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Executive Summary

This report was prepared at the request of the LRkéorua Technical Advisory Group and
complements an earlier study of stream nutrientceotrations (Rutherford 2003). The principal
objectives were to determine the fractions of flamd nutrient load carried into Lake Rotorua by
baseflow and floodflow and to compare loads in 120025 with those measured in 1976-1977 by
Hoare (1980b). To do this it has been necessacgltate and edit a large quantity of archived water
quality and flow data, determine the relationshépween stream nutrient concentration and flow rate,
use these relationships to estimate nutrient lodésitify and account for any time trends in nuttie
concentration and/or flow, and estimate the unceytan load predictions.

Flows in 1976-1977, when Hoare measured loads, wEs&6 higher than during 1992-2005. In order
to make a comparison, 1992-2005 loads were ‘adjugte 1976-1977 flows using the method
described by Williamson et al. (1996).

For many samples particulate and organic nutriemtcentrations were not measured but were
estimated by difference (for phosphorus PP + DORP~ DRP and for nitrogen PN + DON ~ TN -
TIN). For some samples this gave negative valudgating errors in the measurement of either
inorganic or total nutrient, or both. Negative \@duwere omitted from the flow and time regression
analysis. Nevertheless the uncertainty in total garticulate nutrient loads is high.

Comparing 1976-1977 loads with flow-adjusted 199P2loads there is evidence that:
1. DRP load has increased by 15% (range 10-20%);

2. PP + DOP load may have decreased by 10% but trertamty is high (range 39% decrease
to 23% increase);

3. TP load has decreased by 11% (range 4-17%);

4. TIN load has increased by 27% (range 22-31%) frai®-295 t y* to 350-370 t . When
scaled to the same flow the increase is 47% (ratiyd7%). This is consistent with a
significant increase in baseflow nitrate concerdratin eight major streams identified by
Rutherford (2003);

5. PN + DON load has decreased by 41% (range 23-5%) 140 t y* in 1976-1977 to 64-108
t y*. When scaled to the same flow the decrease idemaal31% (range 11-47%). However,
the uncertainty in both load estimates is high; and
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6. TN has not changed — 416-4351 in 1976-1977 and 419-456 t'\in 1992-2005. When
scaled to the same flow there is an increase of (t8fge 14-25%).

PP and PN concentrations are strongly correlated fkow. In springfed streams this is of little
consequence because storm flows are rare. Howsseeral streams have a significant floodflow
component (notably the Ngongotaha, Utuhina and dfgm) and in these streams floods carry a
disproportionately large fraction of the particeldbad. Whereas floods carry 36-44% of water in the
Ngongotaha, Utuhina and Puarenga, they carry 68-89%P and 43-76% of PN. TP and TN
concentrations vary with flow but, because theyude DRP and TIN, flow variation is less strong
than for PP and PN.

There is some evidence that particulate nutrieatidoare lower now than in 1976-1977. There are
three possible explanations. First, catchment obntorks may have resulted in lower particulate

nutrient loads reaching streams. Second, thesafisdnay be an artefact of the fact that there were
fewer large floods in 1992-2005 than in 1976-19¥fird, the regression models developed using
1992-2005 data may be biased because of the sumber of floods than in 1976-1977.

Intensive monitoring of two storms of similar mamaie in 2005 by the NIWA Rotorua field team
demonstrates that TP and TN load can differ betvegailar storms by at least 100%. Factors such as
rainfall intensity and duration, time since lasirst, antecedent soil moisture and pasture condition
probably determine this variability. However, thésenot enough information available to quantify
these factors.

DRP and TIN concentrations are either uncorrelatéa flow or vary only slightly. Consequently the
loads of these nutrients are proportional to flowd ¢he fractions carried by baseflow and floodflow
are almost the same as the proportions of wateedar

Storm nutrient loads in Rotorua streams %
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1. Introduction

This report complements an earlier study of streanient concentrations (Rutherford
2003) which identified increasing time trends dfatie concentration in 8 of the 9 major
streams flowing into Lake Rotorua. The principajeative of this report is to determine
the fractions of flow and nutrient load carriedointake Rotorua by baseflow and
floodflow.

Nutrient concentrations have been measured ongrrmttently but flow has been
measured more regularly. Consequently a ‘ratingre&€uapproach is adopted which
involves relating concentration and flow, predigtitoncentration for each value of flow,
multiplying flow by concentration to give load, asdmming to give load. In order to
implement the ‘rating curve’ approach it is necegsa:

1. determine the relationship between stream nutdententration and flow rate;
2. use these relationships to estimate load,;

3. identify and account for any time trends in nutrieancentration and/or flow;
and

4. estimate the uncertainty in load predictions.

Storm nutrient loads in Rotorua streams 1
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2. Methods

2.1 Flow time-series

Daily mean flows were extracted from the EBoP aniiVN databases. Continuous
records for 1992-2005 were only available at themggtaha Stream and there were gaps
in the records at the other 8 stream sites. Limegression equations were derived
between sites and used to fill gaps.

15-minute flows were extracted and used to analgsa from storms sampled by NIWA
during 2004-2005.

2.2 Baseflow separation

Baseflow was estimated following Pettyjohn & Herqn{ii979). The minimum daily flow
in a 10-day moving average window was calculated, arovided flow did not exceed
this minimum by more than 10% baseflow was assuimethat day. Figure 1 illustrates
the separation for a 6 month period in the NgorfyataOn days where stormflow
occurred the entire flow was defined as stormflod baseflow was zero.
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Figurel: Daily mean stream flow (black) and the 10-day mumm(purple). Flow which exceeds
the 10-day minimum by more than 10% is deemed tstdmenflow.

Storm nutrient loads in Rotorua streams 2



—NLWA_—

Taihoro Nukurangi

2.3 Nutrient concentrations

Nutrient concentration data for the period 1992%6fe collated from:
1. routine monitoring conducted by EBoP 1992-1995m&§or sites;
2. routine monitoring conducted by EBoP 2004-2005m&or sites;
3. occasional sampling by EBoP 1996-2004 — 3 majessit
4. storm sampling by NIWA 2004-2005 — 4 major sites.

Storm composite samples were collected by EBoP 98241995. Many of these
composites had significantly higher concentratithras grab samples collected during the
same storms, and appeared as extreme outlier®wnvéirsus concentration plots. They
are omitted from this analysis.

Laboratory results include some or all of DRP, P3N, NNN (NO;N + NO;N), NH4N,
TKN and TN. The EBoP monitoring does not includeasweements of dissolved organic
nutrient (DOP, DON) or particulate nutrient (PP,)Ridncentration. We estimated PP +
DOP = TP — DRP and PN + DON = TN — TIN for thes¢éadats. For convenience we
denote the sum of particulate and dissolved orgphasphorus and nitrogen as PP and
PN respectively — strictly we should use PP + D@& BN + DON. The NIWA storm
samples include measurements of PP, DOP, PN and DON

24 Concentration models

In each stream two regression models were fittidimg concentration and flow, and the
‘better’ model used in subsequent analysis. Thealimodel has the form

C=a,+aQ +a,l +¢& 1

wherei = day numberC; = concentration on day(mg ni®); Q; = daily mean flow on day
i (L s‘l); T, = number of days since"Danuary 1992g, = error term; andx, a1, a, =
regression Coeff. The log-linear model has the form

InC, =a,+a,InQ +a,T, +&, 2

Storm nutrient loads in Rotorua streams 3
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The re-transformed concentration is
C =pexp@,+a,InQ +a,T, +&,) 3

wheref3 = the bias correction coefficient estimated foilog Duan (1983) as

> expe)

p=T_

whereg = residuals of the log-transformed model, &héd number of data pairs in the
regression. The confidence interval on the predinoteanconcentration on dayis

c =6 us|Le QO

N Z(QJ _6)2

For the log-linear modeC; = natural logarithm of the concentration on dayéiz

predicted value of log concentration (Eq, 2F Student’s t valueS = standard error of
the regressiorN = number of data pairs in the regressiQn; natural logarithm of flow
on dayi; Q = average flow in the regression. The mean, upp&sile and lower 95%ile

of log(concentration) are re-transformed usingEq.
Models were fitted using the REGRESSION add-in ¥XCEL.

In the figures discussed below, obser@is plotted versu§ andT separately to give a
visual impression of the univariate correlation. Srmw the marginal effect @ in the
multiple regression, predicte@ is plotted settingl to its mean value. To show the
marginal effect off, predictedC is plotted setting to its mean value.

25 Nutrient load

Daily nutrient load is

L, = KCQ, 6

whereL; = nutrient load on day (t y); Q = daily mean flow (L 8); andK = unit
conversion factor.

Storm nutrient loads in Rotorua streams 4
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Mean daily loads are summed to give the mean loama the period 1992-2005. The
upper 95%ile daily loads are summed to give theeu@p%oile for the period 1992-2005,
and similarly for the lower 95%ile load. This as®&srthat uncertainties in load are
independent (viz., there is no serial correlation).

One objective of this study is to estimate the agerand 95%ile daily nutrient loads that
are representative of current conditions. The meseént sampling period is 2004-2005
but flows during this period were below averagensamuently, using only data from this
period would under-estimate current loads.

Following Williamson et al. (1996) we estimated i@ge current loads by using flows for
the 14 years period 1992-2005. As described abowdtjple regression models were
derived for concentration with flow and time usingnitoring data collected over the
period 1992-2005. When estimating current loads dédite was fixed atlJanuary 2004
in the regression term involving time. However, émngire 14-year flow record was used.
This approach assumes that after removing any ttiemels the concentration versus flow
relationships derived using data from 1992-2009yadpring current conditions. It also
assumes that after removing any flow dependence moodel fitting successfully
identifies any time trends during the period 19922 and hence enables us to ‘correct’
the concentration versus flow relationships to enfrrconditions. Both seem reasonable
assumptions (Williamson et al. 1996).

2.6 Storm sampling

NIWA was commissioned by EBoP to measure stormddad4 of the major streams
(Ngongotaha, Puarenga, Utuhina and Waingaehe) gli#094-2005. A total of ~50
samples were collected in each stream during this but only 2 significant storms
occurred. Eq. 1-5 were used to analyse resultgyustaminute flows rather than daily
flows. Model coefficients were estimated using 8@LVER add-in in EXCEL. This
gives identical results to REGRESSION but has adffiedbility. 95% confidence
intervals on the estimates storm loads were cakilasing a Monte-Carlo approach. For
the log model, the mean concentration (and herad vere estimated at each 15-minute
interval using Eq. 3. An error term was then adabith was the product of a normally
distributed, serially uncorrelated, random numbange -1 to +1) multiplied by the 95%
confidence interval on the mean load estimated fEam5. Ten realisations were made
and the average and 95% confidence interval osttren load calculated.

Storm nutrient loads in Rotorua streams 5
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3. Reaults

31 Stream flow

Current flows are significantly lower than those 1876 when Hoare (1980a, 1980b)
measured nutrient loads. Total flow at the majeessduring 1992-2005 is 85% of the
total from the same sites in 1976 (Table 1).

Cumulative flow frequency curves (Figure 2) shomikir characteristics to 1976 (Hoare
1980a). Curves for the spring-fed Hamurana, Awakhod Waingaehe streams rise
steeply and floods contribute <10% of total flovheTNgongotaha Stream has high flow
variability and 44% of total flow is delivered bioams.

Table 1: Mean flows for 1992-2005 and 1976 at the major fhitss.
SITE TOTAL BASEFLOW FLOODFLOW BASE%  FLOOD% 1976 *
Ls™ Ls™ Ls*
HAM 2495 2468 26 99% 1% 3080
AWA 1594 1468 127 92% 8% 1664
WNG 227 209 19 92% 8% 274
WWH 358 255 103 71% 29% 415
WTT 1156 788 368 68% 32% 1391
UTU 1845 1162 683 63% 37% 2040
PUA 1711 1099 612 64% 36% 2050
WHE 319 207 112 65% 35% 413
NGO 1734 963 771 56% 44% 1977
TOTAL 11439 8619 2821 13304

"Hoare (1980a)
HAM = Hamurana, AWA = Awahou, WNG = Waingaehe, WWH = Waiowhiro, UTU = Utuhina
PUA = Puarenga, WHE = Waiohewa, NGO = Ngongotaha, WTT = Waiteti

Storm nutrient loads in Rotorua streams 6



—NIWA_—

Taihoro Nukurangi

1- 1- PR SR
0.8 8
NGO 0.8
2y — PUA )
S 0.6 - S 0.6 - —F WWH
S Uty > WNG
£ AWA £
c 04 g 04 WHE
3 Soowrr 3
0.2 - — HAM 02 .
0 T T T T 1 0 T "'//‘ T T T 1
2.8 3 3.2 3.4 3.6 3.8 2 2.2 2.4 2.6 2.8 3
log10 flow L/s log10 flow L/s
Figure2: Cumulative flow distributions for the 9 major stmesflowing into Lake Rotorua covering the perio®22005.
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Awahou Stream

The Awahou is fed by several large springs justrepsn from the sampling point and the
mayjority of flow (92%) occurs as baseflow (Table 2)

TIN concentrations show no significant variatiorttwilow rate (p = 0.95, Table 12) but
there is evidence that DRP concentrations decrestse flow (p = 0.13, Table 11)
although the trend is weak. Because the concemigatf these soluble nutrients do not
vary significantly with flow, the proportions of wex (92%) and DRP and TIN load (92-
93%) delivered to the lake by baseflow are almdehiical. There is evidence that DRP
concentration is decreasing with time (p = 0.09)erE is strong evidence that TIN is
increasing with time (p < 0.001).

In the Awahou, TP is largely comprised of DRP wwry low DOP and PP
concentrations. In several samples DRP > TP whigtldvgive negative PP and where
this occurs we omit the data. In contrast TIN <ddwsistently, which implies detectable
particulate and/or dissolved organic N concentratiand always results in non-negative
PN. The Awahou rarely floods and only a small numdfesamples are at high flows. PP,
TP, PN and TN concentrations are higher duringdilwavs than baseflows but because
floodflows occur only rarely the majority (62-91%f PP, TP, PN and TN load is
delivered to the lake during baseflow.

Summary of flow and nutrient mass flow in the Awal&tream.

total baseflow floodflow baseflow floodflow
Flow
AWA Ls*t mean 1594 1468 127 92% 8%
AWA mean 3.69 341 0.27 93% 7%
AWA DRP t y’l UCL 3.80 3.50 0.30 92% 8%
AWA LCL 3.57 3.32 0.25 93% 7%
AWA mean 1.05 0.82 0.23 78% 22%
AWA PPt y'l UCL 1.78 1.11 0.66 63% 37%
AWA LCL 0.70 0.60 0.10 86% 14%
AWA mean 3.62 3.24 0.38 90% 10%
AWA TPt y'l UCL 3.75 3.34 0.41 89% 11%
AWA LCL 3.50 3.15 0.34 90% 10%
AWA mean 60.9 56.1 4.8 92% 8%
AWA TIN ty'l UCL 61.9 56.9 5.1 92% 8%
AWA LCL 59.9 55.3 4.6 92% 8%
AWA mean 4.45 3.73 0.72 84% 16%
AWA PN ty'l UCL 7.88 491 2.97 62% 38%
AWA LCL 3.14 2.84 0.30 91% 9%
AWA mean 65.8 59.8 5.95 91% 9%
AWA TN t y'l UCL 67.3 61.0 6.28 91% 9%
AWA LCL 64.4 58.7 5.64 91% 9%

Storm nutrient loads in Rotorua streams 8
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Daily mean flow (black) and baseflow (purple) i tAwahou Stream 1992-2005.

Concentration versus flow (left) and time (righ€lationships in the Awahou Stream
derived from data from 1992-2005. Lines are eswahdtom fitted multiple regression
models setting either time (left) or flow (right its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DOMtails of fitted models are
given in Tables 11 & 12.
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3.3 Hamurana Stream

Flow in the spring-fed Hamurana Stream shows almosthort-term response to rainfall
(viz., floodflow is <1% of the total) (see Table. Flow varies seasonally and between
years presumably in response to long-term chamggeoundwater recharge. Flows were
measured intermittently in 1992-1994 and 2002-2@@&dicted flows for 1995-2001
have a large uncertainty (Figure 5).

DRP concentration decreases with flow (p = 0.0Bb(& 11), possibly because in wet
years groundwater residence time is lower and tiseless time for the dissolution of P
from ignimbrites which comprise the aquifer. Théseevidence of a weak increasing
trend in DRP concentration (p = 0.13). TIN concatidn increases with flow (p = 0.05)
and increases significantly with time (p = 0.0000able 12).

TP ~ DRP and as a result PP + DOP concentratiowisnd estimates are unreliable. PN
+ DON concentration estimates are more reliable dds low. PP, TP, PN and TN

concentrations increase with flow (p = 0.01-0.30) lbecause flow variation is small, the
majority of these nutrients (99%) are carried ithi® lake during baseflow.

Storm nutrient loads in Rotorua streams 11
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Table 3: Summary of flow and nutrient mass flow in the Haama Stream.
total baseflow floodflow baseflow floodflow
Flow
HAM Ls* mean 2495 2468 26 99% 1%
HAM DRP mean 7.25 7.17 0.07 99% 1%
HAM tyt ucCL 7.42 7.34 0.08 99% 1%
HAM LCL 7.08 7.01 0.07 99% 1%
HAM PP mean 0.00 0.00 0.00 100% 0%
HAM ty? ucCL 0.27 0.26 0.00 100% 0%
HAM LCL -0.27 -0.26 0.00 100% 0%
HAM P mean 6.64 6.57 0.07 99% 1%
HAM tyt ucCL 6.80 6.73 0.07 99% 1%
HAM LCL 6.48 6.41 0.07 99% 1%
HAM TIN mean 55.0 54.4 0.59 99% 1%
HAM ty? ucCL 56.1 55.5 0.60 99% 1%
HAM LCL 53.9 53.3 0.58 99% 1%
HAM PN mean 5.35 5.28 0.07 99% 1%
HAM tyt ucCL 6.85 6.77 0.08 99% 1%
HAM LCL 3.84 3.79 0.05 99% 1%
HAM ™ mean 59.5 58.9 0.65 99% 1%
HAM ty? ucCL 61.3 60.6 0.67 99% 1%
HAM LCL 57.8 57.2 0.63 99% 1%
3000 -
2500 -|
Y
—
8
2000 -|
1500 ‘ ‘ ‘ ‘ ‘
01/01/92 27/09/94 23/06/97 19/03/00 14/12/02 09/09/05
Figure5: Estimated daily mean flow in the Hamurana Strean®212005. Measured flows

correspond to the ends of the vertical bars. The surve, which was fitted to the
measured flows, is used to estimate ‘missing’ flows

Storm nutrient loads in Rotorua streams 12
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Concentration versus flow (left) and time (righ¢Jationships in the Hamurana Stream

derived from data from 1992-2005. The lines shown estimated from fitted multiple

regression models setting either time (left) onflfright) to its mean value. PP = TP —

DRP and hence includes DOP. PN = TN — TIN and oesuDON.
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Floodflows carry a significantly larger proportiof the total flow in Waiohewa Stream
(35%) (Table 4) than in the spring-fed Awahou (8%) Hamurana (1%) Streams. DRP
concentrations decrease with flow (p < 0.001) andds carry a disproportionately small
fraction of the total DRP load (flow 35% DRP 29-30f&able 11). TIN concentration
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increases with flow (p < 0.001) and floods cargigproportionately large fraction of the
total TIN load (flow 35% TIN 37-39%) (Table 12). PPP, PN and TN concentrations
increase with flow (p < 0.001) and floods carry@@% of the load of these constituents.

The Waiohewa drains the Tikitere geothermal ared has unusually high TIN
concentrations (dominated by MW near the source and by MDnear the mouth). TIN
concentration increases with flow (p < 0.001) aedrdases with time (p < 0.001). In
contrast DRP decreases with flow (p < 0.001) amdeimses with time (p = 0.009). TP
increases with flow (p < 0.001) and decreases tiitle (p < 0.001). TN also increases
with flow (p < 0.001) and decreases with time (p.62). There is a collinearity problem
with these data — flow was higher in 1992-1995 th@84-2005 and this, in combination
with the correlation between concentration and floway affect the apparent time trend.

Table 4: Summary of flow and nutrient mass flow in the Waina Stream.
total baseflow floodflow baseflow floodflow
WHE E'Z‘.’Y mean 319 207 112 65% 35%
WHE DRP mean 0.31 0.22 0.09 70% 30%
WHE ty? ucCL 0.34 0.24 0.10 70% 30%
WHE LCL 0.28 0.20 0.08 71% 29%
WHE PP mean 0.48 0.21 0.27 44% 56%
WHE ty® ucL 0.59 0.24 0.35 40% 60%
WHE LCL 0.39 0.19 0.21 47% 53%
WHE P mean 0.79 0.43 0.36 55% 45%
WHE ty? ucCL 0.88 0.47 0.41 53% 47%
WHE LCL 0.71 0.40 0.31 56% 44%
WHE TIN mean 27.8 17.2 10.6 62% 38%
WHE ty! ucL 29.4 18.0 11.4 61% 39%
WHE LCL 26.2 16.4 9.8 63% 37%
WHE PN mean 4.99 2.56 2.43 51% 49%
WHE ty™ UCL 6.89 3.20 3.69 46% 54%
WHE LCL 3.72 2.06 1.66 55% 45%
WHE TN mean 32.0 19.1 13.0 59% 41%
WHE ty! uUCL 34.2 20.1 14.1 59% 41%
WHE LCL 30.0 18.1 11.9 60% 40%

Storm nutrient loads in Rotorua streams 15
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Figure7: Estimated daily mean flow (black) and baseflow b in the Waiohewa Stream 1992-
2005.
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Figure8: Concentration versus flow (left) and time (righ¢)ationships in the Waiohewa Stream
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derived from data from 1992-2005. The lines shown estimated from fitted multiple

regression models setting either time (left) onflfright) to its mean value. PP = TP —

DRP and hence includes DOP. PN = TN — TIN and oesuDON.
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35 Waingaehe Stream

Flow in the Waingaehe is predominantly baseflonf9ZTable 5). TIN concentration is
independent of flow and increases significantlyhwtime (p << 0.001) (Table 12). TIN
load is dominated by baseflow. DRP concentratioorefeses with flow (p < 0.001)
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(Table 11) and DRP load is also dominated by basef92%). DRP concentration

decreases with time (p = 0.001).

Several estimates of PP = TP — DRP and PN = TNN-aFé negative — these points are

plotted as 0 in Figure 10. Omitting these pointsnirthe regression, PP and PN

concentration increase with flow (p << 0.001). 8terwere sampled in both 1992-1995

and 2004-2005 and consequently the regression siddelthe Waingaehe are not

affected by collinearity as in the Waiohewa. BeeaB®, TP, PN and TN concentrations
are correlated with flow, floods carry 12-35% oétload, even though they comprise
only 8% of the flow.

Table5:

Summary of flow and nutrient mass flow in the Waiege Stream.

total baseflow floodflow baseflow floodflow
Flow
WNG Ls? mean 227 209 19 92% 8%
WNG DRP mean 0.71 0.65 0.06 92% 8%
WNG ty? ucL 0.72 0.67 0.06 92% 8%
WNG LCL 0.69 0.64 0.05 92% 8%
WNG PP mean 0.33 0.22 0.10 69% 31%
WNG ty™ UCL 0.41 0.27 0.14 65% 35%
WNG LCL 0.26 0.19 0.07 72% 28%
WNG TP mean 1.06 0.88 0.18 83% 17%
WNG ty? ucCL 1.13 0.93 0.20 82% 18%
WNG LCL 0.99 0.83 0.16 84% 16%
WNG TIN mean 9.93 9.12 0.81 92% 8%
WNG ty™ UCL 10.1 9.24 0.83 92% 8%
WNG LCL 9.80 9.00 0.80 92% 8%
WNG PN mean 1.21 0.90 0.31 74% 26%
WNG ty? ucCL 1.46 1.05 0.42 72% 28%
WNG LCL 1.02 0.78 0.24 77% 23%
WNG TN mean 115 10.1 1.40 88% 12%
WNG ty™ UCL 11.9 10.5 1.48 88% 12%
WNG LCL 11.0 9.68 1.32 88% 12%
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Figure9: Estimated daily mean flow (black) and baseflow fpelrin the Waingaehe Stream 1992-
2005.
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Figure 10:
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Concentration versus flow (left) and time (righ¢)ationships in the Waingaehe Stream
derived from data from 1992-2005. Lines are eswadtom fitted multiple regression
models setting either time (left) or flow (right) its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DON.
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3.6 Waiteti Stream

Approximately 30% of the total flow in the Waitettcurs during floods (Table 6). Only
2 samples are from flows above 2000 [* svhich makes our estimates of
flow/concentration relationships speculative. DRI &IN do not vary significantly with

flow (Tables 11 and 12). PP, TP, PN and TN conegiotts show no consistent variation
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with flow which differs markedly from other streamidowever, the vast majority of
samples are at baseflow. DRP (p = 0.01), TP (p G0%). and TIN (p < 0.001)
concentration increase with time.

Table6: Summary of flow and nutrient mass flow in the Waigream.
total baseflow floodflow baseflow floodflow
Flow
WTT Ls? mean 1156 788 368 68% 329
WTT DRP mean 1.29 0.90 0.39 70% 30%
WTT ty’ UcCL 1.37 0.95 0.43 69% 31%
WTT LCL 1.21 0.86 0.35 71% 29%
WTT PP mean 0.12 0.08 0.04 68% 32%
WTT ty’ UcCL 0.21 0.14 0.07 68% 32%
WTT LCL 0.03 0.02 0.01 68% 32%
WTT P mean 1.67 1.14 0.53 68% 32%
WTT ty? UCL 1.78 1.19 0.59 67% 33%
WTT LCL 1.57 1.08 0.48 69% 31%
WTT TIN mean 47.2 32.0 15.2 68% 32%
WTT ty? UcCL 48.1 324 15.7 67% 33%
WTT LCL 46.3 31.5 14.8 68% 32%
WTT PN mean 5.52 4.2 1.33 76% 24%
WTT ty? UCL 6.24 4.7 1.51 76% 24%
WTT LCL 4.79 3.6 1.16 76% 24%
WTT ™ mean 50.3 34.1 16.2 68% 32%
WTT ty’ UcCL 51.3 34.6 16.7 67% 33%
WTT LCL 49.3 33.6 15.7 68% 32%
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Figure 11: Estimated daily mean flow (black) and baseflow fpe)r in the Waiteti Stream 1992-
2005.

Storm nutrient loads in Rotorua streams 24



—NLWA_—

Taihoro Nukurangi

Figure 12: Concentration versus flow (left) and time (righBlationships in the Waiteti Stream
derived from data from 1992-2005. Lines are eswadtom fitted multiple regression
models setting either time (left) or flow (right) its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DON.
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37 Waiowhiro Stream

Approximately 70% of total flow in the Waiwhiro aas as baseflow (Table 7). TIN
concentration is uncorrelated with flow (Table E2)d consequently TIN massflow is
proportional to flow. DRP concentration decreaséh flow (p < 0.001) (Table 11) and
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floods which carry 29% of total flow transport 289 of DRP massflow. DRP
concentration is uncorrelated with time but TIN centration increases (p = 0.02).

In several samples DRP > TP and, omitting thesepmnPP concentration increases
with flow (p << 0.001). PN concentration also ireses with flow (p << 0.001).
Consequently floods that carry 29% of total floansport 47-62% of PP massflow and
38-43% of PN massflow. TP and TN concentrationseiase with flow (p << 0.001) and
floods that carry 29% of total flow transport 33¥84f TP massflow and 31-32% of TN
massflow. PP and TP concentrations decease with(prx 0.006-0.02) but neither PN or
TN varies consistently with time.

Table7: Summary of flow and nutrient mass flow in the Wakine Stream.
total baseflow floodflow baseflow floodflow
Flow
WWH Ls? mean 358 255 103 71% 29%
WWH DRP mean 0.50 0.37 0.13 74% 26%
WWH ty? ucL 0.53 0.38 0.14 73% 27%
WWH LCL 0.47 0.35 0.12 74% 26%
WWH PP mean 0.21 0.10 0.11 46% 54%
WWH ty? uUCL 0.33 0.12 0.20 38% 62%
WWH LCL 0.14 0.07 0.07 53% 47%
WWH P mean 0.64 0.42 0.21 66% 34%
WWH ty? UcCL 0.68 0.45 0.23 66% 34%
WWH LCL 0.60 0.40 0.20 67% 33%
WWH TIN mean 10.68 7.60 3.08 71% 29%
WWH ty? uUCL 11.12 7.88 3.24 71% 29%
WWH LCL 10.25 7.33 2.93 71% 29%
WWH BN mean 2.62 1.57 1.06 60% 40%
WWH ty? ucCL 3.07 1.76 1.31 57% 43%
WWH LCL 2.26 1.39 0.86 62% 38%
WWH ™ mean 12.53 8.61 3.92 69% 31%
WWH ty? UCL 13.08 8.94 4.14 68% 32%
WWH LCL 12.00 8.29 3.71 69% 31%
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Figure 13: Estimated daily mean flow (black) and baseflow ghe)y in the Waiowhiro Stream 1992-
2005.
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Figure 14: Concentration versus flow (left) and time (righ¢)ationships in the Waiowhiro Stream
derived from data from 1992-2005. Lines are eswadtom fitted multiple regression
models setting either time (left) or flow (right) its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DON.
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3.8 Utuhina Stream

Approximately 60% of the total flow in the Utuhim&curs as baseflow (Table 8). DRP
concentration decreases with flow (p << 0.001) (@4dtl) and floods that account for
37% of flow carry only 32% of DRP massflow. In c@st TIN concentration is not

strongly correlated (p = 0.02) with flow (Table 12)
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PP and PN concentration increase with flow (p <300) and floods that account for 37%
of flow transport 70-80% of PP and 43-76% of PN sflagy. The PP model used to
derive these estimates is affected by the omissigeveral samples in which DRP > TP.
TP and TN concentrations both increase with flowk§p0.001) and floods that account
for 37% of total flow transport 42-53% of TP and48® of TN massflow.

PP (p = 0.002) concentration increases with timeDfRP concentration decreases (p <
0.001). TIN, PN, TP and TN concentration are urelated with time.

Table 8: Summary of flow and nutrient mass flow in the UnehStream.
total baseflow floodflow baseflow floodflow
Flow
Uty Ls?! mean 1845 1162 683 63% 37%
uTu DRP mean 2.36 1.60 0.76 68% 32%
uTu ty? ucL 2.50 1.69 0.81 68% 32%
uTu LCL 2.23 1.52 0.71 68% 32%
uTu op mean 3.97 1.00 2.96 25% 75%
uTu ty? ucL 5.91 1.19 4.71 20% 80%
uTu LCL 2.78 0.84 1.94 30% 70%
uTu P mean 4.91 2.63 2.28 54% 46%
uTu ty? ucL 6.03 2.84 3.18 47% 53%
uTu LCL 4.19 2.44 1.75 58% 42%
uTu TIN mean 41.8 26.7 15.1 64% 36%
uTu ty? ucL 46.0 28.3 17.7 61% 39%
uTu LCL 38.3 25.3 13.0 66% 34%
utu BN mean 14.9 6.7 8.26 45% 55%
uTu ty? ucL 32.9 8.0 24.83 24% 76%
uTu LCL 9.8 5.6 4.21 57% 43%
utu ™ mean 57.6 33.7 23.9 59% 41%
uTu ty? ucL 65.4 35.8 29.6 55% 45%
uTu LCL 51.7 31.8 19.9 61% 39%
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Figure 15: Estimated daily mean flow (black) and baseflow ge) in the Utuhina Stream 1992-
2005.
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Figure 16: Concentration versus flow (left) and time (righglationships in the Utuhina Stream
derived from data from 1992-2005. Lines are eswadtom fitted multiple regression
models setting either time (left) or flow (right) its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DON.
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39 Ngongotaha Stream

Baseflow comprises 56% of total flow in the Ngoradw (Table 9). DRP concentration
decreases with flow and floods (p << 0.001, TaHlg that comprise 44% of total flow
carry only 41-42% of total DRP massflow. TIN contration also decreases with flow (p
= 0.002) (Table 12). PP, TP, PN and TN concentnatiall correlate strongly with flow

and floods that comprise 44% of total flow carry&@®%6 of PP massflow, 66-69% of TP
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massflow and 71-74% of PN massflow. For TN floodsrg 53-54% of total massflow
reflecting the fact that although PN concentratimhich averages 40% of TN
concentration) increases with flow, TIN concentmti(which averages 60% of TN)
decreases slightly with flow. DRP and PN conceigraexhibit no time trends. PP and
TP both increase with time but this may simply heseathe both correlate strongly with
flow and the largest flows occurred near the enthefstudy. TIN shows a significant
increase over time (p << 0.001) and this causesoliNcrease over time, even though PN
shows no trend.

Table9: Summary of flow and nutrient mass flow in the Ngotadna Stream.
total baseflow floodflow baseflow floodflow
Flow
NGO Ls? mean 1734 963 771 56% 44%
NGO DRP mean 1.92 1.12 0.80 58% 42%
NGO ty? UCL 1.99 1.15 0.84 58% 42%
NGO LCL 1.86 1.09 0.77 59% 41%
NGO bp mean 491 0.68 4.23 14% 86%
NGO ty? ucCL 7.04 0.77 6.27 11% 89%
NGO LCL 3.52 0.60 2.91 17% 83%
NGO P mean 6.03 1.96 4.08 32% 68%
NGO ty? uUCL 6.55 2.05 4.50 31% 69%
NGO LCL 5.57 1.87 3.70 34% 66%
NGO TIN mean 44.2 24.9 19.3 56% 44%
NGO ty’ UCL 45.0 25.2 19.7 56% 44%
NGO LCL 435 24.5 19.0 56% 44%
uTu PN mean 23.0 6.35 16.6 28% 72%
UTU ty? uUCL 25.8 6.74 19.0 26% 74%
uTU LCL 20.5 5.99 14.6 29% 71%
NGO ™ mean 68.4 31.6 36.8 46% 54%
NGO ty’t UCL 70.4 32.3 38.1 46% 54%
NGO LCL 66.5 31.0 35.5 47% 53%
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Figure17: Estimated daily mean flow (black) and baseflow fbe) in the Ngongotaha Stream
1992-2005.
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Figure 18: Concentration versus flow (left) and time (righg)ationships in the Ngongotaha Stream
derived from data from 1992-2005. Lines are eswadtom fitted multiple regression
models setting either time (left) or flow (right) its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DON.
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3.10 Puarenga Stream

Baseflow makes up 64% of the total flow in the lenga (Table 10). DRP concentration
decreases with flow (p < 0.001) (Table 11) anddk¢that comprise 36% of flow carry
only 32-35% of the DRP load. TIN concentration @ases slightly with flow (p = 0.07)
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(Table 12). PP, TP, PN and TN concentrations atease with flow. Consequently
floods transport 68-75% of PP load, 50-51% of Té&dland 52-54% of PN load. Floods
transport only 40% of TN load because although Bhcentration increases with flow,
TIN concentration (which averages ~50% of TN com@ion) decreases slightly with
flow. DRP concentration decreases with time (pG9O®Q) but this may be because DRP is
inversely correlated with flow and the highest ffoaccurred near the end of the study.
PP and TP show no time trend. TIN and TN conceaotratshow a dramatic increase over
time — the result of increasing N loss from the RLTS in Whararewarewa Forest
during the study period. PN shows no time trend.

Table 10: Summary of flow and nutrient mass flow in the PugeeStream.
total baseflow floodflow baseflow floodflow
Flow
PUA Ls? mean 1711 1099 612 64% 36%
PUA DRP mean 2.27 1.51 0.75 67% 33%
PUA ty? UcCL 2.49 1.61 0.88 65% 35%
PUA LCL 2.08 1.42 0.66 68% 32%
PUA PP mean 2.90 0.83 2.07 29% 71%
PUA ty’ UCL 3.61 0.91 2.70 25% 75%
PUA LCL 2.36 0.76 1.60 32% 68%
PUA P mean 4.78 2.36 2.42 49% 51%
PUA ty? UCL 5.05 2.45 2.60 49% 51%
PUA LCL 454 2.28 2.26 50% 50%
PUA TIN mean 63.5 41.2 22.2 65% 35%
PUA ty’t UCL 65.6 42.4 23.2 65% 35%
PUA LCL 61.4 40.0 21.3 65% 35%
uTuU PN mean 15.5 7.2 8.27 47% 53%
uTu ty? UCL 16.7 7.6 9.11 46% 54%
uTu LCL 14.4 6.9 7.52 48% 52%
PUA ™ mean 78.6 47.0 315 60% 40%
PUA tyt UCL 81.0 48.2 32.8 60% 40%
PUA LCL 76.2 45.9 30.4 60% 40%
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Figure 19: Estimated daily mean flow (black) and baseflow fte) in the Puarenga Stream 1992-
2005.
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Figure 20: Concentration versus flow (left) and time (righglationships in the Puarenga Stream
derived from data from 1992-2005. Lines are eswadtom fitted multiple regression
models setting either time (left) or flow (right) its mean value. PP = TP — DRP and
hence includes DOP. PN = TN — TIN and includes DON.
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Table 11: Summary of regression model coefficients for DRP,+PDOP and TP concentration in 9 major streani®o&brua. R = regression coefficient,
SE = standard error, N = number of samples, dfgrees of freedom, SS = sum of squares, MS = maaarsgF = F ratio, Reg = regression,
Res = residual, t Stat = Student’s t value fordiigaificance of the coefficient, P-value = prob#pithat the coefficient is zero.

Site DRP DRP DRP DRP DRP PP PP PP PP PP TP TP TP TP TP

WTT R 0.28 R 0.09 R 0.31

WTT SE 0.24 SE 13.8 SE 0.22

WTT N 94 N 86 N 86

WTT df SS MS F df SS MS df SS MS F

WTT Reg 2 0.448 0.224 4.01 Reg 2 142 70.9 0.372 Reg 2 0.399 0.199 4.28

WTT Res 91 5.09 0.0559 Res 83 15800 190 Res 83 3.87 0.0467

WTT  Total 93 5.54 Total 85 15600 Total 85 4.27

WTT Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value

WTT  Intercept 4.67 0.784 598  4.27E-08 | Intercept 1.14 4.39 0.259  0.795 | Intercept 3.63 0.730 497  3.54E-06

WTT InQ -0.163 0.114 -1.43 0.155 Q 0.000810 0.00365 0.221  0.825 InQ 0.00124 0.105  0.0117  0.990

WTT  TIME 3.22-05  1.25-05 2.57 0.012 TIME  0.000644 0.000777 0.828  0.409 TIME  3.55E-05 1.22E-05 291  0.00460

WTT Duan 1.028 Duan 1.024

WNG R 0.51 R 0.85 R 0.90

WNG SE 0.16 SE 0.97 SE 0.39

WNG N 129 N 84 N 125

WNG df SS MS F df SS MS F df SS MS F

WNG Reg 2 1.06 0.533 21.9 Reg 2 192 96.1 101 Reg 2 76.4 38.2 257

WNG Res 126 3.07 0.0243 Res 81 76 0.943 Res 122 18.1 0.148

WNG  Total 128 4.13 Total 83 269 Total 124 94.6

WNG Coeff SE t Stat P-value Coeff SE tStat  P-value Coeff SE t Stat P-value

WNG Intercept 5.76 0.260 22.0 3.58E-45 | Intercept -19.9 1.73 -11.5 1.01E-18 | Intercept -8.98 0.643 -13.9  4.52E-27

WNG InQ -0.199 0.0487 -4.07  7.99E-05 InQ 4.22 0.321 13.1  7.53E-22 InQ 2.56 0.120 213  6.07E-43

WNG  TIME  -2.39E-05 7.31E-06 -3.26 0.001391 | TIME  1.87E-05 5.62E-05 0.332 0.740205| TIME -1.77E-05 1.84E-05 -0.960 0.338767

WNG Duan 1.01 Duan 1.56 Duan 1.08
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Site DRP DRP DRP DRP DRP PP PP PP PP PP TP TP TP TP TP
WHE R 0.51 R 0.68 R 0.65

WHE SE 0.51 SE 0.67 SE 0.43

WHE N 108 N 98 N 102

WHE df SS MS F df SS MS F df SS MS F
WHE Reg 2 9.37 4.68 18.2 Reg 2 36.0 18.0 40.3 Reg 2 13.1 6.56 35.4
WHE Res 105 26.9 0.256 Res 95 42.5 0.447 Res 99 18.3 0.185

WHE Total 107 36.3 Total 97 78.5 Total 101 31.4

WHE Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
WHE Intercept 7.06 0.669 10.5 3.52E-18 | Intercept -3.53 0.916 -3.85 0.000210 | Intercept 0.253 0.578 0.437 0.662
WHE InQ -0.672 0.116 -5.76 8.4E-08 InQ 1.32 0.159 8.30 6.80E-13 InQ 0.761 0.100 7.56 2.04E-11
WHE TIME 7.08E-05 2.67E-05 2.65 0.00920 TIME -0.000171 3.86E-05 -4.42 2.52E-05 TIME -0.000111 2.42E-05 -4.58 1.34E-05
WHE Duan 1.11 Duan 1.25 Duan 1.11

uTu R 0.56 R 0.65 R 0.73

uTu SE 0.36 SE 1.12 SE 0.28

uTu N 159 N 127 N 153

uTu df SS MS F df SS MS F df SS MS F
uTu Reg 2 9.53 4.76 35.9 Reg 2 110 55.3 44.2 Reg 2 13.8 6.94 86.5
uTu Res 156 20.6 0.132 Res 124 155 1.25 Res 150 12.0 0.0802

uTu Total 158 30.2 Total 126 265 Total 152 25.9

uTu Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
UTU Intercept 7.53 0.491 15.3 5.85E-33 | Intercept -12.5 1.63 -7.67  4.28E-12 | Intercept -0.754 0.384 -1.96 0.0517
uTu InQ -0.468 0.0642 -7.29 1.44E-11 InQ 1.96 0.210 9.35 4,59E-16 InQ 0.662 0.0503 13.1 9.18E-27
uTu TIME -8.20-05 1.52E-05 -5.39 2.55E-07 TIME 0.000174 5.37E-05 3.23 0.00153 TIME 1.95E-05 1.22E-05 1.60 0.111
UTuU Duan 1.06 Duan 1.66 Duan 1.04
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Site DRP DRP DRP DRP DRP PP PP PP PP PP TP TP TP TP TP
PUA R 0.42 R 0.75 R 0.81

PUA SE 0.33 SE 0.80 SE 0.33

PUA N 248 N 233 N 243

PUA df SS MS F df SS MS F df SS MS F
PUA Reg 2 5.64 2.82 25.6 Reg 2 186 93.3 145 Reg 2 50.4 25.2 234
PUA Res 245 26.9 0.109 Res 230 147 0.641 Res 240 25.7 0.107 0
PUA Total 247 32.5 Total 232 334 Total 242 76.1 0 0
PUA Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
PUA Intercept 5.67 0.347 16.3 5.17E-41 Intercept -11.1 0.852 -13.0 2.00E-29 | Intercept -3.00 0.343 -8.75 3.71E-16
PUA InQ -0.234 0.0461 -5.07 7.50E-07 InQ 1.88 0.113 16.6 1.68E-41 InQ 0.979 0.0456 21.4 1.18E-57
PUA TIME -5.25E-05 1.2E-05 -4.19 3.75E-05 TIME 2.71E-05 3.16E-05 0.856 0.392 TIME -2.71E-06  1.26E-05 -0.214 0.830
PUA Duan 1.05 Duan 1.34 Duan 1.06

NGO R 0.35 R 0.71 R 0.87

NGO SE 0.25 SE 0.98 SE 0.40

NGO N 235 N 217 N 241

NGO df SS MS F df SS MS F df SS MS F
NGO Reg 2 1.92 0.964 15.7 Reg 2 201 100 105 Reg 2 115 57.8 365
NGO Res 232 14.2 0.0613 Res 214 203 0.952 Res 238 37.5 0.157

NGO Total 234 16.1 Total 216 405 Total 240 153

NGO Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
NGO Intercept 5.01 0.263 19.0 2.68E-49 Intercept -12.2 1.058 -11.5 2.54E-24 | Intercept -4.71 0.350 -13.4 3.64E-31
NGO InQ -0.194 0.0350 -5.54 8.15E-08 InQ 1.96 0.140 13.9 6.11E-32 InQ 1.15 0.0468 24.6 2.06E-67
NGO TIME -4.67E-06  9.21E-06 -0.507 0.612 TIME 0.000116 3.76E-05 3.09 0.00225 TIME 7.91E-05 1.47E-05 5.38 1.76E-07
NGO Duan 1.03 Duan 1.55 Duan 1.09
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Site

DRP

DRP

DRP DRP DRP PP PP PP PP PP TP TP TP TP TP
HAM R 0.29 R 0.25 R 0.14
HAM SE 8.52 SE 12.60 SE 7.75
HAM N 92 N 87 N 88
HAM df SS MS F df SS MS F df SS MS F
HAM Reg 2 578 289 3.98 Reg 2 882 441 2.77 Reg 2 107 53.8 0.896
HAM Res 89 6454 72.5 Res 84 1330-0 158 Res 85 5100 60.0
HAM Total 91 7030 Total 86 14200 Total 87 5210
HAM Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
HAM Intercept 132 16.2 8.15 2.07E-12 | Intercept -68.4 26.1 -2.61 0.0104 Intercept 66.0 15.9 4,14  8.12E-05
HAM Q -0.0173 0.00660 -2.62 0.0102 Q 0.0248 0.0106 2.33 0.0219 Q 0.00668 0.00647 1.03 0.304
HAM TIME 0.0007233 0.000476 1.51 0.132 TIME -0.000445 0.000751 -0.592 0.555 TIME 0.000341 0.000459 0.743 0.459
HAM
WWH R 0.34 R 0.64 R 0.59
WWH SE 0.31 SE 1.18 SE 0.31
WWH N 109 N 59 N 103
WWH df SS MS F df SS MS F df SS MS F
WWH Reg 2 1.30 0.654 6.87 Reg 2 545 27.2 19.6 Reg 2 5.19 2.59 26.6
WWH Res 106 10.0 0.0952 Res 56 77.9 1.39 Res 100 9.75 0.0975
WWH Total 108 11.4 Total 58 132 Total 102 14.9
WWH Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
WWH Intercept 5.40 0.432 12.4 1.54E-22 | Intercept -7.02 2.08 -3.36  0.00139 | Intercept 1.37 0.449 3.06 0.00283
WWH InQ -0.272 0.0737 -3.69  0.000347 InQ 1.66 0.342 4,88 9.14E-06 InQ 0.472 0.0764 6.17 1.42E-08
WWH TIME -1.21E-05 1.56E-05 -0.778 0.438 TIME -0.0002007 8.70E-05 -2.30 0.0247 TIME -4.80E-05 1.70E-05 -2.81 0.00581
WWH Duan 1.04 Duan 1.97 Duan 1.05
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Site DRP DRP DRP DRP DRP PP PP PP PP PP TP TP TP TP TP
AWA R 0.26 R 0.43 R 0.58

AWA SE 10.53 SE 0.93 SE 0.15

AWA N 99 N 27 N 93

AWA df SS MS F df SS MS F df SS MS F
AWA Reg 2 768 384 3.46 Reg 2 4,76 2.38 2.78 Reg 2 0.967 0.483 225
AWA Res 96 10600 110 Res 24 20.5 0.856 Res 90 1.92 0.0214

AWA Total 98 11400 Total 26 25.3 Total 92 2.89

AWA Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
AWA Intercept 95.9 11.0 8.67 1.05E-13 | Intercept -22.1 10.9 -2.02 0.0542 | Intercept -3.51 1.28 -2.74 0.00734
AWA Q -0.0110 0.00715 -1.53 0.127 Q 3.32 1.48 2.24 0.0342 Q 1.07 0.174 6.11 2.41E-08
AWA TIME -0.00113 0.000561 -2.02 0.0457 TIME 4.93E-05 0.000102 0.479 0.636 TIME -2.75E-05 8.434E-06 -3.26 0.00154
AWA
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Table 12: Summary of regression model coefficients for TIN, PDON and TN concentration in 9 major streamR@ibrua.
Site TIN TIN TIN TIN TIN PN PN PN PN PN TN TN TN TN TN
WTT R 0.38 R 0.12 R 0.16
WTT SE 0.063 SE 72.6 SE 86.4
WTT N 81 N 64 N 64
WTT df Ss MS F df Ss MS F df Ss MS F
WTT Reg 2 0.0531  0.0265 6.65 Reg 1 5102 5102 0.967 Reg 2 12319 6159 0.823
WTT Res 78 0.311  0.00399 Res 62 326917 5272 Res 61 456305 7480
WTT Total 80 0.364 Total 63 332020 Total 63 468625
WTT Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
WTT Int 6.85 0.214 31.8  1.66E-46 Int 93.6 23.2 4.03  0.000153 Int 1312 30.5 429  2.66E-47
WTT InQ 0.0349 0.0310 1.12 0.264 Q 0.0206 0.0209  0.983 0.329 Q 0.0205 0.0251  0.815 0.418
WTT TIME 1.36E-05 3.91E-06 3.47  0.000825 TIME  0.00859 0.00792 1.08 0.282
WTT Duan 1.00 Duan 1.02
WNG R 0.90 R 0.78 R 0.91
WNG SE 0.0844 SE 0.912 SE 0.244
WNG N 119 N 109 N 111
WNG df SS MS F df SS MS F df SS MS F
WNG Reg 2 3.55 1.77 244 Reg 2 133 66.6 80.0 Reg 2 315 15.7 262
WNG Res 116 0.827  0.00713 Res 106 88.2 0.832 Res 108 6.47 0.0599
WNG Total 118 4.38 Total 108 221 Total 110 37.9
WNG Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
WNG Int 6.80 0.142 477  A.73E-67 Int -14.7 1.59 -9.23  2.91E-15 Int -1.02 0.425 -2.41 0.0175
WNG InQ 0.00902  0.0266 0.338 0.0732 InQ 3.69 0.298 123 2.93E-22 | LOGQ 1.50 0.0796 18.8  4.94E-36
WNG TIME 8.48E-05 4.17E-06 20.3  3.36E-61 | TIME -0.000152 4.86E-05 -3.12  0.00225 | TIME 4.31E-05 1.28E-05 3.34 0.001130
WNG Duan 1.00 Duan 1.40 Duan 1.03
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Site TIN TIN TIN TIN TIN PN PN PN PN PN TN TN TN TN TN
WHE R 0.48 R 0.42 R 0.62

WHE SE 0.251 SE 1.01 SE 0.266

WHE N 89 N 64 N 80

WHE df SS MS F df SS MS F df SS MS F
WHE Reg 2 1.64 0.823 12.9 Reg 2 13.1 6.57 6.38 Reg 2 3.50 1.75 24.6
WHE Res 86 5.45 0.0634 Res 61 62.7 1.02 Res 77 5.46 0.0710

WHE Total 88 7.10 Total 63 75.9 Total 79 8.97

WHE Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
WHE Int 6.64 0.357 18.5 7.46E-32 Int 0.512 1.56 0.328 0.744 Int 5.72 0.379 15.0 1.03E-24
WHE InQ 0.254 0.0624 4.07 0.000102 InQ 0.952 0.270 3.51 0.000834 | LOGQ 0.438 0.0659 6.65 3.7E-09
WHE TIME  -5.59E-05 1.60E-05 -3.49 0.000751 | TIME -7.92E-05 0.000103 -0.766 0.446 TIME  -6.04E-05 2.44E-05 -2.47 0.0155
WHE Duan 1.03 Duan 1.50 Duan 1.03

uTu R 0.19 R 0.64 R 0.62

uTu SE 0.207 SE 0.682 SE 0.216

uTu N 147 N 127 N 127

uTu df SS MS F df SS MS F df SS MS F
uTu Reg 2 0.238 0.119 2.77 Reg 2 39.1 19.5 41.9 Reg 2 3.58 1.79 38.4
uTu Res 144 6.19 0.043 Res 124 57.8 0.466 Res 124 5.78 0.0466

uTu Total 146 6.43 Total 126 96.9 Total 126 9.37

uTu Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
uTu Int 7.20 0.282 255 2.36E-55 Int -3.24 0.960 -3.37 0.000981 Int 4.26 0.303 14.0 2.30E-27
uTu InQ -0.0861 0.0368 -2.33 0.0207 InQ 1.12 0.125 9.01 3.02E-15 InQ 0.344 0.0396 8.69 1.79E-14
uTu TIME  -4.76E-07 9.15E-06 -0.0520 0.958 TIME  -2.24E-05 3.31E-05 -0.676 0.499 TIME  -2.50E-06 1.04E-05 -0.239 0.811
UTuU Duan 1.02 Duan 1.19 Duan 1.02
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Site TIN TIN TIN TIN TIN PN PN PN PN PN TN TN TN TN TN
PUA R 0.81 R 0.79 R 0.85

PUA SE 0.266 SE 0.411 SE 0.210

PUA N 260 N 218 N 218

PUA df SS MS F df SS MS F df SS MS F
PUA Reg 2 34.6 17.3 244 Reg 2 60.3 30.1 177 Reg 2 25.3 12.6 286
PUA Res 257 18.2 0.0710 Res 215 36.4 0.169 Res 215 9.50 0.0442

PUA Total 259 52.9 Total 217 96.8 Total 217 34.8

PUA Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
PUA Int 6.55 0.274 23.8 4.73E-67 Int -2.79 0.447 -6.24 2.24E-09 Int 3.93 0.228 17.2 1.91E-42
PUA InQ -0.0655 0.0364 -1.79 0.0732 InQ 1.11 0.0595 18.6 8.31E-47 InQ 0.348 0.0304 11.4 5.06E-24
PUA TIME 0.000222 1.00E-05 22.0 3.36E-61 TIME -2.22E-05 1.73E-05 -1.27 0.202 TIME 0.000159 8.87E-06 18.0 7.84E-45
PUA Duan 1.03 Duan 1.08 Duan 1.02

NGO R 0.44 R 0.85 R 0.89

NGO SE 0.122 SE 0.487 SE 0.172

NGO N 233 N 212 N 213

NGO df SS MS F df SS MS F df SS MS F
NGO Reg 2 0.813 0.406 26.9 Reg 2 130 65.0 273 Reg 2 24.7 12.3 414
NGO Res 230 3.47 0.0150 Res 209 49.7 0.238 Res 210 6.27 0.0298

NGO Total 232 4.28 Total 211 179 Total 212 31.0

NGO Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
NGO Int 6.90 0.109 63.1 2.62E-147 Int -4.65 0.450 -10.3 1.68E-20 Int 2.80 0.158 17.6 1.83E-43
NGO InQ -0.0481 0.0146 -3.28 0.00118 InQ 1.34 0.0605 22.2 4.62E-57 InQ 0.541 0.0213 25.3 6.65E-66
NGO TIME 3.35E-05 4.67E-06 7.17 9.97E-12 TIME 1.92E-07 1.99E-05 0.00961 0.992 TIME 3.82E-05 7.05E-06 5.41 1.67E-07
NGO Duan 1.00 Duan 1.14 Duan 1.01
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Site TIN TIN TIN TIN TIN PN PN PN PN PN TN TN TN TN TN
HAM R 0.46 R 0.17 R 0.35

HAM SE 51.7 SE 66.1 SE 75.2

HAM N 85 N 72 N 72

HAM df SS MS F df SS MS F df SS MS F
HAM Reg 2 58452 29226 10.8 2 9472 4736 1.08 Reg 2 55858 27929 4,92
HAM Res 82 219998 2682 69 301536 4370 Res 69 391041 5667

HAM Total 84 278450 71 311008 Total 71 446899

HAM Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
HAM Int 426 108 3.92 0.000181 Int -116 144 -0.809 0.420 Int 261 164 1.59 0.115
HAM Q 0.0860 0.0441 1.95 0.0545 Q 0.0757 0.0583 1.29 0.198 Q 0.180 0.0664 2.72 0.00818
HAM TIME 0.0128 0.00316 4.06 0.000111 | TIME -0.00361 0.005269 -0.685 0.495 TIME 0.00949 0.00600 1.58 0.118
WWH R 0.24 R 0.58 R 0.52
WWH SE 0.203 SE 0.614 SE 0.195
WWH N 95 N 81 N 82
WWH df SS MS F df SS MS F df SS MS F
WWH Reg 2 0.226 0.113 2.74 2 14.7 7.37 19.5 Reg 2 1.11 0.558 14.5
WWH Res 92 3.80 0.0413 78 29.4 0.377 Res 79 3.03 0.0383
WWH 94 4.03 80 44.1 Total 81 4.14
WWH Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
WWH Int 6.63 0.296 22.4 4,73E-39 Int -0.490 0.897 -0.546 0.586 Int 5.44 0.290 18.7 8.62E-31
WWH Q 0.0116 0.0503 0.231 0.817 InQ 0.963 0.155 6.18 2.70E-08 | LOGQ 0.262 0.0493 5.32 9.22E-07
WWH TIME 2.84E-05 1.21E-05 2.33 0.0215 TIME -2.80E-06 3.91E-05 -0.0718 0.942 TIME -1.75E-06 1.52E-05 -0.115 0.908
WWH Duan 1.01 Duan 1.20 Duan 1.01
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Site TIN TIN TIN TIN TIN PN PN PN PN PN TN TN TN TN TN
AWA R 0.51 R 0.18 R 0.54

AWA SE 90.2 SE 1.31 SE 0.0923

AWA N 87 N 78 N 79

AWA df SS MS F df SS MS F df SS MS F
AWA Reg 2 235206 117603 14.4 Reg 2 4.30 2.15 1.23 Reg 2 0.265 0.132 15.5
AWA Res 84 683674 8138 Res 75 130 1.74 Res 76 0.648 0.00853

AWA Total 86 918881 Total 77 134 Total 78 0.913

AWA Coeff SE t Stat P-value Coeff SE t Stat P-value Coeff SE t Stat P-value
AWA Int 1082 97.2 11.1 3.23E-18 Int -14.2 11.8 -1.20 0.233 Int 3.18 0.830 3.84 0.0002513
AWA Q -0.00371 0.0629 -0.0591 0.953 InQ 2.50 1.61 1.54 0.125 LOGQ 0.529 0.113 4.67 1.26E-05
AWA TIME 0.0305 0.00570 5.35 7.20E-07 TIME -4.8E-05 0.000102 -0.476 0.635 TIME 1.72E-05 7.1E-06 2.42 0.0178
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4. Intensivestorm surveys

41 Ngongotaha

Two storms occurred during the sampling period:ri8ioon 13-13" July 2005 and
Storm2 on 18-21% September 2005. Regression models fitted to data £ach storm
separately furnished significantly different modeefficients (Table 13). Despite the two
storms having carrying a similar total volume ofteva(1.04 and 1.08 GL), the total
nutrient loads estimated using the separate malifé¢dsed by a factor of ~3 for DRP, PP
and TP (Table 14). DRP concentration was almosstemt during Storm 1 but increased
with flow during Storm 2. PP increased with flow oth storms but for a given flow
concentrations were higher during Storm 2. TP béfiregsum of DRP and PP reflected
this behaviour. TIN loads were similar in both sterbecause TIN concentration varied
with flow in a similar manner. PN concentrationiedrwith flow in both storms but for a
given flow, PN concentrations were higher duringr8t 2 although by a smaller
percentage than was the case for PP.

The uncertainty in total load for each storm watimeged using the Monte Carlo
simulation approach. The 95% confidence lifoit a given storm is <5%. However, the
differencebetween storms is 160-180% for phosphorus and 0-30% for nitrogen.

Loads were estimated for both storms using theessgpn coefficients fitted to the 1992-
2005 dataset (termed ‘global’). Using the globadftioients, similar loads were estimated
for Storm1 and Storm2 (Table 15). The coefficiditted only to Storm1 data give the
most reliable load estimate for Storml. Comparingds for Storml predicted using
coefficients fitted to Storml data (Storml in Takk) with loads predicted using the
global coefficients (Storml1 Global) the differencaries between -59% (PP) and +2%
(TIN). Comparing loads for Storm2 the differenceiea between -9% (TIN) and +101%
(DRP). Generally the differences are smaller ferniirogen than for phosphorus.
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Table 13: Summary of regression model coefficients for DRP, PIN and PN in the Ngongotaha
Stream for 2 storms in 2005.
Storm1 DRP PP TIN PN
ao 3.38 -6.80 8.22 -2.89
AL -0.0323 1.36 -0.184 1.10
Duan 1.02 1.07 1.00 1.10
SE reg 0.272 0.440 0.113 0.456
N 17 17 17 17
Storm2 DRP PP TIN PN
ao 0.0665 -10.6 5.21 -6.84
AL 0.464 1.91 0.158 1.58
Duan 1.01 1.07 1.00 1.06
SE reg 0.24 0.43 0.09 0.41
N 11 11 11 11
Table 14: Total nutrient load and water volume in the Ngoadat Stream delivered by 2 storms in
2005.
Storm1 water DRP PP TP TIN PN TN
GL kg kg kg kg
mean 1.04 27.2 240 267 839 1270 2110
SD 0.9 22 23 10 115 125
95%ile 0.4 10 10 4 50 55
95%ile 1.4% 4.1% 3.8% 0.5% 4.0% 2.6%
Storm2 water DRP PP TP TIN PN TN
GL kg kg kg kg
mean 1.08 70.2 681 752 774 1640 2412
SD 2.8 75 78 12 155 166
95%ile 1.2 33 34 5 68 73
95%ile 1.7% 4.8% 4.5% 0.6% 4.1% 3.0%
Storm1/Storm2 97% 39% 35% 36% 108% 78% 88%
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Table 15: Comparison of nutrient load in the Ngongotaha $tréar 2 storms in 2005 predicted
using global and storm-specific coefficients. ‘&tdf denotes loads for Storm1 estimated
using coefficients fitted to Storm1 data only. ‘®td Global’ denotes loads for Storm1
estimated using coefficients fitted all data 1992 Similarly for ‘Storm2’ and ‘Storm2

Global'.
DRP PP TP TIN PN TN
GL kg kg kg kg kg kg
Storm1 mean 1.04 24.7 184 209 826 960 1786
Storm1 95%ile 0.2 4 4 3 20 23
Storml Global mean 1.04 30.8 446 477 807 1465 2272
Storm1 Global 95%ile 0.1 19 19 1 19 21
Storm1/Global 80% 41% 44% 102% 66% 79%
Storm2 mean 1.08 65.0 546 611 764 1325 2089
Storm2 95%ile 0.4 14 14 2 27 27
Storm2 Global mean 1.08 32.3 429 461 834 1413 2247
Storm2 Global 95%ile 0.1 17 17 1 14 15
Storm?2/Global 201% 127% 132% 91% 94% 93%
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Figure 21: Observed and predicted nutrient concentrationsndustorm 1. Dark blue line = one realisation ofdacged concentration including error. Red &
light blue lines = upper & lower 95% confidenceeirvial on the predicted mean concentration. Dotdl manitoring observations 1992-2005.
Circled dots = intensive storm sampling 2004-2005.
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Figure 22: Observed and predicted nutrient concentrationsidustorm 2.
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5. Discussion & conclusions

This study shows that the load of nutrient gendratel delivered to the stream can differ
between storms of similar magnitude by as muchQ¥4l Hoare (1980b) also found

significant differences in load between similarrsts. Factors such as rainfall intensity
and duration, time since last storm, antecederit reoisture and pasture condition

probably determine this variability. However, fbetstorms studied in 2004-2005 there is
not enough information about these factors to giteémdevelop predictive models.

In this study regression models have been fittedlltthe available data for 1992-2005.
There is evidence that the actual load for a gstenm may differ significantly from the
predicted load — as is the case for Storm2 phosghdiowever, we are principally
interested in the long-term average load. If thailalsle monitoring data encompass the
complete range of the factors that determine mitdead (viz., rainfall intensity and
duration, time since last storm, antecedent soiktace, pasture condition etc.) then we
would expect our global model (viz., the modelefittto all the monitoring data) to give
an unbiased estimate of the long-term load. Inalhgence of evidence to the contrary,
this assumption seems reasonable.

Estimated nutrient loads at the major sites caodmepared with previous measurements
in 1976-1977 Hoare (1980a, 1980b) (Table 16-17).

Total flow at the major sites currently averagest I s* which is only 86% of the total
flow at the same sites of 13.3°ns’ in 1976 (Hoare 1980a). To facilitate load
comparisons, 1992-2005 nutrient loads are adjustade 1976 flow using the method
described by Williamson et al. (1996).

DRP load is currently 19-21 t'ywhich is very similar to the 20-21 t'ymeasured in
1976-1977 (Hoare 1980b). If the current load iguatkd’ to the 1976 flow, however,
current load is 10-20% higher than in 1976-1977.

PP and DOP concentrations were measured in 2008-200for the 1992-2005 EBoP

dataset were estimated by difference (viz., PP PBOIP — DRP). In several baseflow
samples DRP > TP although at high flows TP > DR&ém@@es where DRP > TP were
omitted and this may have introduced a slight Im&s the regression models for PP +
DOP versus flow or time. Nevertheless the cleaergrice is that baseflow PP and/or
DOP concentrations are low while floods carry measie concentrations of PP and/or
DOP. There is higher uncertainty in the regressimdels for PP + DOP than for other
constituents. As a result predicted PP + DOP Idead®e a large 95%ile range (10-20ty
1. The current mean load (15 t)yis smaller than that reported of 19"t fpr 1976-1977
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(Hoare 1980b). After adjusting the current load1®/6 flows, current loads are on

average 10% lower (range 39% lower to 23% highwaahtin 1976. However, given the

uncertainty in load estimates it might be unwisedoclude solely from this analysis that
PP + DOP loads are currently significantly loweaarthn 1976-1977. On the other hand, a
similar trend in TP and PN loads lends supporhi® $uggestion.

TP loads are currently 28-33t which is significantly lower than the 39-40't yeported
for 1976-1977 by Hoare (1980b). Even after adjgstiurrent loads to 1976 flows,
current loads are on average 11% lower (range 41bwsr) than 1976 values.

TIN load is currently 350-370 tywhich is significantly higher than the load of 2285 t
y' in 1976-1977. This is consistent with a significancrease in baseflow nitrate
concentration in 8 of these major streams ideutifig Rutherford (2003). The scaled
TIN load is 47% higher than in 1976-1977 (rangeb2%). TN load is currently 419-456
ty' compared with 416-435 t'yin 1976-1977. The scaled TN load is 19% highentha

1976-1977 (range 14-25%).

In contrast PN + DON load appears to have decresigadicantly since 1976-1977. The
current PN + DON load is 64-108 t yompared with 140 tyin 1976-1977. There is a
large uncertainty in our estimates of PN + DON Idad even so the reduction is
substantial. The scaled PN + DON load is 31% lofnarge 11-47%) than in 1976-1977.

Overall there is evidence that PP + DOP and TPsl@ad lower now than in 1976-1977
by ~10%. The TP load is lower despite an increasdORP load — evidence that
particulate and/or dissolved organic phosphorusidohave decreased. There is also
evidence that PN + DON loads are lower now that9in6-1977 by ~30% although load
estimates for particulate nutrients have a largeetainty.

There are three possible explanations for theshiniys. Firstly, they may arise simply
because there were fewer large floods in 1992-2088 in 1976-1977. Although we
scaled current loads to 1976 flows our scaling oeissumes that load is proportional to
flow. For PP, TP, PN and TKoncentration increases with flow and doad increases
non-linearly with flow. Had there been more floadigring 1992-2005 then using the
regression models developed during this studylafes of PP, TP, PN and TN may have
been higher than the scaled estimates in Table718-tvould be possible to address this
issue by making a more detailed comparison of flibmas in 1976-1977 and 1992-2005.
Secondly, the regression models developed using-2005 data may be biased because
of the small number of floods. Had larger floodsweced and been sampled in 1992-
2005 it is possible that different flow versus cemization relationships would have been
derived. If so then estimated loads would be diifier It may be possible to investigate
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this possibility by comparing concentration verslasv relationships from 1976-1977
with those from 1992-2005. Thirdly, catchment cohtvorks may have resulted in lower
particulate nutrient loads reaching streams. Wiian et al. (1996) showed that in the
Ngongotaha Stream catchment control works (inclydiparian fencing and the
retirement of some erosion-prone land) resulted significant decrease in suspended
sediment (85%), particulate P (27%) and particubited0%) loads. The results of this
study suggest that when all the major streams amnsidered, the average reduction in
particulate P load is 10% and in particulate N 38%. Williamson et al. (1996) found
that catchment control works also decreased solBdead (26%). Our study suggests,
however, that DRP load has increased by ~10-202e gi876.

DRP and TIN concentrations are either uncorrelat@ti flow or vary only slightly.
Consequently the loads of these nutrients are ptiopal to flow and the fractions
carried by baseflow and floodflow are almost thesas the proportions of water carried
(Table 18).

In contrast PP and PN concentrations are strongtyelated with flow. In springfed
streams (notably the Hamurana) this correlatioofi$ittle consequence because storm
flows are very rare. Consequently in streams witley high baseflow component, the
proportions of PP and PN load carried by stormssarglar to the proportions of water
(Table 18). Several streams have a significantdfiosw component (notably the
Ngongotaha, Utuhina and Puarenga). In these strflants carry a disproportionately
large fraction of the particulate load (Table Mhereas floods carry 36-44% of water in
the Ngongotaha, Utuhina and Puarenga, they car8088 of PP and 43-74% of PN.

TP and TN are the sum of DRP and TIN, that do moy significantly with flow, and PP
and PN that do. In few streams is TN dominated Ibydr TP by DRP. However, in most
streams DRP and DIN are a substantial fraction Bf ahd TN (typically ~50%).
Consequently floods do not carry as high a pergentdi the total load for TP and TN as
for PP and PN.
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Table 18: Summary of the percentage of water and nutriert éaaried by storms.

Site WATER DRP TIN PP PN
HAM 1 1 1 0 1
AWA 8 7-8 8 14-37 9-38
WNG 8 8 8 28-35 23-28
WWH 29 26-27 29 47-62 38-43
WTT 32 29-31 24-33 (32) (24)
WHE 35 29-30 37-39 53-60 45-54
PUA 36 32-35 35 68-75 52-54
UTU 37 32 34-39 70-80 43-76
NGO 44 41-42 44 83-89 71-74
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Table 16: Summary of flow and phosphorus load in the majaashs 1992-2005 and 1976.

1976 * 1992-2005 mean upper 95%ile lower 95%ile mean upper 95%ile lower 95%ile mean upper 95%ile lower 95%ile

flow flow DRP DRP DRP PP+DOP PP+DOP PP+DOP TP TP TP

Ls™t Ls™ ty? ty? ty? tyt tyt ty’ ty? ty’ ty’

AWA 1664 1594 3.7 3.8 3.6 1.2 1.8 0.7 3.6 3.8 3.5
HAM 3080 2495 7.2 7.4 7.1 0.0 0.3 -0.3 6.6 6.8 6.5
NGO 1977 1734 1.9 2.0 1.9 5.2 7.0 35 6.0 6.5 5.6
PUA 2050 1711 2.3 2.5 2.1 3.0 3.6 2.4 4.8 51 4.5
UTU 2040 1845 2.4 2.5 2.2 4.2 59 2.8 5.0 6.0 4.2
WHE 413 319 0.3 0.3 0.3 0.5 0.6 0.4 0.8 0.9 0.7
WNG 274 227 0.7 0.7 0.7 0.3 0.4 0.3 1.1 1.1 1.0
WTT 1391 1156 1.3 1.4 1.2 0.1 0.2 0.0 1.7 1.8 1.6
WWH 415 358 0.5 0.5 0.5 0.2 0.3 0.1 0.6 0.7 0.6
TOTAL 11439 20.3 21.2 19.5 14.7 20.1 9.9 30.3 32.6 28.1
19762 13304 20.5 19.0 39.5
19772 19.7 18.8 385
92-05/76 86% 99% 103% 95% 7% 106% 52% 7% 83% 71%
ADJUSTED ® 100% 115% 120% 110% 90% 123% 61% 89% 96% 83%

! Hoare (1908a)
2Hoare (1980b)
3scaled to 1976 flow

Storm nutrient loads in Rotorua streams

64



—NIWA_—

Taihoro Nukurangi

Table17: Summary of flow and nitrogen load in the major @tng 1992-2005 and 1976.
1976 * 1992-2005 mean upper 95%ile lower 95%ile mean upper 95%ile lower 95%ile mean upper 95%ile lower 95%ile
flow flow TIN TIN TIN PN+DON PN+DON PN+DON TN TN TN
Ls™ Ls™t ty? tyt ty* ty’ ty? ty? ty? ty’ ty’
AWA 1664 1594 61 62 60 5 8 3 66 67 64
HAM 3080 2495 55 56 54 5 7 4 60 61 58
NGO 1977 1734 44 45 43 23 26 21 68 70 67
PUA 2050 1711 63 66 61 16 17 14 79 81 76
uTuU 2040 1845 42 46 38 19 33 10 58 65 52
WHE 413 319 28 29 26 5 7 4 32 34 30
WNG 274 227 10 10 10 1 1 1 11 12 11
WTT 1391 1156 47 48 46 6 6 5 50 51 49
WWH 415 358 11 11 10 3 3 2 13 13 12
TOTAL 11439 361 373 350 83 108 64 437 456 419
19762 13304 295 140 435
19772 276 140 416
92-05/76 86% 127% 131% 122% 59% 7% 45% 103% 107% 98%
?DJUSTED 100% 147% 152% 142% 69% 89% 53% 119% 125% 114%

! Hoare (1908a)
2Hoare (1980b)

3scaled to 1976 flow
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