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te quality at 109 sites in the Waikato region using modern non-
seasonal Kendall Sen slope estimator and trend test). Records of 15
- (of ten) Waikato River sites were analysed; many of these began as long
,horter:records——the majority beginning in either 1993 or 1994—of ten variables
00 other sites on ’nkVers and streams in the region were also analysed. The data were generally
obtained at rhdﬁthlyﬁk intervals, but some records contain extended periods of quarterly sampling only.
Most of the records were adjusted to remove the effects of flow, and both raw and flow-adjusted
records were analysed for trends. In many cases flow records were not available at or near the water

quality sampling site, so “flow indexes” generated from other suitable flow records were used instead.

A total of 133 Waikato River water quality records were considered. Significant trends (p-value <
10%) were found in 69 of these (52% of the total number of records); 48 were improving trends (36%
of total), and 21 were deteriorating trends (16% of total). Particularly noteworthy were the
improvements in total nitrogen levels at five of the nine sites, in dissolved colour at seven sites, and in
biochemical oxygen demand at all nine sites. There are other records showing improvements in river
water quality prior to 1980, but the records analysed in this study did not encompass that earlier

period.

A total of 966 water quality records from the other rivers and streams were considered. Significant
trends were found in 226 of these (23% of total); 9% of the records showed an improvement, and 14%
deteriorated, Because these particular records are all rather shorter than those from the Waikato River,
it’s unclear whether the observed changes represent a continuation of earlier trends, or simply reflect
some relatively short-term change (including transitory chénges). As furthe}' information is obtained,

and the records are extended, the true nature of these early indications of change will become clearer.

While many of the trends involved moderately-high rates of change, about 20% of them were regarded
as being “slight” (including most of the trends—mainly deteriorations—in pH and dissolved oxygen).
While there are clear standards for identifying the statistical significance of trends, it was sometimes
difficult to assess their practical importance. A simple, but slightly flawed, guideline adopted here
was that trends where the absolute rate of change was less than 1% of the median value per year were

considered to be relatively unimportant.
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1 Introduction

River water quality has been routinely monitored in the Waikato region since 1980. Monitoring at
several Waikato River sites began then, with other sites being added later. Conditions are currently
monitored at monthly intervals at ten sites between Taupo Gates at the head of the river, and Tuakdu
Bridge, some 300 km downstream (Figure 1). Results are reported in annual data reports (e.g., Huser
& Wilson 1997, Wilson et al. 1998). In 1993, monthly monitoring of the water quality of other rivers
and streams in the region began. Water quality is now measured at 100 sites on these other rivers and

strearns (Figure 1), with results being summarized by Huser & Wilson (1996) and Wilson (1998a,b).

There are generally two important aims of routine water quality monitoring programmes:

e to determine the condition of the waterbody, and

s to determine long-term changes, or “trends” in water quality conditions

Until recently, analyses of the results of Environment Waikato’s monitoring programmes focussed on
the first of these aims. However, in 1994 modern statistical methods were used to identify trends in
water quality at four sites on the Waikato River (NIWA 1994). This was followed in 1997 by a
similar analysis of trends in microbiological water quality at 14 sites on the river (NIWA 1997).!
Both studies found relatively-large improvements in river water quality over the previous 20 years.
This report extends those initial analyses, and describes the results of a comprehensive analysis of
\many of the region’s routine river water quality records—from both the Waikato River and the

numerous other rivers and streams.

It is important to note that the records are of different length. Many of the Waikato River records
began in 1980 (i.e., producing 18-year records to the end of 1997), but others did not start until late in
the 1980s; while records of black disc visibility at (seven) river sites did not begin until 1995. The
sampling of the 100 sites on the other rivers and streams also started at different times: 68 began in
1993 (i.e., S-year records), 27 began a year later in 1994, while the five sites sampled as part of
NIWA’s National River Water Quality Network have been sampled since 1989~90 (i.e., 7- or 8-year
records to the end of 1996, the endpoint of the data available at the time we undertook the analysis).
We chose to ignore these differences, and instead simply report the overall trend for the whole of each
record (i.e., to the end of 1997 for the Environment Waikato records, and to the end of 1996 for the

NIWA records).

! note that whereas the 1997 anatysis locked for trends in both the raw and flow-adjusted records, the 1994
analysis considered trends in the raw records only (although the likely effects of the observed long-term changes
in river flow on water quality were commented on).




















































Table 4 (continued)

West Coast v

Awakino @ Gribbon Rd 52 (50) 3(109) 44 (91) 8 (-23) 14327} 94 (0.0) 29 (0.3) 14 (-0.5) 40 (-4.8) 29 (0.3)
Awakine @ SH3-Awakau Rd 72 (-108) omn 44 (140) 36 (—43) 0(=816 44 (-7.4) 94 (0.0) 72(-0.6) 40{(-9.5) 83 (0.2)
Manganui @ off Manganui Rd 35(-136) 2(75) 10(241) 1(-54) 22 (-362) 83 (-2.7) 112 72(-03) 93 (1.0} 61 (0.2)
Mangaotaki @ SH3 62 (-228) 309N 29 (222) 44 (-17) 2(-350) 94 (~1.0) 11(0.9) 44 (-0.9) - 62(0.3)
Marckopa @ Speedies Rd 49 (80} 40 (48) 82 (24) 3(~33) 4 (~787) 11(16.2) 70 (0.1) 82 (0.1) 14 (11.8) 14 (0.3)
Mokau @ Awakau Rd 94 (-82) 94 {0) 18 (482) 62 (-5) 11 (-360) 23 (16.2) 2(L7) 83 (0.6) 40(-11.2) 8(L7)
Mokau @ Mangaokewa Rd 2(283) 59(-23) 71(83) 5(-23) 2(-732) 7(15.0) 94 (0.1) 16 (1.5) 99 (-38.0) 21 2.0)
Mokau @ Totoro Rd 62 (378) 44 (17) 36 (272) 29 (-24) 0 (=506} 94 (1.8) 8(0.3) 6(27) 40 (-4.2) 14 (0.9}
Mokaniti @ Three Way Point 62 (267) 825) 11 (426) 36 (=20 23 (-358) 94(1.9) 14 (2.5) 14 (2.8) 87(-11.3) 8(2.7)
Ohautira @ Waingaro-Te Uku Rd 94 (-196) 4043 70 (58) 32 (-25) 49 (-116) 40 (11.0) 94 (0.1) 82(-0.1) 71 (-3.2) 70 (0.4)
Oparau @ Langdon Rd 94 (1} 13 (128) 59 (124) 32 (-33) 1(-982 94 (-0.2) 11 (0.6) 59 (0.3) - 40 (0.6)
Tawarau @ off Speedies Rd 83 (71 21 (45) 52 (378) 17 (-24) ((=715) 13 (8.9) 22 (-0.7) 43 (-0.4) - 35 (0.3)
Waingaro @ Ruakiwi Rd 49 (-352) 1 (80) 82 (86) 82 (-14) 49 (313) 70(-3.8) 82(0.1) 82 (-0.6) - 70 (0.4)
Waitetuna @ Te Uku—~Waingaro Rd 49 (-318) 14 (50) 70(71) 59 (-23) 0 (600 25 (-9.8) 82(0.3) 94 (0.1) @G 70(0.7)
Total improvemenis 11 37 3 3 5 10 10 8 2 5
Total deteriorations 11 5 17 17 30 12 17 12 5 9

¥ all significant trends in pH were regarded as deteriorations, since both increasing and decreasing trends tend to shift levels outside the preferred range of values

u018a. OIDYIDAY Y] ul K3)onb 4o1pm 1oa14 ul SpUsL]







Trends in river water quality in the Waikato region 20

4 Conclusions

1. Several water quality variables were found to vary markedly with flow, and most records were
routinely flow-adjusted (the exceptions being those for six sites where flows were judged to be |
reasonably steady). Variability associated with flow can obscure any underlying trend, so flow- l
adjustment can help identify the existence of a trend earlier than would otherwise be the case. E
Conversely, trends which are apparent in the raw records can disappear following flow- |
adjustment, suggesting they actually reflected an underlying trend in flow. This study has
identified data-handling and analysis protocols for flow-adjusting the regions’ water quality

records, and we recommend that these procedures be adopted in future trend analyses.

2. Only some of the regions’ water quality sites are located at or near the site of a flow recorder: six
of the relevant nine Waikato River sites, and 25 of the 94 “non-steady flow” sites on the other
rivers and streams. However, we have identified flow records which may be used in conjunction
with the water quality records for the other 72 (= [9 — 6] + [94 — 25]) sites to generate a suitable
“flow index” for each of them (Tables 1, 2). In these cases we have used the daily mean flow at
the index site on each sampling date as a surrogate for the instantaneous flow at the time of each
sampling at the water quality site. We consider this procedure to be generally satisfactory, and
recommend that it be adopted {although we recognize that the flow records used to adjust the

water quality records for particular sites may change in the future).

3. This analysis has confirmed and extended the results of the earlier analyses on Waikato River
records from selected sites (NIWA 1994} or for specific variables (NIWA 1997). Many of these
records began in 1980, and are among the longest available water quality records in the region.
Significant improvements in river water quality have been more common (36% of records) than

deteriorations {16%).

4. At the same time, this is the first comprehensive analysis of trends in water quality records from
the 100 sites on other rivers and streams in the region (although Smith et al. analysed the 1989-93
records for five of these). These records generally began in 1993 or 1994, and are thus
substantially shorter than those for the Waikato River. It would therefore be premature to draw

firm conclusions now about the possible relevance of the observed changes.

5. Although there are rigorous statistical standards for determining the significance of trends, there is
less guidance as to whether observed trends are important or not. About 20% of the statistically
significant trends in this analysis can be described as being “slight”—because the overall rate of

change was less than 1% per year. A low rate of change means there is a greater chance that
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