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QUALIFICATIONS AND EXPERIENCE

QUALIFICATIONS AND EXPERIENCE

1. My full name is James Grainger Cooke.

2. I am currently (April

2013 – present) a Director and

Water

Quality

Specialist

for Streamlined Environmental Ltd, an Environmental Science consultancy based in
Hamilton.

3. I hold the degrees of Bachelor of Science (University of Waikato 1973), Diploma in
Agricultural Science and Master of Philosophy (Soil Science), Massey University
1974 and 1977) and Doctor of Philosophy (Oxford University 1986).

4. I have 37 years' experience in environmental science, the majority of it (29 years)
with the National Institute of Water and Atmospheric Research (NIWA) or its
predecessor organisations. At NIWA I carried out research into nutrient runoff from
agricultural catchments, nutrient cycling in natural wetlands receiving sewage
effluent, and nutrient transformations in freshwater ecosystems. Other roles at NIWA
included Business Development Manager, Manager Environmental Research and
Services (NIWA Australia), and Leader of the National Centre for Water Resources.

5. I have also led or managed a large number of consultancy projects relating to the
environmental effects of anthropogenic activities on aquatic ecosystems.

Most

recently I have been the water quality specialist in a team developing guidelines
(MfE) to assist Regional Councils implement the Water Quantity and Contaminant
Accounting provisions of the NPS-FM (2014). I draw on this experience to suggest
how contaminant accounts can be used to monitor progress towards achieving the
nutrient load targets suggested in Variation 1.

6. I am also accredited (through the ‘Making Good Decisions’ programme) to serve on
hearing committees and I have been an Independent Commissioner (water quality
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expert) on panels making decisions on consent applications to take, use, divert, dam,
and discharge water in the Upper Waitaki Catchment (Environment Canterbury,
2009-2012) and Hakataremea catchment (2013), the discharge of treated sewage to
water and groundwater (Waikato Regional Council, 2012), take and discharge
groundwater to augment water supply (Greater Wellington, 2013), and consents
relating to establishing a new open cast coal mine (Waikato Regional Council, 2013).

7. I have also provided services to other Resource Management forums including: (i)
advising Auckland Council on matters relating to reasonable mixing for the Auckland
Air, Land and Water Plan (2007), (ii) chairing a group (applicant and submitters)
seeking an interim solution for the discharge of treated sewage to Lake Waikare
(2011-12), (iii) presenting evidence on behalf of Federated Farmers (Otago) on the
proposed plan change 6A (Water Quality) for Otago (2012), (iv) presenting evidence
on behalf of Fish & Game on the proposed Canterbury Land and Water Regional
Plan (2013), and (v) acting as Case Manager for Department of Conservation on a
s128 consent review for the Lower Waikato Flood Control Scheme (current).

SCOPE OF EVIDENCE

8. I have been asked by Scott Pearson to prepare evidence in relation to nutrient
(nitrogen and phosphorus) loads on surface waters was in the Selwyn-Waihora
catchment, and comment on the implications to proposed variation one of the
CLWRP. My brief is quite specific and restricted to consideration of concentrations
and loads, and the effects of the zone committee solutions package on those
concentrations and loads. My evidence builds on the evidence given by Brett
Stansfield and Allison Dewes on aquatic ecosystems and agricultural intensification
(particularly the CPW scheme), respectively.

9. My evidence includes:
a) a brief review of and critique of current work on load limit setting of nitrogen,
b) justification for including phosphorus load limits in the Selwyn-Waihora,
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c) a method for monitoring progress towards meeting the objective of variation 1 and
Policy A2 of the NPS-FM that the water quality of streams, rivers and Te
Waihora should improve by 2037 (relative to current state).,

EXECUTIVE SUMMARY
10. This brief of evidence reviews the current work on load limit setting in the Selwyn
Waihora catchment carried out by Ecan experts to support the Zone Committee
Solution Package (ZCSP). It specifically considers N loads in the spring-fed lowland
streams that account for more than 90% of the nutireint load (based on flow balnce)
to Te Waihora.
11. Based on Ecan monitoring of flows and N concentrations in the Selwyn River at Coes
Ford I present a relationship between Log N load and Log Q. This is a well accepted
method for deriving load estimates in situations where the delivery of a contaminant
(N in this case) is flow dependent. The high r2 of this relationship (0.95) gives me
confidence that this method is well-founded.
12. Using the derived relationship I estimate a load of N at the moniring site for the years
in whjich I had data (2006-2011). This shows that N load is highly variable between
years (dependent on flow). I use thje relationship to show that measures that
increase flow of lowland spring-fed streams will increase both N concentrations and
N load to Te Waihora, particulalrly at the low flow end of the spectrum. This increase
in N is likely to be greater than that predicted by Ecan because of the flow
dependence of N delivery.
13. I also review new information (in press) about phosphorus (P) ‘leaching’ in recent
stony soilswith low anion adsorption capacity, such as those that are dominant under
the Central Plains Water (CPW) proposal. I agree with the lead author of that work
(Dr Richard McDowell or AgResearch) that irrigated dairying on such an environment
is likely to lead to P contamination of groundwater, which would provide a legacy for
P enrichment of lowland spring-fed streams for decades to come. Limitied Ecan data
on groundwater DRP concentrations suggests that groundwater P contamination
may already be occurring.
14. ZCSP proposals to reduce P in the Te Waihora water column together with some
acceptance that P may be at least co-limiting primary productivity in lowland spring
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fed streams supports the argument that Variation 1 should also include P control (i.e.
a dual nutrient control approach.
15. The freshwater accounting requirements of under Policy CC1 of the NPS-FM (2014)
provides the impetus fro Ecan to upgrade their monitoring of streams contributing to
Te Waihora. It also provides the opportunity to monitor predicted P and N loads (from
Ecan technical support to the limit setting process) at intervals along the duration of
plan (2014-2037) to test predicted loads against loads estimated from measuring
concentrations and flow of tributary streams. Significant differences between
’measured’ and predicted could provide a mechanism whereby additoonal regulatory
or non regularoy approaches could be invoked, to ensure that Objective A2 of the
NPS-FM (20140 is achieved.

REVIEW AND CRITIQUE OF CURRENT WORK ON LOAD LIMIT SETTING

16. As detailed in the evidence of Fish and Game's planner, Helen Marr the National
Policy Statement on Freshwater Management (2014), sets objectives in respect of
freshwater quality. To the extent that my expertise assists in drawing conclusions on
predicting the effectiveness of plan provisions in achieving the water quality
objectives set nationally, part of my critique of the current work on load limit setting is
in the context of the NPS-FM provisions.
17. The NPS-FM (2011) had 3 policies to give effect to its objectives, viz: (i) set
freshwater objectives and water quality limits (policy A1), (ii) specify targets and
methods to improve water quality within prescribed timeframes for those waterbodies
that currently do not meet freshwater objectives (policy A2), and (iii) imposing
conditions on discharge permits and/or making rules requiring adoption of best
practicable options to prevent or minimise effects of contaminants on freshwater
(policy A3).
18. These policies have been retained in the now operational NPS-FM (2014), but in
addition further policies on Freshwater accounting have been introduced (CC1 and
CC2) to ensure the necessary information for freshwater objective and limit setting is
available. Ensuring the best possible freshwater accounting practices are used in the
Selwyn-Waihora, is I suggest, a way the DMC can ensure that outcomes intended by
Variation 1 are achieved, or at least provide a mechanism whereby additional
measures can be taken to ensure they are achieved in the long term.
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19. Ecan have diligently attempted to meet the objectives of the NPS-FM (2011)1
through the application of a number of models that have guided the Zone
Committees deliberations on the optimum scenario that not only meets NPS-FM
objectives, but also those of the CWMS.
20. A feature of the biophysical modelling used is that it is top-down. i.e. it starts with
modelling nutrient loss below the rooting zone, and routes outputs via groundwater
through to streams and ultimately Te Waihora. Because of the uncertain lag time
between the two endpoints there is no verification of models with actual
concentrations or loads of nutrients in rivers and streams before they discharge to Te
Waihora.
21. Partly because of this uncertainty, the Zone Committee described their task as a
‘wicked’ problem in which;
a. There was incomplete knowledge and understanding
b. Many people and opinions involved
c. Proposed solutions had a significant impact
d. There was a high degree of inter-connection with related problems.
22. Whilst I understand the wicked problem that beset the Zone Committee, meeting the
objectives of the NPS-FM must be the top priority. As noted by Ms Marr, Fish &
Game is not currently satisfied that the regulatory approach proposed in Variation 1,
even in combination with the other non-regulatory measures outlined in the ZCSP,
will meet NPS-FM objectives.
23. Part of the difficulty that Fish & Game has with the ZCSP is that while N leaching
targets are set for existing and proposed (CPW) non-point sources, and limits set for
point source discharges, only corresponding freshwater objectives in lowland
streams relate to meeting nitrate toxicity criteria.

Similarly for Te Waihora the

corresponding freshwater objective is nitrate toxicity and minor reduction in TLI.
While lowland streams are approaching the nitrate toxicity criteria, they do not
currently exceed it. Therefore it is possible (and indeed deemed likely) that nitrate
concentrations in lowland streams could continue to increase even if they do not
breach the nitrate toxicity criteria.
24. Part of justification for the lack of specificity is that ecological responses are multifaceted and not just a response to nitrogen. I agree that this is the case and Mr
Stansfield (Fish & Game’s Freshwater Ecologist) has commented on this further in
1

NPS-FM was only introduced in July 2014
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his evidence. However for this intensively farmed catchment, which has been
classified by Ecan as heavily ‘over-allocated’ with respect to nitrogen, the proposed
freshwater objectives, are inadequate, and will not, in my view, meet the objectives of
the NPS-FM.
25. Recognising the ‘wicked problem’ that Variation 1 addresses, F&G have taken a
conservative position, which is that the current state of lowland streams and Te
Waihora should set the benchmark for 2037. i.e. the state of lowland streams and Te
Waihora in 2037 should be better than the state in 2014. This allows for predicted
nutrient load ‘in the post’ to manifest itself (an increase) and for the proposed nutrient
reduction measures (15 kg N/ha/y from non-point sources as well as associated nonregulatory initiatives to take effect (a decrease). This would meet the NPS-FM
Objective A2 (c) of “improving the quality of fresh water in water bodies that have
been degraded by human activities to the point of being over-allocated”. Having such
a benchmark in the Plan would provide a simple measure that all stakeholders could
understand.
Difficulties with the ZCSP approach
26. One of the difficulties that I have with the ZCSP and indeed the whole limit setting
approach is the lack of quantification associated with modeling, and the uncertainty
of the in-lake measures achieving the desired result within the 2037 timeframe. As
the proposed regulatory targets are based upon the success of the non-regulatory
measures, you need to have reasonable certainty that they will achieve their
objectives. However, where the uncertainty in the modelling is such that it can only
be expressed in terms of probable direction of change, or with caveats around the
success of other uncertain parts of the scenario (such as reestablishment of
macrophyte beds in Te Waihora) my view is that the precautionary principle should
prevail. i.e. there needs to be provision for further regulatory intervention should the
proposed in-lake measures prove impractical to implement, or not be effective.
27. Examples of the non-regulatory interventions in Te Waihora that are critical to the
success of the ZCSP are:
a. Establishment of a permanent outlet control structure,
b. Immobilization of phosphorus in the water column. And,
c. Reestablishment of macrophyte beds
28. The authors of the various technical reports point out the assumptions and
uncertainties associated with these proposed measures; particularly b and c. There
is nothing in the technical documentation that gives me confidence that these
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measures will be successful. Yet the assessment matrix assumes these measures
will be successful (e.g. macrophyte reestablishment green in Table 44 of Technical
Overview Report) because such success is assumed in the package (even though
the author of the report also notes “There is some doubt whether re-establishment of
macrophyte beds is even practically feasible at the moment”. Brett Stansfield notes
that macrophytes have never been reestablished in lakes where the nitrate-N
concentration is greater than 1.0 mg/L (Te Waihora currently > 2.0 mg/L).
29. Similarly the Technical Report overview notes that Gibbs (2013) concluded that alum
administered at low does to tributary streams is likely to be most effective at
inactivating phosphorus. On the basis of this “likely to be most effective” a 50%
reduction in water column P was assumed in the modelling. There has been, to my
knowledge, no rigorous analysis of whether such removal rates are feasible. Given
the large area of the lake, its wind-swept nature, and periodic saline intrusion, my
view is that such a level of removal is highly optimistic, even if Ngai tahu gave their
approval for such intervention.
30. The Technical Report Overview also states that the ZCSP will

“probably” meet

targets for lake nitrate-N concentration. However this is only with respect to the
meeting nitrate toxicity criteria for protection of 99% of species in the middle of the
lake (which would likely be met in other scenarios as well). The author of the
Technical Report Overview admits while the additional water introduced to the
catchment provides some dilution through substitution of surface for groundwater for
irrigation, managed aquifer recharge, and targeted stream augmentation, the
concentrations at the edge of lake would be elevated and may induce some stress in
sensitive species. Also the concentrations in tributaries are predicted to rise and not
meet 90% protection levels.
31. These predictions are bleak and if accurate would not meet the objectives of the
NPS-FM. However my view is that the outcome may be even bleaker because Ecan
scientists have assumed N concentrations in tributaries are independent of flow, or a
linear relationship between flow and N load mean (Hanson, 2014). However if N
concentration were dependent of flow (increases as flow increases) then there would
be higher concentrations in tributaries and the lake than those predicted by Ecan.

32. In my Evidence-in-Chief to the pCLWRP I described how we used LOADEST
approach developed by USGS to calculate an annual mean N load for 3 Canterbury
catchments over the period 1999-2011 using the complete hydrological record over
that time. The regression relationship between log flow and log TN load for the
Selwyn @ Coes Ford was not presented in that evidence but is shown here (Figure
1). It can be seen there is a very strong linear relationship (r2=0.95) between the two.
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This provides strong empirical evidence that N concentration is not independent of
flow and that load will increase as a power function of flow, rather than linearly.

Figure 1 Nitrogen load vs flow relationship. Selwyn @ Coes Ford using data 2006-2011
33. The regression equation in Figure 1 was used to estimate N load at Coes Ford in my
pCLWRP evidence. For the convenience of the Commissioners I reproduce the
relevant part of Table 1 in that evidence as Table 1 in this evidence.
Table 1. Estimated annual N load in the Selwyn River at Coes Ford
Year

Load (kg/y)

2006
2007
2008
2009
2010
2011
AVG

368,181
136,806
569,124
267,211
588,708
228,103
360,000

34. From Table 1 it can be noted that there is a large variation in the inter-annual load
estimate. However the average (2006-2011) annual load is within 20% of Hanson’s
(2014) estimate.
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35. Under the ZCSP scenario, the mean flow at Coes Ford is predicted to increase by
57.6%. The mean daily nitrogen load would increase from 811 kg/d to 1745 kg/d, an
increase of 215%. The 7DMALF currently averages 288.7 L/s. Under the ZCSP this
is expected to increase to 1102 L/S, which will provide valuable ecological flows.
However it will also bring about a 330% increase in mean daily N load (from 143 kg/d
to 475 kg/d) at a time of year when the Te Waihora may be expected to be most
sensitive to N load.
36. Further Figure 1 shows that while the regression relationship has a high degree of fit,
there is a change of slope in the relationship at ~ Ln 7.5 L/s. This means that at
higher flows the actual slope would be lower (if only those data were used) whilst at
low flows the slope would be higher (if only those data were used). In other words the
relative increase in concentration (and load) will be greater at the low flow end of the
range than the high flow end of the range.
37. While this is only an empirical relationship it provides strong evidence that as flow
increases, so too does N load, and at a slightly greater rate than the flow. In other
words N concentrations would also be expected to rise. This may be due to less
attenuation at higher flow rates and/or it may be that higher groundwater flow
accesses more nitrate stores.
38. The commissioning of the CPW scheme is expected to exacerbate this situation. As
pointed out in the Technical Report Overview, the additional N that will enter the
system from this scheme increases the uncertainty as to whether the Zone
committee objectives will be achieved.
39. In my evidence on the pCLWRP I presented predictions on the increase in N load at
Coes Ford resulting from an increase in irrigated dairy on light soils (exactly the
situation of CPW). Based on a scenario of an 8000 ha increase in irrigated dairy
leaching 90 kg N ha/y and 6000 ha of dairy leaching 70 kg N ha/y I predicted a 47%
average increase in N load at Coes Ford (Table 5, EIC Jim Cooke, pCLWRP
hearing). The 1944 T/y limit proposed for CPW appears to be based on 30,000 ha
dairy and 15, 000 ha dairy support; i.e. a total of 45,000 ha leaching an average of 43
kg N/h/y. Irrespective of arguments about leaching rates (which Dr Dewes is better
qualified to address than me) the net export from new CPW irrigation will be ~ 2
times that of the scenario I addressed at the pCLWRP hearing (by virtue of the much
larger area (45,000 ha vs 14,000 ha). Whilst I do not know what proportion of CPW
leachate will end up at Coes Ford, I am confident (based on the strong relationship
shown in Figure 1) that the average annual nitrate concentration will increase by at
least 1 mg/L and the average summer nitrate concentration by a considerably greater
amount and likely to be in excess of the revised nitrate toxicity criteria.
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Is phosphorus an issue?
40. Currently there are no regulatory controls of phosphorus ‘leaching’ proposed in
Variation 1 except for Table 11(l) limits for lakes where some TP limits are given for
the mid-lake and Coopers Lagoon.
41. . However phosphorus has certainly been recognised as an issue; particularly in Te
Waihora, where alum dosing of tributary streams is mooted in the ZCSP as a means
of reducing P in the water column. The Technical Report Overview notes that the
internal load of phosphorus is much greater than external load and therefore
attention needs to be given to reducing this load through immobilisation and/or
flushing the phosphorus out of the system (through outlet control). The ZCSP also
has non-regulatory measures to reduce phosphorus to surface water streams and
rivers through FEMPs, mandatory stock retirement near streams, riparian buffers and
targeted sediment removal from streams and drains to remove ‘legacy phosphorus’.
The combined reduction of available phosphorus load on Te Waihora assumed in the
lake modelling is 50%.
42. Irrespective of the validity of the above assumption, I question whether it is an
effective use of public money to spend potentially millions of dollars in perpetuity to
inactivate phosphorus in the water column, without also considering regulatory
control at the source, as requested in Fish and Game’s submission.
43. Appendix 7 of the Technical Report Overview outlines the reasons for not modelling
phosphorus transport below the root zone. Basically this was because there was no
suitable model available. In addition the limited data that ECan had available
indicated that dissolved reactive P (DRP) was generally low in groundwater and
where it was elevated it was thought that this may be under anoxic conditions where
the aquifer materials themselves are yielding P. No increasing trends in spring fed
streams (other than the Halswell) also contributed to the view that there was no
reason to consider regulatory limits on phosphorus.
44. Ecan’s view reflects conventional wisdom on phosphorus transport from pastures to
surface water, which is that phosphorus is transported mainly via surface runoff
during storm events. i.e. phosphorus is mainly associated with soli particles and
transport to streams occurs by virtue of mobilization of these particles during storm
events. Conventional wisdom is also that soluble P doesn’t leach significantly
because it is rapidly adsorbed to most soils.
45. However a recent paper by McDowell et al (in press) concludes that under certain
circumstances DRP (I will amalgamate DRP, filterable reactive P, and Olsen P under
the same banner for the purposes of this discussion) from intensive agriculture can
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leach to groundwater, and further, once entrained in groundwater it will provide a
reservoir that will be virtually impossible to remove.
46. McDowell’s team conducted a meta analysis of three datasets viz; (i) soils consisting
of more than a quarter of a million samples submitted for Olsen P analysis (the
conventional measure for available P in soils), (ii) DRP in surface water samples
(~1000 sampling points from the National Water Quality monitoring Network, and (iii)
DRP in groundwater samples from the National Groundwater Monitoring Network.
All datasets were filtered to ensure that corresponding geographic coordinates were
known as well as information on landuse, and lithology.
47. McDowell et al’s analysis showed that groundwater beneath dairying landuse, was
enriched with P, especially in aquifers with gravel or sand lithology. They also
showed that groundwater could contribute much P to surface water if there was good
connectivity between surface and groundwater, intensive landuse occurs on soils
prone to leaching, and leached-P was not attenuated through aquifers (by virtue of
there being a lack of adsorbing materials).
48. Whilst McDowell et al (in press) agreed with the Ecan assessment (Technical Report
Overview, Appendix 7) that groundwater was more enriched with P where there were
reducing conditions, they also found that groundwater sites located in areas with a
predominance of dairying were enriched (especially when the aquifer lithology was
either gravel or sand) regardless of the redox state of the groundwater.
49. McDowell concluded that the greatest risk to aquifer enrichment with phosphorus
comes from those soils being used for intensive agriculture (e.g. dairying) and
vulnerable to P leaching such recent stony soils in Canterbury, with low anion
sorption capacity above aquifers of gravel and sand lithology with limited capacity to
attenuate P movement through into surface waters.

Under such circumstances,

McDowell recommended that management and planning consider the connectivity
and characteristics of P in soil-groundwater-surface water systems in order to avoid
long-term legacy issues associated with P enrichment of aquifers.
50. Thus Ecan’s conclusions on the lack of P enrichment in aquifers may not stand up to
a more rigorous examination. Ecan data on DRP in groundwater within the SelwynWaihoa catchment is shown in Figure 2.Whilst figure 2 shows only maximum DRP
concentrations (and therefore may be skewed) many of the wells have only 1-2
samples. However the map does show that on some occasions at least groundwater
is very enriched with DRP; particularly adjacent to tributaries and drains close to Te
Waihora. While no rigorous examination of this data is possible because of the low
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sample numbers for some wells, it is certainly not inconsistent with the findings of
McDowell et al (in press)
Max DRP (mg/L)

ND
0.000 0.004 0.006 0.026 -

0.004
0.006
0.026
1.030

Figure 2. Groundwater DRP concentrations
51. The argument that there are no trends of increasing DRP in spring-fed streams
(except the Halswell) can also be explained by the principles of nutrient limitation. If
the streams in question are phosphorus-limited as seems to be accepted as a
possibility by Kelly (2014), then incoming phosphorus would be taken up by
periphyton and or macrophytes, which are known to be prolific. However periphyton
and macrophytes provide only temporary storage of phosphorus and once they are
sloughed off, or die-back and are transported to Te Waihora, they will decompose
and the phosphorus recycled into the water column.
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52. It is likely in my view that groundwater is the major source of P enrichment in the
lowland environment adjacent to Te Waihora. We know that these streams are
enriched with phosphorus, and yet their apparent surface catchment is relatively
small. They are also of low gradient, so there is little opportunity for P addition from
surface runoff. We also know that drains in the area (that intersect the groundwater
table) contain very high concentrations of DRP (up to 2 mg/L reported in appendix 7
of the Technical Report Summary).
53. Given the objective of reducing phosphorus the lake and the strong indications of
phosphorus co-limitation in contributing streams, there appears to be a strong case
for managing the Selwyn-Waihora catchment using a dual nutrient approach. Such
an approach has been used in Hurunui-Waiau plan (5.2 Schedule 1). A dual nutrient
approach also has general support form the water sciences community. For example
workshop of water quality experts convened by Horizons Regional Council prior to
the One Plan hearings recommended that as a general principle, it was necessary to
control both nitrogen and phosphorus (Wilcock et al. 2007).
54. Given the major uncertainty on the effectiveness of in-lake remediation techniques
such as alum dosing, and evidence of phosphorus enrichment in groundwater, there
is a strong case for introducing phosphorus limits at a farm level as well as nitrogen.
The way forward – freshwater accounting
55. Despite my reservations about many of the modelling assumptions, I do not favour
re-litigating their predictions. The Ecan suite of studies have provided many valuable
insights and there would be no sense in fully rejecting them simply because we
disagree over some of the assumptions. I have no doubt that you will be receiving
other evidence in which the assumptions and methods of Ecan’s models are
questioned; particularly those around attenuation factors. It is likely that alternative
models will be proposed in an attempt to relax the conditions of the ZCSP,
particularly those limiting farm nitrogen exports to 15 kg N/ha/y. However unless
such models are robust, (provide calibration/verification, can confidently predict
current state and increased nitrogen exports associated with increased groundwater
augmentation, then I respectfully suggest that they will provide no advantage over
Ecan’s modelling.
56. As a noted in #14 the modelling process has been top-down (i.e. from the paddock to
the lake) but with no calibration or verification possible because of the lag times and
attenuation. While this is the best that is currently possible for deriving limits, what is
required is a method for determining whether the targets and limits so derived, will
achieve the desired freshwater outcomes. In this case we propose that the outcomes
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to be achieved by 2037, should be the current state of spring fed lowland streams
and Te Waihora.
57. The NPS-FM (2014) provides an accounting mechanism whereby the freshwater
outcomes set in the plan can be tested against limits and targets. It is a mandatory
activity for all Regional Councils and Unitary Authorities and because of this, Ministry
for the Environment commissioned a NIWA-led team to provide guidelines to
councils on how to implement freshwater accounting systems. I was the water quality
specialist on this team and it is through this project (Rouse et al, 2014) that the
potential usefulness of the approach for monitoring progress towards meeting the
outcomes became apparent. However for it to be effective, Ecan will need to marshal
their resources to provide best estimates of contaminant concentrations and loads at
various points in the catchment. Currently the network of tributary streams monitored
is inadequate for this purpose and sampling frequency (quarterly at some sites) is
also too infrequent in my view to provide a robust estimate of load.
58. With a robust water quality monitoring network in place (including flow recorders) it
should be possible to monitor progress towards meeting the water quality outcomes
in the plan. I submit that as Ecan believe that the proposed freshwater outcomes will
be achieved by 2037, they must be able to provide ‘intermediate’ state objectives
along the way, which can be assessed against actual measured state.
59. Policy CC1 of the NPS-FM (2014) requires every Council to
a. establish and operate a freshwater quality accounting system and a
freshwater quantity accounting system for those freshwater management
units where they are setting or reviewing freshwater objectives and limits in
accordance with Policy A1, Policy B1, and Policies CA1-CA4; and
b. maintain a freshwater quality accounting system and a freshwater quantity
accounting system at levels of detail that are commensurate with the
significance of the freshwater quality and freshwater quantity issues,
respectively, in each freshwater management unit.
60. Policy CC2 requires regional councils to take reasonable steps to ensure that
information gathered in accordance with Policy CC1 is available to the public,
regularly and in a suitable form, for the freshwater management units where they are
setting or reviewing, and where they have set or reviewed, freshwater objectives and
limits in accordance with Policy A1, Policy B1, and Policies CA1-CA4.
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61. In addition Policy CB1 requires Councils to establish monitoring plans for each
freshwater management unit to monitor progress towards meeting freshwater
objectives.
62. In this case the policies (CB1 and CC1 & 2) may be seen as inter-related since both
require monitoring of surface waters to be effective. Because of the significance and
issues surrounding the Selwyn-Waihora catchment the freshwater accounting should
be ‘top drawer’. This will require Ecan to significantly increase both the spatial and
temporal intensity of monitoring in order to have robust estimates of load at various
points in the catchment.
63. The key components of freshwater accounting are summarised in Figure 3.

Figure 3 Key components of Freshwater Accounting (from Rouse et al, 2014)
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64. The Regional Council Reference Group supporting the Freshwater Accounting
Guidelines supported measuring the current state of surface waters as the
foundation of the accounting system because it:
a. Is easy to understand by stakeholders whereas modelling concepts are more
difficult,
b. Eliminates argument over modelling assumptions and methods
c. Provides a state against which modelling predictions can be assessed,
d. Load can be estimated with known precision
65. The sites for accounting inputs to Te Waihora are simplified because direct discharge
of groundwater through the bed of Te Waihora is thought to be minor.
66. While the whole Selwyn-Waihora catchment may be considered a single FMU
(analogous to the ‘Zone”), for practical reasons it may be better to select small scale
FMUs. Hansen (2014) provides a basis for selection of sites in his Table 2-1, which
shows that streams draining Selwyn-Waimakariri (Halswell, L ll Stream, Selwyn, and
Irwell) account for 69% of the inflows to Te Waihora, with only Hart’s Creek (14%)
contributing significantly from Selwyn-Rakaia. In addition, reference sites unaffected
by anthropogenic influences such as Selwyn @ Whitecliffes would need to be
selected as reference sites.
67. As well as fulfilling freshwater accounting requirements under the NPS-FM (2014)
Ecan could also test their predicted loads to Te Waihora (with appropriate error bars)
against robust estimates of actual load. Where actual loads (done on a three year
rolling mean basis) were significantly greater than predicted loads (outside of error
bars), this could provide the trigger for further intervention. A hypothetical example of
such a scheme is given in Figure 4.
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Figure 4 Hypothetical example of testing predicted load (taking into account, lags, and
attenuation) vs actual state.
68. In the hypothetical example above, predictions of total N load reaching Te Waihora
have been made taking into account lags in the system and attenuation (blue line).
The rise in N load is expected due to historic intensification and lags in the system as
well as the increased load from CPW. The modeling expects the increase in load to
plateau and the onset of regulatory and non-regulatory interventions to start reducing
N loads around 2022. Monitoring of actual loads (red line - rolling 3 year average to
reduce climate-induced variability – see Table 1) follows predicted load for the first 3
years, but continues to increase at a greater rate than expected. It is clearly greater
than predicted load in 2020 (above error lines) and provides a trigger for further
interventions.
69. I have shown a method whereby accurate load estimates have been made for the
Selwyn @ Coes Ford. With a minimum of two years of monthly sampling and flow
recording, similar estimates could be made for other significant tributaries. Similarly
relationships could be derived to estimate annual P loads in these same tributaries. I
have suggested that 3-year rolling means be used as the metric from which to
compare predicted loads in order to minimize the effects of hydrologic variability. I
append an example table (Appendix 1) showing the sites I suggest should be
monitored and those (that contribute < 5% of flow to Te Waihora) that could be
estimated.
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CONCLUSIONS
70. The current ZCSP limit setting exercise is based on a top down (paddock to the lake)
approach and because of lag and attenuation issues there has been no attempt to
verify predictions with current state of spring-fed tributary stream flowing into te
Waihora.
71. The authors of technical reports supporting the limit setting process admit that the
predicted N concentrations of these tributary streams will increase, and biota in the
littoral zone of Te Waihora may also be streesed. Neither of these outcomes are
consistent with the Objective A2 of the NPS-FM (2014).
72. There is evidence that N concentrations of lowland spring-fed streams increase with
flow rate and that therefore the predictions made by Ecan scientists are conservative
(i.e. N concentrations after implementing the ZCSP will be even higher than they
predicted).
73. There is new emrging information that DRP may ‘leach’ to groundwater particulalrly
on recent stony soils with low anion adsorption capacity. Failure to recognise this risk
could result in groundwater being a ‘legacy’ contaminant source of P for decades to
come. Whilst Ecan hold lille data on groundwater P concentrations, the data that is
available is not inconsistent with this assessment.
74. The efforts proposed in the ZCSP to reduce P in the watercolumn of Te Waihora and
the recognition that P may be at least co-limiting in lowland spring-fed streams
supports the argument that P should be managed under Variation 1 as well as N.
75. The generalised predictions made by Ecan experts to support the ZCSP should be
quantified into P and N load predictions at the outlets of lowland spring-fed streams
at various times during the duration of Variation 1 (up to 2037) and these predictions
tested against load estimates derived from increased monitring effort, as required
under the frehwater accounting provisions (Policy CC1) of the NPS-FM (2014)
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