
customary
usage

Likelihood of meeting outcomes
Table 35

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting 95 % reliable
irrigation water

Technical indicator

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?

Overall
sub
outcome
supporting 95% reliable
irrigation water

Current

As current

Possibly

Summarised relevant information from technical and policy assessments
The water quality allocation has been based on providing full irrigation demand for 8.5
years out of 10. In the remaining 1.5 years, we have assumed that irrigators will have
insufficient irrigation water to meet demand.
Water storage and surface vs groundwater sourced irrigation has been discussed
above under sub outcome A2.
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Table 35 shows
the likelihood of
scenarios
supporting 95%
reliability of
irrigation water
The water
quality
allocation
provides full
irrigation
demand for 8.5
years out of 10.
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4.1.5

Sub outcome A5: Thriving sustainable community

Zone committee narrative
The Selwyn Waihora catchment consists of thriving sustainable communities with high
social capital supported by well-resourced health, educational, transport, water,
sewerage and telecommunications services. Local residents enjoy a ‘sense of place’
and community identity, full employment and opportunities for financially viable
businesses.

Key points

Technical indicators:
• A5.1 – On farm economic impacts including revenue, farm working expenses,
variable expenses and cash farm surplus
• A5.2 – Regional economic impacts including GDP, earned household income,
rates and taxes
• A5.3 – On farm and regional employment
• A5.4 - Median household income
• A5.5 - Unemployment
• A5.6 - Population in Selwyn Waihora catchment
• A5.7 - Services including health, infrastructure and education. Social
connectedness
• A5.8 - Housing (housing affordability, rent to income ratio)
• A5.9 - Trust (level of trust in policy makers and other actors involved in policy
process)
• A5.10 - Safety and security (crime rates, perceptions of safety)
Likelihood of meeting outcomes
Table 36

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting thriving and
61
sustainable communities

Technical indicator

Current

Scenario 1

On farm economic impacts
including revenue, farm
working expenses, variable
expenses and cash farm
surplus
Regional economic impacts
including
GDP,
earned
household income, rates
and taxes

Probably

As current

Possibly

As current

Possibly

As current

Median household income

Possibly

As current

Unemployment
Population
in
S-W
catchment
Services including health,
infrastructure
and
education.
Social
connectedness
Overall
sub
outcome
supporting sustainable and
thriving communities

Possibly

As current

Possibly

As current

Possibly

As current

Possibly

As current

On farm and
employment

61

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?

regional

Improved
current
Significantly
improved
current
Significantly
improved
current
Improved
current
Improved
current
Increased
current
Improved
current
Probably
improved
current

Table 36 shows
the likelihood of
scenarios
supporting
thriving and
sustainable
communities

from

from
from
from
from
from

from
from

There is more risk around the thriving and sustainable sub-outcome being met for the Zone Committee
Solutions Package as no change management strategy was included. A change management strategy
would help to manage the adverse social impacts associated with the changes described
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Summarised relevant information from technical and policy assessments
The on farm economic impacts are discussed above in Sub-outcomes A1. Regionally,
the Zone Committee Solutions Package generates increases in all measures of
economic activity compared with current. Primary sector contribution to regional GDP
is estimated at $990 million/ year under Zone Committee Solutions Package, which is
$190 million more than current. The on farm employment is predicted to increase by
400 FTEs, and the regional employment by 2400 FTEs. Primary sector contribution to
local and central government revenue increases from $280 million to $340 million
associated with the increased activity.
It should be noted that the regional economic impacts are not a direct equivalent of
benefit, because there will be costs associated with this economic activity that are not
taken into account – for example the need to upgrade roads. Furthermore there is
always the potential that the resources used to generate the economic impact could
be harnessed elsewhere to generate activity in other parts of the economy.
Compared with current, the predicted increase in jobs is likely to put downward
pressure on unemployment in the district and will mean an increase in population
across the catchment with the arrival of more farmers/managers, farm workers and
families. There will also be an increase in turnover of the population as workers will
tend to move between farms and also districts, leading to a decrease in the stability of
populations and communities.
Social infrastructure with population-based funding, such as health services and
schools, will benefit from increased employment and associated population and an
increase in families with children. Pre and primary schools, however, are likely to
experience some instability due to a more transient population. The additional annual
churn of dairy farm workers and seasonal employment on farms will create some extra
demand and issues for delivery by service providers and communities.
An increase in international workers with dairying, and greater ethnic diversity, will
create some challenges and new demands for health services, churches and schools,
and farm managers. There are likely to be both positive and negative effects on
community cohesion and participation as a result of a more transient community,
language differences and cultural diversity.
People are more trustful of policy and decisions when they participate fully in the
policy making processes that affect their community and key stakeholders are
involved in implementing new mechanisms. The level of trust is likely to improve over
time as policies are implemented and start showing results in terms of economic,
environmental, social and cultural outcomes.
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Key points
ZCSP is
predicted to
generate an
increase in all
measures of
economic
activity
compared with
current
Regional and on
farm
employment is
predicted to
increase
Population and
population
turnover is
expected to
increase across
the catchment,
especially
associated with
agriculture
Health services,
schools and
social
infrastructure is
predicted to
improve.
However the
increased
transience could
adversely
impact
community
cohesion
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4.2

Priority Outcome B: High quality and secure 62
supplies of drinking water

4.2.1

Sub outcome B1: All domestic drinking water meets national
standards preferably without treatment

Key points

Zone committee narrative
63
Good quality domestic drinking water is readily available to all residents in the
Selwyn Waihora catchment
Technical indicators:
• B1.1 - Average groundwater nitrate-N concentrations in comparison with ½
Maximum Allowable Value (MAV)
• B1.2- Exceedences of MAV
• B1.3 - Bacterial contamination of groundwater
• B1.4 - Nitrate-N concentrations in surface waters
• B1.5 – Cost of deepening wells
Likelihood of meeting outcome
Table 37

Likelihood of indicators under current, Scenario baseline 1 and the
Zone Committee Solutions Package supporting drinking water
meeting national standards

Technical indicator

Average
groundwater
nitrate-N concentrations in
comparison with ½ MAV
Exceedences of MAV
Bacterial contamination of
groundwater
Nitrate-N concentrations in
surface waters
Overall sub outcome of
supporting drinking water
meeting national standards

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Possibly
Possibly

Unlikely
Unlikely

Unlikely
Unlikely

Possibly

Possibly

Possibly

Probably

Probably

Probably

Possibly

Unlikely

Unlikely

Summarised relevant information from technical and policy assessments
National drinking water standard (Maximum Allowable Value) for nitrate-N-nitrogen =
11.3 mg/L and ½ MAV = 5.65 mg/L. In order to protect for exceedences of the
drinking water standard the average water quality should be at or below ½ MAV
(Hanson, 2012). Table 37 shows the predicted average groundwater concentrations
under all scenarios, as well as the likely impact on exceedences of the drinking water
standard in the shallow groundwater. These exceedences are likely to be primarily in
the shallower domestic wells. The public supply wells generally tap deeper
groundwater with lower nitrate-N concentrations.

62

In drinking water legislation, the term secure has a specific and technical meaning. In this case it is used
in the more general way to mean reliable supply and appropriate quality
63
Self and community supply
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Table 37 shows
the likelihood of
scenarios
supporting
drinking water
meeting
national
standards

The national
drinking water
standard for
nitrate-N is a
Maximum
Allowable Value
of 11.3 mg/L
In order to
broadly protect
against
exceedences of
the drinking
water standard,
the average
nitrate-N
concentrations
in groundwater
should be at or
below ½ MAV
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Table 38

Current and simulated groundwater nitrate-N concentrations and
likely compliance with the drinking water standard
Current

Predicted average nitrateN in shallow groundwater
% wells with predicted
maximum nitrate-N
concentrations above
MAV
% wells with average
nitrate-N concentrations
above 1/2 MAV

Scenario 1

64

Zone Committee
Solutions
Package

6.6

9.1

8.5

33%

56%

52%

61%

92%

84%

The current
average
groundwater
nitrate-N
concentration is
6.6 mg/L. This
increases to 9.1
and 8.5 mg/L
under Scenario
1 and ZCSP

Shallow wells (<50m below ground surface) wells could be vulnerable to bacterial
contamination and this may be exacerbated through the intensification of land use,
increased stock or waste water discharge to land in the proximate catchment. To
mitigate these potential risks, the Zone Committee Solutions Package includes
regulatory set-backs for activities around wells used for abstraction and the Farm
Environment Plans (FEPs) require a risk assessment for all receiving environments on
the farm.
65

The costs to deepen wells to achieve a secure drinking water source would be
approximately $4.4 million for baseline Scenario 1 and be $3.4 million for the Zone
Committee Solutions Package (capital value cost in both cases).
There is particular interest in the groundwater-sourced drinking water at the Taumutu
marae. Wells around the lake, including those at the Taumutu marae, are not at risk
of increased nitrate-N contamination from broad-scale land use change on the plains.
Nitrate-N concentrations in groundwater around the lake are generally lower than in
the rest of the catchment. This is due to a combination of factors; dilution from
upwelling of deep, low nitrate water including water from the alpine rivers, and the
naturally occurring conversion of nitrates in water to gaseous forms of nitrogen which
can occur in low oxygen, or anoxic groundwater conditions around the lake.

64

65

This is the revised baseline Scenario 1 calculated using different input information
Where lower nitrate-N water is present at greater depth
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Key points

No assessment
of bacterial
contamination
to groundwater
has been made.
The ZCSP
contains
regulatory
setbacks around
wells and a
requirement for
FEPs to consider
all receiving
environments,
including
groundwater
Costs are
expected to be
incurred to
provide drinking
water to some
domestic
supplies by
deepening wells
under both
Scenario 1 and
ZCSP
Groundwater
sourced drinking
water at
Taumutu marae
is not expected
to be affected
by Scenario 1 or
ZCSP
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4.3

Selwyn Te Waihora Zone Priority Outcome D. Wahi
tapu and Mahinga kai are respected, understood,
protected and enhanced in the zone

4.3.1

Sub outcome D1: Wahi tapu and Mahinga kai are respected,
understood, protected and enhanced

Key points

Original Zone committee narrative
Wahi tapu (sacred place) and mahinga kai (Food and places for obtaining natural food
and resources) are identified, publicised, treated with respect, protected and the
resource used within appropriate limits to ensure long term sustainability. Mahinga kai
is abundant and plentifully available for customary use.
Technical indicators:
• D1.1 - Customary fish stocks
• D1.2 - Cultural assessment of mahinga kai and wahi tapu sites
Update
In August 2013, Zone Committee requested that more aspects were considered under
this outcome going forward. Specifically to cover 4 areas; mahinga kai, wahi tapu/wahi
taonga, streams rivers and springs and Te Waihora.
Likelihood of meeting outcomes, based on original narrative and solutions
package against update
Table 39

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting respected,
understood, protected and enhanced mahinga kai and wahi tapu

Technical indicator

Customary fish stocks
Cultural assessment of
Mahinga kai and Wahi Tapu
sites
Mahinga kai
Wahi tapu/wahi taonga
Streams, rivers, springs,
hapua and wetlands
Te Waihora
Overall sub outcome of
supporting
respected,
understood, protected and
enhanced mahinga kai and
wahi tapu

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Highly unlikely/no
Highly unlikely/no
Not determined
Highly unlikely/no
Not determined
Not determined

Highly unlikely/no
Not determined
Not determined

Not determined
Possibly
Possibly

Not determined
Not determined

Not determined
Not determined

Possibly
Possibly

Highly unlikely/no

Highly unlikely/no

Possibly
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Table 39 shows
the likelihood of
scenarios
supporting wahi
tapu and
mahinga kai
being respected,
understood,
protected and
enhanced
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Summarised relevant information from technical and policy assessments
In relation to wahi taonga, sites of significance are found throughout the Selwyn Te
Waihora catchment, identified in the Te Waihora Joint Management Plan (Tipa, 2014).
It remains highly uncertain whether the range of sites across the Selwyn Waihora
catchment can be managed to afford the level of protection aspired to by the kaitiaki
rūnanga.
Some spring fed streams, especially in close proximity to the marae at Taumutu are
classed as significant wahi tapu. The prohibition of renewal of takes over 5 l/s in the
Waikekewai catchment is welcome, however, Whanau are likely to seek total
protection of tapu and taonga waters.
With respect to mahinga kai, whanau need to be able to gather where they want to,
and where they have the right to, using the methods they are accustomed to using,
and knowing they can gather safely and safely eat the food gathered. At present they
are unable to do this to the extent they aspire to. The Zone Committee Solutions
Package represents improvements over current, but may not reach the level aspired
to by some whanau.
A number of the components in the Zone Committee Solutions Package reflect or
expand upon what is already in the Whakaora Te Waihora programme. Others are
consistent with the Te Waihora Joint Management Plan. Some whanau expect the
Solutions Package to be catchment wide initiatives in addition to those contained in
Whakaora Te Waihora. Whanau do not expect Whakaora Te Waihora to be
subsumed within the Solutions Package. It also needs to be acknowledged that the
lake interventions will require the support of Te Rūnanga o Ngai Tahu who own the
lakebed
With respect to the other interventions proposed, although the components of the
Zone Committee Solutions Package are predicted to lead an improvement in the
condition of the lake and tributaries, seeing initiatives being implemented on the
ground and seeing improvements in aquatic condition over time is essential. This
means it is important that the initiatives not only “beautify” a riverscape for observers,
but they also lead to enhanced aquatic health that enhanced its utility to whanau.
Seeing improvements may lead to a re-establishment of customary use patterns.

Key points
It remains highly
uncertain
whether the
range of
significant sites
across the
catchment can
be protected to
the extent
aspired to as
whanau are
likely to seek
total protection
of tapu and
taonga waters
ZCSP represents
an improvement
over current
with respect to
mahinga kai,
however may
not go far
enough for
some whanau
Whanua feel
that the ZCSP
should be in
addition to
WTW
Seeing
improvements
in the
waterways and
adjacent land is
important to
encourage reestablishment
of customary
use patterns
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4.4

Selwyn Te Waihora Zone Priority Outcome E.
Healthy Lowland streams66

4.4.1

Sub outcome E1: Water quality, flows and habitat supports
increased abundance and diversity of aquatic life

Key points

Zone committee narrative
Water quality in hill and lowland streams is biologically healthy and supports abundant
and diverse native aquatic flora and fauna (e.g., kokupu – freshwater galaxias, and
koura - fresh water crayfish). Stream flows meet aesthetic values as well as providing
adequate flows for abundant fish life. Invasive pest species are eliminated or managed
and controlled
Technical indicators:
• E1.1 - Overall flows plus low flows and minimum flows
• E1.2 - Periphyton and macrophyte for recreation, aesthetics and benthic
biodiversity
• E1.3 - Nitrate-N concentrations and nitrate-N toxicity
• E1.4 - Diversity and abundance of aquatic species
• E1.5 - Cultural assessment
Likelihood of meeting outcomes
Table 40

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting increased
abundance and diversity of aquatic life

Technical indicator

Overall flows plus low flows
and minimum flows
Periphyton and macrophyte
for recreation, aesthetics
and benthic biodiversity
Nitrate-N
concentrations
and nitrate-N toxicity
Diversity and abundance of
aquatic species
Cultural assessment
Overall sub outcome of
supporting
increased
abundance and diversity of
aquatic life

66
67

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely

Possibly

Almost certainly

Unlikely

Unlikely

Possibly

Unlikely

Highly unlikely/no

Unlikely

Unlikely
Unlikely

Highly unlikely/no
Unlikely

Probably
Unlikely 67

Unlikely

Unlikely

Probably

Table 40 shows
the likelihood of
scenarios
supporting
increased
abundance and
diversity of
aquatic life

Includes lower Selwyn River
Previously reported as possibly

Environment Canterbury Technical Report

88

Selwyn Waihora limit setting: Overview report

Summarised relevant information from technical and policy assessments
An important aspect of flow for supporting aquatic life is the duration and magnitude of
68
low flows. Golder (2012) recommended that flows of 70-90% of natural 7DMALF are
required to protect ecological values in streams. Under the Zone Committee Solutions
Package, all the lowland streams spend less time below this ecological threshold
69
flow and have higher overall and low flows than currently experienced under
Scenario 1 baseline, Figure 19. There is variability of the predicted benefits. For
example the lowland streams to the north of the Selwyn River are predicted to benefit
70
less than other areas. The targeted stream augmentation proposed in the vicinity of
Boggy Creek and Harts Creek supports increased overall or low flows in these and
neighbouring streams from current, Figure 19. However, some streams are expected
to continue to have some flow related issues such as Boggy Creek and Doyleston
Drain.
There is more confidence on the effect on flows predicted at a catchment scale than at
the individual stream level.

Figure 19

Modelled 7DMALF under various scenarios and solution packages
71
7DMALF. Recommended
as a percentage of Scenario 0
ecological low flows, indicated by dashed horizontal lines, were
based on Golders (2011) rationale

In order to support improved stream outcomes, an ecological values based water
quantity allocation has been developed (Williams, 2014). This approach is
summarised in the compendium of supplementary technical information.

Key points

For the
ecologically
important low
flows, all
streams spend
less time at low
flows under
ZCSP than
currently
experienced

A water
quantity
allocation limit
has been
developed
based on
delivering
stream flow
outcomes

68

The 7DMALF is a statistic of low flows. The 7DMALF is the long term average of the 7 lowest
consecutive days in each year. The 7DMALF is a flow that represents a low flow period not just an
absolute minimum on a given day, there will be days when flow is below 7DMALF but these will not be
for durations of 7 days or greater.
69
70-90% of naturalised 7DMALF
70
The benefits of the targeted stream augmentation are a function of the magnitude and location of the
augmentation. If the location or magnitude change, then so would the benefits.
71
Scenario 0 is a modelled scenario representing flows with no abstraction in the catchment. Scenario 0
results are used to approximate natural flows
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A combined strategy has been proposed in the Zone Committee Solutions Package to
meet their proposed allocation limit:
• Consent holders will receive an annual volume sufficient to meet climatic
demand in 8.5 years out of 10 for their actual land use
• As close to 90% of 7DMALF as possible met in the lowland streams
• New water to enter the catchment for irrigation (CPW 60,000 ha)
• Surrender of groundwater consents in the CPW command area as they are
replaced with this new surface water
• Irrigation consents to be constrained upon renewal to reasonable use based on
actual land use
• Targeted stream augmentation of 900l/s in summer 200l/s in winter in vicinity of
some lowland streams
• Prohibition of surface water takes or stream depleting groundwater from
Waikekewai catchment
3
• Managed aquifer recharge of 2 m applied in upper catchment
The relevant aspects for ‘water quality, flows and habitat that support increased
abundance and diversity of aquatic life’ are macrophyte coverage, algae coverage,
nitrate toxicity and supporting of benthic biodiversity and trout habitat. Compared with
current and baseline Scenario 1 there is less risk of the macrophytes and algal
coverage thresholds being breached under the Zone Committee Solutions Package.
This is due to the assumed mitigation measures including, reduced phosphorus
concentrations in the streams from reduced on farm losses and in stream P
inactivation dosing in the lower reaches of stream, shading of stream channels from
riparian margins, active management of macrophytes and targeted removal of
sediment, Table 41.
Compared with current and baseline Scenario 1, benthic biodiversity and fish habitat
and spawning are likely to improve under the Zone Committee Solutions Package due
to increased clarity, areas of reduced bed sediment, and habitat provided by riparian
shading. The Zone Committee Solutions Package is likely to improve colour and
clarity in the streams with targeted removal of sediment and reduced sediment inflows
through riparian margin management, springhead wetland restoration, restriction of
stock access and on farm management of soils and runoff.
Although lowland stream nitrate-N concentrations are predicted to be slightly lower
under the Zone Committee Solutions Package compared with baseline Scenario 1,
they effectively carry the same risk of chronic nitrate toxicity to invertebrates and fish
and both are increased from current. Boggy Creek and Doyleston Drain are not
72
predicted to meet the revised nitrate toxicity 80% level of protection. All other
streams are predicted to meet at least the 80 % level of protection. But while nitrate
toxicity risk remains higher (than current) or comparable (Scenario 1), Table 41, the
risk to aquatic organisms might be partly offset by the improved habitat and an
expected reduction in the risk of nuisance macrophyte and algal growth predicted in
the Zone Committee Solutions Package.

72

Key points
A multi-pronged
approach has
been proposed
in the ZCSP to
meet the
allocation limit
Macrophytes,
algal coverage,
nitrate toxicity,
benthic
biodiversity and
trout habitat are
important for
supporting
aquatic life
Under ZCSP
macrophytes,
algal coverage,
benthic
biodiversity and
trout habitat are
predicted to be
at less risk than
current and
Scenario 1
ZCSP predicts
higher nitrate-N
concentrations
in the streams
than current,
but lower than
Scenario 1. Two
streams are not
predicted to
meet the
revised 80%
level of
protection

Revised nitrate-N toxicity guidelines (Hickey, 2013)
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Table 41

91

Summary of whether ecological and environmental outcomes are likely to be achieved under current, Scenario 1
baseline and the Zone Committee Solutions Package for streams in the lower Selwyn-Waihora catchment
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Compared with current and baseline Scenario 1, the Zone Committee Solutions
Package is likely to increase biodiversity of lowland streams due to increased flows,
proposed restoration or creation of wetland and riparian margin habitats, targeted silt
removal and reduction of sediment inflows. There is likely to be a flow on benefit on to
native fish and trout through improved flows and food resources. The reduction in
algae and macrophyte cover could also improve in stream conditions by reducing
extreme fluctuations of dissolved oxygen levels and reducing sediment entrainment. In
addition, targeted removal of sediment would improve quality and extent of suitable
habitat and spawning areas.
Whanau are concerned at the current flow regimes. The lowland streams and drains
provide habitat for species that are regarded as taonga. It is acknowledged that the
Zone Committee Solutions Package should result in fewer low-flow related ecological
problems in the catchment. However it is noted that some streams will continue to
have (low) flow related issues, such as Boggy Creek, Doyleston Drain and of
particular importance to Ngai Tahu, the Irwell. For whanau, based on their COMAR
assessment, the flows required for cultural health in the Irwell and the Selwyn exceed
those required for ecological health. So although better than current, the flows in these
two waterways do not meet whanau aspirations.
Whanau are also concerned with current water quality. Of particular relevance is the
impact on customary fisheries, the activity of fishing for customary species and the
experience of Manawhenua with the waterways. Of relevance to these factors are
algal and macrophyte coverage and nitrate-N concentrations. There is concern that
even with the mitigations proposed under the Zone Committee Solutions Package in
place, that nitrate concentrations will increase from current and that there may still be
algal and macrophyte issues in the waterways which have the potential to adversely
impact on the experience of Manawhenua engagement with waterways and
customary fishing activities.

Key points
The diversity
and abundance
of aquatic
species are
predicted to
show an
improvement
under ZCSP
from current
Although there
is an
improvement
under ZCSP,
there will
continue to be
some low flow
issues in some
streams. This is
of concern to
whanau of
concern
For the Selwyn
and Irwell, the
flow required
for cultural
health exceeds
that required
for ecological
health
Whanau are
also concerned
with the impact
of water quality
on abundance
and diversity on
customary fish
species. Under
ZCSP there are
still predicted to
some algal,
macrophyte
and nitrate
problems that
can adversely
impact on
manawhenua
experience
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4.4.2

Sub outcome E2: Safe and plentiful food gathering is available

Zone committee narrative
Water quality and quantity is good enough to ensure that mahinga kai (e.g. water
cress, tuna, flounder) and trout is plentiful to gather and safe and healthy to eat

Key points

Technical indicators:
• E2.1 - Customary fish stocks including tuna and whitebait.
• E2.2 - Stream beds are safe and accessible without deep sediment beds, or
nuisance algal mats.
• E2.3 - Ecological impact of changes in flows
• E2.4 - Cultural assessment
Likelihood of meeting outcomes
Table 42

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting safe and plentiful
food gathering

Technical indicator

Customary
fish
stocks
including
tuna
and
whitebait.
Stream beds are safe and
accessible without deep
sediment beds, or nuisance
algal mats.
Ecological impact of changes
in flows
Cultural assessment
Overall sub outcome of
supporting
safe
and
plentiful food gathering

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely

Unlikely

Probably

Unlikely

Unlikely

Probably

Unlikely
Unlikely

Unlikely
Unlikely

Probably
Possibly

Unlikely

Unlikely

Possibly

Summarised relevant information from technical and policy assessments
Compared with current and baseline Scenario 1, the Zone Committee Solutions
package is predicted to benefit the customary fishery numbers. Numbers of eel,
73
flounder and whitebait are predicted to increase with better connection to the sea ,
and increased flows in streams. Ecological health and habitat quality is expected to
improve despite increased risk elevated nitrate concentrations. Despite these
improvements, whanau are likely to be concerned that there are still risks of excessive
periphyton and macrophyte growth.
The extensive riparian margins, removal of stock access from drains as well as
streams and the need to consider runoff in farm plans is likely to reduce transport of
phosphorus, sediment and faecal indicator organisms to the streams.
Accessibility may be improved or worsened under the Zone Committee Solutions
Package. The reduced algae and plant cover and reduced sediment is likely to
increase accessibility, however the extensive riparian margins on both streams and
drains may hinder access.

Table 42 shows
the likelihood of
scenarios
supporting safe
and plentiful
food gathering

ZCSP is
predicted to
improve
customary fish
populations
Whanau remain
concerned
about the
presence of
algae and
macrophytes in
waterways
Access for food
gathering may
be worsened
under ZCSP due
to proposed
extensive
riparian margins

73

Connection with the sea provided by the controlled lake opening assumed as an integral part of the
Zone Committee Solutions Package
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It is acknowledged that the intent of the Zone Committee Solutions Package is to
improve sites used by whanau through improved flows and management of nutrients,
as the presence of contaminated water and algae detract from whanau use and
enjoyment of waterways. The key is that whanau experiencerivers and their
experiential assessments are visual and perceptual. They need to see mitigation
measures being undertaken on adjacent lands. Seeing an improvement in the state of
the lake and tributaries and seeing initiatives being implemented, over time may lead
to a re-establishment of use patterns. While whanau are likely to continue to use the
catchment, the level of use may not be to the level they aspire to.

4.4.3

Sub outcome E3: Nutrient inflows decline over time to acceptable
levels

Zone committee narrative
Nutrient inflows (e.g., nitrogen & phosphorus) are reduced to levels that over time
result in nutrient concentrations at the river springhead, in low land streams and Te
Waihora lake falling to within a standard acceptable (e.g., absence of toxic algae
blooms) to the catchment community.
•
•

E3.1 - Modelled spring fed stream nitrate-N concentrations decreasing from
current
E3.2 - Nutrient levels decline to deliver macrophyte and periphyton targets

Likelihood of meeting outcomes
Table 43

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting nutrient inflows
declining to acceptable levels

Technical indicator

Modelled spring fed stream
nitrate-N
concentrations
decreasing from current
Nutrient levels decline to
deliver macrophyte and
periphyton targets
Overall
sub
outcome
supporting nutrient in flows
declining to acceptable
levels

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Current

Highly unlikely/no

Highly unlikely/no

Highly unlikely/no

Highly unlikely/no
Probably
(in
combination with
rest of package)

Highly unlikely/no

Highly unlikely/no

Possibly

Key points
Although
whanau use the
catchment, it is
not at the level
that many
aspire to
For whanau,
seeing
improvements
in waterways
and on adjacent
land may lead to
reestablishment
of customary
use
Table 43 shows
the likelihood of
scenarios
supporting
nutrient inflows
declining over
time to suitable
levels
Nitrate –N
concentrations
are predicted to
increase under
ZCSP from
current but are
lower than
Scenario 1

Summarised relevant information from technical and policy assessments
All the relevant information is included under Sub outcome E.1

Under ZCSP
macrophytes
and algal
coverage are
predicted to
improve over
current.
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4.5

Selwyn Te Waihora Zone Priority Outcome F. Te
Waihora/Lake Ellesmere is a healthy ecosystem

4.5.1

Sub outcome F1: There are healthy macrophyte beds and water
clarity is improved

Key points

Zone committee narrative
Te Waihora has a healthy and stable shoreline with minimal signs of erosion. In calm
conditions the water is clear with the lake bottom and fish visible. Healthy native
macrophytes (aquatic plants) are abundant in ratios suitable to provide supportive
living conditions for the full range of local fauna (e.g., snails to crabs to tuna).
Unwanted and invasive organisms (e.g. didymo) are eliminated or controlled
Technical indicators:
• F1.1 - Water clarity and colour in Te Waihora/Lake Ellesmere
• F1.2 - Macrophyte beds
• F1.3 - Trophic Lake Index (TLI)
• F1.4 - Phytoplankton blooms
Likelihood of meeting outcomes
Table 44

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting healthy
macrophytes and improved water clarity

Technical indicator

Water clarity and colour in
Te Waihora/Lake Ellesmere
Macrophyte beds
Trophic Lake Index (TLI)
Phytoplankton blooms
Overall sub outcome of
supporting
healthy
macrophytes and improved
water clarity

Current

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Probably in vicinity
Unlikely
Highly unlikely/no
of beds
Assumed
in
Highly unlikely/no
Highly unlikely/no
Package
Possibly (<6.0 in
Unlikely
Unlikely
vicinity of beds)
Unlikely
Highly unlikely/no
Possibly

Highly unlikely/no

Scenario 1

Highly unlikely/no

Probably
in
vicinity of beds

Summarised relevant information from technical and policy assessments
Successful re-establishment of macrophyte beds (e.g. Ruppia spp.) is assumed under
the Zone Committee Solutions Package. While there is some doubt about whether reestablishment is practically feasible, key aspects of the Zone Committee Solutions
Package improve the likelihood of success. These are:
•
•
•
•
•
•
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Table 44 shows
the likelihood of
scenarios
supporting
healthy
macrophytes
and improved
water clarity

Control of minimum lake level
Reduced salt water intrusion
Avoidance of very low lake levels in dry summers
Reduced phytoplankton abundance
Installation of floating wetlands to help shelter restoration areas from
wind/wave action
P-inactivation to manage risk of nuisance and toxic blooms in sheltered
areas

Successful reestablishment
of macrophyte
beds are
assumed in the
ZCSP. The
likelihood of
success are
improved by
other aspects of
the ZCSP
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Grazing pressure from swans and geese may also need to be managed. A negative
aspect of macrophyte beds is that some plants will break away from the lake-bed
during storms and will be washed up along windward shorelines.
While the external load of N to the lake increases from current, the external and
internal phosphorus load is assumed to decrease by 50 % due to a combination of onfarm mitigations, riparian margins, wetlands and lake P-inactivation treatment dosing
in the lower reaches of the streams (Appendix 5). The lake model predicts this would
ultimately lead to an annual average TLI score of approximately 6.6 in the centre of
the lake. However, it is anticipated that TLI would improve to better than 6.0 in the
vicinity of restored wetlands and macrophyte beds in embayments and at the lake
margins, Figure 20.
In the Zone Committee Solutions Package, a generic reference was made to a
mechanism for managing legacy phosphorus issues. There are a number of ways that
this could be achieved. The technical report: Te Waihora/Lake Ellesmere: water
quality mitigation and restoration opportunities (Gibbs, 2013) considered the
advantages and disadvantages of a number of internal sediment load management
options and concluded that “...alum, administered at a continuous low dose rate to
some of the tributary streams, is likely to be the most effective and with a very low risk
of negative environmental side effects.” The modelling assessment has assumed that
a 50 % reduction in legacy P loads in the lake has been achieved through P
inactivation by using alum or another of the chemical products and that this is dosed in
the lower reaches of the lowland streams. The cultural impact of the use of this type of
product needs to be carefully assessed and before full scale use, there is a need for
further testing and pilot studies.
Negligible change in clarity and colour are expected in the mid lake. However, clarity
is expected to improve significantly at the lake margins where wetland vegetation,
macrophyte bed restoration and floating wetlands are all expected to reduce sediment
re-suspension. There would be a decreased risk that algal blooms could form visible
scums on the lake surface and accumulate along the leeward shoreline under the
Zone Committee Solutions Package.

Key points
The predicted
lake average
Trophic Level
Index of under
ZCSP is 6.6 in
the mid lake and
6 or below in
the vicinity of
the macrophyte
beds and
wetlands at the
lake margins
Although not
specifically
mentioned in
the ZCSP, the
lake modelling
assumed that
alum or another
chemical
product was
used
Negligible
change in clarity
and colour is
expected under
ZCSP in the mid
lake, however,
significant
improvement in
clarity is
expected in the
vicinity of the
macrophyte
beds
Under ZCSP the
lake would have
decreased risk
of incidences of
visible scums
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Key points

Figure 20

4.5.2

Illustration of TLI scale showing relative position of current state
(today), estimated historic (pre-European) state, baseline
Scenarios 1 and the Zone Committee Solutions Package predicted
state

Sub outcome F2: Fish recruitment and food gathering on and
around the lake is improved

Zone committee narrative
Te Waihora is a healthy lake with plenty of riparian vegetation (e.g., toetoe, harakeke,
medicinal plants) and teeming with a rich diversity of native and imported fauna (e.g.,
tuna, mullet, whitebait, flatfish, patiki – flounder, bully, swan eggs, flapper swans) that
are healthy and safe for human consumption. Food fish populations are plentiful
enough that fish may be caught from the edges of the lake. Safe passage to the sea is
available for migratory fish such as long fin tuna and whitebait. Lake Te Waihora is
safe and secure environment easily accessible to all for harvesting mahinga kai
Technical indicators:
• F2.1 - Water clarity and colour in Te Waihora/Lake Ellesmere
• F2.2 - Macrophyte beds
• F2.3 - Trophic Lake Index (TLI)
• F2.4 - Phytoplankton blooms
• F2.5 - Lake level and opening/closing regime; impact on fish passage and
recruitment
• F2.6 - Customary and commercial fish populations
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Likelihood of meeting outcomes
Table 45

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting improved food
gathering and fish recruitment

Technical indicator

Water clarity and colour in
Te Waihora/Lake Ellesmere
Macrophyte beds
Trophic Lake Index (TLI)
Phytoplankton blooms
Lake
level
and
opening/closing
regime;
impact on fish passage and
recruitment
Customary and commercial
fish populations
Overall sub outcome of
supporting improved food
gathering
and
fish
recruitment

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Probably in vicinity
Unlikely
Highly unlikely/no
of beds
Assumed
in
Highly unlikely/no
Highly unlikely/no
package
Possibly (<6.0 in
Unlikely
Unlikely
vicinity of beds)
Unlikely
Highly unlikely/no
Possibly

Possibly

Possibly

Almost certainly

Unlikely

Highly unlikely/no

Probably

Unlikely

Highly unlikely/no

Probably

Summarised relevant information from technical and policy assessments
The information on lake health and quality is included under Sub-outcome F1.
Compared with current and baseline Scenario 1, the Zone Committee Solutions
Package would benefit abundance of indigenous fish species, eel, flounder, mullet and
whitebait, in the lake for three reasons:
•
•
•

While these species are tolerant of the current nutrient enriched state in the
lake, The Zone Committee Solutions Package brings improved overall water
quality from current in terms of TLI and frequency of algal blooms
Wetland and macrophyte bed restoration assumed within The Zone Committee
Solutions Package constitutes greater plant species diversity than is currently
the case, and provides greater diversity of habitat for invertebrates and fish
An effective lake level management structure provides the benefits of
increased lake opening frequency in spring and autumn, favouring successful
fish recruitment from the sea to the lake and migration from lake to sea
respectively, without the negative effects of large saltwater intrusion and low
summer lake levels. Successful recruitment is thought to be a key factor, along
with harvest control, influencing fishery productivity

Key points
Table 45 shows
the likelihood of
scenarios
supporting
improved fish
recruitment and
food gathering
around the lake

The ZCSP is
predicted to
benefit both the
abundance and
the quality of
the commercial
fishery
compared with
current and
Scenario 1

There is more to a quality fishery than just population size and health of the fish. In
addition to the positive effects on fish populations (compared to current), the Zone
Committee Solutions Package is predicted to bring improvements to the quality of
customary fisheries through:
I.
Reduced nuisance and toxic blooms
II.
Improved water clarity and amenity values at the lake margins
III.
Options for customary fishing amongst macrophyte beds that don’t
currently exist
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From a whanau perspective the Zone Committee Solutions Package is likely to see an
improvement in the condition of the lake and tributaries. Seeing an improvement and
seeing initiatives being implemented, over time may lead to a re-establishment of
customary use patterns. The true test of improved food gathering will be having
increased numbers of whanau safely gathering from the lake and sharing kai with
whanau and visitors. What may remain a barrier to customary usage is that subtle
changes may not immediately be apparent. However, while improvements may not be
apparent to casual users, whanau regularly interacting with sites around the lake are
likely to see positive changes over time if the full suite of mitigation measures is
implemented.

4.5.3

Sub outcome F3: Nutrient inflows decline over time to acceptable
levels

Zone committee narrative
Nitrogen and phosphorus levels in Te Waihora lake are reduced over time. Lake weed
levels and toxic algal blooms are reduced in comparison to the current lake state.
Nutrient concentrations eventually fall to levels low enough that trout reproduce and
thrive, water cress is safe to harvest and eat, and humans may safely swim year
round
Technical indicators:
• F3.1 - Nutrient loads entering the lake
• F3.2 - Trophic Lake Index (TLI)
• F3.3 - Phytoplankton blooms
• F3.4 - Lake nitrate-N concentrations
• F3.5 - Water safe for contact recreation
• F3.6 - Watercress safe to eat

99

Key points
For whanau,
seeing
improvements
in waterways
and on adjacent
land may lead to
reestablishment
of customary
use
A barrier to this
use will be if the
changes are
very subtle and
not readily
apparent to the
casual user
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Likelihood of meeting outcomes
Table 46

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting nutrient inflow
reduction to acceptable levels

Technical indicator

Nutrient loads entering the
lake
Trophic Lake Index (TLI)
Phytoplankton blooms
Lake
nitrate-N
concentrations
Water safe for contact
recreation
Watercress safe to eat
Overall sub outcome of
supporting
nutrient
reduction to acceptable
levels

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely
Unlikely
Unlikely

Highly unlikely/no
Highly unlikely/no
Highly unlikely/no

Possibly
Possibly
Possibly

Possibly
Possibly
Possibly

Highly unlikely/no
More incidences of
restriction
than
current
Possibly

Probably
Fewer incidences
of restriction than
current
Possibly

Current

Unlikely

Possibly

Summarised relevant information from technical and policy assessments
In the Zone Committee Solutions Package, modelled total N loads to lake are
74
predicted to exceed current and Scenario 1 (baseline) by 67 % and 25 %
respectively. Internal lake and external lowland stream P loads are assumed to
decrease by 50 % due to reduction in P losses from on farm mitigation highlighted
through the use of farm environment plans, extensive areas of planted riparian
margins, retirement of springhead areas, restoration of lakeside margins and P
inactivation dosing in the lower reaches of some streams and flowing to the lake
(modelling assumptions).
Under the Zone Committee Solutions Package the change in the nitrate-N
concentrations in the lake reflect the change in total N loads, but do not show such
marked changes as additional water has been introduced to the catchment and
provides some dilution through substitution of surface for groundwater for irrigation,
managed aquifer recharge, Targeted stream augmentation and the new quantity
allocation limit. In the Zone Committee Solutions Package, the revised 99 % level of
protection for aquatic species for nitrate-N toxicity would always be supported in the
middle of the lake. In the tributaries, the nitrate-N concentrations are predicted to
increase from current. No lowland stream is predicted to meet the revised 90 % level
of protection except for the Halswell. Boggy Creek and Doyleston Drain do not meet
the revised 80 % level of protection. Therefore concentrations at the edge of the lake
in the vicinity of tributary mouths will be elevated above mid lake concentrations and
this may induce stress in some sensitive species.
Indicator microorganism concentrations are usually (but not always) within criteria for
75
‘Good’ contact recreation grade. Under the Zone Committee Solutions Package , no
increase in microorganisms is expected at the monitoring sites, based on the
assumption that the on farm losses are managed through riparian margins, restriction
of stock from waterways and additional on farm mitigation highlighted through the use

Key points
Table 46 shows
the likelihood of
scenarios
supporting a
reduction in
nutrient in flows
to the lake

N loads to the
lake increase
under SPZC
from current
and P loads are
assumed to
decrease
through lake
and catchment
interventions
The lake nitrate
concentrations
also increase,
but not by the
same magnitude
as loads due to
addition of
water from
outside the
catchment
The lake is
predicted to
always be below
the revised 99%
level of
protection in
the mid lake

74

Note that the % change of load delivered to the lake will not the same and the % change in loads lost
from the whole catchment as not all of the load lost from the catchment arrives at the lake
75
No modelling on Faecal Indicator Organisms has been undertaken. The comments made in this section
are based on judgment of technical team
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of farm environment plans, and provided that point sources including those from urban
areas (sewage and storm-water) are tightly managed.
It is questionable whether whanau would feel safe gathering watercress because of a
risk of contamination.

4.5.4

Sub outcome F4: Recreation opportunities are improved

Zone committee narrative
Te Waihora lake is a safe and suitable environment for local and tourist swimming and
recreation activities. Sporting activities are returned to the lake (e.g., skiing regatta)
and new recreational opportunities, that boost social capital and enhance cultural and
civic activities, established (e.g., waka ama races)
Technical indicators:
• F4.1 - Tropic Lake Index (TLI)
• F4.2 - Phytoplankton blooms
• F4.3 - Water safe for contact recreation
• F4.4 - Recreational fish populations trout, eel, flounder and whitebait
• F4.5 – Other recreational uses on or around the lake

Key points
Negligible
change the
contract
recreation grade
is expected
provided farms
operate at good
practice and
point sources
are managed

Likelihood of meeting outcomes
Table 47

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting improved
recreational opportunities

Technical indicator

Tropic Lake Index (TLI)
Phytoplankton blooms
Water safe for contact
recreation
Recreational
fish
populations
trout,
eel,
flounder and whitebait
Other recreational uses on
or around the lake
Overall sub outcome of
supporting
improved
recreational opportunities
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Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Possibly
Unlikely
Possibly
Unlikely
Unlikely
Possibly
More incidences of Fewer incidences
restriction
than of restriction than
Possibly
current
current
Possibly

Possibly

Probably

Possibly

Unlikely

Probably

Possibly

Unlikely

Probably

Table 47 shows
the likelihood of
scenarios
supporting
improved
recreational
opportunities

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

Summarised relevant information from technical and policy assessments
In comparison to current and baseline, the generally positive effects on the lake
predicted under the Zone Committee Solutions Package (control of lake levels
avoiding low summer levels, improved TLI, enhanced biodiversity and habitat
improvements) are likely to see improvements in participation for activities such as
passive recreation (e.g., walking and lake viewing in general), more specific naturebased activities such as bird watching, game-bird hunting, fishing (including trout and
whitebait/flounder) and recreational opportunities such as wind surfing and kayaking.
Timing of openings (spring and autumn) will be important for passage of recreational
(as well as culturally important) fish species such as whitebait, flounder, eels, sea run
trout, mullet etc. Management processes will be needed to control recreational takes,
including the education of fishers about regulations and enforcement of limits.

Key points
Nature-based
recreational
activities are
likely to improve
under ZCSP
compared with
Scenario 1 and
current

Subtle changes in water colour and clarity over time, and especially reduction in levels
of scum, should be positive for contact recreation, as should the decrease in the
frequency of temporary recreation restriction warnings due to toxic algal blooms and
potentially decreased probability of dog, stock and wildlife poisoning.
However,
changes in patterns of contact recreation will also tend to be subtle and long term, and
will reflect wider social trends. Overall, positive perceptions of an improving lake
environment should enhance levels of recreational use and user experiences over
time.
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4.6

Selwyn Te Waihora Zone Priority Outcome G. Hillfed waterways support aquatic life 76 and
recreation77

4.6.1

Sub outcome G1: Popular swimming places meet contact
recreation standards

Key points

Zone committee narrative
Water quantity and quality at identified popular swimming places (e.g., Coes Ford,
Chamberlains Ford,) meets microbiological standards for contact recreation.
Swimming holes have a high degree of clarity and are free from algae
•
•
•
•

G1.1 - Periphyton in the Selwyn River - Coes Ford
G1.2 – Macrophytes in the Selwyn River - Coes Ford
G1.3 – Suitability for contact recreation – microbial quality
G1.4 – Recreational use

Likelihood of meeting outcomes
Table 48

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting popular swimming
places meeting contact recreation standards

Technical indicator

Periphyton in the Selwyn
River - Coes Ford
Macrophytes in the Selwyn
River - Coes Ford
Suitability
for
contact
recreation
–
microbial
quality
Recreational use
Overall sub outcome of
supporting
popular
swimming places meeting
contact
recreation
standards

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely

highly unlikely/no

Possibly

Probably

highly unlikely/no

Probably

Unlikely
Possibly

highly unlikely/no
Likely to decrease
from current

Possibly
Likely to increase
from current

Unlikely

Unlikely

Possibly

Summarised relevant information from technical and policy assessments
The Selwyn River at Coes Ford is likely to continue to meet the maximum macrophyte
cover threshold of 50 % under the Zone Committee Solutions Package. Under current
and baseline Scenario 1, the Selwyn River at Coes Ford is predicted to exceed the
algal cover threshold of 30 %. Under the Zone Committee Solutions Package there is
reduced risk of exceeding the algal cover threshold of 30 %, compared with baseline.
It will likely still exceed but less often. The reduced risk arises from shading effect from
riparian margins and reduction of in-stream phosphorus.

76

This indicator refers to the hill fed rivers in the upper catchment. The lower Selwyn, although a hill fed
stream has been grouped together with the lowland streams for assessment on health and aquatic life.
77
As there is no recreation sub outcome for the healthy lowland streams, swimming in the lower Selwyn
has been considered here.
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Table 48 shows
the likelihood of
scenarios
supporting
contact
recreation
standards at
swimming
places

Macrophyte
coverage is
currently below
50 % at Coes
Ford, and
predicted to
remain below
this threshold
under ZCSP
Periphyton
coverage
exceeds 30 %
currently as is
predicted to
exceed under
Scenario 1.
There is less risk
of exceedence
under ZCSP. It
will likely still
exceed but less
often
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Environment Canterbury’s summer contact recreational monitoring programme
currently grades the Selwyn at Coes Ford as poor for contact recreation. In contrast,
the Selwyn site at Chamberlains Ford (3-4 km upstream of Coes Ford) is graded as
good. No modelling has been undertaken on micro-organisms. However, management
of microbial contamination with the Zone Committee Solutions Package is based on:
•
•
•

Farm environment risk assessments and environment plans that consider
runoff
Planted riparian margins
Stock exclusion from streams and drains

Point sources, including those from urban areas in the vicinity would also need to be
tightly managed.

4.6.2

Sub outcome G2: Flows are sufficient to provide swimming at
popular swimming places

Key points
Negligible
change the
contact
recreation grade
is expected
provided farms
operate at good
practice and
point sources
are managed

Zone committee narrative
Catchment water flows adequate for swimming at identified popular swimming holes
Technical indicators:
• G2.1 – Annual and summer flows at Selwyn River - Coes Ford
Likelihood of meeting outcomes
Table 49

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting flows at popular
swimming places

Technical indicator

Annual and summer flows at
Selwyn River - Coes Ford
Overall sub outcome of
supporting flows at popular
swimming places

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely

Unlikely

Probably

Unlikely

Unlikely

Probably

Summarised relevant information from technical and policy assessments
Under the Zone Committee Solutions Package there would be significantly greater
flows than currently experienced, both overall, and in terms of low flows. In
comparison with baseline Scenario 1 and to a lesser extent current, improvements to
flows in the lower Selwyn River and reduced risk of nuisance plant and algal growth
under the Zone Committee Solutions Package could support an increase in swimming
and related contact recreation activities, as well as for picnicking and passive
activities. These activities could raise the profile of the fords as recreation reserves
close to the city and the growing settlements of the catchment.
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Table 49 shows
the likelihood of
scenarios
supporting
flows at popular
swimming spots

Increased flows
and low flows
are predicted in
the lower
Selwyn.
Swimming and
contact
recreation are
likely to improve
under ZCSP
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4.6.3

Sub outcome G3: Flows support aquatic life and fish passage

Zone committee narrative
Hill-fed wetland locations are maintained in a healthy ecological state, good upper
river flows (i.e., intermittency of river flow similar to that in the 1970s) and the upper
catchment water quality and quantity is sufficient to support abundant fauna e.g.,
birds, tuna, and other fish species native to the catchment, and trout.

Key points

Technical indicators:
• G3.1 - Overall flows plus low flows and minimum flows
• G3.2 - Periphyton and macrophyte for recreation, aesthetics and benthic
biodiversity
• G3.3 - Nitrate-N concentrations and nitrate-N toxicity
• G3.4 - Flow intermittency
• G3.5 - COMAR flow preference assessment
• G3.6 - Diversity and abundance of aquatic species including tuna, trout and
native fish in upper catchment
• G3.7. – Fishing activity in the upstream tributaries
Likelihood of meeting outcomes
Table 50

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting aquatic life and
fish passage

Technical indicator

Overall flows plus low flows
and minimum flows
Periphyton and macrophyte
for recreation, aesthetics
and benthic biodiversity
Nitrate-N
concentrations
and nitrate-N toxicity

Flow intermittency
Cultural assessment
Diversity and abundance of
aquatic species including
tuna, trout and native fish in
upper catchment
Fishing activity in the
upstream tributaries
OVERALL sub outcome
supporting aquatic life and
fish passage

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Possibly

Probably

Probably

Unlikely

Unlikely

Possibly

Probably

Probably

Possibly
Unlikely

Similar access to
upper catchment
overcurrent
Unlikely

Probably
Improved access
to
upper
catchment
over
current
Possibly

Unlikely

Unlikely

Possibly

Unlikely

Unlikely

Possibly

Possibly

Probably

Probably

Summarised relevant information from technical and policy assessments
No specific flow analysis has been undertaken in the hill fed streams in the upper
portion of the catchment, as there was not expected to be any significant change in
water use in the hill fed river catchments. No specific water quality modelling has been
undertaken as no change in land use in the hill area was assumed and the inclusion of
farm plans that must include consideration of soil, runoff and nutrient loss and the
fencing and planting of riparian margins.

Table 50 shows
the likelihood of
scenarios
supporting
aquatic life and
fish passage

No specific
modelling has
been
undertaken for
water quantity
and quality in
the upper hill
fed streams. No
significant
change in
quality is
expected as no
land use change
is assumed and
farm plans are
included in the
package

The Selwyn is a naturally intermittent river, so it is expected that there will be periods
of no flow. The diversity and abundance of resident aquatic species is predicted to
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change little in the upper hill-fed streams between current and the Zone Committee
Solutions Package. Populations of migratory fish, such as tuna and spawning runs of
brown trout to the upper Selwyn River are currently limited by the drying reaches on
the Selwyn River and its upper tributaries. In the Zone Committee Solutions Package
it is expected that these dry reaches will decrease meaning that more of the
catchment will be connected more of the time. However, sections of the Selwyn will
still be dry for significant periods of time, thus remaining as a barrier to fish passage.
From a whanau perspective, it is acknowledged that increased flows in the tributaries
may benefit the migrations of taonga species if the higher flows occur at the key
migration times (Tipa, 2014). It is unclear how much of the catchment will be barrier
free and in a condition that enables unimpeded passage (e.g. depth of flows and
intermittency). The Zone Committee Solutions Package is expected to bring a relative
improvement in overall aquatic conditions relative to current and baseline Scenario 1
with respect to cultural health.

Key points
The length and
duration of dry
reaches is
expected to
decrease under
ZCSP, however
the Selwyn will
remain an
intermittent
river and will
remain a barrier
to fish passage
From a whanau
perspective it is
acknowledged
that there are
increased flows
under ZCSP.
However it is
not certain that
this will
translate into
flows are key
times for key
species
A relative
improvement in
overall aquatic
condition over
current and
Scenario 1 is
expected,
although there
is residual
concern over
elevated nitrateN
concentrations
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4.7

Selwyn Te Waihora Zone Priority Outcome I.
Enhanced indigenous biodiversity across the Zone

4.7.1

Sub outcome I: The wetlands of Te Waihora are enhanced 78

Zone committee narrative
Native flora, fauna and water quality and quantity of wetlands on the plains of the
Selwyn Waihora catchment are increased or enhanced. Community awareness and
knowledge regarding ecological systems is increased and public values regarding
protection and preservation of natural resources are enhanced and normalised.
Increased numbers of catchment community members participate in ecological
restoration, preservation or protection activities
Technical indicators:
• I1.1 - Base flow at springs increase or decrease
• I1.2 - Lake level, opening and closing regime

Key points

Table 51 shows
the likelihood of
scenarios
supporting
enhanced
wetlands of Te
Waihora

Likelihood of meeting outcomes
Table 51

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting enhancement of Te
Waihora wetlands

Technical indicator

Base flow at springs increase
or decrease
Lake level, opening and
closing regime
Overall
sub
outcome
supporting
enhanced
wetlands of Te Waihora

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?
Unlikely

Possibly

Probably

Unlikely

Unlikely

Probably

Unlikely

Unlikely

Probably

Summarised relevant information from technical and policy assessments
Under the Zone Committee Solutions Package there would be significantly more flows
in the catchment compared with actual experienced flows over the past 5-10 years,
giving higher baseflow in springs. Included in the package are the retirement of some
springhead areas to promote restoration of wetland function and biodiversity. There is
also restoration and protection of lake margins and wetland through fencing,
replanting, site specific restoration and lake level management. These efforts will be
supported by the reduce lake trophic level index from current and baseline Scenario 1.
The extent of wetland expansion will be limited by the drainage network.

78

An increase in
catchment flows
under ZCSP
provides an
opportunity to
restore some
wetland
habitats,
although the
extent will be
limited by the
drainage
network
Negligible
change in the
extent of
fringing
wetlands is
expected as a
direct result of
any scenario as
it is driven
mostly by the
level of physical
restoration
effort. Under
ZCSP,
restoration
efforts are
included

The technical indicators refer to lake marginal wetlands
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4.7.2

Sub outcome: No further loss of indigenous biodiversity habitat
and ecosystems

Zone committee narrative
Increased area in catchment with a full range of indigenous species and vegetation.
Increased abundance of indigenous flora (e.g., kahikatea, harakeke, pikao (pingao)
grass, muehlenbeckia, kowhai, totara, kawakawa) and fauna in the catchment (e.g.,
bird life, frogs, fish, skinks geckoes) especially chronically or acutely threatened
species, such as, the Canterbury gecko and the spotted skink, respectively, in areas
of high biodiversity value like the Kaitorete Spit.
No technical indicators in limit setting process
Table 52

Likelihood of indicators under current, baseline Scenario 1 and the
Zone Committee Solutions Package supporting indigenous
biodiversity, habitats and ecosystems

Technical indicator

Current

Scenario 1

Zone Committee
Solutions Package
Does the indicator for each scenario support priority sub
outcome?

Overall sub outcome of
supporting
indigenous
biodiversity, habitats and
ecosystems

Unlikely

Unlikely

Probably

Summarised relevant information from technical and policy assessments
Predicting effects on biodiversity is challenging and carries a high degree of
uncertainty.
For the lake, our best estimate is that nutrient loads and flows and lake restoration
under the Zone Committee Solutions Package represent a shift in a positive direction
79
for biodiversity. In terms of species diversity the aquatic animal species currently
present are likely to continue to dominate in the still very enriched mid-lake conditions.
However, wetland and macrophyte bed restoration constitutes greater plant species
diversity than is currently the case and provides greater diversity of habitat for
invertebrates and fish.
Compared with current and baseline Scenario 1, other positive aspects of the Zone
Committee Solution Package for biodiversity include more frequent lake openings
(benefiting fish migrations) and reduced; i) cyanobacteria blooms and toxin production
by certain cyanobacteria, ii) dissolved oxygen fluctuations, iii) nitrate toxicity
(compared to baseline Scenario 1 only), and iv) periods with low lake levels and high
water temperatures.
Improved aquatic habitat and species health in the lake is positive for the food chain
and could positively impact birds in a way that cannot readily be predicted. Improved
management of minimum lake levels is also generally positive for birds. However
there is a risk that reduced saline intrusion during lake openings could alter the
zonation patterns of saltmarsh vegetation and if areas of low stature vegetation
decreased this would be negative for wading birds. This risk could be managed by
allowing some saline intrusion at the opening structure to achieve a monitoringinformed balance between the negative and positive effects of saline intrusion.

Key points

Table 52 shows
the likelihood of
scenarios
supporting
indigenous
biodiversity
habitat and
ecosystems
Negligible
change in
species diversity
is expected
under ZCSP as
the lake is
already nutrient
enriched and
the species
found there are
accustomed to
it.
However ZCSP
represents a
shift in an
ecologically
positive
direction
compared with
Scenario 1
Reduced saline
intrusion as a
consequence of
the improved
lake level
management
could alter the
patterns of
saltmarsh
vegetation
around the lake

79

Note that species diversity (the list of species present) is one important aspect of biodiversity. The
term biodiversity also encompasses considerations of the diversity and quality of habitat for the species
present, as well as species health and effective ecosystem function and processes.
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For the rest of the catchment, current levels of indigenous biodiversity are dependent
upon the diversity of suitable habitats; streams, springs, groundwater, wetland and
terrestrial, and the degree of ecological connectivity between them. The restoration of
springhead wetland areas, the protection and planting of riparian margins and the
targeted removal of sediment will have positive effects on biodiversity.
The elevated nitrate concentrations in upwelling groundwater may remain an issue for
sensitive taxa.

4.7.3

Sub outcome:
protected

Significant

upper

catchment

wetlands

are

Zone committee narrative
Increased number of protected significant natural areas and increased area of high
country wetlands under protection in the upper Selwyn Waihora catchment. Fencing is
increasingly used to protect significant natural areas and invasive species (e.g.,
willow) are reduced in number

Key points
Local habitat
restoration and
riparian
planting,
cessation of
sediment inputs
and prevention
of stock access
can help
prevent further
losses of
biodiversity

No technical indicators in limit setting process
Summarised relevant information from technical and policy assessments
The protection of upper catchment wetlands is likely to be improved under the Zone
Committee Solutions Package through:
•
•
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Fencing and planting of riparian areas in the upper catchment
Farm plans that require locating and reporting wetland areas on farm,
assessment of risks to those areas and adoption of practices that protection of
wetland and riparian margins

The protection
of high country
wetlands may
improve under
ZCSP

Environment Canterbury Technical Report

Selwyn Waihora limit setting: Overview report

5

References

Bidwell, V., Lilburne, L., Thorley, M., Scott, D., 2009. Nitrate discharge to groundwater from
agricultural land use: an initial assessment for the Canterbury Plains.
Brown, I. et al., 2011. Nutrient Management in Hurunui: A Case Study in Identifying Options and
Opportunities.
Burrell, G., 2011. Te Waihora/Lake Ellesmere Catchment: Ecological Values and Flow Requirements,
Golders.
Cameron, K.C. et al., 2002. Fate of nitrogen in dairy factory effluent irrigated onto land. New Zealand
Journal of Agricultural Research, 45(3): 207-216.
Clark, D.A., 2014. Technical report to support water quality and water quantity limit setting process in
Selwyn Waihora catchment. Predicting consequences of future scenarios: Surface water
quantity
EnvironmentCanterbury, 2012. The preferred approach for managing the cumulative effects of land
use on water quality in the Canterbury Region: a working paper. ECan report R12/23
Gibbs, M., Norton, N., 2013. Te Waihora/Lake Ellesmere: Water quality remediation and ecosystem
restoration opportunities. CHC2012-138, NIWA report prepared for Environment Canterbury.
Golders, 2014. Technical report to support water quality and water quantity limit setting process in
Selwyn Waihora catchment. Predicting consequences of future scenarios: Ecology
Hanson, C., 2012. LUWQ - target nitrate concentrations in groundwater. Inernal memorandum to M
Robson. C13C/84530.
Hanson, C., 2014. Technical report to support water quality and water quantity limit setting process in
Selwyn Waihora catchment. Predicting consequences of future scenarios. Groundwater
quality, Environment Canterbury.
Harris Consulting., A.R., Agribusiness Group., Butcher Partners., 2010. Economic Modeling: A Tool to
Assist evaluation of the Canterbury Water Management Strategy and Trial Scenario 1
Assessment. Contract report prepared for Environment Canterbury.
Harris, S., 2014. Technical report to support water quality and water quantity limit setting process in
Selwyn Waihora catchment. Predicting consequences of future scenarios : Economic Impact
Assessment
Hickey, C., 2013. Updated nitrate toxicity effects on freshwater aquatic species. NIWA client report No.
HAM2013-009. Prepared for Ministry of Business, Innovation and Employment.
Hickey, C., Martin, M., 2009. A review of nitrate toxicity to freshwater aquatic species. Prepared for
Environment Canterbury. R09/57.
Hill, Z., Lilburne, L., , 2014. Technical memorandum to support Water Quality and Water Quantity
Limit Setting Process in Selwyn Waihora Catchment: Predicting Consequences of Future
Scenarios - GIS modelling
Hill, Z., Lilburne, L., Elley, R., Ford, R., Pairman, D.,, 2012. Preparation of a GIS based land use map
for the Canterbury Region. R12/119, Environment Canterbury.
Howard, S., Romera, A., Doole, G, 2013. Selwyn Waihora nitrogen loss reduction and allocation
systems.
Hughey, K., . Taylor, K, J, W,. (Editor), 2007. Te Waihora/Lake Ellesmere State of the Lake and
Furure Management.
Kelly, D., 2014. Technical report to support water quality and water quantity limit setting process in
Selwyn Waihora catchment. Predicting consequences of future scenarios: Surface water
quality Environment Canterbury.
Leftley, D., 2012. Review of climate change modelling for Selwyn/Te Waihora plan.
Lilburne, L., Webb, T., Ford, R. and Bidwell, V., 2010. Estimating nitrate-nitrogen leaching rates under
rural land uses in Canterbury. R10/127, report prepared for Environment Canterbury.
Lilburne, L., Webb, T., Robson, M., Watkins, N., 2013. Estimating nitrate-nitrogen leaching rates under
rural land uses in Canterbury (updated).
Norton, N., Horrell, G., Allan, M., Hamilton, D., Sutherland, D., Meredith, A., 2014. Technical report to
support water quality and water quantity limit setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios: Te Waihora/Lake Ellesmere
Scott, D. and Weir, J., 2014. Technical report to support water quality and water quantity limit setting
process in Selwyn Waihora catchment. Predicting consequences of future scenarios.
Groundwater quantity.
SWZC, S.W.Z.C., 2012. Selwyn Waihora Zone Implementation Programme.

Environment Canterbury Technical Report

110

Selwyn Waihora limit setting: Overview report

Taylor, N., McClintock, W., Mackay, M, 2014. Technical report to support water quality and water
quantity limit setting process in Selwyn Waihora catchment. Predicting consequences of future
scenarios: Social Impact Assessment, . .
Tipa, G., 2013. CULTURAL VALUES, FLOW & WATER MANAGEMENT ISSUES FOR THE
WAIKIRIKIRI / SELWYN - TE WAIHORA CATCHMENTS, Tipa and Associates.
Tipa, G., 2014. Technical report to support water quality and water quantity limit setting process in
Selwyn Waihora catchment. Predicting consequences of future scenarios: Cultural Impact
Assessment.
Trolle, D., Hamilton, D.P., Pilditch, C.A., Duggan, I.C., Jeppersen, E., 2011. Predicting the effects of cl
imate change on trophic s tatus of three morphologically varying lakes: Impl ications for lake
restoration and management. Environmental Modelling and Software, 26(4): 354-370.
Webb, T., Hewitt, A., Lilburne, L., McLeod, M. and Close, M., 2010. Mapping of vulnerability of nitrate
and phosphorus leaching, microbial bypass flow, and soil runoff potential for two areas of
Canterbury. R10/125, report prepared for Environment Canterbury by Landcare Reseach and
Environmental Science and Research.
Williams, H., 2014. Integrated Surface water and Groundwater Management – Preferred Approach
Selwyn - Waihora sub-regional section of the proposed Land & Water Regional Plan.
Elemental Geoconsulting Technical Report: E14/01.

111

Environment Canterbury Technical Report

Environment Canterbury Technical Report

Appendix 1 Selwyn Waihora Priority outcomes and sub-outcomes and technical
indicators
Selwyn-Waihora Zone Committee Priority Outcomes

Priority sub outcomes

Sustainable and productive land use

Technical indicators
•
•
•
•
•
•

Energy security is increased

•
•
•
•
•
•
•

Customary and commercial fisheries are improved

•

•
a. Thriving communities and sustainable economies

•

•
Secure water supply to provide a target of 95% •
reliability for irrigation
•
•
•

Thriving sustainable community

•
•
•
•
•
•
•
•
•

b. High quality and secure supplies of drinking water

d. Kaitiakitanga is integrated into water management in
the zone

A2.1 - Amount of stored water in catchment
available for power generation and or irrigation
A2.2 - Volume of surface water vs. groundwater
sourced irrigation
A2.3 - Area of irrigation in catchment
A3.1 - Trophic Lake Index (TLI)
A3.2 - Phytoplankton blooms
A3.3 - Lake level and opening/closing regime
A3.4 - Satisfaction that seasonal runs and
migrations of taonga species observed
A3.5 - Iwi satisfaction quantity, catch effort and
condition of kai/cultural materials collected of
species, age and seasonality, gathering consistent
with tikanga etc
A3.6 - Overall flows plus low flows and minimum
flows. Flow intermittency and proportion of river
length accessible from the sea for migratory fish
species with a marine phase
A3.7 - Periphyton and macrophyte for recreation,
aesthetics and benthic biodiversity
A3.8 - Nitrate-N concentrations and nitrate-N
toxicity
A3.9 - Cultural assessment
A3.10 – Economic valuation for commercial fishery
A4.1 - Amount of stored water in catchment
available for power generation and or irrigation
A4.2 - Volume of surface water vs. groundwater
sourced irrigation
A4.3 - Proportion of irrigation at 95% reliability
A5.1 – On farm economic impacts including
revenue, farm working expenses, variable
expenses and cash farm surplus
A5.2 – Regional economic impacts including GDP,
earned household income, rates and taxes
A5.3 – On farm and regional employment
A5.4 - Median household income
A5.5 - Unemployment
A5.6 - Population in Selwyn Waihora catchment
A5.7 - Services including health, infrastructure and
education. Social connectedness
A5.8 - Housing (housing affordability, rent to
income ratio)
A5.9 - Trust (level of trust in policy makers and
other actors involved in policy process)
A5.10 - Safety and security (crime rates,
perceptions of safety)

All domestic drinking water meets national •
standards preferably without treatment
•
•
•

B1.1
Average
groundwater
nitrate-N
concentrations in comparison with ½ Maximum
Allowable Value (MAV)
B1.2- Exceedences of MAV
B1.3 - Bacterial contamination of groundwater
B1.4 - Nitrate-N concentrations in surface waters
B1.5 – Cost of deepening wells

•
Wahi tapu and mahinga kai are respected, •
understood, protected and enhanced

D1.1 - Customary fish stocks
D1.2 - Cultural assessment of Mahinga kai and
Wahi Tapu sites

•

E1.1 - Overall flows plus low flows and minimum
flows
E1.2 - Periphyton and macrophyte for recreation,
aesthetics and benthic biodiversity
E1.3 - Nitrate-N concentrations and nitrate-N
toxicity
E1.4 - Diversity and abundance of aquatic species
E1.5 - Cultural assessment

•
Water quality, flows and habitat supports increased
•
abundance and diversity of aquatic life
•
•
e. Healthy lowland streams

•

•
•

E2.1 - Customary fish stocks including tuna and
whitebait.
E2.2 - Stream beds are safe and accessible without
deep sediment beds, or nuisance algal mats.
E2.3 - Ecological impact of changes in flows
E2.4 - Cultural assessment

Nutrient inflows decline over time to acceptable •
levels

E3.1 - Modelled spring fed stream nitrate-N
concentrations decreasing from current

Safe and plentiful food gathering is available

•
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•
•

A1.1 - Farm ownership, types and size of holding
A1.2 - Average age of farmers
A1.3 - Qualifications of farmers and involvement in
agricultural extension activities
A1.4 – On farm economic impacts
A1.5 - Number of farmers and farm workers
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Priority sub outcomes

Technical indicators
•

E3.2 - Nutrient levels decline
macrophyte and periphyton targets

•

F1.1 - Water clarity and colour in Te Waihora/Lake
Ellesmere
F1.2 - Macrophyte beds
F1.3 - Trophic Lake Index (TLI)
F1.4 - Phytoplankton blooms

There are healthy macrophyte beds and water •
clarity is improved
•
•
•
•
•
Fish recruitment and food gathering on and around
•
the lake is improved
•
•
f. Te Waihora is a healthy ecosystem

•
•
•
Nutrient inflows decline over time to acceptable
•
levels
•
•

Recreation opportunities are improved

•
•
•
•
•

Popular swimming places meet contact recreation
•
standards
•
Flows are sufficient to provide swimming at popular
swimming places
g. Hill-fed waterways support aquatic life and recreation

F3.1 - Nutrient loads entering the lake
F3.2 - Trophic Lake Index (TLI)
F3.3 - Phytoplankton blooms
F3.4 - Lake nitrate-N concentrations
F3.5 - Water safe for contact recreation
F3.6 - Watercress safe to eat
F4.1 - Tropic Lake Index (TLI)
F4.2 - Phytoplankton blooms
F4.3 - Water safe for contact recreation
F4.4 - Recreational fish populations trout, eel,
flounder and whitebait
F4.5 – Other recreational uses on or around the
lake
G1.1 - Periphyton in the Selwyn River - Coes Ford
G1.2 – Macrophytes in the Selwyn River - Coes
Ford
G1.3 – Suitability for contact recreation – microbial
quality
G1.4 – Recreational use
G2.1 – Annual and summer flows at Selwyn River Coes Ford

•

G3.1 - Overall flows plus low flows and minimum
flows
G3.2 - Periphyton and macrophyte for recreation,
aesthetics and benthic biodiversity
G3.3 - Nitrate-N concentrations and nitrate-N
toxicity
G3.4 - Flow intermittency
G3.5 - COMAR flow preference assessment
G3.6 - Diversity and abundance of aquatic species
including tuna, trout and native fish in upper
catchment
G3.7. – Fishing activity in the upstream tributaries

•
•
•
•
•

i. Enhanced indigenous biodiversity across the Zone

F2.1 - Water clarity and colour in Te Waihora/Lake
Ellesmere
F2.2 - Macrophyte beds
F2.3 - Trophic Lake Index (TLI)
F2.4 - Phytoplankton blooms
F2.5 - Lake level and opening/closing regime;
impact on fish passage and recruitment
F2.6 - Customary and commercial fish populations

•

•

Flows support aquatic life and fish passage

deliver

•
Wetlands associated with hill fed river flows are
•
protected and restored

I1.1 - Base flow at springs increase or decrease
I1.2 - Lake level, opening and closing regime

The wetlands of Te Waihora are enhanced
No further loss of indigenous biodiversity habitat
and ecosystems

None. Qualitative assessment made
None. Qualitative assessment made
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6.
7.
8.
9.
10.
11.
12.
13.
14.
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Assumptions across all scenarios
Assessments will be made on the best available information at the time of assessment
All models use same time series for climate data 1986-2011 (groundwater model used a calibration period from 1972 to 1986)
Scenarios are of a fixed land use
In groundwater quantity model it is assumed that irrigation, and therefore water take, meets demand and is based on pasture. The exception is the Zone
Committee Solutions Package, where the allocation limit is modelled and supply may be restricted
No additional allocation of surface water and groundwater beyond what is proposed in the scenarios/Solution Packages
The quickflow aspect of stream flows will remain constant throughout scenarios. Only the baseflow proportion, as determined from the groundwater
model will change
For the purpose of setting limits, farm and catchment mitigations assume current mitigation and technology knowledge.
80
81
Nitrogen losses are based on the N lookup table for the plains area and the NIWA CLUES model in the hill country (>15 slope)
82
Denitrification within the soil column are already included in the Look up Table
The leaching losses in the Lookup Tables is assumed to include good practice around nutrient and irrigation management. For the purpose of this process
83
this good practice has been specified to covers: use of nutrient budgets, application of fertiliser according to code of practice, stock exclusion , efficient
84
irrigation application (80 % application efficiency ), compliant effluent systems
85
Indicative % nitrogen loss reductions between good management practices (specified in 8) and maximum feasible mitigation will be derived from on
farm analysis, current scientific research and information prepared for other catchments.
As phosphorus loss from land and pathway for this catchment can’t be adequately characterised in the available time, assumptions will be made as inputs
to scenarios.
District council information will be used to inform size and location of future urbanisation and population growth
The full extent of consented (although not necessarily operative) capacity in sewerage treatment works has been used through all scenarios

114

The N look up table does not represent actual loss from individual farms but is best available complete source of estimated losses from different land uses on flat land in Canterbury
conditions and can be used to indicate relative changes in N loss and drainage from changes in land use at a catchment scale. The development of the Lookup Table involved modelling and
expert caucusing to estimate nitrate leaching under rural land uses on flat land in Canterbury (Lilburne et al., 2010). When subsequent Overseer version was released in 2012, the pastoral
farms in this table were remodeled. This Lookup Table patch (Lilburne et al., 2013) was used in the assessment of the Zone Committee Solutions Package as it was considered a better source
of information
81
Catchment Land Use for Environmental Sustainability (CLUES). CLUES is a modelling system to assess the effects of land use change on water quality and socio-economic factors at a regional
and national scale. It was a collaboration between MFE, MAF, NIWA, AgResearch, Lincoln Ventures, Plant and Food Research, Landcare Research and Harris Consulting.
82
Denitrification is the transformation of the water soluble nitrate form into a gaseous form of nitrogen and is a permanent removal of nitrate from the water
83
NRRP rules relating to stock access to waterways are enforced
84
Policy WQN16 - Reasonable and efficient use of water. This policy gives particular attention to improving the overall efficiency of water allocated and used for irrigation purposes. Policy
WQN16(2) requires that any take for irrigation use meets a reasonable use test and sets a target irrigation application efficiency level of 80%.
85
Advanced mitigations are management practices or technologies that go beyond the good practices detailed in 10 e.g. feed pads, planted riparian margins.
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Scenario

Scenario components and assumptions

Baseline ( Scenario 1)
This scenario is based on current (2011) land use and explores the impact of current
land use on water quality and quantity.
The outputs of the baseline models are not expected to be the same as current
measured data due to lag times in catchment

Land use: current (2011) based on AGRIBASE information
Current stream phosphorus concentrations
Revision made in 2013 to AGRIBASE reported dairy support land to bring
into line with 0.55 :1 ratio dairy support: dairy platform (Howard, 2013)

86
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Environment Canterbury. Methodology outlined in
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•
•
•
-

-

-
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88

Selwyn Waihora Zone Implementation Programme 2011
Sufficient storage is available (within or outside zone)

88

Surface water is available for 60,000 ha of irrigation. This
comprises 30,000 ha of new irrigation and 30,000 ha replacement
of existing groundwater consents in a command area between the
Rakaia and Waimakariri Rivers
Land use breakdown on new irrigation detailed in Appendix 5:
40% dairy
40% arable
20% other pasture (1/3 dairy support, 2/3 beef and sheep)
Location of land use change is unknown therefore a GIS tool for
randomly selecting land was used, Appendix 9.
Limited intensification assumed across rest of catchment in
Appendix 5:
Reliability of supply of new water is 95%
Where reliable surface water is supplied (≥ 95 %), existing
groundwater consents within the command area will no longer be
used and cannot be transferred
Water demand for remaining groundwater consents on plains will
be fully met by groundwater
Creation of a separate little Rakaia with no transfers in or out of the
zone
The storage required for the supply of sufficient water for 60,000 ha
of irrigation, if it is located within the catchment, will not affect the
hydrology of the lowland streams or Te Waihora.
A sensitivity analysis was done based on 0, 10 and 25 % increase
from current dissolved reactive phosphorus concentrations in the
lowland streams.
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87

ZIP water supply future (Scenario 2)
This scenario is based on a surface water supply providing for 60,000 ha of irrigation.
This will comprise 30,000 ha of new irrigation on the plains and also replacement of
approximately 30,000 ha groundwater sourced irrigation with surface water. The
scenario recognises that other enterprises and land uses in the catchment will also
intensify

117

Scenario 3
This scenario is based on achieving the specified environmental outcome of a Trophic
89
Level Index (TLI) of 6.0 in the lake.
Unlike the development scenarios this is a bottom up approach where the lake model
was used to set a threshold nutrient load that delivered a TLI of 6.0 in the mid-lake,
then adjust land use to meet that load. Early in the scenario development it became
evident that the lake TLI target could not be delivered by the incoming loads alone, and
that a mechanism to deal with the legacy issue of phosphorus in the lake would be
required

-

•

•
•
•
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•
-

-
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A TLI of 6.0 was also the default Natural Resources Regional Plan (NRRP) target for the lake.
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•

DYRESM-CAEDYM used to generated threshold nutrient loads to
deliver a mid-lake TLI of 6.0
The internal or legacy phosphorus in Te Waihora/Lake Ellesmere is
reduced by 50 % by P inactivation treatment applied in the streams
and carried out to the lake
The in-stream concentrations are reduced by 50% from current
through a combination of:
Farm environment plans required to consider soils, runoff, stock,
effluent, wetlands, and waterbodies
Targeted in stream sediment removal to reduce legacy sediment
and phosphorus in the lower reach of streams
Retirement of wet land areas around springheads and fencing of
these areas
Stock exclusion from streams and drains
Retirement, planting and active management of riparian buffer
areas across significant stretches of streams and main drains
Application of lake P inactivation treatment in streams
Lake level opening and control are improved
Maximum feasible mitigations (Appendix 6) are applied to current
land use mix (2011)
Where mitigation measures have not been sufficient to deliver the
required nutrient loss, the land use change is required
Land use configuration was generated by an economic optimisation
model that optimised land use mix for highest net return from the
catchment, with a constrained degree of change to maintain a
balance across enterprises that currently exist in the catchment
Appendix 3
Forestry could not be used due to the negative impact on flows and
therefore an extremely low intensity, nil profit dryland sheep
operation was assumed with same leaching losses as forestry.

-

-

90

Surface water is available for 60,000 ha of irrigation. This
comprises 30,000 ha of new irrigation and 30,000 ha replacement of
existing groundwater consents in a command area between the
Rakaia and Waimakariri Rivers
Land use breakdown on new irrigation detailed in Appendix 5:
•
•
•

-

-

-

-

118

90

Sufficient storage is available (within or outside zone)

40% dairy
40% arable
20% other pasture (1/3 dairy support, 2/3 intensive sheep)

Limited intensification assumed across rest of catchment, Appendix
5
On farm maximum feasible mitigations (Appendix 6) are applied to
Scenario 2 land use mix (2011)
Reliability of supply of new water is 95%
Where reliable surface water is supplied (≥ 95 %), existing
groundwater consents within the command area will no longer be
used and cannot be transferred
Water demand for remaining groundwater consents on plains will
be fully met by groundwater
Creation of a separate little Rakaia with no transfers in or out of the
zone
The storage required for the supply of sufficient water for 60,000 ha
of irrigation, if it is located within the catchment, will not affect the
hydrology of the lowland streams or Te Waihora.
The internal or legacy phosphorus is reduced by 50 % by P
inactivation treatment applied in the streams and carried out to the
lake
Lake level opening and control are improved
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Scenario 2+ bolt ons
Scenario 2+ is the combination of the development in Scenario 2 combined with the
advance on farm mitigations and some lake interventions modelled in Scenario 3.
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Appendix 3 Memorandum on Linear Optimisation model
used for Scenario 3
MEMO
2 April 2012
Simon Harris
Subject: Scenario 3 land use mix
Background
The Selwyn Te Waihora (STW) group is attempting to set limits for water quality and quantity in the
STW catchment. One scenario that they wish to consider is the achievement of a TLI of 6. The
proposed action associated with this is a reduction in nutrient losses from agricultural land use in the
catchment of 50%.
In order to model such a scenario there will need to be a reduction in nutrient losses from each land
use, and in addition a change in land use to a mix that overall reduces the losses from the catchment.
This memo records the way in which the mix of land uses was defined for this catchment.
Model

•
•
•
•
•
•
•

The base scenario was established by running a linear optimisation model. This was set up
in Excel, and had the following constraints.
Land area by soil type was constrained to equal current totals.
Nitrate losses <= 50% of estimated current losses.
Dairy support = 40% of dairy milking platform wintering off 91, based on current ratios.
Arable, Irrigated sheep and beef and dryland sheep and beef maintained at 20% of their
current levels.
Minor land uses (unproductive, horticulture, vegetable, pigs and lifestyle) were maintained
at their current levels.
Irrigation on a soil type was constrained to the maximum of its current irrigated area plus
any CPW command area in the soil type. On a total catchment basis irrigation was
constrained to a maximum of the current irrigation plus 15,000 ha of new irrigation with
CPW. In practice irrigation constraints were not binding.

An attempt was made to constrain irrigated land use to the current plus 15,000 ha to simulate the
introduction of CPW. It was found that the model either would not solve, or solved at lower profits if
the irrigation was required to be set at the maximum potential irrigated area. It was found that the
actual irrigated area could be substantially lower than current if nitrate reductions were to be achieved
while maximising profit.

Objective function: the model was set to maximise profit for the plains catchment subject to the
above constraints.
Assumptions
The nitrate losses per land use were estimated from the Lookup table (Lilburne et al., 2010) supplied
by ECan. Because the losses from poorly drained land were very low, the model tended to send all
dairy operations to these categories which included these land types (Medium and Heavy). For this
reason the nitrate losses for these soil types were changed to reflect those in the Word table rather
than the supplied
Table 53

91

N Loss estimates and potential mitigation by land use

In practice the model would not solve with this constraint, so the dairy support numbers were adjusted ex post
to ensure this 40% ratio was maintained.
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Land use
Arable irrigated
Arable dry
DaiMilk 3
DaiMilk 4
DaiMilk 5
DaiSup
DaiSupDry
Forestry
Intensive irrigated Sheep and
beef and deer
Intensive dryland sheep and
beef
Permanent Horticulture
Vegetables
Lifestyle, pigs etc
Other unproductive

Very low
(kgN/ha)
22.9
22.4
45.9
45.9
52.9
57.3
24.2
1.0

Low
(kgN/ha)
21.1
22.6
29.8
29.8
34.3
37.2
19.8
1.3

Med
(kgN/ha)
18.1
21.6
23.0
19.0
26.0
28.0
16.0
1.0

High
(kgN/ha)
18.0
18.0
23.0
23.0
26.0
28.0
16.0
0.6

% N reduction
with maximum
feasible
mitigation
0.30
0.35
0.45
0.35
0.35
0.25
0.25
0

36.5

23.7

18.0

18.0

0.1

14.0
8.2
26.4
21.7
0.0

11.5
11.6
13.4
19.0
0.0

10.0
7.1
8.8
10.3
0.0

10.0
7.8
6.3
13.1
0.0

0.1
0.1
0.2
0.1
0

Profit per land use was included as a gross estimate as per the main economic model. This was
adjusted downwards by $200/ha to allow for mitigation to approximate the assumptions from the
Hurunui catchment– this will be updated once detailed modelling per land use is available.
It is unlikely to substantially alter the outcomes however.
Results

•

•
•

The table attached sets out the estimated land use to achieve a 50% reduction. The land
uses tend to be pushed to dairying and forestry, with the other land uses constrained to
their minimum values. This land use mix produces approximately 90%-100% of the profit of
the current scenario, depending on the level of profit included for forestry. If an ETS charge
were included for forestry, the profit would be higher than for forestry.
The results are very sensitive to the starting point, and required several trial starting points
before it would achieve an optimised solution.
The “realism” of this scenario is questionable, since the decision to place trees on a property
limits future options, and large scale transfer into trees is likely to be resisted. However the
alternative scenarios – say retention of low intensity sheep and beef operations – will result
in lower net profits and other economic outcomes. It is also unclear the extent to which this
could achieve the desired nutrient loss outcomes.

Table 54

Soil type:
Arable irrigated
Arable dry
DaiMilk 3
DaiMilk 4
DaiMilk 5
DaiSup
DaiSupDry

Draft scenario 3 land use

X low (ha)

Low (ha)

Medium (ha)

High (ha)

Total (ha)

-

720
-

23,406
9,361
-

5,822
16,995
6,797
-

6,543
40,402
16,159
-
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Forestry
Intensive irrigated Sheep and
beef and deer
Intensive dryland sheep and
beef
Permanent Horticulture
Vegetables
Lifestyle, pigs etc
Other unproductive
Total
Irrigated area

121

30,218

71,901

-

9,441

111,561

-

-

8,014

-

8,014

51
22
1,699
2,801
34,793
74

184
175
6,472
1,170
80,624
1,080

152
152
3,217
660
44,963
41,086

13,270
253
364
5,436
876
59,256
30,232

13,270
641
713
16,825
5,508
219,636
72,472
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Appendix 4 Solution Package 1 and Zone Committee
Solutions Package assumptions
The Solutions Packages are much more comprehensive than the exploratory scenarios, containing regulatory
and non-regulatory measures as well as planning and policy measures. The first Solutions Package was
developed in early 2012, and the Zone Committee Solutions Package was developed in mid-late 2013. In this
interim period, additional or updated source information became available.
All the individual aspects of the Solutions Packages are described below.

Solution Package 1 for Selwyn Waihora (as presented August 2012)
Catchment

New irrigation
Approximately 30,000 ha of new irrigation from surface water sourced from the Rakaia and Waimakariri
92
Rivers within the Central Plains Water (CPW) command area, Figure 21.
Replacement of irrigation water source
Approximately 30,000 ha of current irrigation sourced from groundwater would be replaced by surface water
sourced from the Rakaia and Waimakariri Rivers. Replacement would take place within CPW command area,
Figure 21.
For the full realisation of the 60,000 ha of new and replacement irrigation in the zone, run of river plus some
water storage will be required. The details of the storage options are influenced by the Rakaia Water
Conservation Order, Environment Canterbury’s regional infrastructure work and technical, cultural,
environmental and financial feasibility of options within the Selwyn Waihora catchment.
Managed Aquifer Recharge
Managed aquifer recharge is one form of flow augmentation, intended to increase the flows in the spring fed
3
lowland streams. Initial modelling was of 8 m /s of low nutrient water infiltrated to groundwater across the
top of the plains, Figure 22. Infiltration would take place from May through September. Infiltration could take
3
place through infiltration along the header canal and purpose built soak away basins. The 8 m /s applied in
the 5 winter months is estimated to be the difference between Scenario 1 (baseline) and naturalised flows
across the catchment over the remainder of the year. There would be further modelling work to assess a range
of options for infiltration amounts, mechanisms and locations. Considerable further consultation and work
including cultural feasibility, would need to be conducted before this solution was considered feasible.

92

Consistent with the recently issued consents
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Figure 21

Central Plains Water command area. Source URS

Figure 22

Location of infiltration for MAR (Source: Golders, 2012)

Lake

Some lake interventions explored here would involve disturbance of, or application of a substance onto Ngai
Tahu property. These options therefore need to discussed and worked through with the Te Waihora
Management Board, to test for cultural feasibility and to ascertain whether they could be supported by the
landowner of the lakebed. These discussions have only just started.
Restoration of macrophytes
Te Waihora used to support extensive beds of macrophytes along the lake margins, although these naturally
fluctuated in their extent. Re-establishment of these macrophyte beds would provide a degree of shelter,
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improved water clarity and habitat benefits that would contribute to biodiversity, recreational and cultural
benefits. The Whakaora Te Waihora programme has included the trial establishment of macrophytes in some
areas around the lake. If successful, additional funding would be required for extending the programme to the
restoration level assumed for the Solution Package. Re-establishing macrophyte beds would be a key measure
of success for restoring the lake ecosystem back to a state akin to that which existed prior to “flipping” to its
current nutrient-enriched, algae-dominated state. The lake interventions listed below (i.e. minimum level
control, P-inactivation, islands and floating wetlands, and margin restoration) are all part of a package
designed to maximise the chance of successful macrophyte re-establishment along with other benefits.
Permanent structure that allows lake level control
A structure is assumed to provide the ability to control lake level. No decision has been made on where or
what that structure should be nor on the ideal height. Further discussion and work need to occur with the Te
Waihora Management Board with respect to the suitability of a lake level management structure and/or a
permanent lake opening to the sea.
P inactivation treatment
A phosphorus inactivation treatment (such as alum) is assumed in this Solution Package. It would be applied to
lowland streams that flow into the lake. This would result in the deposition of the precipitate from this
treatment (i.e., alum bound P) onto the lake bed, which is Ngai Tahu property. Considerable further
consultation and work would need to be conducted on this option and it would need the support of the
landowner of the lake bed.
Actively managed lake margin wetland restoration
The active management of the lake margin involves the restriction of stock from accessing the lake margin and
93
the planting and maintenance of margin vegetation. The Whakaora Te Waihora (WTW) programme includes
creating a buffer around the lake that will include fencing, protection and covenanting as well as specific
94
restoration of 11 lake shore sites for ecological and cultural values . No additional work is assumed on top of
WTW for this element of the Solution Package.
Floating wetlands
Floating wetlands are artificial islands created near the lake shores to improve water quality including clarity,
shelter for the lake margin and associated restoration planting, and other habitat benefits. The Whakaora Te
Waihora programme has included a proposed trial establishment of small islands in the lake. No additional
work is assumed on top of WTW for this element.
Restoration of macrophytes
Te Waihora used to support extensive beds of macrophytes along the lake margins, although these naturally
fluctuated in their extent. Re-establishment of these macrophyte beds would provide shelter, clarity and
habitat benefits that would contribute to other recreational and cultural benefits. The Whakaora Te Waihora
programme has included the trial establishment of macrophytes in some areas around the lake. If successful,
additional funding would be required for extending the programme.

Stream

Actively managed riparian margins
The active management of riparian margins involves the fencing out of stock and the planning and planting of
riparian margins and high risk, sensitive or heavily impacted areas. The function of these riparian margins is to
slow down overland flows and allow particulates to drop out of the runoff and to achieve shading of stream. In
95
the catchment total lengths of riparian margin and fencing assumed are:
360 km in the upper catchment (above SH1) comprising 33 % of the total length of the rivers and streams
(Figure 23, shown in purple and blue)
217 km in the lower catchment (below SH1) comprising 100 % of the total length of streams and main drains
(Figure 23, shown in green)
170 km in the eastern catchment comprising 50 % of the total length of the rivers and streams (Figure 23,
shown in brown)
93

Whakaora Te Waihora is a joint restoration plan for the restoration and rejuvenation of the mauri and ecosystem health
of Te Waihora/Lake. Ellesmere. The agreement is between Te Runanga o Ngai Tahu and Environment Canterbury , with
additional funding from both government and industry sources
94
Other activities and plantings have already taken place around the lake margins, such as lake margin plantings lead by Te
Waihora Management Board
95
Approximately 1 % of stream length has already been planted up
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A 10 m width has been assumed on both sides of the streams and main drains and gaps would be required for
maintenance/macrophyte cutting. The work would start at the top of springs and work downstream. Margins
would be maintained by light grazing and/or undesirable weed control, and will need ongoing monitoring and
96
response to minimise overland flows and soil compaction .
The Whakaora Te Waihora programme includes riparian planting along 70 % of the Kaituna, Halswell and
Waikekewai mainstems and a small amount of support to extend beyond these catchments. Additional funding
will be required beyond WTW.

Figure 23

Approximate lengths of stream and main drain in the Selwyn Waihora catchment,
grouped by River Environment Classification

Improved drainage management
Improved drainage management (IDM) is very similar to the improved stream riparian management and
involves fencing out of stock and the planning and planting of riparian margins and high risk areas. The
function is to slow down flows and allow particulates to drop out of runoff and to achieve some shading of
drains.. The IDM package proposed here assumes extensive drain side planting (3 m planted buffers on
97
98
1000 km smaller drains ), improved macrophyte clearing practices and co-ordination of clearing practices ,
99
weed removal from stream banks , and the production of 50 drainage restoration plans. The work on drains
should start on the smaller drains and move progressively down the drain network.
The Whakaora Te Waihora programme includes this package of work for the Halswell and Waikekewai
drainage network. Additional funding will be required beyond WTW. The learnings from the WTW project can
inform the larger programme.
Active management of macrophyte growths
The active management of macrophyte growth involves the cutting and removal of macrophytes from areas of
the lowland streams. There is already some active management of macrophyte growth for flood risk
management. In any year 50 % of the length of the streams will have macrophytes cut and removed. Plant
96

If soils in the margins become compacted, this will decrease their ability to slow down flows
Larger drains such as Hamner Road drain, Doyleston Drain are included actively managed riparian margins section
98
Clearing should not result in slower flows due to widening of drain
99
Weed cuttings will be removed to a municipal composting or similar facility
97
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material that is removed from streams will be transported from stream banks to municipal composting facility
or similar facility.
Retirement of wet land around springhead areas
The Solution Package proposes nine x 10 ha areas around the springhead areas would be retired and fenced
100
off. The objective is to restore or enhance wetland functions in these areas and promote denitrification .
The Whakaora Te Waihora programme includes the fencing and planting of spring heads and wetlands in
Kaituna and Waikekewai catchments. These would both be additional to the nine areas assumed above.
Targeted in-stream sediment removal
The base flow dominated nature of these spring-fed streams means that they generally do not receive flushing
flows and this means that once fine sediment is in the channel, it tends to collect in pools, bends, and within
macrophyte beds and can cause longer term ecological issues. Management measures such as the retiring of
land around spring heads, planning and planting of extensive riparian margins in the catchment, improved
drainage management and the use of farm plans will reduce the amount of sediment that enters these
watercourses in the future; however, these measures will not address the legacy issue of sediment already in
lowland streams. Technology has been developed to remove fine sediment loads from streams and one type
of machine, the ‘Sand Wand’, has been imported and is being trialled by Fish and Game and the University of
Canterbury. This component of the Solution Package package involves the targeted removal and disposal of
sediment from 50 % of the total length of lowland streams in the catchment and is likely to extend over several
years.

On farm

Nitrogen catchment limit set for loss from agricultural activities
The nitrogen catchment limit from agricultural activities is set as a load that can be lost from the root zone. For
this Solution Package, limit for agricultural activities is 3731 t N/year based on Lookup Table (Lilburne et al.,
2010). This is equivalent to a requirement for on-farm mitigation at a midpoint level of effort between ‘good
management practice’ and ‘advanced mitigation’ for the land use configuration for Solutions Package 1
assuming an additional 30,000 ha of irrigation over current.
An important consideration here is that the consents for Central Plains Water have now been granted after all
appeals were settled. A council cannot subsequently alter conditions on that consent that mean that the
consent cannot be exercised. In this context the catchment nitrogen load limit therefore needs to take account
of the load anticipated from exercising Central Plains Water consents. As stated above, the load is that which is
anticipated to result from farms operating at midway between good practice and advanced mitigation.
Consequently this means that the assumption of land use configuration under this scenario is important. The
rationale behind the land use configuration is attached as Appendix 5.
Table 55

Assumed land uses under additional 30,000 ha of irrigation
Apples
Arable
Beef
Berryfruit
Dairy
101
Dairy support
Deer
Forestry
Golf course
Lifestyle pastoral
Pigs (outdoor)
Sheep
Sheep and Beef
Summerfruit

100
101

53
37,009
9,700
396
52,964
8,590
4,629
6,785
221
12,842
854
33,967
42,450
10

Conversion of dissolved nitrate through to N2 gas released to the atmosphere
Does not include revision of baseline amount of dairy support
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Vegetables
Viticulture
Uncategorised
Upper Selwyn

654
167
8,345
15774

The mechanism for nutrient allocation is likely to be set at a regional level to be applied across the region
where required. The mechanism has yet to be finalised, however Environment Canterbury’s initial thinking at
this point is an equal allocation/averaging mechanism. Broadly speaking, this means that each hectare in the
catchment is allocated an equal proportion of the agreed catchment load. There are 2 exceptions to this –
firstly, non-agriculturally productive land, such as DOC estate, is given a lower discharge allowance - sufficient
to cover its losses. Secondly, low productive land that has greater than 15 % slope and colder than 10˚ C is
given a lower discharge limit to reflect that it is biologically constrained and has lower potential to be
intensified as flatter land. Catchment by catchment modelling will need to be undertaken to ascertain the
102
losses in this low productive land in the Selwyn Waihora catchment . For calculation of loads in Solution
Package 1, 2 kg/ha and 10 kg N loss/ha has been assumed for the non-agricultural land and low productivity
land respectively.
There will be nutrient discharge allowances under Solution Package 1 for:
• Non agriculturally productive land e.g. DOC estate
• Low productive land
• High productive land
The proposal for Solution Package 1 is to have a staged reduction of nutrient discharge allowances from 2012 2032. so that by 2032 the sum total of all individual agricultural nutrient discharge allowances equal the total
103
catchment agricultural nitrogen load limit for( i.e. 3731 t N/year ). In addition, trading or transfer of nutrients
within the catchment will be permitted. Further details of these policies are in the policies section below.
Use of farm plans
Farm plans that involve the identification of on farm environmental risks and plans to manage those risks
covering, soils, fertilisers, stock, irrigation, effluent, water bodies, wetlands, point sources and biodiversity.
104
Farm plans will also cover risks to cultural health , e.g. protection of mahinga kai areas. The required content
of the farm environment management plan is included below.
The Whakaora Te Waihora programme includes the production of some farm plans in the Kaituna, Halswell
and Waikekewai catchments. Additional funding will be required beyond WTW.
Agricultural extension and capacity building programme
This component involves the provision of an agricultural extension programme and building technical
capability to support farmers through the on farm changes required, through co-ordinating and supporting
current industry activities and providing additional extension, training and support where needed.
The Whakaora Te Waihora programme includes agricultural extension and discussion group support in the
Kaituna, Halswell and Waikekewai catchments. Additional funding will be required beyond WTW.

Other policies and actions

Cultural
Effect given to the co-governance agreement between Ngai Tahu and Environment Canterbury
Involving Ngai Tahu in shaping and implementing the overall Selwyn Te Waihora management programme.
Learning from lessons arising out of the Whakaora Te Waihora programme
The incorporation of cultural health into farm plans and monitoring
Identification of spawning areas, refugia, wahi tapu, wahi taonga and mahinga kai sites with restrictive policies
on activities in those areas. Identification and map to be completed.
Environmental dividend

102
103
104

For the assessment, no change from current losses was assumed.
Based on 2010 Lookup Table
Learnings from the WTW project with respect to how farm plans incorporate cultural health can inform the wider
programme.
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This is to reflect that the environmental outcomes that have been articulated by the community require more
than good practice on farm to achieve. However it is not necessarily possible for farmers to absorb these costs
and pass them onto their customers. Therefore if the community wants more than good practice from
farming, there needs to be a financial mechanism for supporting that change.
An environmental dividend is proposed that would be collected from farmers and through rates locally and
across Canterbury, at a share of 1/3 each.
The agricultural portion of that dividend is to reflect that the additional nutrients that are predicted to arise
from further agricultural intensification on top of those that are already being lost, cumulatively contribute to
degradation of receiving environments for environmental, recreational and cultural use. These externalities
are not generally recognised on farm.
The community portion of that dividend - local and regional rates - is to reflect that a healthier stream and
particularly Te Waihora environment provides services important to local and Canterbury residents alike.
Social benefits package
Monitoring
There will be social monitoring including some collation of existing data and some collection of primary data
on social health and well being in the catchment. This information will be reported to ECan and stakeholders.
Co-ordination of proposed restoration and public engagement
Project management is proposed for co-ordination of all restoration activities and wider public and
stakeholder engagement on restoration activities. This project manager would work with a range of
organisations including the WTW project manager.
Strategy for future on-farm and off-farm employment
Strategy to prepare a coordinated strategy for future on-farm and off-farm employment based on the
predicted changes in land use, including training and skills development, with an emphasis on recruitment
from the Canterbury region:
• By ensuring WINZ, the ITOs, high schools and training providers are well informed about the
work opportunities that could arise
•

By working with these agencies and groups to define the required skill sets, timing of needs,
and ensuring that in the first instance labour demands are met from local sources

•

By cooperating with local Rūnanga and Kai Tahu to develop a strategy to encourage
employment opportunities for Maori in agriculture, riparian and lake margin restoration and
management, fisheries management, environmental monitoring, and visitor management
and hospitality.

Programme management for co-ordinating newcomer programmes
105
Establish programmes for newcomers to participate fully in the life of their host community , including
people from other parts of New Zealand and overseas:
• Through involvement in recreation (including arts and culture) and sporting activities and
cooperating with churches associated with incoming workers and their families including
migrants from overseas
•

By educating employers and employees about work requirements and responsibilities, such
as work safety and the development of cross-cultural communication skills

•

By encouraging newcomers to enrol their children in schools within the Selwyn-Waihora
Zone

•

By ensuring health services and social support agencies in the Selwyn-Waihora Zone and
Canterbury region are well informed about potential demand arising from any likely changes
in land use, including cultural needs of minority ethnic groups

105

Research in Southland identified the need to provide socially for migrant workers and for Ashburton District, Wylie
(2009) found that key agencies and stakeholders were aware of the needs of newcomers. The challenge is to transfer this
knowledge into practical steps in the community.
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•

By providing appropriate locally based training for newcomers including English language
learning

•

By supporting the cultural networks of minority ethnic groups that have recently arrived in
the Selwyn-Waihora Zone

•

Visitor management and hospitality

Enhance water based recreational activities in the Selwyn-Waihora Zone
Develop and implement an action plan for enhanced water based recreational activities in the Selwyn-Waihora
Zone to maximise any benefits from improvements in water quality:
• By setting up a committee of representatives of recreational organisations, local government
and other stakeholders which draws up the plan and monitors its implementation
•

By promoting visitor attractions in the Zone by highlighting its unique ecological values and
their enhancement through the scenario.

•

By enhancing the use of the tributaries (especially the Lower Selwyn, LII and Halswell) which
quoted as are ideal for flat water kayaking yet lack aesthetic appeal and would help to draw
visitors to the area.

•

By considering enhancement of recreation and tourism facilities such as a visitor information
106
107
centre , board walks, visitor interpretation , viewpoints and hides, picnic areas, walking
108
and cycling trails when designing all riparian and lake margin retirement and restoration

•

By developing a website devoted to lake recreation opportunities as a stand alone site or as
part of (or linked to) the WET and DOC sites.

Formulate a business development strategy with regional and district business development agencies, and
sector interests
This involves:
• By identifying any needs for farm servicing associated with specific land uses and seeking
ways to meet those needs locally through regular communication with the business sector
•

By investigating local processing opportunities for adding value to new types of primary
production

•

By identifying and supporting any business opportunity arising from enhanced recreation and
tourist activity such as eco-tours or marae-based tours

•

By ascertaining and addressing any land or infrastructure constraints that could hinder the
development of local business opportunities from present and future land uses in the
Selwyn-Waihora Zone

•

By identifying any constraints on business development such as access to capital, labour
skills, and technology.

Non diffuse sources

Nitrogen contributions from permitted activities and consented discharges
losses, Table 2.

109

are capped at current consented

106

Booth (2009) suggests locating this new facility beside the Lake at Kaituna Quarry where the land and lake intersect, and
where there are alpine views, historic sites and connections with the rail trail.
107
Booth (2009) considers interpretation panels are a useful educational mechanism to teach visitors about the lake and its
outstanding natural and cultural heritage.
108
Booth (2009) suggests a rail trail should aim to enable circumnavigation of the Lake, which would require a crossing as
part of any new lake outlet.
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Table 56

Estimated nitrogen contributions to water from consented and permitted
110
activities in the Selwyn Waihora zone (Loe, 2011)

Source
On-site sewage - post 2006
On-site sewage - pre 2006
FDE ponds
Municipal
Sewerage
>100m3/day
Community
Sewerage
<100m3/day
Meat & Food processing
Milk processing
Total

Planning Actions

systems

-

systems

-

Pathways
discharge into land
discharge into land
leakage
pond seepage, discharge onto land/into
water
discharge onto land
discharge onto land
discharge onto land

Numbe
r
2940
5255
164

N
(t/yr)
8.8
47.3
17.1

4

155.0

2
9
3

0.3
35.0
210.0
473.5

111

The primary way in which the Plan
contributes to achieving the freshwater outcomes sought by the
community is by introducing limits for nutrients and water allocation as required by the Government’s
National Policy Statement on Freshwater (2011).
Policies and rules support the achievement of the limits and address the fact that in this Solution Package #1
the outcomes for the catchment are not currently being met and therefore the catchment is over allocated for
water quality and water quantity.
The Plan enables storage and interventions that are needed to improve water quality, flows and biodiversity in
the catchment’s rivers and streams, and improve the health of Te Waihora/Lake Ellesmere.
Region-wide and sub-regional sections of the LWRP work hand in hand. Catchment policies and rules apply in
addition to or instead of those in the region-wide section. Rules in the plan implement the policies and are
legally binding. A description of what each rule activity status means is given in Table 57.
Table 57

Rule Activity Status

Activity Status
Permitted and controlled
Restricted discretionary
and discretionary
Non-complying
Prohibited

Description
Activities are acceptable in all cases, however a controlled activity requires a
resource consent to enable specific assessment of identified matters and
addition of resource consent conditions
Activities may or may not be appropriate in any given circumstance,
depending on the effects of the activity
Activities are generally inappropriate, though with a non-complying activity
there may be an exceptional case when resource consent is granted
Activities are not appropriate in any circumstance, and no resource consent
application may be made for a prohibited activity.

Freshwater Outcomes
Region-wide policies contain numeric and descriptive freshwater outcomes for each type of lake, river and
112
aquifers in Canterbury . These apply unless superseded by more specific outcomes for the Selwyn Waihora
catchment.

109

The estimates of nitrogen loads for each area have been derived from information contained on Environment
Canterbury databases and electronic file record systems, census data and best estimates of nitrogen leaching and
discharge rates for the various authorised discharges, Loe (2011).
110
111

The figures in this were subsequently revised with better information for the Zone Committee Solutions Package

Selwyn Waihora sub-regional chapter of the Land and Water Regional Plan (LWRP)
112
See LWRP Tables 1a 1b and 1c Outcomes for Canterbury rivers, lakes and aquifers (http://ecan.govt.nz/ourresponsibilities/regional-plans/regional-plans-under-development/lwrp/pages/default.aspx)
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•

•
•

Numeric outcomes for rivers in the Selwyn Waihora catchment are the same as the region-wide outcomes
for all hill-fed rivers. For spring-fed rivers the range of indicators for periphyton and macrophytes is still to
be determined. There may also be additional indicators for nitrate toxicity.
Numeric outcomes for Te Waihora/Lake Ellesmere are the same as region-wide outcomes for coastal lakes
except the Trophic Level Index (TLI) score is changed from TLI 6 to TLI 6.5.
Numeric outcomes for Selwyn Waihora aquifers are the same as the region-wide outcomes for Canterbury
aquifers. These are mostly based on New Zealand Drinking Water Standards for appearance and
palatability, nitrate nitrogen, and E.Coli concentrations and other determinands of health significance.

Water Storage
Region-wide rules would control dams and damming. Additional catchment provisions:
• The plan enables water storage in the upper catchment. Storage is essential to the reliability of supply for
irrigation. It is also the primary means of addressing over-allocation of groundwater and improving flows
in the lowland streams by replacing irrigation from groundwater with an equivalent and reliable surface
water supply in the upper plains.
• The plan would identify areas where water storage development is preferred and its characteristics,
including the ability to provide for biodiversity, environmental, cultural and economic requirements.
Considerable work and consultation is needed to identify and assess water storage ideas in the catchment.
• The plan enables additional means of enhancing flows in the lowland such as direct flow augmentation
from surface water or groundwater, and managed aquifer recharge (MAR). MAR is a tool to actively
manage recharge of water to aquifers for environmental benefit using mechanisms such as infiltration
basins and could utilise stock water races and planned infrastructure to distribute water. Proposals would
have to address cultural concerns over mixing of waters and other issues such as groundwater mounding.
Take and Use of Water
Region-wide rules would control bores, small and community water takes, water for construction and
maintenance, water from canals and water storage, take and use of surface water and groundwater, and
plantation forest in flow sensitive catchments. Additional catchment provisions:
• Allocation limits for the Rakaia-Selwyn and Selwyn-Waimakariri Groundwater Allocation Zones in the
NRRP are retained. Region-wide rules prohibit new takes because both zones are over-allocated (red
zones). Replacement of an expiring water permit is at the restricted discretion of CRC.
• There are no surface water allocation limits for rivers and streams in the catchment. As a result, allocation
limits are calculated as 20% of the 7-day mean annual low flow under region-wide rules. New takes are a
non-complying activity (generally inappropriate) as the Selwyn River and some lowland streams are
determined to be over-allocated. Replacement of an expiring water permit is at the restricted discretion of
CRC.
• Existing minimum flows are retained as trigger levels for managing abstractions. When flows drop below
the minimum flow surface water and some abstractions must stop. Minimum flows cannot stop the
effects of cumulative groundwater abstraction in the catchment which has by far the biggest effect on
lowland stream flows. If minimum flows are increased but over-allocation is not addressed some water
takes will experience a decrease in reliability, without significantly improving flows.
Water Permit Transfers
Region-wide rules would enable transfer of water permits provided conditions are met (restricted discretionary)
otherwise transfers are a non-complying activity (generally inappropriate). In the catchments where allocation
limits are exceeded the rule requires a proportion (25% or 50%) of transferred water to be surrendered.
Additional catchment provisions:
• A new rule prohibiting users supplied with surface water by Central Plains Water (CPW) from transferring
their groundwater consents. This is to reduce the risk of relinquished groundwater continuing to be
abstracted from the aquifer.
Discharges
Region-wide rules would control discharges to land where contaminants may enter water including: on-site
wastewater, offal and farm rubbish pits, animal and vegetative waste, stock holding areas and animal effluent,
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silage pits and compost, farming, fertiliser use, land drainage water, sewerage systems, industrial and trade
wastes, stormwater, and stock exclusion from waterbodies.
The catchment section replaces region-wide rules on farming with new land use rules that apply to existing,
and changed farming activities. New rules also apply to consented discharges from sewage systems, industrial
and trade activities.
•
•

113

A total catchment load of round 4205 tonnes N per year is to be met by 2032 to provide the improved
outcomes for groundwater, lakes and rivers in the catchment agreed articulated by the community.
The catchment load for nitrogen is made up of two separate loads. For farming activities the load is
114
3731 tonnes N per year. For consented point source discharges such as sewage systems, industrial and
trade activities, the load is 474 tonnes N per year. Note that numbers are very approximate at this stage.

Farming
• There is a staged approach to reducing nutrient losses from existing farming activities. From 2012 to 2017
industry is tasked with defining Good Management Practice (GMP) for nutrient losses. Between 2017 and
2022 farms operate so they meet GMP for nutrient discharge. In 2022 a property Nitrogen Discharge
Allowance (NDA) is introduced with increasingly stringent NDAs applying in 2027 and 2032. The property
115
NDA is determined through an equal allocation model . There are NDAs for three categories of land (non
agriculturally productive land, low productive land, and high productive land)
• For existing land use to be a permitted activity (i.e. no resource consent required) new land use rules
require the NDA to be met, reporting of nitrogen losses, and audited Farm Environment Plans to be
prepared either individually or through a “collective” such as an irrigation scheme. Limits:
Timeframes
2012 – 2017
2017 - 2022
2022 - 2027
2027 - 2032
2032
•
•
•

Requirements in order for land use to be permitted (existing farming
activities)
monitor and record losses
Meet good practice Nitrogen Discharge Allowances
Meet Nitrogen Discharge Allowance 1
Meet Nitrogen Discharge Allowance 2
Meet final Nitrogen Discharge Allowance

Prior to 2022 a change to farming activities requires resource consent and that the applicant
demonstrates how they will meet the final NDA by 2032.
From 2022 a new rule prohibits farming activities that cannot meet the NDA either individually or
collectively across properties (through transfers and trading).
From 2022 a new rule enables the transfer of NDAs between two or more properties to provide flexibility
in land use.

Sewage Systems, Industrial or Trade Wastes
• A new rule for existing consented point source discharges requires that these activities discharge no more
than the level of nitrogen discharged over the period 2012-2017. Consent holders are required to
benchmark and report their annual nitrogen losses.
• New point source discharges are enabled if the aggregate nitrogen load from all consented discharges
does not exceed the catchment load for sewage systems, industrial and trade activities
• Existing regional rules require sceptic tanks to meet national standards for installation maintenance and
operation.
Biodiversity
Region-wide rules would control wetlands, vegetation in lakes and riverbeds, earthworks and vegetation
clearance in riparian areas vegetation clearance and earthworks in erosion prone areas apply. Additional
catchment provisions:
113
114
115

Based on 2010 Lookup Table
Based on 2010 Lookup Table

Report R12/36 An equal-allocation method for allocation of at total nutrient load within a nutrient management zone
(Environment Canterbury, April 2012)
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•
•
•

Policy to support the restoration of biodiversity in the catchment
An addition to region-wide rules to protect mahinga kai and wahi tapu sites during earthworks and
vegetation clearance in riparian areas and a new catchment schedule with the location of sites.
Identification of Tuna refugia and inanga spawning sites. Addition of inanga spawning sites in the
catchment to Schedule 17 -Salmon and Inanga Spawning Sites.

Proposed content of Farm Environment Plan (based on Proposed Land and Water Regional Plan, Schedule 7)
A Farm Environment Plan shall be prepared by a person with the appropriate professional qualifications. The
plan shall take into account all sources of nutrients used for the farming activity and identify all relevant
nutrient management practices and mitigation measures.
The plan requirements will apply to:
• a plan prepared for an individual property; or
• a plan prepared for an individual property which is part of a collective of properties, including an
irrigation scheme, an Industry Certification Scheme, or catchment club.
Plan requirements
The farm environment plan must clearly identify how when the assigned industry ‘good practices’ and/or
property nutrient allowances will be achieved. The plan shall contain as a minimum:
• Property details
o Physical address
o Description of the ownership and name of a contact person
o Legal description of the land and farm identifier
• A map(s) or aerial photograph at a scale that clearly shows:
o The boundaries of the property
o The boundaries of the main land management units on the property.
o The location of permanent or intermittent rivers, streams, lakes, drains, ponds or wetlands.
o The location of riparian vegetation and fences adjacent to water bodies.
o The location of storage facilities, offal or refuse disposal pits, feeding or stock holding areas,
effluent blocks,
• raceways, tracks and crossings.
o The location of any areas within or adjoining the property that are identified in a District Plan
as “significant
• indigenous biodiversity”.
• An assessment of the risks to water quality associated with the major farming activities on the
property and how the identified
• risks will be managed.
4. A description of how each of the following management objectives will, where relevant, be met.
• Nutrient management: To maximise nutrient use efficiency while minimising nutrient losses to water
in order to meet specified nutrient allowances.
• Irrigation management: To operate irrigation systems that are capable of applying water efficiently
and management that ensures actual use of water is monitored and is efficient.
• Soils management: To maintain or improve the physical and biological condition of soils in order to
minimise the movement of sediment, phosphorus and other contaminants to waterways.
• Wetlands and riparian management: To manage wetland and waterway margins to avoid damage to
the bed and margins of a water body, avoid direct input of nutrients, and to maximise riparian margin
nutrient filtering.
• Collected animal effluent management: To manage the risks associated with the operation of effluent
systems to ensure effluent systems are compliant 365 days of the year.
• Livestock management: To manage wetlands and water bodies so that stock are excluded as far as
practicable from water, to avoid damage to the bed and margins of a water body, and to avoid the
direct input of nutrients, sediment, and microbial pathogens.
The plan shall include for each management objective;
(i) user defined measurable targets that clearly set a pathway and timeframe for achievement of the
objective
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(ii) a description of the good management practices together with actions required to achieve the
objective and targets.
(iii) the records for measuring performance and achievement of the target.
5. Nutrient budgets are prepared using the OVERSEERTM nutrient budget model, for each of the identified
land management units and the overall farm.
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Proposed Zone Committee Solutions Package for Selwyn Waihora

This has many similarities to the first Solutions Package (Aug 2012). This brief describes the ZC solutions
package as it relates to the technical team.

Catchment

New irrigation
Approximately 30,000 ha of new irrigation from surface water sourced from the Rakaia and Waimakariri
116
Rivers within the Central Plains Water (CPW) command area, Figure 24. A certain amount of land use
change has been provided for with this new water which equates to a certain load increase of N from the CPW
117
area. The land use provided for will be:
118
• 40% arable (mixed) – approx. 12,000 ha
• 40% dairy 119 (milking platform) 4 cows/ha wintered off – approx. 12,000 ha
• 13 % beef and sheep (80% sheep : 20% beef) – approx. 3,900 ha
• 7% irrigated dairy support – approx. 2,100 ha
PLUS
• In order to provide sufficient dairy support for the new 12000 ha of dairy, an additional 4,500 ha of
irrigated land within the catchment will convert to dairy support from an existing irrigated land use
Areas within projected urban development boundaries within the catchment assumed to be urban land
No modelled change in losses from existing lifestyle blocks

Figure 24

120

.

Central Plains Water command area. Source URS

Nutrient losses
The LUT report (Lilburne et al., 2010) has been updated, with pastoral land uses remodelled using OVERSEER 6,
LUT patch (Lilburne et al., 2013). This LUT patch will be used.
116

Consistent with the recently issued consents
However, this does not dictate the actual land use that will take place, only the maximum N loss allowable
118
Simon Harris’ estimate was 20 %. A Macfarlane’s estimate for CPW was 63%. 40 % intermediate figure proposed
discussed with Shirley Hayward (DNZ) and Nick Pyke (FAR)
119
Simon Harris’ estimate was 60 %. A Macfarlane’s estimate for CPW was 10%. 40 % intermediate figure proposed
discussed with Shirley Hayward (DNZ) and Nick Pyke (FAR)
120
Projected urban growth boundaries to 2040, SDC
117
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Mitigation
The mitigation coefficients in Table 58 were used to represent maximum feasible reductions in N loss from
good/compliant practice.
Table 58

Land use and maximum feasible N mitigation above good management practice
Estimated maximum feasible reduction over
good/compliant practice for nitrate leaching

Land use
Arable
Dairy

121

10%

6

Dairy support (dry)

40%
7

20%
7

Dairy support (irrigated)
6
6
Dryland livestock (beef , sheep ,
122
7
deer , pigs )

40%

Forestry

0%

Fruit (orchard, summer, berry, vine)

7

10%
10%

Golf course
6
6
Irrigated livestock (beef , sheep ,
7
7
deer , pigs )

0%
20%

Lifestyle

0%

Vegetables

10%

Nutrient allocation
All plains have a base allocation of 15 kg N/ha. Above this the % reductions in Table 59 are applied:
Table 59

Land use and percentage N mitigation above good management practice
assumed in Zone Committee Solutions Package

Land use
Dairy
Dairy support
Pigs
Irrigated beef, sheep or deer
Dryland beef, sheep or deer
Arable
Fruit, viticulture or vegetables
Other land use

Percentage reduction in nitrate
leaching applied for Zone Committee
Solutions Package
30
22
20
13
10
7
5
0

Replacement of irrigation water source
Approximately 30,000 ha of current irrigation sourced from groundwater would be replaced by surface water
sourced from the Rakaia and Waimakariri Rivers. Replacement would take place within CPW command area,
Figure 24.
No impact of storage has been assumed.
Water quantity allocation
Ground and surface water considered a single resource, with a single allocation limit
Changes to current allocation zones:

121
122

Harris (2014). Appendix 8. Summary information in Table 60
Source Brown, I. et al., 2011. Nutrient Management in Hurunui: A Case Study in Identifying Options and Opportunities.
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o

o
o
o

A new Little Rakaia (riparian) Zone that coincides with a hydrogeological divide between shallow
groundwater discharging to Te Waihora and that discharging direct to the coast. This substantially reduces
the size of the current Rakaia-Selwyn allocation zone.
The current boundary between the Rakaia-Selwyn and Selwyn-Waimakariri allocation zones is redrawn to
coincide with the centreline of the Selwyn/Waikirikiri River.
The boundary between the Selwyn-Waimakariri and Christchurch-West Melton zones is moved to coincide
with the current south-western boundary of the Christchurch Groundwater Protection Zone.
A new Kaituna Zone is created to include four small catchments including the Kaituna River that flow
directly into Te Waihora and are separate from the plains aquifer system to the north.

Allocation limits
Allocation limits in Selwyn Waimakariri and Rakaia Selwyn are based on providing agreed flows in lowland
streams that support ecological and cultural values. They are based on providing close to 90% 7DMALF in an
average year
Separate allocation limit for Little Rakaia (capped at current) and Kaituna (capped at current + 10%)
Transfers
Non CPW – transfers will have to be within same allocation zone, not permitted from down plains to up plains
and will be subject to a 50 % surrender on transferred water. New users will be subject to conditions of use
(seasonal and/or annual volumes, reasonable-use (that incorporate measured water use) and minimum flow
conditions (where required).
CPW – temporary transfers of groundwater consents possible within CPW with no surrender. Permanent
transfers prohibited. New users will be subject to conditions of use (seasonal and/or annual volumes,
reasonable-use (that incorporate measured water use) and minimum flow conditions (where required).
Little Rakaia and Kaituna – transfers possible without surrender
Minimum flows
New minimum flow restrictions come into force post 2025 and once impacts of CPW are observed, Table 61.
NB in Waikekawai the renewal of high or direct stream depletion takes greater than 5 L/s from the Waikekawai
stream is prohibited, but transition to deeper GWR takes made easy
MAR and Targeted stream augmentation
3
2 m /s of low nutrient water infiltrated to groundwater across the top of the plains, Figure 22. Infiltration
would take place from May through September. Infiltration could take place through infiltration along the
header canal and purpose built soak away basins. Considerable further consultation and work including
cultural feasibility, would need to be conducted before this solution was considered feasible.
900 l/s of current Rakaia stock water recharged to 2 locations to provide near the Boggy Creek and Harts Creek
lowland streams springs from October-March each year to.shallow aquifer recharge.
Between April and September 100 l/s is left in the Rakaia stock water race to provide stock water and provide
for ecological values in this race

Lake

Restoration of macrophytes
123
Macrophyte beds are assumed to be re-established. The Whakaora Te Waihora programme has included
the trial establishment of macrophytes in some areas around the lake.
Additional funding would be required for extending the programme.
Permanent structure that allows lake level control
A structure is assumed to provide the ability to control lake level.
P inactivation treatment
A phosphorus inactivation treatment (such as alum) is assumed to deliver approximately 50 % reduction of
internal P load. As per SP1

123

Whakaora Te Waihora is a joint restoration plan for the restoration and rejuvenation of the mauri and ecosystem health
of Te Waihora/Lake. Ellesmere. The agreement is between Te Runanga o Ngai Tahu and Environment Canterbury , with
additional funding from both government and industry sources
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P in activation treatment is assumed to be delivered in tributary streams and will contribute to reduced P
concentrations in streams.
Actively managed lake margin wetland restoration
The active management of the lake margin involves the restriction of stock from accessing the lake margin and
the planting and maintenance of margin vegetation. WTW includes creating a buffer around the lake that will
include fencing, protection and covenanting as well as specific restoration of 11 lake shore sites for ecological
124
and cultural values .
Floating wetlands
Floating wetlands are artificial islands created near the lake shores to improve water quality including clarity,
shelter for the lake margin and associated restoration planting, and other habitat benefits. The Whakaora Te
Waihora programme has included a proposed trial establishment of small islands in the lake.

Stream

Actively managed riparian margins
The active management of 750 km riparian margins involves the fencing out of stock and the planning and
planting of riparian margins and high risk, sensitive or heavily impacted areas (30 km/year).
No fixed width has been assumed. They should be ‘effective’ and therefore will be designed on a case by case
basis.
125
In the catchment total lengths of riparian margin and fencing assumed are:
• 360 km in the upper catchment (above SH1) comprising 33 % of the total length of the rivers and
streams (Figure 3, shown in purple and blue)
• 217 km in the lower catchment (below SH1) comprising 100 % of the total length of streams and main
drains (Figure 3, shown in green)
• 170 km in the eastern catchment comprising 50 % of the total length of the rivers and streams (Figure
3, shown in brown)
Assume effective in reducing P and sediment loss to streams and also shading (at least 1 side).
Assume reduced biodiversity benefits as margin will not be 10m (i.e. self sustaining) all along

124

Other activities and plantings have already taken place around the lake margins, such as lake margin plantings lead by
Te Waihora Management Board
125

Approximately 1 % of stream length has already been planted up
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Figure 25

Approximate lengths of stream and main drain in the Selwyn Waihora catchment,
grouped by River Environment Classification

Improved drainage management
Improved drainage management (IDM) involves fencing out of stock and the planning and planting of riparian
126
margins and high risk areas on 1000 km smaller drains .
The function is to slow down flows and allow particulates to drop out of runoff and to achieve some shading of
drains.
The IDM package additionally assumes improved macrophyte clearing practices and co-ordination of clearing
127
practices and the production of 50 drainage restoration plans.
Active management of macrophyte growths
The active management of macrophyte growth involves the cutting and removal of macrophytes from areas of
the lowland streams. There is already some active management of macrophyte growth for flood risk
management. In any year 50 % of the length of the lowland streams will have macrophytes cut and removed to
bankside (approximately 109 km/yr)
Retirement of wet land around springhead areas
128
Restore or enhance wetland function in 90 ha around springheads to promote denitrification . At this stage,
no additional denitrification assumed above that which is included in catchment coefficient.
Undertake an assessment of the placement of targeted facilitated or constructed wetlands in the catchment to
improve water quality, focussing on location, type of wetland (constructed vs facilitated), cost and efficacy.
This assessment will inform whether additional denitrification should be included in modelling
Targeted in-stream sediment removal
The targeted removal and disposal of sediment from key sites in lowland streams in the catchment
Estimate cost $1.3 million over several years

126

Larger drains such as Hamner Road drain, Doyleston Drain are included actively managed riparian margins section
Clearing should not result in slower flows due to widening of drain
128
Conversion of dissolved nitrate through to N2 gas released to the atmosphere
127
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On farm

Nitrogen catchment limit set for loss from agricultural activities
The nitrogen catchment limit from agricultural activities is set as a load that can be lost from the root zone. For
this solutions package this is equivalent to a requirement for on-farm mitigation at a midpoint level of effort
between ‘good management practice’ and ‘maximum feasible mitigation’ for the land use configuration in
ZCSP (including an additional 30,000 ha of irrigation).
Use of farm plans
Farm plans that involve the identification of on farm environmental risks and plans to manage those risks
covering, soils, sediment management (especially in upper catchment and below SH1), fertilisers, stock,
irrigation, effluent, water bodies, wetlands, point sources and biodiversity. Farm plans will also cover risks to
129
cultural health , e.g. protection of mahinga kai areas.
The farm plans are a key tool for management of phosphorus, sediment and faecal contamination

Social package

No social package included in Zone Committee Solutions Package

129

Learnings from the WTW project with respect to how farm plans incorporate cultural health can inform the wider
programme.
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Mitigation options, complexity and costs for various % reductions in nitrate-N dairy, irrigated and dryland drystock and arable
130
systems from multiple information sources
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Table 60

130 a

b

141

Generalised mitigation efficacy and EBIT supplied to MfE. (McDowell, Monaghan and Muirhead, 2012, unpublished, Appendix 8), Selwyn Waihora nitrogen loss reduction and
c
d
allocation systems (Howard et al., 2013) DairyNZ, Hurunui land use and water quality project (Monaghan, 2010 in cited Brown et al., 2011) Appendix 8, Modelling of generic farm types
and mitigation cost and efficacy (Mathmo and Feitje, 2012, unpublished Appendix 8)

Minimum flow recommendations for inclusion in the Selwyn Waihora Sub-Regional Section

These minimum flows have been adopted by the Selwyn Waihora Zone Committee with consideration given to the ecological recommendations, cultural recommendations,
economic assessment, and community feedback. These minimum flows should be read alongside Recommendation 2.7 of the ZIP Addendum.
River / min flow site

Current min
flow L/s

7DMALF

Ecological L/s

Cultural L/s

Economic impact of changes
to min flows

Minimum flow
for inclusion in
Sub-Regional

Rationale

Baileys Creek

Band 1: 40

13

12*

40

40

Band 1: 150
Band 2: 200
Band 4: 150
Band 5: 150
Band 6: 150
Band 1: 200

637

446

446

440

Based on current minimum flow, and taking a
precautionary approach. Flow data shows that the
stream drops quickly and can be dry therefore lowering
minimum flow will have little impact on reliability.
Based on ecological and cultural flow recommendations

685

480

480

Very low viability currently.
Improvement with ecological
flows, but remains low
viability source
Low
viability
currently.
Significantly worse with new
flows,
little
economic
difference between revised
options
-

480

Based on ecological and cultural flow recommendations

Band 1: 50
Band 2: 100

290

261*

261

260

Based on ecological and cultural flow recommendations

60
(no
current takes)

6

5*

50-60

-

No minimum flow is needed as there are no surface
water or direct or high >5 L/s stream depleting
groundwater takes tied to Doyleston Drain.

Recorder
(no min flow)

760

532

532

Very low viability currently.
Unreliable in all events.
Inclusion of CPW makes little
difference to overall low
reliability
Very low reliability currently.
Improvement with ecological
flows, but remains low
viability source
-

-

No minimum flows is needed as this is a recorder site and
there are no surface water or direct or high >5l.stream
depleting groundwater takes tied to this site.

926

648

648

Based on ecological and cultural flow recommendations

Halswell River

Band 1: 280

1157

810

Not
assessed

Low
viability
currently.
Significantly worse under
ecological flows. Marginally
improved with CPW.
Currently 100% reliability.
Ecological flows w/o CPW is
low viability.

640

Halswell River at Neills Rd

Band 1: 510
Band 2: 550
Band 3: 650

70 % 7dMALF

Based on ecological flow recommendation, however,
there is currently insufficient flow data to be confident of
a 7dMALF estimate.
It is therefore recommended that the principle of 70%
7dMALF be inserted in the Plan, and that an actual
number is inserted into the plan prior to 2025.

Baileys Creek at Lincoln Leeston
Road
Birdlings Brook
Birdlings Brook at Leggs Rd
Birdlings Brook
Birdlings Brook at Lochheads Rd
Boggy Creek
Boggy Creek at Lower Lake Rd
Doyleston Drain (recorder)
Doyleston Drain at D/S The Lake Rd
Halswell River
(recorder)
Halswell River at Ryans Bridge
Halswell River

Halswell River at Hodgens Rd
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Table 61

142t

143

Current min
flow L/s

7DMALF

Ecological L/s

Cultural L/s

Economic impact of changes
to min flows

Minimum flow
for inclusion in
Sub-Regional

Rationale

Halswell River

Band 1: 230
Band 4: 370

582

407

Not
assessed

400

Based on ecological flow recommendations

Band 1: 280
Band 2: 405
Band 3: 500
Band 4: 610
Band 1: 90

934

654

Not
assessed

High viability currently.
Ecological flows w/o CPW is
low viability
Currently
viable
with
moderate-low
viability.
Ecological flows w/o CPW is
low viability.

650

Based on ecological flow recommendations

-

Not
assessed

Not
assessed

90% 7dMALF

Halswell River - Knights Creek
tributary

Band 1: 64
Band 2: 150

253

228*

228

Based on ecological flow recommendation, however,
there is currently insufficient flow data to be confident of
a 7dMALF estimate.
It is therefore recommended that the principle of 90%
7dMALF be inserted in the Plan, and that an actual
number is inserted into the plan prior to 2025.
Based on ecological flow recommendations

Hanmer Rd Drain

Band 1: 100
Band 3: 200

369

258

260

Band 1: 1000

1238

867

1200-1400

Band 1: 1000

1238

867

Not
assessed

Halswell River at Leadleys Rd
Halswell River
Halswell River at Tobecks Bridge
Halswell River
Halswell River at D/S of Knights
Creek diversion

High reliability currently. 220
Very low reliability at
ecological flows.
CPW
Knights Creek at Jamiesons
improvement only marginal
Property
at this reliability
In the Halswell River catchment (including Knights Creek), it is recognised that the ecological flow recommendations have the potential to significantly impact the high reliability currently experienced by consent
holders. For this reason, the Halswell River can be specifically mentioned in policy to guide consenting staff (see recommendation d) above).
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Hanmer Rd Drain at Lower Lake Rd

Harts Creek
Harts Creek at Lower Lake Rd

Harts Creek
Harts Creek at Timber Yard Rd
(recorder)

Very low viability currently.
Almost no irrigation takes
place under ecological or
cultural minimums

250

Very low viability currently.
Reliability improves slightly
with ecological flow, but
irrigation still marginal.
Ecological
with
CPW
improves reliability; cultural
with CPW similar to current.

1100

1100

Based on ecological flow recommendation.
Staff understand that this drain may be perched. Those
who are currently tied to minimum flows may be able to
provide evidence that they are not stream depleters, and
so may not require a minimum flow when consents are
renewed.
Mid-point between current and cultural flow
recommendation.
Very high cultural significance and considered one of the
best waterways assessed by Whānau. Taonga values
high.
Dependent on Alpine water to help mitigate impact on
reliability (current reliability = reliability under cultural
flows with Alpine water).
As above
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River / min flow site

Current min
flow L/s

7DMALF

Ecological L/s

Cultural L/s

Economic impact of changes
to min flows

Minimum flow
for inclusion in
Sub-Regional

Rationale

Hawkins River

Band 1: 35

37

33*

Not
assessed

Currently
viable
with
moderate-low
reliability.
Small improvement with
ecological flows. Unlikely to
be significant

35

Based on current minimum flow.
ecological flow recommendations.

27 (residual
flow)

-

Not
assessed

Not
assessed

27 (residual)

There is insufficient flow data to justify any alteration to
the current residual flow

Band 1: 30
Band 2: 30

424

382*

382

30

Based on current minimum flow, until such time as
certainty is provided regarding the future of the SDC
stock water take from the Hororata river i.e. whether
stock water is to be provided by CPW; or whether flow is
left in the river or used for targeted stream
augmentation.

Hawkins
River
Dalethorpe Rd

at

Willows-

Hawkins River
Stokes Stream
Dalethorpe Rd
Hororata River
(Recorder)

(Hawkins)

at

Hororata River at Haldon Water
Race Bridge

Irwell River
Irwell River at Leeston Christchurch
Rd
Irwell River
Irwell River at Lake Rd

Band 1: 200

-

Not
assessed

Not
assessed

Band 1: 300
Band 5: 300

910

637

890-1100

90% 7dMALF

Currently very low viability.
Reliability very low under all
scenarios – only minor
differences between min
flows and with or w/o CPW.
Not viable for irrigation.

890

Within 2 L/s of

SDC can take 341 L/s with no minimum flow restrictions
(so in theory could divert the entire flow in the river).
Except when the flow in the river upstream of the intake
is > 475 L/s SDC can take up to 500 L/s providing there is
a residual flow of 134 L/s downstream.
On expiry and renewal, the stock water take will be
subject to Policy 4.46 and Rule 5.58 of the LWRP, which
applies to group and community water supplies. These
require, on review, a water supply strategy which
documents ways to reduce water demand during periods
of low flow or low water levels.
There is currently insufficient flow data to give a 7dMALF
estimate. It is therefore recommended that the principle
of 90% 7dMALF be inserted in the Plan, and that an
actual number is inserted into the plan prior to 2025.
Based on cultural flow recommendation – very high
cultural significance and priority for restoration as
mahinga kai site. Important for connection to lake – wāhi
tapu at the mouth.

144t

Staff believe that the addressing the cumulative effect of
over-allocation in the catchment will be of greater
benefit than changing the minimum flow, however, there
is a recognised need to protect any additional recharge
or targeted stream augmentation for ecological and
cultural values.
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River / min flow site

145

Current min
flow L/s

7DMALF

Ecological L/s

Cultural L/s

Unnamed Drain at Prendergast
property

26 (residual
flow)

-

Not assessed

424

Jollies Brook at outlet to sea

Band 1: 360
Band 2: 360
Band 4: 360

Kaituna River
(recorder)

Band 1: 60
Band 2: 325

Tributary of Irwell
Jollies Brook

Minimum flow
for inclusion in
Sub-Regional

Rationale

Not
assessed

26 (residual)

There is insufficient flow data to justify any alteration to
the current residual flow

297 – 381
(70-90%
MALF)

360

360

Based on current minimum flow, which aligns with both
ecological and cultural flow recommendations.

35

32*

100

60

Based on current minimum flow, which is nearly twice
the ecological flow recommendation.

Band 1: 700

935

655

1500

70% 7dMALF

None

-

Not
assessed

30-40

-

None
(recorder)

1820

1274

2100

-

Band 1: 120
Band 2: 120
Band 3: 350
Band 4: 690

-

Not
assessed

290

160

Based on ecological flow recommendation, however,
there is currently insufficient flow data to be confident of
a 7dMALF estimate.
It is therefore recommended that the principle of 70%
7dMALF be inserted in the Plan, and that an actual
number is inserted into the plan prior to 2025.
No minimum flow is needed as there are no surface
water or direct or high >5l.stream depleting groundwater
takes tied to the Liffey
No minimum flows is needed as this is a recorder site and
there are no surface water or direct or high >5 L/s stream
depleting groundwater takes tied to this site.
Based on flow gauging information – the LII has never
been gauged below 160 L/s. The stream also receives
water from the LI diversion, therefore the actual flow
seen downstream is greater than 160 L/s.

Kaituna River at Kaituna Valley Rd
Lee River (Recorder)

Economic impact of changes
to min flows

Very low reliability currently.
Viability
improves
with
ecological flows, and may be
low reliability but viable
source. COMAR flows worse

Lee River at Temoana

Liffey
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No minimum flow
L-II River
L-II River at Pannetts
L-II River
L-II River at Moir’s Property

L-II River

Band 1: 560
Band 2: 1330
Band 3: 1500

1771

1240

2100

There are a number of stream health related issues at
this site, and could be a focus of future restoration
activities.
Based on ecological flow recommendation

Currently low reliability but 1240
potentially viable. Ecological
L-II River at Wolfes Rd
and cultural (both with and
without
CPW)
reduce
reliability
In the L-II River catchment, it is recognised that the ecological flow recommendations have the potential to significantly impact the high reliability currently experienced by consent holders. For this reason, the LII
River can be specifically mentioned in policy to guide consenting staff (see recommendation d) above).
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River / min flow site

Current min
flow L/s

7DMALF

Ecological L/s

Cultural L/s

Miles Drain

Band 1: 30

14

13*

Miles Drain at Pannetts Rd
Prices Stream

None

-

Band 1: 600
Band 2: 700
Band 3: 1000
Band 4: 600

993

Prices Stream and Prices Valley
Road
Selwyn River
(Recorder)
Selwyn River at Coes Ford

Selwyn River
Selwyn River at Whitecliffs

Band 1: 550
Band 2: 965
Band
3:
10000

792

Minimum flow
for inclusion in
Sub-Regional

Rationale

30

30

Based on current minimum flow, which aligns with
cultural flow recommendation.

Not
assessed

>50

-

893*

1200

No minimum flows is needed as this is a recorder site and
there are no surface water or direct or high >5 L/s.stream
depleting groundwater takes tied to this site, and there is
no allocation for water to be taken from this stream
Based on cultural flow recommendation; higher flows
needed for migration of Tuna to other streams important for the whole system. Important as mahinga
kai source to feed visitors.
Also considered ChCh
playground / key recreational area.

713*

713

Economic impact of changes
to min flows

Very low viability currently.
Reliability
worsened
considerably by ecological
flow, but with CPW, the
reliability will improve, even
with higher min flows.
However, even with CPW,
irrigation remains a marginal
proposition.

1200

Currently 100% reliability.
Significant impact but still
medium reliability.

550

Dependent on Alpine water to help mitigate impact on
reliability. (current reliability < reliability under cultural
flows with Alpine water).
Based on current minimum flow.
Any change could have significant impact economically
but only minor ecological gains, and no benefit provided
by alpine water as site upstream of the CPW
development (but a number of takes are below the CPW
area).
When the flow in the Selwyn River is > 10,000 L/s SDC
can are consented to take up to 280 L/s for stockwater.
When the flow in the river is < 9,999 L/s SDC can take 250
L/s with no minimum flow restrictions.
On expiry and renewal, the stockwater take will be
subject to Policy 4.46 and Rule 5.58 of the LWRP, which
applies to group and community water supplies. These
require, on review, a water supply strategy which
documents ways to reduce water demand during periods
of low flow or low water levels.

Selwyn River

146t

Selwyn River at Rennie Property
D/S of Intake
Silverstream

600 (residual
flow)

-

Not
assessed

Not
assessed

Band 1: 60

88

79*

120
60 (100)

Low
viability
currently.
Viability improves with CPW

600 (residual)

There is insufficient flow data to justify any alteration to
the current residual flow

80

Based on ecological flow recommendation
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River / min flow site

147

River / min flow site

Current min
flow L/s

7DMALF

Ecological L/s

Cultural L/s

Silverstream at Lincoln Leeston Rd

Snake Creek

70

63*

63

30 (residual
flow)

-

Not
assessed

No
abstraction

None

-

Not
assessed

200

Snake Creek at Lincoln Leeston Rd

Taumutu Creek
Taumutu Creek at D/S Gulliver
Intake
Tent Burn Stream
Beachcroft Road

Environment Canterbury Technical Report

Tramway Reserve Drain

None

-

Not
assessed

50

Band 1: 100
Band 2: 100
Band 3: 100
Band 4: 100

38

34*

No
abstraction

No min flow site
Waikekewai Creek
Waikekewai Creek at Taumutu
Beach

and ecological flows, and
may be a low reliability but
viable source. COMAR very
marginal for irrigation.
Low
viability
currently.
Significantly worse under
ecological
flows.
Significantly improved with
CPW and becomes a low
reliability irrigation source

Minimum flow
for inclusion in
Sub-Regional

Silverstream is the subject of significant restoration work
and contributes valuable flow to lower Selwyn River in
summer
60

Based on ecological flow recommendation

No
surface
water or stream
depleting
groundwater
(direct or high
>5l/s)
90% 7dMALF

A joint position statement between Taumutu Rūnanga,
Waikekewai/Taumutu consent holders and EISI is in
development

-

Current reliability not viable.
Ecological flow improves
reliability, though still not
viable.

Rationale

No
surface
water or stream
depleting
groundwater
(direct or high
>5l/s)

There are currently no consents tied to the Tentburn, but
records show that a number of consents that went
through the Rakaia-Selwyn review would have received a
min flow on the Tentburn, if there had been one in place.
There is currently insufficient flow data to give a 7dMALF
estimate. It is therefore recommended that the principle
of 90% 7dMALF be inserted in the Plan, and that an
actual number is inserted into the plan prior to 2025.
No minimum flows is needed as this is a recorder site and
there are no surface water or direct or high >5 L/s stream
depleting groundwater takes tied to this site, and there is
no allocation for water to be taken from this stream
A joint position statement between Taumutu Rūnanga,
Waikekewai/Taumutu consent holders and EISI is in
development.
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Band 1: 30

Economic impact of changes
to min flows
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Appendix 5 Land use change and intensification
rules for Scenario 2, 2+ and Solutions Package 1
Areas within projected urban development boundaries within the catchment assumed to be urban land
No modelled change in losses from existing lifestyle blocks

131

.

New irrigation
New irrigated land (approx. 30,000 ha) will have the following land use breakdown:
132
40% arable (mixed) – approximately 12,000 ha
133
40% dairy (milking platform) 4 cows/ha wintered off– approximately 12,000 ha
134
13 % beef and sheep (80% sheep : 20% beef) – approximately 3,900 ha
135
7% irrigated dairy support – approximately 2,100 ha
PLUS
Intensification leading to increased N losses in existing irrigated areas
136
Existing dairy milking platform (3 cows/ha wintered off and on)- Increase of approximately 0.5 SU/ha
137
equating to an increase in N loss of 16%
Existing dairy milking platform (4 and 5 cows/ha wintered off and on)- Increase of approximately 0.5 SU/ha
138
equating to an increase in N loss of 7.5 %
139
Existing Beef and Sheep enterprises will increase N losses by 15%
140
Existing Dairy support enterprises will increase N losses by 15 %
141
Existing Arable/horticultural enterprises will increase losses by 10 %
Intensification leading to increased N losses in existing dryland areas
142
4,500 ha dryland sheep converting to dryland dairy support
143
Remainder of existing beef and sheep, sheep, beef and dairy support enterprises will increase losses by 15 %
144
Existing Arable/horticultural enterprises will increase losses by 10 %
Losses from other dryland land uses remain as current

131

Selwyn District Council Projected urban growth boundaries
Simon Harris’ estimate was 20 %. A Macfarlane’s estimate for CPW was 63% (CPW Pers Comm.). 40 % intermediate
figure proposed discussed with Shirley Hayward (DNZ) and Nick Pyke (FAR) in January 2012
133
Simon Harris’ estimate was 60 %. A Macfarlane’s estimate for CPW was 10% (CPW Pers Comm.). 40 % intermediate
figure proposed discussed with Shirley Hayward (DNZ) and Nick Pyke (FAR) in January 2012
134
Simon Harris Pers Comm. January 2012
135
Simon Harris Pers Comm. January 2012
136
Simon Harris’ estimate was an increase of 1 SU equivalent, this was considered too high by Shirley Hayward (DNZ).
Increase in N losses equating to 0.5 SU was agreed in January 2012
137
Using the comparative N losses in the N Look up table (2011) from 3 cows/ha to 4 cows/ha (wintered on and off) across
soil types.
138
Using the comparative N losses in the N Look up table (2011) from 4 cows/ha to 5 cows/ha (wintered on and off) across
soil types (mean losses were divided in half to represent an increase of n loss from 0.5 SU.
139
Using the comparative N losses in the N Look up table (2011) from 10:90 to 20:80 to 50:50 beef: sheep ratios across soil
types (irrigated).
140
Assumption that dairy support will be subject to same degree of intensification as beef and sheep
141
Assumption that practices on arable/horticultural land will intensify and there will be some increase in n losses. A 10 %
increase in n losses assumed in discussion with Mike Beare (Plant and Food) in January 2012
142
DairyNZ survey results from Selwyn catchment indicate that each ha of milking platform is supported by approximately
0.55 ha of support land (Howard, 2013)
143
Using the comparative N losses in the N Look up table from 10:90 to 20:80 to 50:50 beef: sheep ratios across soil types
(dryland).
144
Assumption that practices on arable/horticultural land will intensify and there will be some increase in n losses. A 10 %
increase in n losses assumed in discussion with Mike Beare (Plant and Food) in January 2012
132

148
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Appendix 6 Table of estimated % reductions for
maximum
feasible
mitigations
from
good
management practice for different land uses

Land use

Estimated
maximum
feasible
reduction
over
good/compliant
practice for nitrate leaching

Arable

10%

Dairy

40%

Dairy support (dry)

20%

Dairy support (irrigated)

40%

Dryland livestock (beef, sheep, deer, pigs)

10%

Forestry

0%

Fruit (orchard, summer, berry, vine)

10%

Golf course

0%

Irrigated livestock (beef, sheep, deer, pigs)

20%

Lifestyle

0%

Vegetables

10%
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Appendix 7 Phosphorus scenario assumptions

To understand and therefore model impacts of a diffuse pollutant on water quality we need to know about the
source, pathway and receiving environment.
We also need to understand how these change with various interventions (e.g. scenarios).
For phosphorus, we have a model that we can use for the sources. However, for the groundwater-dominated
catchment that the Selwyn is, we don't have an adequate pathway model, connecting the source to the
receiving environment. And there are significant gaps in our understanding of some of the movement of
phosphorus, for example through the groundwater system, and therefore we can't develop a reliable
conceptual model of P movement in the catchment.
We have a good understanding of the impact of P in 2 of the 3 receiving environments (lake and rivers) but we
have limited understanding about P in groundwater.
Therefore we do not have sufficient info/ knowledge to build a numeric catchment model for phosphorus in
the Selwyn catchment. However, we know that managing P is important and we needed to include it in the
scenarios. Therefore P concentrations in streams have been an input to the model.
145
Conceptual understanding of P loss in the catchment
There are three external sources of P to the lake:
• Groundwater
• Spring fed streams
• Drains
Groundwater
Groundwater is not thought to be a significant transporter of dissolved reactive phosphorus (DRP). The limited
data that ECan have indicates that where DRP is elevated it is thought that this may be under anoxic conditions
where the aquifer materials themselves are yielding P. P concentrations in groundwater closer to the lake are
elevated, commonly above 0.01 mg/l.Where the groundwater remains aerated, this correlates with low
concentrations of DRP.
There may be other dissolved forms of P that can be transported such as DOP and require further investigation,
however due to the lack of information on these currently, they will not be considered further here.
It is assumed that land use above SHI, will not affect DRP concentrations in groundwater.
Spring fed streams
Apart from the Halswell River, where DRP has trended upwards over the last 17 years (1.7% p.a), there are no
worsening DRP trends for the remaining 8 monitoring points with some sites having marginally improved over
a period that varies from 8 to 19 years depending on stream identity.
Drains
146
The drains in the lower catchment are understood to have very high concentrations of P although flows were
not gauged, so no estimate of loads can be made. It was considered that the drains may receive both surface
run off and local shallow groundwater recharge.
Surface runoff is likely to contain P, the soils around the lake have a moderate capacity to leach P to
147
groundwater and the aquifer properties in this area are such that anoxia is more likely.
Based on the conceptual understanding that P in the lowland streams (except the Selwyn) is as a result of run
off or shallow sub surface leaching or drainage from proximate land use, and is not being impacted by land use
change in the catchment above SH1 the following assumptions were used for each scenario:
For baseline Scenario 1, no change to current concentrations were used. The phosphorus is assumed to be
derived from proximate land and with little lag time.
For Scenario 2, a range of P concentrations were modelled, 0, +10% and +25%.
Over the past 10-20 years, P losses in most of the lowland streams have either been constant or have
marginally improved, despite the land use change and intensification (through increased irrigation) that has
145

Notes from Phosphorus workshop with MS Srinivasan, Carl Hanson, Adrian Meredith, Darren Leftley, Jenny Websterth
Brown, Sean Walters, Melissa Robson on 10 January 2012.
146
Osbourne’s Drain has high P concentrations (approximately 2 mg/L)
147
Webb et al. 2010. Mapping of vulnerability of nitrate and phosphorus leaching, microbial bypass flow, and soil runoff
potential for two areas of Canterbury. Report prepared for Environment Canterbury. Report No. R10/125
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occurred over that time frame. However, there was additional land use change and continued gradual
intensification modelled in the catchment under Scenario 2 with no controls imposed. Therefore it is plausible
that some increased losses may occur. A range of P concentrations were modelled. In predicting the outcomes
of scenarios, Kelly used a model of co-limitation (Kelly, 2013) and the results, in terms of periphyton and
macrophyte growth was expressed as a risk of outcomes being achieved. The range of P concentrations, 0
to+25% did not make any difference to the risk assessment.
For all other scenarios a 50 % reduction from current in-stream P concentrations was assumed. This was based
on a suite of activities acting in concert:
• Farm environment plans required to consider soils, runoff, stock, effluent, wetlands, and waterbodies
• Targeted in stream sediment removal to reduce legacy sediment and phosphorus in the streams
• Retirement of wet land areas around springheads and fencing of these areas
• Mandatory stock exclusion from streams and drains
• Retirement, planting and active management of riparian buffer areas across significant stretches of
streams and main drains
• Application of lake P inactivation treatment in streams
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Appendix 8 Supplementary unpublished on farm
information on nutrient mitigations and associated
costs
Three sources of information included here. Generalised mitigation efficacy and EBIT supplied to MfE

Appendix 8

). Hurunui land use and
(McDowell, Monaghan and Muirhead, 2012, unpublished
water quality project (Monaghan, 2010 in cited Brown et al., 2011). Modelling of generic farm types
and mitigation cost and efficacy (Mathmo and Feitje, 2012, unpublished).

1) McDowell, Monaghan and Muirhead, 2012
Generalized estimation of mitigation performance and costs
RW McDowell, RM Monaghan and RW Muirhead
AgResearch, Invermay Agricultural Centre, Private Bag 50034 Mosgiel
Context
The following Tables of mitigation performance and associated impacts on farm earnings before interest and
tax (EBIT) are provided for the purpose of guiding analyses of the potential to mitigate filterable reactive
phosphorus (FRP), total P, soluble inorganic nitrogen (SIN) and the faecal indicator bacteria (E. coli) in
catchments dominated by either drystock (Table 1) or dairying (Table 2). Table are generated from cost-curves
from experimental and expert opinion (e.g. Figure 1). The mitigation performance for SIN, FRP and TP is
presented as a fraction of the anthropogenic contribution. This can be estimated for different river
environment classifications as the difference between the current estimated levels (e.g. as predicted by Unwin
et al., 2010) and those under reference (i.e. no human influence) conditions (e.g. as predicted by McDowell et
th
al., 2012). For E. coli, stream water quality standards in NZ are based on the 95 percentiles of the measured
stream concentrations. The percentage decreases presented in Tables 1 and 2 are calculated on the
th
effectiveness of the mitigations to decrease the 95 percentile concentrations in the stream during base-flow
conditions only. The mitigations included in the calculations will be much less effective at mitigating stream
concentrations during storm events.
A number of caveats are attached to the generation and interpretation of each table. These are:
•
•
•

•
•

Strategies for each analyte have been ranked in terms of cost and applied on the basis that the least cost
option is chosen first (refer to Table 3).
Multiple strategies are applied on top of one another. Hence a percentage change will take into account
the effect of a previous mitigation strategy.
Ranges are given to encompass variability in factors such as soil type, climate and topography, and hence
are only to be used as a guideline for the performance and cost of a single strategy or multiple strategies;
nor are they to be seen as to encompass all variation between regions.
Many of the practices advocated within the dairy clean streams accord are assumed to have been put into
action (dairy only).
Estimates with >60% effect on EBIT are deemed to force land use change. Note that significant land use
change is likely well before this change in EBIT. An alternative concept, the manageable load, has been
defined as the mitigation performance possible on the anthropogenic load with <10% decrease in EBIT
(McDowell, 2012).
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•

Cost and effectiveness metrics for many of the N mitigation practices (e.g. use of nitrification inhibitors;
less N fertiliser input) are heavily dependent on milksolids payout and management system employed.
The indicative estimates provided here assume a payout of between $6 and $6.50/kg MS and modest use
of N fertiliser (80 – 100 kg N/ha/yr). The same range was assumed of for P mitigations.

40

Percentage change in EBIT

Dairy
30

FRP with poor mitigation effectiveness
FRP with good mitigation effectivness
TP with poor mitigation effectiveness
TP with good mitigation effectiveness

20

10

0
0

20

40

60

80

Percentage decrease in anthropogenic P loss
Figure 1. Example cost-curve of the mean percentage change in earnings before interest and tax (EBIT) as
predicted from the percentage decrease in anthropogenic P loss for an average dairy property assuming
poor
and
good
mitigation
effectiveness.
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Table 1. Mean range in percentage change in earnings before interest and tax (EBIT) assuming poor and good effectiveness of strategies for filterable reactive phosphorus
(FRP), total phosphorus (TP), soluble inorganic nitrogen (SIN) and E. coli on drystock farms. Mean EBIT for this drystock example was $527/ha. Shading within each analyte
represents the number of strategies employed to reach mitigation target. A change to a darker shade equates to the use of an additional strategy (up to 9 strategies are
used).
Mitigation (%)

-------- FRP --------

-------- TP --------

-------- E. coli --------

-------- SIN --------

Poor

Good

Poor

Good

Poor

Good

1

2

2

3

3

11

1

5

2

2

4

3

15

5

10

3

3

5

4

22

11

15

4

3

6

5

32

17

20

5

4

8

6

23

25

7

5

10

7

47
>60

30

9

6

13

8

>60

35

35

11

7

17

10

>60

41

40

15

8

21

11

>60

46

45

20

10

27

14

>60

52

50

12
17

35
58

16
23

>60

58

60

27
47

>60

70

>60

25

>60

32

80

>60

35

>60

46
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Poor

Good

>60

20

5

>60

>60

20

5

>60

>60

20

5
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Table 2. Mean range in percentage change in earnings before interest and tax (EBIT) assuming poor and good effectiveness of strategies for filterable reactive phosphorus
(FRP), total phosphorus (TP), soluble inorganic nitrogen (SIN) and E. coli on dairy farms. Mean EBIT for this dairy example was $2569/ha. Shading within each analyte
represents the number of strategies employed to reach mitigation target. A change to a darker shade equates to the use of an additional strategy (up to 8 strategies are
used).
Mitigation (%)

-------- FRP --------

-------- TP --------

-------- E. coli --------

-------- SIN --------

Poor

Good

Poor

Good

Poor

Good

Poor

Good

1

1

1

1

1

1

1

1

0

5

1

1

1

1

1

1

1

0

10

1

1

1

1

1

1

1

0

15

1

1

2

1

2

1

1

1

20

2

2

2

2

3

1

1

1

25

2

2

3

2

5

1

1

1

30

3

2

3

2

9

2

2

1

35

4

2

4

3

15

3

2

1

40

5

3

5

3

27

4

2

1

45

6

3

7

4

47

7

3

1

50

7

4

9

5

>60

10

4

2

60

12

5

14

7

>60

23

5

3

70

18

7

23

10

>60

52

8

4

80

29

10

37

14

>60

>60

12

5
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Table 3. Range in effectiveness, cost and order for soluble inorganic nitrogen (SIN), filterable reactive P (FRP)
and total P (TP, in parentheses) used in dairy and drystock examples for each mitigation strategy. Data and
explanatory information for the estimation of effectiveness and cost can be sourced from McDowell and Nash
(2012); McDowell (unpublished); Monaghan et al. (2007; 2008).
Analyte

SIN

Order used in
Tables 1 and 2
Dairy
1
2
3
4
5

Mitigation strategy

Range in
effectiveness (%)

Range in
Cost ($/kg N or P
mitigated)

2 – 20
0 – 30
12 – 30
5 – 40
5 – 20
0 – 10
7(9) – 10(77)
15(20) – 45(25)
5(5) – 48(30)
15(15) – 50(70)
10(20) – 40(30)
-3(10) – 5(26)
3(13) – 20(62)
6(10) – 15(20)
14(41) – 50(67)
40(50) – 80(86)
30(31) – 80(80)

5 – 21
0 – 67
10 – 64
13 – 122
30 – 110
0 – 40
20(20) – 25(26)
3(0) – 6(6)
1(2) – 9(11)
41(42) – 54(53)
156(158) – 160(162
250(239) – 270(281)
229(181) – 271(311)
384(380) – 416(420)
19(20) – 27(26)
59(62) – 91(89)
195(173) – 355(377)

Drystock

Improved effluent & nutrient management
Nitrification inhibitor use
Off-paddock wintering
3
Wetland (natural and constructed)
Decreased N fertiliser inputs
1
Stream fencing
1
FRP (TP) 1
Low rate effluent application
2
2
Optimum Olsen P concentration
3
2
Low water soluble P fertiliser
4
5
Tile drain renovation + sorbent
5
Alum to pastures
6
7
Natural wetland
7
8
Constructed wetland
8
9
Sediment traps
1
Stream fencing
3
Alternative wallows for red deer
4
Sorbents on lanes and near streams
1
Applies only to effluent block (effect scaled to farm basis)
2
Assumes an Olsen P > 20 mg/L above optimum and represents a profit.
2

Data for E. coli cannot be calculated as a meaningful $/mass unit. However, mean effectiveness in decreasing
th
the 95 percentile for the four strategies (in order of that applied in the dairy example) with costs as a
percentage of EBIT are:
1. Stream bridging – 55% (2-4)
2. Low rate effluent application – 29% (4-9)
3. Preventing flood irrigation outwash entering streams – 78% (7-13)
4. Stream fencing – 65% (11-30)
For drystock the effectiveness of stream fencing is estimated to be 65% with an affect on EBIT ranging between
5-20%. These data were calculated using the method of Muirhead et al. (2011).
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2) Monaghan 2010. Information from Hurunui Land use and Water Quality project
Table of percentage reductions in nutrient leaching due to mitigation used in Hurunui Land use and
Water Quality project 2011. Supporting information to this table was included as Appendix 6 to the
Hurunui report (Brown et al., 2011)
% N reduction
with maximum
feasible mitigation
(excluding border
dyke conversion)

% P reduction
with maximum
feasible mitigation
(excluding border
dyke conversion)

Arable

30

10

Dairy Milking platform

50

20

Dairy milking plus support

50

20

Dairy support dryland

25

20

Forestry

0

0

Intensive irrigated Sheep and beef

20

20

Intensive dryland sheep and beef

10

20

Hill country Sheep and beef

0

20

High country sheep and beef

0

0

Other productive

10

20

Other unproductive

0

0
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3)

Mathmo and Feitje, 2012. This work has not been formally written up. Screen shots of the
working files included here represent some work undertaken by Leo Feitje and Victor
Mathmo in 2012. The assumptions for the generic farms modelled were discussed and
broadly agreed by Colin Glass, Ron Pellow, Allison Dewes, Sam Howard. NB There were
outstanding disagreements on impacts of irrigation type on dry matter production.

Model results for arable, beef and sheep

Model farm assumptions for dairy

Environment Canterbury Technical Report

158

Selwyn Waihora limit setting: Overview report

Model results for dairy
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Appendix 9 (Hill and Lilburne, 2014) Technical
memorandum to support Water Quality and Water
Quantity Limit Setting Process in Selwyn Waihora
Catchment: Predicting Consequences of Future
Scenarios - GIS modelling
Scenario 1 Baseline
The land use layer was derived primarily from Agribase® farm data dated August 2011, and used a
GIS script that filled in any gaps with the Land Cover Database Version 2 (LCDB2). Irrigation
information was a combination of Landcare Research remote sensing analysis and interrogation of
Environment Canterbury’s consents database. The area of irrigation within the Selwyn-Waihora is
estimated to be 114,716 ha. These processes are documented in the report Preparation of a GISbased land use map for the region (Hill et al., 2012).
While it is possible for the land use layer to analyse multiple land uses over a single property, a
decision was made to use the most dominant use of the land. A custom GIS tool was used that
assigns a nitrate leaching loss from a lookup table according to land use, soil type and climate zone.
The nitrate leaching losses used were derived from the Look up Tables documented in Lilburne et al.
(2010, 2013). The original Look up Table (2010) was derived through a combination of data sources;
modelling, lysimeter data, and expert judgment. The tables were arrived at as a consensus between
experts, however there were concerns raised at the time with some of the farm systems used.
OVERSEER v5 was not ultimately used in the formation of the tables due to problems in modelling
losses from shallow and stony soils. In 2012 a new version of OVERSEER was released with
significant updates to the underlying modelling framework. The Look up Table patch was generated
which re-ran the original pastoral farm files in the new version of Overseer (v6). As anticipated, this
has resulted in higher leaching estimates on some shallow and stony soils that had been predicted
under previous versions of the model.
The Selwyn-Waihora zone has been broadly classified into productive land and non-productive land.
The former covers agricultural land and is derived from Agribase®, while the latter is typically urban
areas and conservation estate. Within the productive category, land is split into higher productivity
(Plains) and lower productivity (hills) according to a slope-based assessment by Trevor Webb. Higher
producing land is assigned a nitrate leaching loss from the lookup table, whereas non-productive land
is assigned a default (background) nitrate leaching value of 2 kg N/ha. As there was no Smap data or
lookup table data covering the hills, this area was not covered in the GIS modelling. To determine total
catchment loads the low-productivity land was assigned a total nitrate loss value from prior modelling
based on CLUES (MAF, 2012).
The dairy support category is difficult to define using Agribase® information, so the amount of dairy
support was increased to match an expected ratio of 0.55 ha of dairy support to 1 ha of milking
platform (Howard, 2013). This was achieved by randomly selecting 18,000 hectares of ‘sheep’ and
‘sheep and beef’ enterprises and converting them to a dairy support category (a ratio of 0.55).
Table 62

Arable

Area (ha) of soil types by Scenario 1 baseline land use
D

H

L

M

VL

XL

Pd

PdL

No Smap

Grand
Total

1,576

6,068

7,508

10,681

1,090

273

5,432

55

234

32,918

Beef

467

780

3,627

2,146

1,486

288

2,987

166

2,378

14,326

Dairy

118

2,569

20,185

4,166

7,384

691

7,102

827

2,550

45,592

Deer

25

239

1,871

1,169

854

236

1,317

9

468

6,187

DoC

0

32

599

26

406

493

754

539

2,148

4,996
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Forestry

23

453

3,932

839

1,161

1,031

694

4

4,629

12,765

Golf

14

0

143

37

25

38

2

Grazing

373

1,959

7,865

5,047

3,618

436

4,274

260

1,012

24,844

Lifestyle

569

1,689

5,685

2,864

1,440

143

3,041

103

489

16,024

Mask

69

270

1,017

525

361

588

350

52

19,302

22,535

Misc

351

1,587

5,560

2,644

1,556

904

2,585

108

2,238

17,532

259

Native

1

9

97

43

264

1,397

65

1,077

2,953

Sheep

300

1,982

17,013

9,813

5,418

2,477

4,706

108

3,669

45,485

Sheep and Beef

249

1,062

5,620

3,397

2,165

2,411

3,115

326

7,537

25,882

4,135

18,698

80,721

43,397

27,229

11,407

36,423

2,556

47,731

272,297

Grand Total

Scenario 2
This is a development scenario that includes additional irrigation, gradual intensification and new
urban growth zones. Urban land information was sourced from a Selwyn District Council planning
layer, and these current and future growth zones were added to the baseline land use layer. Thirty
thousand hectares of dryland agricultural land within the CPW command zone was randomly selected
and assigned to irrigated dairy (40%), irrigated arable (40%), irrigated dairy support (7%) and irrigated
sheep and beef (13%). An additional 1,200 hectares of dryland sheep farming in the wider SelwynWaihora zone was converted to dryland dairy support. The gradual intensification was represented by
multiplying the nitrate load (kg/ha) raster layer by the proportional increase as detailed in Appendix 5.
In merging land use and irrigation data, farms may be split up into smaller parcels. This is primarily
due to the spatial variability of the irrigation information. The random selection process uses these
smaller parcels and may ultimately fragment a larger property into impractical multiple land uses. This
applies to all scenarios that feature ‘randomised’ land use changes.
Table 63

Area (ha) of soil types by Scenario 2 land use

Arable

148

D

H

M

L

VL

XL

Pd

PdL

No Smap

Grand
Total

1,529

5,783

7,416

5,209

880

243

5,360

55

234

26,710

Beef

458

682

1,615

2,751

1,226

231

2,921

166

2,370

12,421

Dairy

125

2,939

10,648

31,721

9,857

1,381

7,350

847

2,651

67,519

Deer

25

140

819

1,083

807

216

1,379

46

637

5,151

Forestry

23

453

843

3,944

1,164

1,045

732

54

4,786

13,044

1,006

7,536

Golf

14

0

37

143

25

38

2

Grazing

177

546

1,684

1,278

1,139

92

1,614

Lifestyle

569

1,689

2,864

5,685

1,440

143

3,041

103

489

16,024

Mask

178

786

1,371

2,952

610

606

787

63

19,674

27,028

Misc

511

3,355

20,578

1,260

3,275

3,791

38,399

433

2,076

3,078

5,113

1,744

772

3,496

Native

1

10

50

98

265

1,522

69

Sheep

298

1,958

7,363

12,561

4,744

2,348

5,161

259

176

Scenario 3
This scenario modified the baseline land use layer with a goal of achieving a Trophic Level Index of 6
in Lake Ellesmere. A GIS process that selects and reassigns land uses at random was used to

148

The DoC estate was not added to the scenario 2 or 3 GIS layers
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change land use according to the economic optimisation model (

Appendix 3) 149.

Table 64

Appendix 3

differs from that in
as it has been rerun to include the whole catchment are
including non S-map areas. Urban land information was sourced from a Selwyn District Council
planning layer, and these current and future growth zones were incorporated into the land use layer.
Table 64

Area (ha) of soil types by Scenario 3 land use
D

H

Arable

M

L

5,957

VL

150

XL

Pd

No Smap

PdL

747

Beef
Dairy

1,358

3,770

21,118

13,011

2,259

Deer
Forestry

721

2,017

699

69,959

24,778

5,221

6,313

14

0

37

143

25

38

2

Grazing

651

1,704

7,768

Lifestyle

541

1,607

2,647

5,087

1,303

141

Mask

207

869

1,592

3,583

752

Misc

643

2,764

447

1,010

99

1

10

49

95

265

Golf

Native

54

6,344

4,135

18,698

42,407

80,624

27,222

6,942
2,499

2,611

44,126

889

889

5,474

115,236

1,006

17,472

2,952

103

465

14,845

606

876

63

19,707

28,255

38

6,856

77

3,469

15,403

1,521

69

1,261

3,272

4,773

4,773

8,050

Grand Total

238
2,499

259

Sheep
Sheep and Beef

Grand
Total

7,564

36,423

2,556

10,270

18,320

52,661

272,290

Scenario 2+
This scenario applied maximum feasible mitigation measures to the land use layer produced in
Scenario 2. This was achieved by multiplying the nitrate load (kg/ha) raster layer from Scenario 2 by
the proportional reduction as detailed in Appendix 6.

Solutions Package 1
This scenario builds on the land use in Scenario 2, but reflects mitigated nitrate-N losses that are
halfway between good management practices and maximum feasible mitigation. The mitigation step
was undertaken by multiplying the Scenario 2 nitrate load by a proportional decrease of 50 % of Table
58.
Table 65

Area (ha) of soil types by Solution Package 1 land use
D

H

M

L

VL

XL

Pd

PdL

No Smap

Grand
Total

1,529

5,922

9,896

10,321

1,906

497

5,411

55

242

35,779

Beef

458

689

1,221

2,593

1,081

221

2,897

166

2,364

11,690

Dairy

147

2,894

8,441

25,617

8,503

976

7,228

827

2,582

57,216

Deer

25

133

776

1,145

797

204

1,312

9

468

4,869

DoC

0

32

26

599

404

493

754

539

2,148

4,994

23

452

835

3,901

1,157

1,031

693

4

4,625

12,722

270

1,009

30,782

Arable

Forestry
Golf
Grazing

14

0

37

143

25

38

2

403

2,283

6,007

10,298

4,658

805

5,048

259

149

The forestry component was subsequently changed to nil profit very low intensity dryland sheep, assumed to
have the same leaching loss
150
The DoC estate was not added to the scenario 3 GIS layer
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Lifestyle

541

1,607

2,647

5,087

1,303

143

2,952

103

462

14,844

Mask

207

869

1,592

3,545

712

589

814

52

19,446

27,826

Misc

108

2,169

13,624

1,076

2,950

294

1,337

1,892

3,698

1,092

525

2,510

Native

1

9

43

94

264

1,397

65

Sheep

240

1,363

5,243

7,017

3,072

2,081

3,552

98

3,667

26,333

Sheep and Beef

253

1,106

4,741

6,664

2,254

2,407

3,185

326

7,474

28,410

4,135

18,698

43,397

80,721

27,229

11,407

36,423

2,556

47,731

272,297

Grand Total

Zone Committee Solutions Package
The baseline land use layer was used, and the same rules as Scenario 2 were reapplied using a GIS
script. For example, 30,000 hectares of dryland farming was converted to irrigated land uses and
1,200 hectares of dryland pastoral farms were converted to dryland dairy support, as described
previously. Nitrate losses were calculated by utilising the lookup tables by a proportional decrease as
detailed in Table 59, then further adjusted by applying a minimum threshold of 15 kg N/ha and a
maximum of 80 kg N/ha to all agricultural land on the plains. The net result was that all land uses
have a nitrogen loss value of 15 kg N/ha or greater, up to a maximum of 80 kg N/ha.
In order to estimate loads from the whole Selwyn-Waihora zone, the low-productivity land was
assigned a total nitrate loss value from prior modelling based on CLUES (MAF, 2012). Nonproductive land was assigned a loss rate of 2 kg N/ha.
The CPW-supplied land comprises 30,000 hectares of existing irrigation and 30,000 hectares of new
irrigation. Thirty thousand hectares of currently irrigated land within the command area was randomly
selected. This represents the land that is converting from groundwater-sourced irrigation to surface
water-sourced irrigation. A total nitrate load for CPW could then be calculated.
Table 65 applies to Zone Committee Solutions Package as well
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Appendix 10 (Scott and Weir, 2014) Technical
report to support water quality and water quantity
limit setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios.
Groundwater quantity
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Appendix 11 (Hanson, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios.
Groundwater quality
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Appendix 12 (Clark, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios:
Surface water quantity
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Appendix 13 (Kelly, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios:
Surface water quality and ecology
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Appendix 14 (Golders, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios:
Ecology
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Appendix 15 (Norton, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios: Te
Waihora/Lake Ellesmere

Environment Canterbury Technical Report

169

Selwyn Waihora limit setting: Overview report

Appendix 16 (Harris, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios :
Economic Impact Assessment
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Appendix 17 (Taylor, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios:
Social Impact Assessment
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Appendix 18 (Tipa, 2014) Technical report to
support water quality and water quantity limit
setting process in Selwyn Waihora catchment.
Predicting consequences of future scenarios:
Cultural Impact Assessment
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