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1

Jennifer Price

From:
Sent: Thursday, 11 April 2019 6:49 PM
To: Jennifer Price; 
Cc: Ton Snelder (landwaterpeople.co.nz); Isaac Bain
Subject: RE: Nutrient sub-group - decision needed about sub-group summary 
Attachments: BRT exploration of invertebrate metrics.docx

Follow Up Flag: Follow up
Flag Status: Flagged

Hi all 

I'm happy with these. Given the limitations of linear regression, as a complementary analysis  I've used boosted 
regressions trees to explore the relative influence of nutrients and natural factors in predicting macroinvertebrate 
indicators. In all cases, nitrate‐nitrogen was the most influential predictor (see attached)  

Cheers 
 

‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Jennifer Price <Jennifer.Price@mfe.govt.nz>  
Sent: Thursday, 11 April 2019 12:08 PM 
To:   

 
Cc: Ton Snelder (landwaterpeople.co.nz) <ton@landwaterpeople.co.nz>; Isaac Bain <Isaac.Bain@mfe.govt.nz> 
Subject: Nutrient sub‐group ‐ decision needed about sub‐group summary  

Hi all, 
Attached are two documents: 
1. Nutrient sub‐group summary: This contains the attribute tables and meeting notes. If everybody is happy with this
I can send it to STAG ‐ please let me know whether that is OK or not.
2. The tracked changes version of the meeting notes from 5 April, showing updates based on your emails.
Cheers
Jen

‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Jennifer Price  
Sent: Thursday, 11 April 2019 9:13 AM 
To:   
Cc:   Ton Snelder (landwaterpeople.co.nz) 
<ton@landwaterpeople.co.nz>; Isaac Bain <Isaac.Bain@mfe.govt.nz>;   

 
Subject: RE: Phone conference ‐ nutrient sub‐group 

Hi all, 
Thanks for all your work on this. I am conscious of next week's meeting coming up soon so would like to make a plan 
for getting the sub‐group recommendations to the STAG. 
One option would be: 
1. I will collate the info from   below, with the meeting notes as amended by the sub‐group members, 2. Sub‐
group members approve, 3. I will send to STAG.
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2

Is everyone happy with this approach?  
Cheers 
Jen 

‐‐‐‐‐Original Message‐‐‐‐‐ 
From:   
Sent: Tuesday, 9 April 2019 6:44 PM 
To: Jennifer Price <Jennifer.Price@mfe.govt.nz> 
Cc:   Ton Snelder (landwaterpeople.co.nz) 
<ton@landwaterpeople.co.nz>;  

 
Subject: RE: Phone conference ‐ nutrient sub‐group 

Hi all 

I have some mock‐up tables attached for feedback. I have created them so: 
‐ Total nutrients are used, not dissolved; 
‐ Ecosystem processes are included; 
‐ Groups are weighted equally (or minimum for option 3). 
‐ Option 3 is an option that protects for the most stringent group in each band. This is provided given as this 

theme has arisen a few times in STAG and we were asked how we   could build in precaution. 
‐ Bands have been harmonised with the attribute tables proposed for ASPM and IBI and existing chlorophyll 

a attribute (Jen has these). We can re‐calibrate the numbers if STAG   changes the tables. 

In each table there are three columns, each presenting a different option. 

Options: 
1. Average all groups equally, including percentile analysis.
2. Average all groups equally, excluding percentile analysis (as not correlated with ecosystem health metrics).
3. Protect for the most stringent group, excluding percentile analysis (as not correlated with ecosystem health
metrics).

What option should we go for? 

Cheers 
 

‐‐‐‐‐Original Message‐‐‐‐‐ 
From:   
Sent: Tuesday, 9 April 2019 11:05 AM 
To:   Jennifer Price <Jennifer.Price@mfe.govt.nz> 
Cc:   Ton Snelder (landwaterpeople.co.nz) 
<ton@landwaterpeople.co.nz>;   
Subject: RE: Phone conference ‐ nutrient sub‐group 

Hi All, 

Good job, Jen. I've made a few suggestions on your notes as well. 

I generally agree with   emailed comments too. 

Cheers! 
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3

‐‐‐‐‐Original Message‐‐‐‐‐ 
From:   
Sent: Tuesday, 9 April 2019 8:44 AM 
To: Jennifer Price <Jennifer.Price@mfe.govt.nz> 
Cc:   Ton 
Snelder (landwaterpeople.co.nz) <ton@landwaterpeople.co.nz>; Isaac Bain <Isaac.Bain@mfe.govt.nz> 
Subject: Re: Phone conference ‐ nutrient sub‐group 

Hi Jen  

Thanks Jen, looking good. 

The only part I’m still a bit uncertain about is “Managing N on its own will not deliver the co‐benefits”. Not sure 
what’s meant by “co‐benefits” ‐ do you mean be a silver bullet? I agree that it won’t be a silver bullet.  

Though I do think it’s essential because nutrients are so fundamental to the way ecosystems work  There will always 
be environmental uptake of nutrients by the food web, and in turn affecting cycling and throughflow. Unfortunately 
the responses are often emergent properties that can be difficult to measure. So i support the part where you say 
“but collectively, attributes can go a long way towards providing for ecosystem health.” 

Thanks 
 

> On 9/04/2019, at 8:26 AM, Jennifer Price <Jennifer.Price@mfe.govt.nz> wrote:
>
> Managing N on its own will not deliver the co‐benefits 

********************************************************************************************* 

Please Note: The information contained in this e‐mail message and any attached files may be confid*ential 
information, and may also be the subject of legal professional privilege.  It is not necessarily the official view of the 
Ministry for the Environment.  If you are not the intended recipient, any use, disclosure or copying of this e‐mail is 
unauthorised.  If you have received this e‐mail in error, please notify us immediately by reply e‐mail and delete the 
original. Thank you. 

********************************************************************************************* 
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An exploration of factors predicting macroinvertebrate indices 

Objective: To explore the extent to which nutrients and natural environmental factors can 
predict macroinvertebrate indices, specifically the MCI, %EPT-abundance and ASPM. 

Linear regression has been used to explore relationships between MCI and nutrients for 
different REC and FENZ river classes. Some classes yield significant relationships, others did 
not. Linear regression has five key assumptions which should be met prior to analysis. If they 
are not met, then careful interpretation of findings is needed, with the assumptions made 
clear otherwise hypothesis. These assumptions are (1) the relationship is indeed linear, (2) 
residuals are normally distributed, (3) No or little multicollinearity, (4) no auto-correlation, 
(5) there is homogeneity of variance across the gradient (homoscedasticity), (6) the sample
size is sufficiently large (ie 20+). Whilst pre-processing, such as transformations and initial
design, can allow for some assumptions to be met, data limitations can constrain the
usefulness of linear regression. The explorations using linear regressions (MCI vs nutrients)
by REC and FENZ classes showed substantial heteroscedasticity, non-normal distribution of
residuals, and data scarcity or inconsistent data extent.

As an alternative exploration, Boosted Regression Trees (BRT) may provide more 
informative insight into the extent to which macroinvertebrate indices can be predicted by 
nutrients alongside other natural factors. Boosted Regressions Tree (BRT) models are 
capable of fitting interactions and non-linear predictors, can handle non-normal error terms 
and missing values, and can identify the most informative predictors whilst ignoring 
irrelevant ones. 

Here BRTs are used to model MCI, %EPT-abundance and the ASPM from the factors in Table 
1 (sourced from the FENZ geodatabase and Larned (2016). For MCI, three explorations were 
undertaken: (1) using national SOE dataset (2012-2016), (2) Prof Death’s dataset, and (3) the 
national SOE dataset and Prof Death’s combined. BRTs were ran with a tree complexity of 
10, learning rate of 0.001, and cross-validated using a bag fraction of 0.2.  

Table 1. Predictors used in BRT 
explorations. 
DRP_State USAvgSlope 
NO3N_State USCalcium 
SegJanAirT USHardness 
SegLowFlow USPhosporus 
SegFlow4th USPeat 
SegFlowVariability USLake 
SegSlopeSqrt USWetland 
SegRipShade USNative 
SegRipNative USGlacier 
DSDist2Coast ReachSed 
USAvgTNorm ReachHab 
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Predicting MCI from Prof Death’s dataset 

This exploration had a cross-validated correlation of 0.799 (se=0.013). Nitrate-nitrogen was 
the best predictor, followed by flow variability and native riparian cover. 

Predicting MCI from the national SOE dataset 

This exploration had a cross-validated correlation of 0.742 (se=0.011). Nitrate-nitrogen was 
the best predictor, followed by flow variability, slope, January air temperature and native 
riparian cover. 
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Predicting MCI from the national SOE dataset and Prof Death’s dataset 

This exploration had a cross-validated correlation of 0.797 (se=0.007). Nitrate-nitrogen was 
the best predictor, followed by flow variability, air temperature, slope and native riparian 
cover. 

Predicting ASPM from the national SOE dataset 

This exploration had a cross-validated correlation of 0.74 (se=0.011). Nitrate-nitrogen was 
the best predictor, followed by flow variability, air temperature and native riparian cover. 
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Predicting %EPT-abundance from the national SOE dataset 

This exploration had a cross-validated correlation of 0.68 (se=0.012). Nitrate-nitrogen was 
the best predictor, followed by January air temperature, flow variability and DRP. 

Conclusion: All macroinvertebrate metrics were well predicted by the BRT models, with 
nitrate-nitrogen being the most influential factor in predicting all metrics. Flow variability, 
native riparian cover and summer temperature were also consistently among the next most 
influential predictors. 
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Jennifer Price

From: Ton Snelder <ton@landwaterpeople.co.nz>
Sent: Friday, 12 April 2019 5:15 AM
To: Jennifer Price
Subject: new analysis
Attachments: PredictMCIUsingRF.docx

Follow Up Flag: Follow up
Flag Status: Flagged

Hi Jen, 

I cannot replicate   results using randomForest models (see my results attached). Random forests are a very 
similar machine learning approach to BRT. 
That is quite strange. My results are consistent with many studies over the past 10 years.  

In any case, this sort of analysis is uninformative for two reasons: 
1. It is a global (i.e., all sites at once) analysis that does not tell us if the response of MCI to DIN/DRP is spatially

variable.
2. It does not tell us what the causative variables are or the extent to which DIN/DRP are acting as correlates to

an underlying causative variable.

Feel free to use, or not, this additional bit of evidence. 

Ton Snelder  
_____________________________________________________________________________ 

Email: ton@lwp.nz 
Phone:   | Mobile:   
Web:  http://landwaterpeople.co.nz 

Physical: Unit 13, 212 Antigua Street, Christchurch, New Zealand  
Postal: P.O. Box 70, Lyttelton 8841, New Zealand 
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Predict the regional council + NRWQN MCI scores using Random Forest models (= very similar 
approach to BRT but with fewer subjective decisions such as learning rate).  

First model without including usPasture (  excluded this obvious predictor for some reason). 
Second model includes usPasture. Both models include DIN and DRP as predictors. 

First model had cross validated r2 of 63%. Second model had cross validated r2 of 63%. 

Partial plots illustrate the model by showing the response of MCI to each predictor when all other 
variables in the model are held at their mean value. The value in parentheses after predictor label on 
x-axis is the predictor’s importance in the model. The importance measure reflects the predictors
contribution to model accuracy. Note that the predictor panels are arranged top left to bottom right
in order of importance.

Figure 1. Partial plots for model that excluded usPastoral. 
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Figure 2. Partial plots for model that included usPastoral. 
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1

Jennifer Price

From:
Sent: Wednesday, 8 May 2019 11:10 AM
To: Jennifer Price; Taylor, Ken
Subject: Your query about nutrient narrative sub-group correspondence

Follow Up Flag: Follow up
Flag Status: Flagged

Hi Jennifer  (cc Ken) 

Below I have quoted from the correspondence between the sub‐group ( ) that relates 
to a possible option of  ‘adjusting the bottom line for Nitrate N from 0.88 to 1.0’ to allow for the fact that the 
bottom of the NOF A‐Band for Nitrate toxicity (“High conservation value system. Unlikely to be effects even on 
sensitive species”) is 1.0 mg/L NO3‐N. 

At the end of this correspondence it seems to me that there is reasonable support for a discussion on whether to 
increase the bottom line from 0.88 to 1.0. The results of such a discussion could be either:  

1. an agreement to alter the table and the STAG submits an altered table with 1.0 as the bottom line OR

2. A alternative table be provided from the STAG to the leaders group as second option based on 
comment: “a shift from 0.88 – 1.0 would be a policy consideration potentially based on pragmatism”.

I will let you read the material below and decide where to go from here. I hope this helps. 

Regards 

   

PS: quotes from email correspondence between the sub‐group relating to   statement follow: 

 original statement: “It would be a minor adjustment to make the bottom line 1.0 mg/L for median DIN and 
1.5 mg/L  for 95th percentile DIN, if we wanted to recognise the legal standing the current toxicity guidelines already 
have, in support of this new table. For the median DIN at least, the difference between 0.88 and 1.0 is almost within 
the analytical error (usually <=10%), so practically speaking this is not a significant change.  However, does 
it change our confidence in the numbers?” 

 – “I’ve had a look at the toxicity evidence for the A‐band and it isn’t particularly strong, so I support retaining 
the numbers as they are and keeping the narrative statement about the numerics also providing for nitrate toxicity.” 

‐  
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 “Your C and D bands refer to Nitrate Toxicity. I support this wording because 0.89 mg/L is getting toward the

boundary of 1.0 that affords 99% species protection reported by Hickey 2013 and that are reflected in the

current NOF toxicity table.

 The most recent ANZG report (Default Guideline Values for Toxicants: Nitrate – Freshwater) proposes the

Default Guideline Value for “High conservation value systems (99% species protection)” as 1.1 mg/L NO3‐

N. Thus, it seems to me that your email suggestion of using the current Nitrate Toxicity Attribute Band A

boundary of 1.0 mg/l as an ecosystem bottom line (C/D boundary) would be defensible and supportable as it

is already acknowledged in the NPS‐FM with the narrative “High conservation value system. Unlikely to be

effects even on sensitive species”.    I would support a change to the bottom line from 0.89 to 1.0 if we are

going to discuss this further.  The other numbers for the A and B bands would be based entirely on the

Weight of Evidence approach as discussed at the STAG‐ that I am not quite as familiar with.”

– “I recall the last two meetings discussing the option of using the existing nitrate A band as the bottom‐line 
but there wasn’t wide support, rather that the protection against nitrate toxicity could incorporated into the 
narratives (as   has done here). I’m not saying shifting the bottom‐line to A of existing is a bad idea, it would 
need more discussion and wider support first though, just clarifying that the numbers here are those STAG asked for 
at the last meeting”. 

 ‐  “In regard to the change from 0.88 to 1.0 I think that would need to be discussed further at the broader 
STAG group. My thinking is more consistent with  (toxicity approach and ecosystem health approach are 
different, even though toxicity would be considered within the ecosystem health context, so we should honour the 
methodological approach separatism from a science basis but a shift from 0.88 to 1.0 would be a policy 
consideration potentially based on pragmatism)”. 

 – “I agree with  – quote: “a shift from 0.88 – 1.0 would be a policy consideration potentially based on 
pragmatism”. That is exactly why I think it is worth considering ”  It is scientifically defensible and more pragmatic if 
there is ‘push‐back’ against the proposed NO3‐N Table (which I suspect there probably will be). I am only requesting 
we keep this open as an option as   suggested.” 

Subsequent to the sub ‐group discussion  sent us all an email with the following comment: 

   – “Ton Snelders analysis shows the periphyton attribute is likely to apply in the order of 55 to 65% of the 
nations rivers, and his numbers indicate the SIN and DRP concentrations that will be associated with that. The new 
ecosystem health table is essential for the balance of rivers around 40% and some where the periphyton attribute 
recommendations exceed the new ecosystem health table. In simple terms it seeks to apply in the areas where the 
current nitrate toxicity attribute currently applies and is a replacement table. The nitrate toxicity attribute is built on 
sound science, likely peer reviewed. Some have questioned this as its lab based. My view is that the nitrate toxicity 
science provides a much more scientifically credible way to set limits for ecosystem health, as it has a mechanism for 
the attribute influencing ecosystem health outcomes (nitrate toxicity). My suggestion to the group is that if a nitrate 
attribute for ecosystem health is desired, the nitrate toxicity table as it stands is a credible option and the value 
judgement is what level of species protection to provide for. The current level, bottom of the B band or bottom of 
the A band present some options for debate, clearly there are other options. This approach has in my opinion uses 
robust science and rationale for the policy change” 
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From: Jennifer Price <Jennifer.Price@mfe.govt.nz>  
Sent: Wednesday, 8 May 2019 9:36 AM 
To:   Taylor, Ken <Ken.Taylor@agresearch.co.nz> 
Subject: RE: Proposed narratives for nutrient tables 

Hi  , 
I am not sure if I have a record of the discussion – was this the discussion referred to by  below? I was not 
included in those emails. 
Cheers 
Jen 

From:    
Sent: Tuesday, 7 May 2019 4:56 PM 
To: Taylor, Ken <Ken.Taylor@agresearch.co.nz> 
Cc: Jennifer Price <Jennifer.Price@mfe.govt.nz> 
Subject: Fw: Proposed narratives for nutrient tables 

Dear    (cc Jennifer) 

I was somewhat alarmed to see that the informed  discussion we have had in the sub‐group regarding an 
alternative option of  changing the bottom line for Nitrate‐N to 1.0 mg/L to align with the NOF A‐Band has 
not been circulated to the STAG. 

I sincerely hope that that option will be introduced to the STAG at some ssearly tage. Perhaps you can 
think about  the best way to do this as I firmly believe it is the most pragmatic approach. 

regards 
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From: Jennifer Price <Jennifer.Price@mfe.govt.nz> 
Sent: Tuesday, 7 May 2019 3:25 p.m. 
To: acanning (acanning@fishandgame.org.nz); Bryce Cooper; Chris Daughney; clarksonb 
(ClarksonB@landcareresearch.co.nz); Clive Howard‐Williams; d.hikuroa (d.hikuroa@auckland.ac.nz); Graham 
Sevicke‐Jones (Sevicke‐JonesG@landcareresearch.co.nz); ian.hawes (ian.hawes@waikato.ac.nz); Jamie Ataria; Jenny 
Webster‐Brown (jenny.webster‐brown@canterbury.ac.nz); Joanne Clapcott (cawthron.org.nz); Jon Roygard 
(jon.roygard@horizons.govt.nz); ken.taylor@agresearch.co.nz; Mahinaarangi Baker; Dr Marc Schallenberg; Maria 
Burgess; Dr Mike Joy (vuw.ac.nz); Parish, Sarah (Sarah.Parish@agresearch.co.nz); R.G.Death 
(R.G.Death@massey.ac.nz); Ra (Ra@kahungunuwairarapa.iwi.nz); Tanira Kingi 
Cc: Adrian Young; Alice Jacobs; Carl Howarth; Claire Conwell; Helli Ward; Isaac Bain; Jo Burton; Kirsten Forsyth; Lucy 
Bolton; Nik Andic; Oscar Montes de Oca Munguia; Stephen Fragaszy; Ton Snelder (landwaterpeople.co.nz); Vicki 
Addison 
Subject: FW: Proposed narratives for nutrient tables  

Kia ora koutou, please see below (and attached) further work on narratives for nutrient tables. 
Ngā mihi 
Jen 

From:    
Sent: Tuesday, 7 May 2019 3:15 PM 
To: Jennifer Price <Jennifer.Price@mfe.govt.nz> 
Cc:  

 
Ken.taylor@agresearch.co.nz 
Subject: Proposed narratives for nutrient tables 

Dear Jen 

We   have broad agreement on the narrative wording attached … I am aware that 
there are lingering concerns about the numbers themselves and we would like to see more discussion around 
whether trophic and toxicity considerations should be combined in a single attribute table,  and the justification for 
this.  

Could you please circulate the attached nutrient tables and comments below to the whole STAG group please?  
Thanks 
 

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 

Please find attached an attempt at a narrative for the nutrient tables that is; 

- consistent with the narratives used for other attribute tables

- reflects our nervousness around implying that a particular DIN level will necessarily lead to eutrophication

- reflects the NBL's protection with respect to nitrate toxicity

Also note … 

- There is a place holder re Groundwater (footnote 1 for DIN attribute table) while we wait for Chris Daughney to
comment further.
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- It would be a minor adjustment to make the bottom line 1.0 mg/L for median DIN and 1.5 mg/L  for 95th percentile
DIN, if we wanted to recognise the legal standing the current toxicity guidelines already have, in support of this new
table. For the median DIN at least, the difference between 0.88 and 1.0 is almost within the analytical error (usually
<=10%), so practically speaking this is not a significant change.  However, does it change our confidence in
the numbers?

Cheers 

 

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ 
  

 

 
 

 

 

 

 
 

 

 
 

 

 

 

*********************************************************************************************

Please Note: The information contained in this e-mail message and any attached files may be confid*ential information, and may also be the 
subject of legal professional privilege. It is not necessarily the official view of the Ministry for the Environment. If you are not the intended recipient, 
any use, disclosure or copying of this e-mail is unauthorised. If you have received this e-mail in error, please notify us immediately by reply e-mail 
and delete the original. Thank you.

*********************************************************************************************
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Jennifer Price

From: Jennifer Price
Sent: Wednesday, 22 May 2019 2:33 PM
To: David Hamilton (david.p.hamilton@griffith.edu.au)
Subject: FW: STAG nutrients and ecosystem health discussion 
Attachments: STAG views on nutrient numbers combined.docx

Hi David, 
Here is the final piece of information I was wanting to send you on the STAG nutrient discussions.  
Please let me know if anything is unclear or if you’d like further information on anything. 
Kind regards 
Jen 

From: Taylor, Ken <Ken.Taylor@agresearch.co.nz>  
Sent: Wednesday, 22 May 2019 2:25 PM 
To: acanning@fishandgame.org.nz; 'r.g.death@massey.ac.nz' (r.g.death@massey.ac.nz) <r.g.death@massey.ac.nz>; 
Dr Mike Joy (vuw.ac.nz) <mike.joy@vuw.ac.nz>; Ra@kahungunuwairarapa.iwi.nz; Dr Marc Schallenberg 
<marc.schallenberg@otago.ac.nz>; Joanne Clapcott (cawthron.org.nz) <Joanne Clapcott@cawthron.org.nz>; 
ClarksonB@landcareresearch.co.nz; Chris Daughney <Chris.Daughney@mfe govt.nz>; Clive Howard‐Williams 
(niwa.co.nz) <clive.howard‐williams@niwa.co.nz>; Sevicke‐JonesG@landcareresearch.co.nz; 
Bryce.Cooper@niwa.co.nz; ian.hawes@waikato.ac.nz; Jenny Webster‐Brown <jenny.webster‐
brown@canterbury.ac.nz>; jon.roygard@horizons.govt.nz; Mahina‐a‐rangi Baker 

; Tanira Kingi <tanira.kingi@scionresearch.com>; Jamie.Ataria@lincoln.ac.nz; 
d.hikuroa@auckland.ac.nz
Cc: Jennifer Price <Jennifer.Price@mfe.govt.nz>; Martin Workman <martin.workman@mfe.govt.nz>; Lucy Bolton
<Lucy.Bolton@mfe.govt.nz>; Jo Burton <Jo.Burton@mfe.govt.nz>
Subject: nutrients and ecosystem health discussion

Kia ora koutou 

Thanks all of you for participating in this exercise, the purpose of which was primarily to establish levels of 
agreement around various points of discussion that we have been wrestling with over the past few weeks. I 
appreciate your contributions in this regard. Thanks also to those of you who provided me with very detailed 
footnotes by way of qualifications, caveats and disclaimers. These will be very useful in preparing our report.   

All I have done at this stage is to combine your responses into a single table, which I have attached. Some overall 
observations: 

 There is very strong (although not unanimous) support for the concept of setting thresholds for nutrients for
ecosystem health protection

 With respect to nitrogen, there is very strong support for a single set of numbers for nitrogen – less so for
phosphorus ‐  there, views are equally divided on whether spatial variation should be handled via separate
tables or an exceptions regime

 The weight of evidence approach is supported by a good majority (9/14), but a number of you are still to be
convinced.

 There is very strong support for including reference to N  toxicity in the narrative that sits behind the
numbers but very little support for adjusting the  bottom line number to align with a toxicity threshold

From a policy advice point of view, one important conclusion I would draw from this is that while there is still some 
contention as to the method by which ecosystem health thresholds are to be defined, there is very good agreement 
about (broadly) where the bottom line should be drawn. On that basis I believe that not only should we seek to 
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resolve the differing perspectives but that there is a good prospect that we can get much closer to full agreement 
before the government’s consultation process starts  

Outstanding matters that still need serious technical input relate to metrics and sampling methods/compliance 
definitions. We need to put the DIN v NO3‐N debate to bed, and we need to provide sound advice on statistics 
(medians, percentiles, maxima etc) and sampling frequency. 

Ngā mihi 
Ken 

Ken Taylor ‐ Director 
Our Land and Water National Science Challenge
AgResearch – Lincoln Science Centre, Private Bag 4749, Christchurch 8140
T: +64 3 325 9933 M:+64 27 295 4359  E: ken.taylor@agresearch.co.nz 
W: www.ourlandandwater.nz 
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footnotes 

Column 3: I am not entirely convinced of the weight of evidence approach particularly as this includes periphyton which are already covered by the 
Periphyton attribute 

Column 6: Disagree - there will be separate Attributes for Wetlands at some stage. Here we are talking about rivers. 

Column 7: Agree - my suggestion is to provide this as a second option because of my uncertainty over the Weight of Evidence approach 

 Agree Agree Agree Agree Agree Disagree Disagree Agree Disagree (prefer 
exceptions) 

Y 

 Disagree10 Science is 
unresolved
2, 11

Disagree Agree12 Disagree12 Disagree13 Agree14 Agree15 Agree16 Y 

 Agree Agree Disagree Agree but only 
to the D band 
narrative 

Disagree 
because of 
reference 
to 
eutrophica
tion 

Disagree Disagree Agree Agree Y 

 Agree Agree Agree Agree Agree Disagree Disagree Disagree Y 
 Agree Agree Agree Agree Agree Disagree Disagree Agree 

 Agree Agree Agree Agree Disagree Disagree Agree 

Agree 13 9 6 14 6 2 3 12 5 
Disagree 1 6 4 10 9 1 5 
Unresole
d 

5 1 1 

Not able 
to 
comment 

1 1 
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Column 8: Agree  - while recognising that 0.88 will be even more protective than the toxicity A-Ban.  However, my concern is about pragmatism and the fact 
that nitrate toxicity is already accepted in the NPS and hence is more defendable as a bottom line that offers ‘99% species protection’. 

footnotes 

1 And I think that should be DIN 

2 We have been given two conflicting analyses: one from  and one from Ton and there has been no resolution on those or if it’s important to have 
resolution. There has also been no resolution on the attribute statistic and sampling period. We need an exceptions footnote, like that required for DRP. 
There are streams that I am aware of where natural geothermal input of DIN leads to concentrations in excess of the proposed bottom line – we should 
acknowledge this possibility with an exceptions footnote. 

3 The set concentration bands and the wide range in reference condition suggest words such as minor or moderate elevation above natural reference 
conditions will often be inaccurate (see DRP plots). We need a better way of expressing this. 

4And this would make the nitrate toxicity table redundant 

5Disagree – see note 3. 

6This is an attribute for ecosystem health so we need to justify it on the weight-of-evidence approach for EH but note that this covers off nitrate toxicity as 
well; i.e., makes it redundant as bottom line requires lower concentration than A band threshold of nitrate toxicity table. 

7I don’t think this is a valid rationale even if it was true – see note 6  

8Whilst acknowledging the ‘internal loading’ mechanism for P supply to rivers, I don’t think this invalidates the DRP attribute. 

9I prefer a single bottom line with an exceptions footnote acknowledging that some rivers, particularly some of those in certain river classes, will exceed 
these naturally. For me the ‘extra noise’ around a ‘productive class’ which still results in a bunch of exceptions is simply not worth it – the wide variation in 
the DRP plots Adam did convinces me that all those exceptions are best handled on a bespoke basis.   

 footnotes 

My view is there should be four controls for nutrient impacts on ecosystem health based on the mechanisms that nutrients impact on ecosystem health. This 
is to enable these to be applied in an effects based manner, customisable to catchments. Three types of control are as in the NPS-FM now i.e. the ammonia 
toxicity table, the periphyton attribute (and associated notes) and the nitrate toxicity attribute. It is recommended that each of these be amended from their 
current form in the NPS-FM  Each of these has clear, peer reviewed science to inform policy and an established mechanism/rationale by which setting limits 
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in policy provide protection for ecosystem health. In my view, the level of toxicity allowed for as the national bottom line is a policy call. The science is clear 
about what percentages of species protection is provided for at differing concentrations. Lowering the concentration that is the national bottom line for 
toxicity is a potential way to strengthen protection for ecosystem health with a clear set of evidence to back up the setting of the thresholds. The forth 
control is consideration of downstream nutrient sensitive environments. In my view, the ammonia attribute and nitrate toxicity attribute require amendment 
to provide a similar note or policy around accounting for sensitive downstream environments as is provided in the periphyton attribute. Further the 
periphyton attribute should keep this consideration of downstream environments with its requirements to set both DIN and DRP limits for periphyton 
growth. A potential national attribute table for concentrations of DIN and DRP to provide for periphyton outcomes has been presented to the STAG, as has 
science that shows regional models of such tables perform better that the national table. The STAG therefore decided a national table of DIN/DRP limits for 
periphyton was not appropriate and the retention of the current provisions was the preference. Overall providing further clarity in the NPS-FM around 
setting nutrient limits for ecosystem health is recommended. For example to describe how to consider the ammonia toxicity, nitrate toxicity and periphyton 
requirements as well as those of downstream environments in a catchment or freshwater management unit. Elevating the guidance on setting nutrient 
limits from the footnotes of an attribute table to another part of the policy framework is potentially a start for this.  

11The science is unresolved. A request for a peer review of the science has been made as a part of the STAG and at this stage the current recommended 
bottom lines have not been through a formal peer review process. The weight of evidence approach as it is currently being advanced has provided a series of 
potential bottom line numbers to the STAG ranging from around 1.6 g/m3 nitrate to less than 0.7 g/m3 nitrate depending on how the math is completed. The 
wide ranging studies that inform the weight of evidence approach have a wide range of recommended bottom line numbers for different purposes and these 
are averaged to inform the recommended national bottom line in the proposed table. Further there is potential that the current pooling of studies is 
presenting a double accounting of sorts, whereby requirements for controls on nutrient impacts on ecosystem health due to impacts on periphyton are being 
used to inform the overall number, however controls for periphyton are not required in parts of the country. Science presented to the STAG by Ton Snelder 
shows approximately 55 to 65% of NZ requires nutrient controls to manage periphyton impacts on ecosystem health, and the remainder do not as 
periphyton is not an issue in these locations due to substrate type or some other reason.  The mechanisms for impacts of nutrient on ecosystem health in the 
balance of NZ’s rivers relate to toxicity effects or impacts on downstream environments. The proposed table based on the weight of evidence approach could 
therefore constrain nutrient concentrations in parts of NZ for no net gain in ecosystem health. It is also noted that the requirement to lower concentrations 
in catchments to the new proposed numbers would only apply where concentrations are currently above these numbers, as the maintain and improve 
provisions provide controls on raising in-river nitrate concentrations to higher concentrations. My view is that to strengthen protection of ecosystem health 
through nutrient controls, the impact on downstream environments should be added to the tables for nitrate and ammonia toxicity and the policy calls on 
the levels of protection for these tables be revisited. There is potential in areas to be managed for periphyton, that the new ecosystem health numbers in the 
proposed table provide lower concentrations than recommendations for periphyton. Although this is likely to be rare, it does raise a question as to why more 
stringent controls would be needed on an effects basis. It is recommended that consideration be given to ensuring the information required (monitoring and 
science) for setting the nutrient criteria for periphyton is being undertaken and resourced both nationally and regionally.    
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12Noting my view that the table should be about toxicity and potential eutrophication impacts of sensitive downstream environments. 

13Support removing the weight of evidence approach from the table as the science is unresolved. 

14Noting my view that the setting of the specific nitrate toxicity threshold for nitrate is a policy call on the degree of protection of species required. An equally 
valid approach from a science perspective would be to set the value for the national bottom line at the current break between the B and C band in the nitrate 
toxicity table. The policy decision required is what level of protection is desired. The available science on toxicity threshold impacts provides a strong basis for 
policy now and further investment in this type of science over time for more New Zealand species could be useful for future policy setting such as defining 
objectives in regional plans or future revision of the NPS-FM.  

15Where DRP has mechanistic effects on ecosystem health e.g. in the areas where the periphyton requirements to set limits are required (approximately 55 
to 65% of NZ) and in the balance of NZ where DRP is likely to impact on nutrient sensitive downstream environments.     

16Research of drivers of periphyton growth shows that customised setting of DRP limits will be required to manage periphyton. 
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Themes

• Challenges in identifying robust periphyton – nutrient 
relationships in rivers

• General approach used by Biggs (2000)

• Development of new relationships using new data from regional 
councils: summary of outcomes, regional and national models 
(focussing on chlorophyll a) 

• Next steps
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In summary:

• Periphyton biomass in rivers is influenced by multiple factors in 
addition to nutrients (flows, light, substrate, grazing, …)

• Periphyton itself can affect nutrient concentrations via uptake

• Nutrient concentrations also related to flows (nutrients are blunt tool)

• Result: rarely possible to find positive links between periphyton 
biomass and nutrients from synoptic surveys; negative 
relationships almost inevitable over time within sites. 
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Shortcomings of the 2000 models 

• Restricted to a single river type (hill-fed, snowmelt affected, 

unshaded, gravel-bed)

• Low range of DIN (maximum of 232 mg/m3) – below saturation

• Tendency to over-predict chl a for given DIN and DRP

BUT models highlighted sensitivity of chl a to low range of DIN

(chl a range < 10 to > 800 mg/m2)
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Development of new models using new data 

• New regional council data : e.g., Horizons started monthly
periphyton surveys in 2008 (ongoing)

• Currently data from ECan (2011 – 2014), BOPRC (2015 –), GWRC
(2016 –), ES (2014 –) [requirement of NPS]

• Site selection to cover range of nutrients and flow variability

• Periphyton as Chl a, %cover (maximum, 92nd percentile)

• Predictors: DIN, DRP, TN, TP, substrate, water temp., conductivity,
etc. + river flow

• Used GLM (regression approach).
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Development of new models using new data 

New analyses to determine more accurate accrual periods at each site

Previous assumption that 3 x median adequately describes a flow 

magnitude that re-sets periphyton does not hold*

 Used monthly data to derive “effective flow” (EF) at each site

 calculated mean accrual period from EF (in multiples of median 

flow) [Variable: DaEF (days)]. EF from 1.5 to 15 x median.

*See Hoyle et al. (2017) Freshwater Biology 62(2): 258-273 41
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Example: ECan 3-y dataset, 24 sites in hill & alpine catchments

Development of new models using new data 
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ECan dataset, 24 sites in hill & alpine catchments

At unshaded hill sites – more complicated

• Predictors: DIN, conductivity, DaEF, substrate (% fine) [R2 > 0.7]

 +ve DIN vs. chl a correlation up to DIN 200 – 300 mg/m3, then 

stabilises / declines

 +ve effect of conductivity on chl a at low DIN (< 200 mg/m3)

 +ve effect of DaEF on chl a. (Accrual period based on 3 x 

median flow not a significant predictor.)
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Development of new models using new data 

Example: Horizons 7-y dataset, 62 sites, 50 with flow data
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In summary:

• New regional monthly periphyton & environment data produced 
models as good as Biggs (2000) (in terms of R2)

• Subdivision of datasets (i.e., classification) was required to show up 
best relationships

• In most cases DaEF was an important predictor (not Da3xmedian)

• Same main predictors across regions (conductivity, DIN, DaEF)

• DRP only occasionally included as a predictor. 

48

Rele
as

ed
 un

de
r th

e p
rov

isio
n o

f th
e O

ffic
ial

 In
for

mati
on

 Act 
19

82













• If periphyton biomass (chl a) is to be used as the basis for defining
nutrient attributes, note that:

 Strong periphyton – nutrient relationships possible if multiple
factors are taken into account;

 Other factors may also be managed (e.g., shade, sediment, flow);

 Data requirements are high (time-series) but RCs are collecting
these data for NPS compliance (periphyton attribute);

 Improved outcome when site classification applied;

 DIN dominant nutrient predictor; DRP needs more investigation.
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• Relationships already developed or under development covering at
least some regions / sites, and site groups (classes) within regions

 Set periphyton objectives (likely based on existing NPS-FM bands)

 Apply classification to sites (e.g., REC-based & region specific)

 Use appropriate models to identify DIN and DRP limits
corresponding to periphyton objectives for each class

• This is essentially a site-specific approach which allows identification
of potential effects of other factors as well as nutrients.

Pathway to setting DIN / DRP thresholds
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Nitrate in drinking water

Chris Nokes

for MfE STAG
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WHO commentary 2011

• Epidemiological studies only suggestive of a nitrate-cancer link

• Epidemiological studies have various shortcomings, or found no

correlation

• Findings of epidemiological studies inconsistent

• Occupation exposure studies show no link with cancer

Carcinogenicity
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• 2018 Danish study (cohort study)

o Large, long-term databases linked

o Resulting strengths:  study population size; duration of follow-up, and 

longitudinal exposure data at the individual level.

o Weaknesses: unable to control for confounders (eg, smoking, diet, 

alcohol, sedentary lifestyle, obesity)

o Conclusion: increased risk of colorectal cancer (CRC) with exposure to 

nitrate in drinking water.  Statistically significant increased risk of CRC 

and rectal cancer at nitrate concentrations greater than ca. 3.9 mg NO3/L

Carcinogenicity - continued
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Carcinogenicity - continued

• 2016 Spanish-Italian study (case control study)

o Findings similar to the Danish study

o Able to control for known confounders that lead to colorectal cancer

o Much smaller number of cases (ca 1,800 cf 2,700,000)

o Conclusion: Increased risk of colon cancer from ca 4.3 mg NO3/L and

colorectal and CRC from ca 8.6 mg NO3/L.
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• ESR comment to Ministry of Health

• A meta-analysis of this and other studies designed to look at a possible 

nitrate cancer link required – by WHO task group?

• Wait for the meta-analysis.

Carcinogenicity - continued
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• Congenital malformations – one study, could not be confirmed

• Cardiovascular effects – inconsistent findings

• Effects on the thyroid – epidemiological studies (1980s – 1990s)

o little effect if iodine intake satisfactory

o other studies find no link

o new studies suffer from methodological and data problems

Other health concerns
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• “Protection of source water is of paramount importance” – Second 

fundamental principle of drinking water safety (Havelock North 

Inquiry Stage 2 Report)

• Health Act 1956 s 69U

Duty to take reasonable steps to contribute to the protection of 
source of drinking water

• NES for Sources of Human Drinking Water

o Provides the tool to protect source waters

Nitrate management in drinking 
water
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• Best control is prevention (including prevention of faecal contamination)

• Dilution

• Disinfection – helps minimise the role of infection in causing methaemoglobinemia

• Ion-exchange (groundwaters)

• Regeneration of the resin

• Disposal of the spent regenerant

• Biological denitrification (surface waters)

• Operational complexities

• Microbiological contamination of the final water

Nitrate management in drinking 
water
Options for reducing health risks associated with nitrate
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• Membrane technologies

• Electrodialysis

• Ultrafiltration

• Reverse osmosis

Cost and disposal of the concentrate

• Zero-valent iron, magnesium, aluminium

• pH adjustment for optimum removal

• Distillation

Nitrate management in drinking 
water - continued

Options for reducing health risks associated with nitrate - continued
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• Cyanobacteria/cyanotoxins

• Prevention of bloom development is the best risk management strategy

• Physical removal of cells at the start of the treatment train

• Oxidative destruction of the toxins

• Adsorption by activated carbon

Other hazards arising from 
nutrients
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Basic assumptions

• We want to manage 
nutrients because of 
their effect on trophic 
state

• Trophic state is 
represented by peak 
periphyton biomass

• The effect of nutrients on 
biomass is complicated 
(mediated by) other 
factors
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But consistent with conceptual understanding

𝑊𝑊𝑊𝑊𝑊𝑊 = 0.93 − 0.16𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 5.8𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 − 0.02𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 0.21𝑇𝑇𝑇𝑇+ 0.008𝑃𝑃𝑃𝑃𝑃𝑃 + 2.6𝑙𝑙𝑙𝑙𝑙𝑙10 𝑇𝑇𝑇𝑇 − 1.02𝑙𝑙𝑙𝑙𝑙𝑙10 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 Model 1

𝑊𝑊𝑊𝑊𝑊𝑊 = 6.72 − 0.19𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 7.2𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 − 0.03𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 0.25𝑇𝑇𝑇𝑇+ 0.007𝑃𝑃𝑃𝑃𝑃𝑃 + 21.3𝑙𝑙𝑙𝑙𝑙𝑙10 𝐷𝐷𝐷𝐷𝐷𝐷 Model 2

Biomass decreases with increasing FRE3, MALF7, nNeg
Biomass increases with increasing T95, PAR, TN and DRP 
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Weak models but reasonable broad scale 
predictions

Snelder, T.H., D.J. Booker, J.M. Quinn, and C. Kilroy, (2014). Predicting Periphyton Cover Frequency Distributions across New
Zealand’s Rivers. Journal of the American Water Resources Association 50:111–127.

Used to predict the 
proportions of sites in 
a class that exceed a 
biomass threshold.
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Nutrient targets by REC 
class – step 2

• For each REC Source-of-flow class:
• Interrogate the predictions to determine 

TN and DRP concentrations at which 10%, 
20% and 50% of segments* exceed 
biomass thresholds of:

• 50 mg/m2

• 120 mg/m2

• 200 mg/m2

* these are termed the spatial exceedance criteria

88

Rele
as

ed
 un

de
r th

e p
rov

isio
n o

f th
e O

ffic
ial

 In
for

mati
on

 Act 
19

82



Tabulated targets
TN targets (mg/m3) DRP targets (mg/m3)

Spatial Exceedance 10% Spatial Exceedance 20% Spatial Exceedance 50%
Periphyton objective (Chlorophyll )

T50 T120 T200 T50 T120 T200 T50 T120 T200
Periphyton objective (NOF band )

REC SoF A/B B/C C/D A/B B/C C/D A/B B/C C/D
CX/GM 17 93 230 66 336 816 747 3425 7002
CX/M 28 162 395 117 582 1427 1375 5825 8632
CX/H 28 166 400 120 607 1440 1403 5909 8071
CX/L 21 124 302 85 433 1033 931 4184 7981
CX/Lk 7 40 97 27 134 321 261 1237 2889
CW/GM 9 48 117 31 155 367 279 1321 3118
CW/M 9 51 124 33 174 411 354 1640 3824
CW/H 10 53 129 37 189 451 408 1954 4368
CW/L 8 42 102 29 143 351 296 1384 3255
CW/Lk 5 28 68 18 92 221 175 819 1942
CD/M 6 31 75 20 99 240 184 864 2062
CD/H 5 27 67 17 89 213 164 767 1839
CD/L 5 28 67 18 90 224 176 833 1975
CD/Lk 5 24 59 16 80 191 149 697 1652
WX/L 8 46 114 32 160 386 338 1595 3719
WX/H 9 50 124 36 180 430 391 1826 4180
WW/H 13 72 177 52 260 636 604 2751 6058
WW/L 5 29 69 19 95 231 191 897 2140
WW/Lk 5 28 69 18 91 221 178 826 2015
WD/L 3 14 35 9 47 113 89 420 1009
WD/Lk 6 32 78 21 108 259 217 1005 2393

Spatial Exceedance 10% Spatial Exceedance 20% Spatial Exceedance 50%
Periphyton objective (Chlorophyll )

T50 T120 T200 T50 T120 T200 T50 T120 T200
Periphyton objective (NOF band )

REC SoF A/B B/C C/D A/B B/C C/D A/B B/C C/D
CX/GM 0.2 5.4 34.3 1.8 56.7 161.2 151 374 364
CX/M 0.4 18.6 76.1 8.2 114.1 289.3 292 403 369
CX/H 0.4 16.9 71.5 7.2 107.3 273.4 274 398 391
CX/L 0.2 7.4 42.3 2.4 67.3 186.8 168 380 381
CX/Lk 0.1 0.4 3.4 0.2 6.5 43.2 31 241 361
CW/GM 0.2 0.7 8 0.3 13.1 69 45 314 383
CW/M 0.2 0.8 7.9 0.3 14.5 69.1 54 339 382
CW/H 0.2 0.8 7.7 0.3 15.8 68.9 60 353 383
CW/L 0.1 0.3 2.6 0.2 5.2 37.6 30 228 387
CW/Lk 0.2 0.2 1.1 0.2 2.2 21.7 15 149 366
CD/M 0.2 0.2 1.4 0.2 2.4 23.7 15 157 371
CD/H 0.2 0.2 0.7 0.2 1.2 12.7 9 110 307
CD/L 0.2 0.2 0.7 0.2 1.2 12.6 9 110 307
CD/Lk 0.2 0.2 0.6 0.2 1.1 11.8 8 105 296
WX/L 0.1 0.5 4.4 0.2 8.8 50.5 41 283 367
WX/H 0.2 0.7 6.8 0.3 13.4 63.7 55 338 381
WW/H 0.2 1.5 14 0.6 27.3 94.5 88 387 399
WW/L 0.1 0.2 0.8 0.2 1.6 15.6 12 128 339
WW/Lk 0.2 0.2 0.8 0.2 1.3 13.9 10 120 325
WD/L 0.1 0.1 0.2 0.1 0.2 1.5 2 36 118
WD/Lk 0.1 0.2 0.7 0.2 1.2 13.1 10 121 32789
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Conclusions
• Notwithstanding the encouraging independent test results;

• NRWQN periphyton observations were not collected to define nutrient 
criteria

• The exercise was data-mining and pushed the input data hard
• The results are potentially useful in the absence of data 
• But the method would greatly benefit from better input data in the future

• Keep in mind what the targets represent:
• Concentrations that restrict non-achievement of the periphyton biomass 

objective to the spatial exceedance criteria (10%, 20% and 50% of sites)
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