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Executive Summary

The National River Water Quality Network (NRWQN) has now been running for 20 years, having
started monitoring in January 1989. The Ministry for the Environment wished to update analyses of
water quality trends based on the NRWQN (that were last investigated by Scarsbrook (2006) for the
15-year period 1989-2003 inclusive), and contracted NIWA for this task.

Quality-assured NRWQN data is currently available for the 19 years up to the end of 2007. Data for
20 years, up to the end of 2008, is not yet available because it takes considerable time to complete
analyses on frozen samples, and to run crucial quality assurance checks on the data. Therefore, the
trend analyses reported are for the 19-year period: 1989-2007 inclusive. We used Time Trends,
developed in-house by Ian Jowett, ex-NIWA, in contrast to the USGS software, S-ESTREND, that
was used earlier. We examined eight variables: temperature, dissolved oxygen, visual clarity, and five
forms of nutrients. However, we chose not to consider ammoniacal-N because trends in this variable
appear to be to some extent spurious owing to contamination issues in the laboratory that were fairly

severe prior to 1995 when a new laboratory was commissioned.

For the 19-year period (1989-2007 inclusive) we found similar overall trends in water quality to those
reported by Scarsbrook (2006), with trends all in the same direction. While some of the trends have
weakened or decreased in magnitude (for dissolved oxygen, visual clarity and dissolved reactive
phosphorus), upwards trends strengthened for temperature, total nitrogen, oxidised nitrogen and total
phosphorus. We found that, consistent with Scarsbrook (2006), temperature and dissolved oxygen had
few ‘meaningful’ trends, and that trends at the national level were not significant, although a slight
upwards trend in temperature is now approaching ‘significance’ at the 5 per cent level. Similar to
Scarsbrook (2006), there was a significant increase (ie, improvement) in visual clarity at the national
scale. There was, however, a negative correlation between visual clarity and per cent pasture in
catchments (implying that soil erosion on pastoral land mobilises light-attenuating fine sediment)
which suggests that the increasing area and intensity of pastoral agriculture may compromise
improved visibility in the future.

There was a strong increasing trend overall in total phosphorus and in dissolved reactive phosphorus,
in agreement with Scarsbrook (2006), and also a strong increasing trend overall in oxidised nitrogen
and total nitrogen, which all indicate deteriorating water quality, mainly attributable to expansion and
intensification of pastoral agriculture. The current analysis confirms Scarsbrook’s (2006) key finding
that environmental gains in terms of reduced ‘point’ pollution of waters in New Zealand are being
overshadowed by increasing ‘diffuse’ pollution.

We examined flow-adjusted data for six variables, visual clarity and forms of nutrients (for which
Scarsbrook found ‘meaningful’ trends for each of the 77 sites), for recent changes in the direction or
magnitude of trends within the whole 19-year period. There were strong downwards trends in
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ammonical-N, particularly at low concentration ‘baseline’ sites, suggesting these ‘trends’ are probably
an artefact (as mentioned earlier). Otherwise, only a few of the 462 resulting plots showed patterns of
particular interest, and a selection are displayed in this report. For example, NRWQN site CH4 on the
lower Waimakariri River near Christchurch, shows a recent rapid upswing in both total nitrogen and
oxidised nitrogen.

Water quality trends at NRWQN sites for 1989-2007 v
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1. Introduction

The National River Water Quality Network (NRWQN) is New Zealand’s most
comprehensive freshwater quality monitoring network, although it is now increasingly
augmented by regional monitoring conducted by regional councils. The NRWQN
consists of monthly visits to 77 river sites on 35 rivers that are geographically well
spread over both main islands of New Zealand and drain about one half of the nation’s
landscape (see Smith & McBride (1990) for a description and maps). All NRWQN
sites are located at, or close to, hydrometric stations from which flow is estimated for
each sampling visit. Measurements are made of: dissolved oxygen, pH, conductivity,
temperature, visual clarity, turbidity, coloured dissolved organic matter, and different
forms of the major nutrients nitrogen (N) and phosphorus (P) (nitrate-N, total-N,
ammoniacal-N, dissolved reactive-P and total-P). Note: italicised text indicates field
measurements, other measurements are made in the laboratory.

The NRWQN is now 20 years old, having started monitoring in January 1989. At the
time of writing, a full 19 years of water quality data was available for analysis (up to
December 2007 inclusive). Several formal trend analyses of the NRWQN data have
been conducted (usually at five-year intervals), broadly following the approach of
Smith et al (1996). The most recent trend analysis was that of Scarsbrook (2006) for
the 15-year record: 1989-2003. The Ministry for the Environment (MfE) contracted
NIWA to update the formal trend analysis for the 19-year period 1989-2007 for use in
national state of environment (SoE) reporting.

This report presents the findings from formal statistical trend analysis, and
addresses four main areas of assessment (table 5). The methods as outlined in the
next section of this report were tuned to address each of these areas of assessment.
Note also that the “deliverables” envisaged a draft report for electronic review by
MIfE, followed by a final report together with electronic access to summary data
needed for an eventual MfE state of environment publication. The present report
has undergone several stages of review, including external review arranged by the
client, with revisions at each stage.

Our report follows the broad approach of Scarsbrook (2006) for formal trend analysis
and repeated many of the analyses reported therein. In particular, we compare findings
for the 19-year (1989-2007) dataset with those reported by Scarsbrook (2006) for the
15-year (1989-2003) datasets.

Water quality trends at NRWQN sites for 1989-2007 1
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Methods

2.1

The brief from MIfE identifies four main areas of assessment. The methods were
designed to address each of these areas of assessment in turn as outlined below.

As specified in the brief (table 5), trend analysis was applied to the variables covered
in Project 1 (except for E coli because this has only been measured since 2005),
namely five forms of the nutrient elements nitrogen and phosphorus, plus dissolved
oxygen and water temperature. Visual clarity, which had been omitted from the
original list, was also added, giving us eight variables in all. The variable list was
identical to that of Scarsbrook (2006), except for the exclusion of conductivity and
pH. We may note that Scarsbrook found ‘meaningful’ trends (increases) in
conductivity at only two sites and no ‘meaningful’ trends in pH (where ‘meaningful’
trends are defined as ‘statistically significant’ trends of magnitude greater than 1 per
cent change per year in either direction). We also chose to omit ammoniacal nitrogen
after it became apparent this variable has been subject to laboratory contamination
which has been progressively controlled over time, causing a (spurious) downwards
trend at low concentration sites (Section 3.1.6 below).

Our approach to formal trend analysis of NRWQN data broadly followed the approach
and methods of Scarsbrook (2006), which, in turn, derives from Smith et al (1996).
However, trend analysis of the NRWQN data was conducted using NIWA-developed
Time Trends software (http://www.niwa.co.nz/ncwr/tools), in contrast to the
S-ESTREND software developed by the USGS (Slack et al, 2003) used by Scarsbrook
(20006).

Calculation of individual trends

The trend analysis involved firstly, flow adjustment of the data for each variable at
each site, followed by trend analysis accounting for any seasonal pattern. Flow
adjustment is necessary because most water quality variables are subject to either
dilution (decreasing concentration with increasing flow eg, conductivity) or land
run-off (increasing concentration with increasing flow eg, total phosphorus). Flow
adjustment was performed using LOWESS (LOcally WEighted Scatterplot
Smoothing; nested within Time Trends) with a 30 per cent span. This allowed us to
detect the overall flow-trend of all the data for each variable at each site. Every data-
point in the record was then adjusted depending on the value of flow as outlined by
Smith et al (1996): adjusted value = raw value — smoothed value + median value
(where the “smoothed value” is that predicted from the flow using LOWESS).

Water quality trends at NRWQN sites for 1989-2007 2
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Flow-adjusted variables were plotted (together with raw data) versus time in order to
visually examine trends with time, particularly trends within the 19-year time span
1989-2007 inclusive. We only plotted the six variables that Scarsbrook (2006)
reported to have ‘meaningful’ long-term trends (see definition below): visual clarity
and five major forms of the nutrients nitrogen and phosphorus. Water temperature and
dissolved oxygen (DO) were not examined since they showed small trends, most of
which were not significant, let alone meaningful. This still resulted in our having to
archive 462 time-series plots (6 variables X 77 sites = 462). Only a very small fraction
of these plots are presented below (Figure 4-Figure 27), mainly those for which
interesting changes in trends are visually detectable over the last four years since
Scarsbrook’s (2006) analysis of the 1989—2003 data.

The formal trend analysis was applied to the whole 19-year dataset (19892007 inclusive).
As in previous work following Smith et al (1996), the non-parametric Seasonal Kendall
Slope Estimator (SKSE) was used to represent the magnitude and direction of trends in flow-
adjusted data that were often subject to appreciable seasonality. Values of the SKSE were
normalised by dividing through by the raw data median to give the relative SKSE (RSKSE),
allowing for direct comparison between sites measured as per cent change per year. The
RSKSE may be thought of as an index of relative rate of change. A positive RSKSE value
indicates an overall increasing trend, while a negative RSKSE value indicates an overall
decreasing trend. The SKSE calculations were accompanied by a Seasonal Kendall test
(performed within Time Trends) of the null hypothesis there is no monotonic trend. If the
associated P-value is small (ie, P < 0.05), the null hypothesis can be rejected (ie, the
observed trend, either upwards or downwards, is most unlikely to have arisen by chance).

2.2 Determination of national scale trends

Overall, significant national increasing or decreasing trends in water quality variables
were determined using the RSKSE values for each water quality variable and a one-
tailed binomial test to assess whether or not there was a statistically significant trend
in a particular direction. For example, in the event there are 45 sites from 77 with a
positive RSKSE value, the one-tailed binomial test will determine whether or not there
is a statistically significant trend in a positive direction. A P-value of less than 0.05 (P
< 0.05) indicates a significant trend in either a positive or negative direction. This test
can be used to determine significant positive or negative trends within datasets, and
for this study, was based on the total number of positive and negative RSKSE values.
The overall median RSKSE value is also a measure of the direction of the national
trends. A positive median RSKSE value indicates an increasing trend, while a negative
median RSKSE indicates a decreasing trend. Results from this analysis are presented
in table 1.

Water quality trends at NRWQN sites for 1989-2007 3
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23 Statistical level of significance

All statistics are reported at the 95 per cent confidence level (ie, P < 0.05).

2.4 Period of record

The trend assessment has been conducted on the entire (19-year) dataset for the period
1989-2007 inclusive. NRWQN data for much of 2008 were still not available at the

time of report preparation.

2.5 Trends or patterns within the overall period

The brief calls for an assessment of trends within the overall trend period (1989-2007)
that might be masked by application of formal trend analysis to the whole period.
Application of formal trend analysis to different periods of record on a site- and
variable-specific basis could be done of course, but choice of time periods for analysis
is necessarily subjective and it would be difficult to compare trend parameters for
different periods. Instead, we chose to address this requirement by simply plotting
flow-adjusted data versus time for selected variables (those variables for which
Scarsbrook found a high proportion of sites with ‘meaningful’ trends: visual clarity
and five forms of nutrients). Where there appeared to be a trend in the data within the
overall period of record (1989-2007) (in practice only for a few variable-site

combinations) we comment on the trend.

2.6 Comparison with Scarsbrook’s (2006) trend analysis
(1989-2003)

Before comparing Scarsbrook’s findings for 1989-2003 with our findings for 1989—
2007 we considered it important to check the Time Trends software returned virtually
the same values of the SKSE given by S-ESTREND software (used by Scarsbrook
2006). Accordingly, we truncated our 1989-2007 datasets at the end of 2003 (so re-
creating Scarsbrook’s (2006) datasets) and re-ran the flow adjustment and calculation
of the SKSE for six variables shown by Scarsbrook (2006) to have a high proportion

of ‘meaningful’ trends (visual clarity and five forms of nutrients).

Our SKSE values were plotted versus those of Scarsbrook showing very good overall
agreement (high 7* values with regression fits through 0,0 and close to the 1:1 line of
perfect agreement) (Appendix 1, Figure 3).

Water quality trends at NRWQN sites for 1989-2007 4
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Having shown that Time Trends returned trend parameters very close in magnitude to
S-ESTREND we felt confident in comparing Scarsbrook’s (2006) findings for 1989—
2003 with our findings for 1989-2007 using different software. Rather than plotting
categories of trends on maps showing site locations (as done by Scarsbrook, 2006), we
chose to tabulate trend parameters. RSKSE and associated P-values for each variable
are presented in the appended table, colour-coded as to trend category (Table 5), with
sites listed north to south. Sites are identified as being either ‘baseline’ (32 sites) or
‘impact’ (45 sites) (Smith & McBride, 1989) and also by colour coding. ‘Baseline’
sites are likely to have no or little diffuse or point-source pollution and should
therefore be near-natural, while ‘impact’ sites are downstream of areas of agriculture,
forestation, industry and urbanisation (Smith & McBride, 1990). It should be noted
that 10 of the 32 ‘baseline’ sites are ‘pseudo-baseline’, which are the best available
baseline sites for a catchment or area and are presumably lightly impacted (eg, by low
intensity pastoral agriculture).

Scarsbrook (2006) gave summary box plots of the RSKSE values for each variable for
1989-2003. A similar figure for 1989-2007 was prepared for this report (Figure 1) to
compare the distributions of RSKSE values with those of Scarsbrook (2006), both
graphically and in terms of tabulated, overall median RSKSE (per cent year ).

To assist in interpretation of the trends, we were interested in how pastoral land, as a
proportion of catchment area, affects the water quality variables. The per cent pasture
in NRWQN catchments — based on 1997 data from the Land Cover Database via MfE,
SKSE and RSKSE values — were correlated with the median water quality values for
each site for 2007, using the non-parametric Spearman rank test for comparison with a
similar analysis carried out by Scarsbrook (2006). The results of this are presented in
Table 3. It was considered appropriate to use the 1997 Land Cover Database for
comparison in this analysis as it provided a reference point which was midway
through the period being examined. The 1997 database had also been used for the
earlier analysis, therefore its further use in this study permitted comparison with the
analysis completed by Scarsbrook (2006).

2.7 Categorisation of trends

Scarsbrook (2006) recognised that statistical significance of a trend (particularly with
a large dataset of up to 228 (19 x 12) data points for each combination of site and
variable in the NRWQN over the 1989-2007 period) does not necessarily imply a
‘meaningful’ trend ie, one that is likely to be relevant in a management sense. We

have followed Scarsbrook (2006) in denoting a ‘meaningful’ trend as one for which

Water quality trends at NRWQN sites for 1989-2007 5
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the RSKSE is statistically significant and has an absolute magnitude > 1 per cent
year . Trends were accordingly categorised as follows:

i. no significant change — the null hypothesis for the Seasonal Kendall test was
not rejected (ie, P > 0.05)

ii. significant increase/decrease — the null hypothesis for the Seasonal Kendall
test was rejected (ie, P < 0.05). Note that the trend at some sites may be
‘significant but not meaningful’

iii. ‘meaningful’ increase/decrease — the null hypothesis for the Seasonal
Kendall test was rejected (ie, P < 0.05) and the magnitude of the trend
(SKSE) was greater than one per cent per annum of the raw data median (e,
the RSKSE value was greater than 1 per cent year ).

Scarsbrook (2006) recognised the choice of 1 per cent year ' as the ‘meaningful’
threshold is arbitrary, but at this stage we do not see any basis for an alternative
approach. The trend parameters are colour-coded to indicate the above categories in
the summary table (Table 5).

Water quality trends at NRWQN sites for 1989-2007 6
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3. Results

3.1

Overall trends

The appended table (Table 5) collates all the Relative Seasonal Kendall Slope
Estimators (RSKSE) and associated P-values for seven water quality variables by 77
NRWQOQN sites. (RSKSE’s were calculated for ammoniacal-N, but are not given in
table 5 or elsewhere in this report, since downwards trends in this variable appear to
be an artefact reflecting progressive control of laboratory contamination — refer
Section 3.1.6 below). Full names and location details of the sites are provided in Table
8. Both the magnitude of the trend (RSKSE) and its significance, as indicated by P-
value, are important, and were used to categorise trends as being ‘significant but not
meaningful’ or ‘meaningful’ following Scarsbrook (2006). The different variables are

considered in turn below.

Information on the numbers of NRWQN sites in the different trend categories is
presented in table 1. Within these trend categories, the total number of sites (T) has
been divided into baseline (B) and impact (I) sites. Also presented are national trends
at the 95 per cent significance level, determined by use of the binomial test, based on

the total number of sites with positive and negative trends (RSKSE values).

Water quality trends at NRWQN sites for 1989-2007 7
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Water quality variable Upward trend Downward trend
Significant Significant but not | Meaningful Significant Significant but not | Meaningful . .
upward meaningful downward meaningful National tre_nd (d_etermlned
trend trend by the binomial test)
Impact/Baseline/Total I B T I B | T I B T 1B | T
Temperature 13 8 5 13 7 4 3 7 No significant increase
(P =0.057)
% Dissolved Oxygen 17 7 10 17 21 12 9 21 No significant increase
(P =0.855)
Visual Clarity 26 1 1 2 14 | 10 | 24 9 1 1 54| 9 Significant increase
(P <0.00013)
Dissolved Reactive 22 161 6 | 22 1 2 2 613! 9 Significant increase
Phosphorus
(P=0.012)
Total Phosphorus 22 2 1 3 |[11] 8|19 9 1 1 |e|2] 8 Significant increase
(P =0.00003)
Oxidised Nitrogen 32 3 1 4 21| 7 | 28 16 1 1 718115 Significant increase
(P=0.019)
Total Nitrogen 57 2 1 3 31| 23| 54 Significant increase
(P <0.0005)

Water quality trends at NRWQN sites for 1989-2007
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3.1.1 Temperature

While there were a number of significant changes observed in water temperature over
the 1989-2007 period, there were no ‘meaningful’ increases or decreases.

‘Significant but not meaningful’ increases were observed at 13 sites (five sites in the
North Island and eight sites in the South Island), while ‘significant but not
meaningful’ decreases were observed at seven sites, six of which were in the South
Island. The majority of these ‘significant but not meaningful’ changes were observed
at sites in the South Island, with temperature increases mainly at the river sites
serviced by Greymouth (1), Alexandra (2), Tekapo (4) and Dunedin (1) ED teams, and
decreases at river sites in the Nelson (1), Greymouth (1), Christchurch (3) and Tekapo
(1) areas.

The median RSKSE value was 0.096 per cent year ', suggesting that rivers in New
Zealand have warmed slightly (by just under 1 per cent decade™ or about 0.15 degree
per decade). At the national scale, the overall trend in temperature just failed to meet
the five per cent ‘significance’ threshold (binomial test; P = 0.057), but we can now be
fairly confident that a warming trend is occurring, nationally.

3.1.2 Dissolved oxygen

There were no ‘meaningful’ changes in dissolved oxygen per cent saturation.
There were, however, ‘significant but not meaningful” increases at 17 sites, seven
of which were in the North Island and 10 in the South Island. There were
‘significant but not meaningful’ decreases at 21 sites, of which 17 were in the
North Island and four in the South Island. The median RSKSE value was —0.009
per cent year ', suggesting that, overall, the per cent dissolved oxygen is
decreasing slightly. There was no overall significant trend in per cent dissolved
oxygen at the national scale (binomial test: P = 0.855).

We acknowledge that daytime dissolved oxygen (at times of sampling visits in the
NRWQN) is less appropriate for assessing state and trends of rivers than at dawn
when dissolved oxygen is minimal. There is a case for continuous monitoring of
dissolved oxygen in summer months at selected sites in the NRWQN so that dawn DO
(and river metabolism) can be calculated.

Water quality trends at NRWQN sites for 1989-2007 9
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3.1.3 Visual clarity

Visual clarity exhibited a number of significant trends at sites throughout New
Zealand.

‘Significant but not meaningful’ increases were observed at two sites while
‘meaningful’ increases were noted at 24 sites, 12 in the North Island and 12 in the
South Island. Improvements in visual clarity were dispersed throughout the North
Island, with several ‘meaningful’ increases in the Wellington area. In the South Island,
several ‘meaningful’ increases in visual clarity were observed in the Nelson (3) and

Dunedin (5) rivers.

A ‘significant but not meaningful’ downward trend in visual clarity was observed at
one site while ‘meaningful’ decreases were observed at nine sites, six sites in the
North Island, and three in the South Island. The North Island sites where ‘meaningful’
decreases were observed were in the Whangarei (3), Auckland (1), Hamilton (1) and
Rotorua (1) areas, while the corresponding South Island sites were in the Christchurch
(2) and Tekapo (1) areas.

The median RSKSE value was 0.42 per cent year ', suggesting that, overall, visual
clarity is increasing in New Zealand rivers, although decreasing in a (relatively few)
particular rivers. At the national level, there was a significant increasing trend in
visual clarity (binomial test; P < 0.00013) which agrees with the findings of
Scarsbrook (2006) who also found an overall upward trend in visual clarity.

3.1.4 Dissolved reactive phosphorus

There were a number of significant changes in dissolved reactive phosphorus (DRP)
across both islands.

No ‘significant but not meaningful’ increases were observed, but ‘meaningful’
increases were found at 22 sites. There were more ‘meaningful increases in the North
Island (16) than the South Island (6). Changes were not confined to any specific area
but in the North Island were dispersed throughout the Whangarei (3), Auckland (1),
Hamilton (1), Gisborne (3), Rotorua (2), Havelock North (1), Turangi (1) and
Wanganui (4) areas. In the South Island, increases were observed in the Nelson (1),
Tekapo (1), Alexandra (1) and Dunedin (3) areas.

A ‘significant but not meaningful’ downward trend was observed at two sites, while
‘meaningful” downward trends were observed at four sites in the North Island and five

Water quality trends at NRWQN sites for 1989-2007 10
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sites in the South Island (nine in total). These ‘meaningful’ decreasing trends in DRP
were dispersed throughout both islands, and showed no clear geographical pattern.

The median RSKSE value was 0.19 per cent year ', indicating a tendency towards an
increase in DRP concentrations. Also, as shown by the binomial test, there was a
significant increasing trend in DRP at the national level (P = 0.012). This agrees
with the findings of Scarsbrook (2006) who also found a significant upward trend in
DRP.

3.1.5 Total phosphorus

Significant increases and decreases in total phosphorus (TP) were observed at sites
throughout both islands.

‘Significant but not meaningful’ increases in TP were noted at three sites, and
‘meaningful’ increases at 19 sites. Ten of these ‘meaningful’ increases were in the
North Island, distributed throughout the Whangarei (3), Auckland (1), Gisborne (2),
Rotorua (2), Havelock North (1) and Wanganui (1) regions, while nine were in the
South Island, in the Nelson (2), Christchurch (1), Tekapo (2) and Dunedin (4) rivers.

‘Significant but not meaningful decreases’ in TP were found at one site, while there
were ‘meaningful’ decreases at eight sites, seven of which were in the North Island,
distributed throughout the island (Hamilton (1), Gisborne (2), Havelock North (2),
Wellington (1) and Wanganui (1) areas), and one of which was in the South Island
(Tekapo area).

The median RSKSE value was 0.53 per cent year ', showing that TP concentrations
were increasing in New Zealand rivers. At the national level there was a significant
increasing trend in TP (P = (0.00003).

3.1.6 Ammoniacal nitrogen

While trend analysis was carried out for ammoniacal nitrogen (NH4-N) as for the other
variables, the trend parameters are considered to some extent spurious (because of
increasing control over time of laboratory contamination sources) and so are not
included in this report. Earlier trend analysis (Scarsbrook, 2006) reported a strong
downwards trend in NH4-N which was attributed to point-source clean-up. This
explanation seemed plausible as there was a corresponding decreasing trend in BOD:s.
Results from the current study also showed a strong decreasing trend in NH4-N.
However, the baseline sites showed a stronger downward trend overall than the impact

Water quality trends at NRWQN sites for 1989-2007 11
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sites, which was the opposite of what would be expected. Examination of flow-
adjusted plots (Section 3.2 below) and consultation with senior analyst, Graham
Bryers (pers comm, March 2009), suggested the trends were largely spurious due to
progressive reduction of laboratory contamination. Therefore, it was decided to omit
the NH4-N results from the present report. The following account of laboratory

contamination issues is given in explanation.

Data pre-1995 suffered significant (NH4-N) contamination from impure laboratory air
sourced, at least in part, from tobacco smoke. This meant that the unsuitable
laboratory conditions at that time were not conducive to providing reliable, low
ammoniacal-N results such as we have been able to achieve since 1995 in the current
laboratory premises. This contamination particularly affects clean sites at which the
concentrations are less than five ppb, where a small degree of contamination has
caused bias in the measured concentrations. In 1995, a new laboratory (with more
room and better air control) was commissioned and tighter controls on smoking were
implemented. Also, further control of laboratory sources of contamination, particularly
from (ammonia in) laboratory air, has been achieved by improving laboratory
protocols, including: covering flow injection analysis (FIA) sample tubes with
aluminium foil, minimising the time sub-samples are left standing on laboratory
benches in free contact with laboratory air, and taking particular care with sequential
filtering of samples of varying ammoniacal-N concentration (with the potential for

cross-contamination).

3.1.7 Oxidised nitrogen

“Oxidised nitrogen” refers to nitrogen in the nitrate and nitrite forms (which are

typically analysed together, including in the NRWQN)).

For the 1989-2007 period, there were significant increases and decreases in oxidised
nitrogen (NO,-N) throughout both islands.

‘Significant but not meaningful’ increases in NO,-N were found at four sites, while
‘meaningful’ increases were observed at 28 sites. Of these ‘meaningful’ increases, 12
were in the North Island and 16 were in the South Island. In the North Island,
‘meaningful’ increases were found in the Hamilton (1), Gisborne (2), Rotorua (3),
Turangi (1), Wellington (1) and Wanganui (4) areas. In the South Island, ‘meaningful’
increasing trends were observed in all areas, however, least changes were observed in

the Nelson and Alexandra areas.

Water quality trends at NRWQN sites for 1989-2007 12
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‘Significant but not meaningful’ decreases were noted at one site, while ‘meaningful’
decreases were noted at 15 sites, eight of which were in the North Island (Whangarei
(1), Auckland (2), Gisborne (1), Rotorua (2) and Havelock North (2) areas), and seven
of which were in the South Island (Nelson (1), Tekapo (2), Alexandra (1) and Dunedin
(3) areas).

The median RSKSE value was 0.49 per cent year ', indicating a tendency towards an
increase in NO4-N concentrations. At the national level, there was a significant
increasing trend in NO,-N (P =0.019).

3.1.8 Total nitrogen

Increases in total nitrogen (TN) were observed throughout New Zealand. ‘Significant
but not meaningful’ increases were noted at three sites while ‘meaningful’ increases
were observed at 54 sites. Of these ‘meaningful’ increases, 28 were in the North Island
and 26 were in the South Island, meaning that a higher proportion of South Island
rivers is subjected to an increasing trend in TN. Otherwise this tendency towards
increasing TN concentrations shows little geographic pattern and is distributed across
all areas of both islands.

There were no ‘significant but not meaningful’ or ‘meaningful” decreases in TN.

The median RSKSE value was 1.41 per cent year ', showing that, overall, TN
concentrations were increasing — and more rapidly than any other variable. The
highest median RSKSE value is for TN. At the national scale there was a significant
increasing trend in TN (P < 0.0005).

3.2 Trends or patterns within the overall period

3.2.1 Trends in catchments and at individual sampling sites

Figure 4 to Figure 27 (Appendix 1) show selected time-series plots for combinations
of variable and site where an ‘interesting’ pattern seemed to be emerging within the
1989-2007 period and particularly over the four years since Scarsbrook’s (2006)
analysis of 1989-2003 data.

For example, TN (also NO,-N) in the Waimakariri River at site CH4 (Figure 4 and
Figure 5) shows a rapid upswing over the past few years. This trend would not have

been noticeable to Scarsbrook (2006), but is now very apparent. This rapid increase in
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nitrogen (about 50 per cent as NO-N) seems likely to be the signature of intensifying
land use and will undoubtedly be of interest to Environment Canterbury.

There are other interesting examples, summarised as follows:

At site RO2, on the Tarawera at Awakaponga, visual clarity (Figure 6) and per cent
dissolved oxygen (Figure 7) have been increasing in recent years, while TN (Figure 8)
concentrations have been decreasing. These changes may be related to improving
treatment of pulp and paper waste waters from mills near Kawerau. These
improvements have been accompanied, however, by increased DRP (Figure 9) and
NO,-N (Figure 10) concentrations, suggesting increased diffuse source pollution from
the pastoral areas of the Tarawera catchment.

At site WAS, the Teachers’ College in the Manawatu catchment, similar
improvements in water quality can be seen. Visual clarity (Figure 11) has increased
while DRP (Figure 12) and NO,-N (Figure 13) concentrations have decreased. Here
the RSKSE value for NO-N is positive, which masks the recent downward trends in
concentrations. Similar improvements are again seen further downstream at site WA9,
Opiki Bridge, in the Manawatu catchment. Here, visual clarity (Figure 14) has
increased and DRP (Figure 15), NO,-N (Figure 16) and TN (Figure 17) concentrations
are all decreasing. NO4-N and TN concentrations have only started to decline since the
date of the last formal trend analysis by Scarsbrook (2006) and are not as yet reflected
in the RSKSE value. This particular site highlights the need to visually assess the data
as the RSKSE values for DRP, NH4-N, NO,-N and TN are positive, and ‘meaningful’,
suggesting that concentrations are increasing while in reality, even though they had
been increasing in the past, they are now decreasing.

At site TK2, the Waitaki at Kurow, there have been increases in visual clarity (Figure
18) accompanied by increases in NO,-N (Figure 19) and TN (Figure 20)

concentrations.

At Site DN5, the Mataura at Seaward Down, DRP concentrations (Figure 21) have
been decreasing. Also at this site, NO4-N (Figure 22) and TN (Figure 23)
concentrations, which had been steadily increasing, have now levelled off. This has
also occurred at site DN7, the Oreti at Lumsden, where the rates of increase in NO,-N
(Figure 24) and TN (Figure 25) concentrations have reduced and concentrations are no
longer increasing. The RSKSE values for NOx-N and TN at both of these sites suggest
increasing concentrations, again reinforcing the need to visually examine flow-
adjusted data for recent changes in the direction of trends. A similar pattern is visible
at site DNS, the Oreti at Riverton Highway Bridge, where concentrations of NOx-N

Water quality trends at NRWQN sites for 1989-2007 14
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(Figure 26) and TN (Figure 27) were increasing steadily but now have levelled off.
The RSKSE values for NOs-N and TN at both of these sites suggest increasing
concentrations, again reinforcing the need to examine raw data for recent changes in

the direction of trends.

Summary of trend analysis

Box plots of the RSKSE calculated for the 15-year period (1989-2003) analysed by
Scarsbrook (2006) and the 19-year dataset (1989-2007) analysed for the present study

are presented in Figure 1 and Table 2. General observations are as follows.

All the variables are showing trends in the same direction for both time periods. That
is, our trend assessment (1989—2007) is consistent overall with that of Scarsbrook
(2006) for the period 1989-2003. While no overall changes in trend direction have
occurred, there are, however, differences in the magnitude of trends for individual
variables. Temperature is increasing at a greater rate while visual clarity and per cent
dissolved oxygen show decreased rates of change compared to those detected by
Scarsbrook (2006). NO4-N and TN concentrations are increasing at a greater rate than
in the period up to 2003. TP is increasing at a greater rate than in the 1989-2003
period, while DRP concentrations are showing a weaker upwards trend. In comparison
with the findings of Scarsbrook (2006), trends in NO,-N, TN, TP and temperature
have strengthened, while those for DRP, per cent DO and visual clarity have

weakened.

Comparison of median RSKSE values for 1989-2003 and 1989-2007

Temperature Dissolved Visual NO,-N TN DRP TP
Oxygen Clarity
%
Median
1R:8§§E 0.096 —0.0009 0.42 0.49 1.41 0.19 0.53
2007
Median
RSKSE 0.02 ~0.02 0.56 0.47 0.98 0.72 0.44
1989-
2003

Water quality trends at NRWQN sites for 1989-2007 15
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Box plots of RSKSE values for (a) 1989-2007 and (b) 1989-2003 as generated by KaleidaGraph. The box covers the interquartile range ie, 50
per cent of the data with the median value displayed as a line. Whiskers mark the values within the data set that fall within a distance of 1.5 x

IQR (interquartile range) from the box. Any values outside of this range (‘outliers’) are displayed as circles.

Figure 1:
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Sites have been split into baseline and impact sites and the number of changes in each
category tabulated (table 7). RSKSE values for baseline and impact sites for each
water quality variable have been plotted (Figure 2). The differences between per cent
dissolved oxygen and temperature for baseline and impact sites are very small. For
clarity, there is a positive trend for the baseline sites while for the impact sites there is
little change. This is an unexpected finding but may reflect a real improvement at
baseline sites (perhaps due to improved soil erosion controls). The lack of change at
impact sites may reflect a ‘balance’ between improving conditions due to soil erosion
controls being negated by increasing pressures with pastoral expansion and
intensification.

NOx-N concentrations show a slight downward trend for baseline sites but an upward
trend for impact sites which is consistent with expectations in view of increasing nitrogen
fertiliser use, pastoral expansion and intensification. DRP concentrations are trending
downwards slightly for baseline sites, while for impact sites they are increasing. Again,
this seems consistent with known trends of pastoral expansion and intensification.
Changes in TP and TN concentrations do not vary significantly between baseline and
impact sites: both categories of site are increasing in TP and particularly TN at similar
rates overall. The increase at baseline sites is, at first surprising, but may reflect the
generally lower concentrations at such sites, such that they are more susceptible to
increases, possibly due to increased stocking or fertiliser use.

Water quality trends at NRWQN sites for 1989-2007 17
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Figure 2: RSKSE values for water quality variables divided into baseline (B left) and impact (I

right) sites. These box plots were generated by KaleidaGraph. The box covers the
interquartile range ie, 50 per cent of the data with the median value displayed as a line.
Whiskers mark the values within the data set that fall within a distance of 1.5 x IQR
(interquartile range) from the box. Any values outside of this range (outliers) are
displayed as circles.

34 Links between water quality and pastoral land use

Table 3 summarises correlations between current (2007) water quality state and per
cent pastoral land cover (using flow-weighted percentage contributing area). This
indicates how pastoral land use can affect water quality. With the exception of
dissolved oxygen, all the water quality parameters had highly significant relationships
with the pastoral land cover in their catchments. Relationships were mainly positive
indicating that as per cent pastoral land cover increased, concentrations of water
quality constituents also increased. Temperature also increased with pastoral land use,
probably reflecting solar heating of water in channels in pasture, which are mostly
without shade, versus characteristically cooler water draining from shaded, forested

land. However, visual clarity was inversely related to pastoral land cover, plausibly
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because as pastoral land cover increases, light-attenuating fine sediment tends to be
increasingly mobilised.

Table 3: Spearman rank correlations for water quality variables (annual median for 2007) and
per cent pastoral land cover

Variable Median water quality =~ RSKSE and flow SKSE and flow
2007 and flow adjusted % adjusted %
adjusted % pastoral pastoral land pastoral land
land cover cover cover
Temperature
0.444* 0.105 0.121
. 0,
Dissolved Oxygen % —0.133 —0.229* -0.229*
Visual Clarity _0.55%* —0.264* —0.392**
Oxidised Nitrogen (NOx-N) 0.65* 0.208 0.339**
Total Nitrogen (TN) 0.769** —0.146 0.526**
Dissolved Reactive
Phosphorus (DRP) 0.495* 0.385** 0.419**
Total Phosphorus (TP) 0.642** 0.106 0.289

** = highly significant (P <0.01), * = significant (P < 0.05)

It was considered important to include this section, because establishing the drivers for
water quality state can assist in the interpretation of trends especially when the drivers
are subject to change. In this case, the driver for change was the extent of pastoral
agriculture, consideration of which was helpful in interpreting trends which otherwise
might have been unexpected.
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4. Discussion

Our trend analysis of NRWQN data has shown similar trends to those identified by
Scarsbrook (2006), although the overall (nationwide) trends for most variables have
weakened somewhat (1989-2007 compared with 1989-2003). There have been few
noteworthy trends in dissolved oxygen (or conductivity or pH — considered by
Scarsbrook (2006), but not in this present study). However, a small upwards trend in
temperature (amounting to about +0.15°C per decade) is plausibly consistent with
global warming, and is just bordering on ‘significant’ at the five per cent level.

Over the 19-year period 1989-2007, there has been a strong shift in importance of
point-source pollution relative to diffuse pollution, with pastoral agriculture
dominating diffuse sources affecting our rivers. Declining BOD;s (as discussed by
Scarsbrook (2006)) is the signature of point-source clean-up.

Meanwhile, enrichment by the nutrients nitrogen and phosphorus has continued which
may be attributed mainly to expansion and intensification of pastoral land use. The
overall upwards trend in DRP has weakened somewhat, but remains strongly upwards
at ‘impact’ sites. The upwards trends in TN, NO-N and TP have strengthened overall,
and TP and TN are strongly increasing at both ‘baseline’ and ‘impact’ sites.

The trend of increasing visual clarity (improving water quality) overall, as reported by
Scarsbrook (2006) for 1989-2003, has weakened appreciably over the 1989-2007
period. Scarsbrook (2006) attributed this trend to improvements in waste treatment,
meaning reduced inputs from point sources, rather than improving soil erosion control
— because visual clarity is negatively correlated with per cent pastoral land in
catchments, as confirmed in this study. Scarsbrook (2006) speculated that a decline in
visual clarity might ensue if pastoral expansion and intensification continued — once
the mobilisation of light-attenuating material from pasture outweighed the reduction in
light attenuation from point sources. Possibly, we are now seeing just such a slowing
or reversal of the previous pattern of improving visual clarity because of pastoral
expansion and intensification. The improving visibility at ‘baseline’ sites but not
‘impact sites’ is consistent with this interpretation.

A few interesting temporal patterns have emerged in the last four years since
Scarsbrook’s (2006) report on 1989-2003 data. For example, at Site CH4 on the
Waimakariri River, there has been a recent sharp upswing in TN and NO,-N. Some
improvements in water quality in the lower Tarawera River (Site RO2) may be related
to improving treatment of waste waters from the pulp and paper mills near Kawerau.

Water quality trends at NRWQN sites for 1989-2007 20
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Table 4: Tasks and deliverables as tabulated in the project brief from the Ministry for the
Environment (Mike Thompson) Contract 11747 C, Project 4.

Project 4. Formal trend assessment on NRWQN sites for the period 1989-2007

Tasks

Calculate trends for each parameter listed above in Project 1 (excluding
E coli) for each site of the NRWQN.

Trends to be calculated using suitable Time Trends software. Analysis
to include:

Assessment over entire period of record (1989 to 2007/08)

Consideration, on an individual site basis, of patterns within the overall
trend period (1989-2007) that may be important to identify or comment
on. For example, a particular site may have an overall (1989-2007)
trend of increasing nitrate that masks a more recent trend of decreasing
nitrate.

Comparison with Time Trends with earlier (1989-2003) trend analysis
(Scarsbrook 2006) and commentary on any significant differences.

Categorisation of trends (ie, no trend, significant trend, ecologically
meaningful trend) following convention of Scarsbrook (unless there is
good reason to depart from this methodology).

Summarise assessments in an appropriate form (table and graphics)
and describe key findings, methodologies/caveats in a brief technical
report. Interpretation of results, beyond that described above, is not
required.

Deliverables

Draft version of technical report (electronic version) to be provided at an
early stage to allow Ministry for the Environment (MfE) an opportunity to
review and comment. This draft may simply be a summary of early
results and skeleton of report structure.

Final report, that incorporates MfE comments on the early draft (where
reasonable and practicable). Access to summary data used to populate
tables (and any maps) of the final report so that they can be re-created,
if necessary, in the final MfE publication.
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Figure 3: Comparison of SKSE values for S-Estrend and Time Trends
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Figure 4: Oxidised nitrogen, CH4 Waimakariri River at Christchurch
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Figure 5: Total nitrogen, CH4 Waimakariri River at Christchurch
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Figure 6: Visual clarity, RO2 Tarawera at Awakaponga
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Figure 7: Per cent dissolved oxygen, RO2 Tarawera at Awakponga
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Figure 8: Total nitrogen, RO2 Tarawera at Awakaponga
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Figure 9: Dissolved reactive phosphorus, RO2 Tarawera at Awakaponga
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Figure 10:  Oxidised nitrogen, RO2 Tarawera at Awakaponga
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Figure 11:  Visual clarity, WA8 Manawatu at Teachers’ College
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Figure 12: Dissolved reactive phosphorus, WAS8 Manawatu at Teachers’ College
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Figure 13: Oxidised nitrogen, WAS8 Manawatu at Teachers’ College
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Figure 14: Visual clarity, WA9 Manawatu at Opiki Bridge
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Figure 15: Dissolved reactive phosphorus, WA9 Manawatu at Opiki Bridge
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Figure 18: Visual clarity, TK2 Opihi at Rockwood
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70
60 i
] \
DRP - N N .
o IAI\.AM L
B N L L A avA [N
o A e T T
REAvA |
1/01/89 1/01/92 1/01/95 1/01/98 1/01/01 1/01/04 1/01/07
Figure 21: Dissolved reactive phosphorus, DN5 Mataura at Seawood Downs
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Figure 25: Total nitrogen, DN7 Oreti at Lumsden
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Figure 26: Oxidised nitrogen, DN8 Oreti at Riverton Highway Bridge
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Figure 27: Total nitrogen, DN8 Oreti at Riverton Highway Bridge
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Table 5: RSKSE and P-values for water quality parameters at all NRWQN sampling sites — listed in order north to south. (See Table 8 for site names)
Temp %DO Clarity DRP TP NO,-N N
Site P RSKSE P RSKSE P RSKSE P RSKSE P RSKSE P RSKSE P RSKSE
lwhi | 0.0 0.55 0.01 -0.05 0.88 0.00 0.99 0.00 0.33 0.40 0.00 0 0.21 0.83
WH2 0.38 0.12 0.06 —0.04 0.00 08 0.65 0.13
WH3 0.33 0.18 0.00 —0.12 0.00 84 0.65 0.25 0.07 0.81
WH4 0.00 0.53 0.31 0.10 0.0 6 0.08 -0.96 0.46 0.33
AK1 0.23 0.20 0.05 -0.10 0.00 6 0.00 6 0.18 -0.48
AK2 0.84 0.00 0.84 0.00 0.04 0.00 0.25 0.54 0.77 0.05 0.00 8 0.28 -0.33
! 0.56 -0.08 0.00 -0.05 0.34 0.84 0.50 0.40 0.04 0.78
HM2 0.42 -0.13 0.99 0.00 0.00 96 0.65 -0.19 0.01 0.94 0.01 0.75 0.00 0.96
HM3 0.06 0.18 0.45 0.05 0.58 0.00 0.66 0.18 0.00 0.91
Hm4 0.44 -0.12 0.21 0.05 0.38 0.26 0.17 0.32 0.46 0.32 0.05 0.61
HM5 0.10 -0.20 0.00 -0.15 0.10 0.00 0.51 0.12 0.24 -0.31 0.01 0.31 0.00 0.47
0.83 -0.07 0.68 -0.01 0.49 0.42 0.00 0.00 6 0.01 —0.93 0.52 -0.20
0.01 0.54 0.63 0.01 0.00 0.00 0.00
0.37 0.15 0.81 -0.01 0.63 0.00
GS3 0.15 0.31 0.33 0.04 0.89 0.00 0.78 0.18
0.08 0.30 0.00 -0.07 0.08 0.64 0.0 0 0.0 08 0.24 0.58
RO o007 0.26 0.83 -0.01 0.28 0.35 0.00 8
RO2 0.28 -0.06 0.00 0.75 0.51 0.10
0.68 0.00 0.07 -0.05 0.00 0.80 0.05 0.38 0.20
0.17 -0.25 0.00 -0.07 0.48 -0.55 0.13 0.19 0.00 0.63 0.07 0.50
0.66 0.07 0.52 0.04 0.29 0.79 0.47 -0.25 0.17 -0.32
0.01 0.20 0.77 0.01 0.01 -0.73 0.23 0.00 0.00 00
0.39 0.18 0.00 -0.14 0.04 -0.99 0.07 —1.24 0.00 9 0.84 -0.16
HV2 0.70 0.06 0.04 —0.30 0.65 0.00 0.06 1.29
HV3 0.00 0.63 0.86 —0.01 0.03 0.96 0.48 -0.48 0.00 0.99 0.04 0.10 1.23
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Temp %DO Clarity DRP TP NO,-N TN
site P RSKSE P RSKSE P RSKSE P RSKSE P RSKSE P RSKSE P RSKSE
0.07 —0.50 0.00 —0.19 0.76 0.00 0.33 0.53 0.36 0.55 0.00 4
HV5 0.58 —0.15 0.00 _0.14 0.11 —0.69 0.00 4 0.02 0.99
0.56 —0.09 0.00 _0.15 0.88 0.00 0.17 _0.51 0.45 0.37
TU1 0.56 _0.08 0.02 0.10 0.35 1.14 0.27 _0.75 0.08 —0.81 0.14 _0.62
0.01 —0.41 0.02 0.05 0.96 0.00 0.94 0.00 0.51 0.11 0.23 0.96
lwat | o0s8 0.00 0.86 0.00 0.69 0.00 0.24 0.72 0.1 0.63
0.25 —0.19 0.00 -0.10 0.00 0.03 _0.65 0.05 1.0
WA3 0.88 0.00 0.00 -0.13 0.65 0.00
WA4 0.19 0.28 0.02 -0.07 0.09 0.00 0.10 0.60 0.77 0.13 0.41 —0.48 0.41 0.34
0.58 0.10 0.28 —0.02 0.05 1,00 0.98 0.00 0.06 -1.35 0.55 0.38
lwae | o7 —0.16 0.02 —0.08 0.63 0.00 0.06 1.31 0.68 0.22
0.24 0.31 0.00 —0.29 0.65 0.00 0.09 0.79
WAS 0.58 —0.07 0.00 _0.16 0.05 1.30 0.15 0.75
WA9 0.71 —0.07 0.02 0.16 0.13 0.00 0.00 4.08 0.00 88
WN1 0.91 0.00 0.13 0.05 0.00 4 0.00 : 0.36 —0.42 0.44 —0.24
PNz o9 0.22 0.02 0.06 0.02 -0.80 0.13 0.67 0.13 0.57
WN3 0.98 0.00 0.40 -0.03 0.39 0.00 0.17 0.64 0.06 0.83 0.51 0.49 0.13 0.98
WN4 0.17 0.23 0.00 0.14 0.39 —0.72 0.13 -1.05 0.07 0.93
0.39 0.19 0.02 0.07 0.59 0.33 0.41 0.59 0.90 —0.08
INN1 | 0.0 —0.63 0.49 0.02 0.10 -1.00 0.10 0.75
0.34 _0.25 0.04 0.03 0.32 0.40 0.37 _0.45 0.05 1.46
0.67 0.14 0.00 0.04 0.14 0.54 0.06 -1.36 0.06 1.35
INNa | o015 —0.21 0.00 0.13 0.10 0.75 0.07 ~1.00 0.94 0.00
0.45 -0.09 0.82 0.00 0.28 _0.97 0.50 0.21 0.0 4
GY1 0.46 0.18 0.04 —0.04 0.75 0.00 0.0 00 0.85 0.11
GY2 0.85 0.00 0.53 0.02 0.42 0.49 0.37 0.56
0.00 0.56 0.35 —0.03 0.09 0.69 0.74 0.00 0.83 —0.20
0.02 —0.60 0.03 0.03 0.05 1.97 0.31 0.00 0.25 _1.23 0.85 —0.09 0.97 0.03
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Temp %DO Clarity DRP TP NO,-N TN
site P RSKSE P RSKSE RSKSE
0.23 —0.21 0.00 0.06 0.00
CH2 0.00 —0.67 0.62 0.02 1.25
0.01 _0.53 0.00 0.11 0.00 —4.76
CH4 0.04 —0.37 0.03 0.06 0.00 3.3
TK1 0.00 0.44 0.03 010 | 09 | o000 XY 167
TK2 0.04 0.43 0.04 —0.06 0.01 _1.37
0.00 1.36 0.23 004 | 062 | 041 | 062 | 000 |
0.00 0.52 0.00 —0.16 0.00 -1.03 267 0.00
0.40 —0.16 0.14 010 | 000 | o000 YN s 0.00
0.00 0.52 0.58 0.02 0.12 0.72
0.01 0.25 0.00 0.26
0.93 0.00 0.14 0.03
0.57 0.13 0.03 0.04
AX4 0.02 0.26 0.94 0.00 0.00 -1.18
0.96 0.00 0.51 —0.02 0.00 235
0.77 0.12 0.77 0.1
0.71 —0.20 0.01 ~0.10
DN4 0.06 0.34 0.39 -0.02
DN5 0.28 0.20 0.33 —0.03
0.65 0.1 0.37 —0.03
0.39 0.21 0.55 —0.02
DN8 0.38 0.17 0.33 —0.05
DN9 0.00 0.91 0.10 0.08
0.34 0.17 0.28 —0.04
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Table 6: Key to colour coding used in table 6.

Key to colour code

Meaningful increase
Significant increase
No significant trend
Significant decrease
Meaningful decrease
Baseline site

Impact site
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Summary of significant water quality changes at baseline and impact sites.

Table 7:

Down

No

Up

o
£
]
)
©
[21]

Down

Down

No

Up

Impact

WH2
WH3
WH4
AK1

AK2
HM2
HM3
HM4
HMS
GSs1

GS3
GS4
RO2
RO3
RO5S
HV2

HV3

HV5
TU1

WA1
WA3
WA4
WAG6
WAS8
WA9
WN1

WN3
WN4
NN1
NN4
GY1
GY2
CH2
CH4
TK1

TK2
TK5
TK6

AX4

DNA1
DN3
DN4
DN5
DNS8
DN9
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Table 8:

List of site names and field codes.
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Field team Code River site
WHANGAREI WH1 WAIPAPA AT FOREST RANGER
WHANGAREI WH2 WAITANGI AT WAKELINS
WHANGAREI WH3 MANGAKAHIA AT TITOKI BR
WHANGAREI WH4 WAIRUA AT PURUA
AUCKLAND AK1 HOTEO AT GUBBS

AUCKLAND AK2 RANGITOPUNI AT WALKERS
HAMILTON HM1 WAIPA AT OTEWA

HAMILTON HM2 WAIPA AT WHATAWHATA
HAMILTON HM3 WAIKATO AT HAM TRAFF BR
HAMILTON HM4 WAIKATO AT RANGIRIRI
HAMILTON HM5 WAIHOU AT TE AROHA
HAMILTON HM6 OHINEMURI AT KARANGAHAKE
ROTORUA RO1 TARAWERA AT LAKE OUTLET
ROTORUA RO2 TARAWERA AT AWAKAPONGA
ROTORUA RO3 RANGITAIKI AT MURUPARA
ROTORUA RO4 WHIRINAKI AT GALATEA
ROTORUA RO5 RANGITAIKI AT TE TEKO
ROTORUA RO6 WAIKATO AT REIDS FARM
TURANGI TU1 WANGANUI AT TE MAIRE
TURANGI TU2 TONGARIRO AT TURANGI
WANGANUI WA1 WAITARA AT BERTRAND RD
WANGANUI WA2 MANGANUI AT SH3

WANGANUI WA3 WAINGONGORO AT SH45
WANGANUI WA4 WANGANUI AT PAETAWA
WANGANUI WAS5 RANGITIKEI AT MANGAWEKA
WANGANUI WAB RANGITIKEI AT KAKARIKI
WANGANUI WA7 MANAWATU AT WEBER RD
WANGANUI WAS8 MANAWATU @ TEACHERS COLL
WANGANUI WA9 MANAWATU AT OPIKI BRIDGE
GISBORNE* GS1 WAIPAOA AT KANAKANAIA
GISBORNE* GS2 WAIKOHU AT NO 1 BRIDGE
GISBORNE* GS3 MOTU AT WAITANGIRUA
GISBORNE* GS4 MOTU AT HOUPOTO
HAVELOCK NTH HV1 MAKARORO AT BURNT BR
HAVELOCK NTH HV2 TUKITUKI AT RED BRIDGE
HAVELOCK NTH HV3 NGARURORO AT CHESTERHOPE
HAVELOCK NTH HV4 NGARURORO AT KURIPAPANGO
HAVELOCK NTH HV5 MOHAKA AT RAUPUNGA
HAVELOCK NTH HV6 MOHAKA AT GLENFALLS
WELLINGTON WN1 HUTT AT BOULCOTT
WELLINGTON WN2 HUTT AT KAITOKE
WELLINGTON WN3 RAUMAHANGA AT WAIHENGA
WELLINGTON WN4 RAUMAHANGA AT WARDELLS
WELLINGTON WN5 RAUMAHANGA AT SH2
NELSON NN1 MOTUEKA AT WOODSTOCK
NELSON NN2 MOTUEKA AT GORGE
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Field team Code River site
NELSON NN3 WAIRAU AT DIP FLAT

NELSON NN4 WAIRAU AT TUAMARINA
NELSON NN5 BULLER AT LONGFORD
GREYMOUTH GY1 BULLER AT TE KUHA
GREYMOUTH GY2 GREY AT DOBSON
GREYMOUTH GY3 GREY AT WAIPUNA
GREYMOUTH GY4 HAAST AT ROARING BILLY
CHRISTCHURCH CH1 HURUNUI AT MANDAMUS
CHRISTCHURCH CH2 HURUNUI AT SH1 BRIDGE
CHRISTCHURCH CH3 WAIMAKARIRI AT GORGE
CHRISTCHURCH CH4 WAIMAKARIRI ABOVE OLD HW BR
TEKAPO TK1 OPIHI AT WAIPOPO

TEKAPO TK2 OPIHI AT ROCKWOOD
TEKAPO TK3 OPUHA AT SKIPTON BR
TEKAPO TK4 WAITAKI AT KUROW

TEKAPO TK5 HAKATARAMEA ABOVE MH BR
TEKAPO TK6 WAITAKI AT SH1 BRIDGE
ALEXANDRA AX1 CLUTHA AT LUGGATE BR
ALEXANDRA AX2 KAWARAU AT CHARDS
ALEXANDRA AX3 SHOTOVER AT BOWENS PEAK
ALEXANDRA AX4 CLUTHA AT MILLERS FLAT
DUNEDIN DN1 TAIERI AT TIROITI

DUNEDIN DN2 SUTTON AT SH87

DUNEDIN DN3 TAIERI AT OUTRAM

DUNEDIN DN4 CLUTHA AT BALCLUTHA
DUNEDIN DN5 MATAURA AT SEAWARD DOWNS
DUNEDIN DN6 MATAURA AT PARAWA
DUNEDIN DN7 ORETI AT LUMSDEN

DUNEDIN DN8 ORETI AT RIVERTON HW BR
DUNEDIN DN9 WAIAU AT TUATAPERE
DUNEDIN DN10 MONOWAI BELOW GATES

* NIWA no longer maintains a field station at Gisborne, but the “GS” code has

retained for the ‘Gisborne’ sites that are now serviced by the Rotorua ED team.

been
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