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Attachment 3:  Comments of Dr Ryder 
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Are the outliers in the NIWA data genuine outliers?  

 

Dr Nimal Gamage in his evidence in chief identified what he considered were two data 

outliers within the NIWA data used by Norton et al. (20091) to determine trophic level 

indices for the arms of Lake Benmore. Those data were related to a spot sample 

collected from the Haldon Arm on 11 December 2008 at the 0-10m level and a spot 

sample collected at the 15m level of the Ahuriri Arm on 21 January 2009. 

 

I have assessed the relevant data supplied in Appendix A of the NIWA report and in my 

opinion the 21 January 2009 sample is definitely  and outlier, probably a contaminated 

sample, while the 11 December 2008 is probably an outlier or possibly a transcription 

error. I explain my reasoning below. 

 

21 January 2009 Ahuriri Arm sample  

 

Table 25 on the following page is from the NIWA report Appendix A. It presents Lake 

Benmore Ahuriri Arm spot readings of water quality data collected over time at the 

vertical depths specified. These are grab samples and you can see the spike in 

suspended solids (SS) and turbidity (NTU) for the 15m depth on 21/1/09. These 

readings are significantly higher (by an order of magnitude) than anything else recorded 

at any other time or location in the water column. Note that Voltatile SS level at that 

depth is similar  to other sites/ sampling occasions indicating that the sample is 

dominated by inorganic particulate material. 

 

                                                 

1 Norton, N., Spigel, B., Sutherland, D., Trolle, D., and Plew, D. 2009. Lake Benmore water 
quality: a modelling method to assist with limits for nutrient loadings. 
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The next table confirms that the nutrients in this sample are dominated by particulate N 

and P. Again the concentrations of these particulates are an order of magnitude greater 

than found on any other occasion at any depth.
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Figure 26 on the following page shows the Ahuriri Arm on 21/1/09 with vertical profile 

monitoring data for various parameters. This near continuous profiling of the water 

column shows that turbidity values (NTUs) are all less than 1 NTU (which is low and 

much lower than the 24.3 NTU reading from the spot sample) and do not spike at the 15 

metre depth. These low values indicates that the concentrations of suspended 

solids/turbidity are low , which is contrary to the spot sample at 15 metres shown in the 

first table. A reading of 24.3 NTU represents a very 'dirty' sample. 
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The third table shows the Ahuriri Arm on 21/1/09 with vertical profile data for various 

parameters. Note how the turbidity values (NTUs) are all less than 1 NTU (which is very 

low) and do not spike at the 15 metre depth. These low values indicates that the 

concentrations of suspended solids/turbidity are low which is contrary to the spot 

sample at 15 metres shown in the first table (which showed 24.3 NTU at the same depth 

- a very 'dirty' sample). As a general comment, turbidity values of less than 5 and 

typically between 1 and 3 are what occurs in Lake Benmore (from the NIWA monitoring 

data) and the same can be said for SS concentrations. There is only one other site/depth 

monitoring occasion when an NTU value exceeds 10 (10.1 on 9/12/08 at the 23m depth, 

Ahuriri Arm). Figure 26 also provides no indication of thermal stratification at this 

depth which may have entrapped a thin layer of particulate material in suspension. 

 

The remaining tables are results of suspended solids and turbidity sampling of the lake 

inflows on the same day. The Ahuriri River values are much lower than the Ahuriri Arm 

15 metre deep spot sample further suggesting that the latter sample was either 

contaminated or just happen to pick up a bit of random inorganic material at that depth. 

Only the Tekapo-Pukaki River sample has elevated SS and turbidity for the 21/1/09 but 

the Haldon Arm on the same day had typical (low) SS and turbidity levels at all depths. 

 

In my opinion, I consider that the 15m sample for Ahuriri Arm on 21/1/09 is an obvious 

outlier, is not representative of the arm or the lake in general, was probably 

contaminated, and should not have been included in any subsequent analysis of lake 

water quality character. 
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8 December 2008 Haldon Arm  sample. 

 

The spot sample collected on this occasion at this site, also contained elevated 

particulate N and P concentrations (see Table 2 on the following page, from Appendix A 

of the NIWA report). In this case, there is no evidence of elevated NTU or SS values in the 

spot sample (Table 24 below) or in the vertical profiling (Figure 10 on a following page), 

but the relatively low nutrient concentrations measured in inflows on the same day, 

coupled with low inorganic nutrient concentrations and other measured water quality 

variables remaining within concentration ranges more typically observed, indicates that 

this particular sample, in terms of its particulate nutrient concentrations, is not 

representative of the Haldon Arm on this or any other occasion. I also think it may be 

worth NIWA checking the P concentration variables reported for this date for the 0-10m 

spot sample to ensure that there is no transcription  error (given that a decimal point 

moved to the right for all P variables in Table 2 would bring them exactly into line with 

measured concentrations on all other occasions. 
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