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INTRODUCTION

Water temperature is an important aspect of
physical water quality which may have a significant
impact upon the suitability of a given river for such
instream uses as water-based recreation, freshwater
fisheries, or pollution abatement (Macan 1974;
Bovee, 1978). Overseas work on the analysis and
prediction of river water temperatures (Crisp 1977;
Langford 1972; Morse 1972; Smith 1979) demons-
trates that water resource development may
significantly modify stream temperature regimes,
and there is increasing concern that the impacts of
such developments in New Zealand be fully
evaluated. Man-induced changes cannot always be
assumed to be adverse; for example, an expected
temperature increase of 3°C due to addition of
heated effluent from a power plant may increase the
biological productivity of the river downstream and
produce a significant improvement in a commercial
fishery. Hence, only where the optimum require-
ments of the instream use, the present conditions,
and the expected changes are all known, can impacts
be properly evaluated.

Recent studies by Dymond & Henderson (1981)
and Hockey et al. (1980) have considered the effect
of flow reduction upon water temperatures, using an
energy balance approach developed from the work
of Brocard & Harleman (1976), Brown (1969),
Morse (1972), and Raphael (1962). Where such a
model is to be used, however, information is still
required on the temperature regime of the waterway
in its undisturbed condition. In New Zealand, little
readily usable information on river temperature
regimes is available for either unmodified streams or
for streams affected by water resource development.
Published work is limited to that of Grant (1977) on
water temperatures at three stations in the
Ngaruroro, and by Johnson (1971), in the

headwaters of Broken River, Craigieburn Range.
Nevertheless, unpublished water temperature data
are available for several hundred water-level
recorder sites in New Zealand, because it is standard
practice to measure water temperature after a
discharge measurement (flow gauging) at each site.
This body of data provides both a broad picture of
temperature regimes for much of the country, and a
basis for developing and testing models of water
temperature that may be used to predict tempera-
ture regimes at sites for which no data are available.

A number of studies have demonstrated (Johnson

1971; Limerinos 1978; Shampine 1977; Walker &
Lawson 1977; Ward 1963) that the annual cycle of
river water temperatures may be fitted by a sine
curve of the form,
T, =T+ Asin @ut; + 0) ...oooeeeerrnnnnnn. 0))
in which T, is the temperature (°C) at time ft;
(0<t;<1, with 0 at 0000 h on 1 January and 1 at 2400
h on 31 December), T is mean temperature (°C), A
is amplitude of the sine curve (°C) and 0 is phase
shift of the curve (radians). Limerinos (1978)
concluded that more than 80% of the annual
variation in temperature could be explained by the
sine functions calculated for 82 sites in California. At
the same time, Johnson (1971), Shampine (1977)
and Walker & Lawson (1977) have found that it may
be possible to predict the parameters of equation 1
from catchment characteristics; in particular, T
seems to be readily predictable from catchment
elevation and/or latitude.

The purpose of the present study was therefore to
collate and synthesize water temperature data that
are already available in New Zealand, and to
develop an empirical model so that water tempera-
ture regimes may be predicted for sites at which no
data are available.

DATA BASE

The Ministry of Works and Development (MWD)
hydrological data system includes many thousands of
temperature measurements made during flow
gaugings at several hundred water-level recorder
sites during the last 25 years. Because gaugings are
carried out at more or less widely spaced intervals,
the temperature measurements cannot provide a
detailed record of temperature variations at a site for
a specific period; indeed, many sites with stable
stage-discharge rating curves may have less than 20
temperature measurements because more gaugings
were unnecessary to establish the rating curve.
Grant (1977) has discussed the inadequacies of
periodic data, but Limerinos (1978) demonstrated
that periodic measurements define the parameters in
equation 1 as accurately as continuous data obtained
from thermograph records. The measurements used
herein were primarily made between the hours of
0900 and 1600; histograms for selected sites indicate
that in general, observations are evenly spread

throughout the working day, with a tendency for
most to be made between 1100 and 1300 hours. Data
assembled by P. J. T. Smith, MWD, Dunedin (pers.
comm.) for the Clutha River, Hockey et al. (1980)
for the Hurunui River, and Brown (1969) for small
streams in the USA, indicate that mean daily water
temperature occurs in the early afternoon on large
rivers, and between 1000 and 1200 hours in small
streams. Hence, the periodic data used herein
should provide a reasonable estimate of the trend of
mean daily temperature in medium to large rivers,
but of some temperature in excess of the mean in
smaller rivers and streams.

Preliminary analysis indicated that at least 30
measurements were desirable for defining the
annual temperature regime at a site, On this basis, a
sample of 254 sites was selected for analysis (Figures
1 and 2). Plots of the temperature data for these sites
are presented in Appendix 1, by MWD district.
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Figure 1—Location of North Island sites used in the study.
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Figure 2—Location of South Island sites used in the study.



ANALYSIS

A computer program written by R. P. Ibbitt
(MWD, Christchurch) was used to compute, by an
iterative least-squares procedure, the parameters T,
A and 0 in equation 1 for each site. Values of these
parameters, of maximum and minimum observed
temperature (T, and T_. ) and of the standard
error of estimate (se) of the best-fit curve are
tabulated in Appendix 2.

For each site, the following readily measured
physical variables were measured from NZMS1
maps: latitude (LAT, in decimal degrees); recorder
elevation (RECEL, in m); maximum catchment
elevation (MAXEL, in m); elevation at the point
halfway between the recorder site and the highest
point measured along the stream channel (MNEL,
in m); catchment area (AREA, in km?). Where
available, figures for mean discharge, Q, standard
deviation of instantaneous flows, Q,;, (both in m’™)
and coefficient of variation of instantaneous flows,
Q, = Q. /Q, were obtained (Appendix 2).
Shampine (1977) measured a number of additional
physical variables (slope, length, and azimuth of

stream; percentage of area in lakes; mean monthly
and annual air temperatures), but his analysis
indicated that they were unimportant, so they were
excluded from the present study. Although air
temperatures have been shown by Johnson (1971)
and Walker & Lawson (1977) to be closely.
correlated with water temperatures, no attempt was
made to include air temperature in the analysis,
because of the relatively small area of New Zealand
for which reliable measurements are available and
the lack of a ready source of appropriate data (A. I.
Tomlinson, New Zealand Meteorological Service,
pers. comm.). Similarly, other factors such as
cloudiness which are known to influence tempera-
ture regimes could not be included because of the
small amount of reliable information available. The
relationships between the water temperature para-
meters and the physical catchment characteristics
were examined with multiple correlation and
stepwise regression analyses. Logarithmic transfor-
mation was used to normalise the distributions of
some variables, and their logarithms used in the
analyses.

RESULTS AND DISCUSSION

The plots of temperature data presented in
Appendix 1 confirm that periodic temperature
measurements can be fitted by a sine curve; although
no other mathematical functions were tested, the
sine curve appears to be perfectly acceptable.

The matrix of correlation coefficients between the
sine curve parameters and the physical variables is
presented in Table 1. Table 2 shows means, standard
deviations, etc, of the parameters.

Table 1 Matrix of correlation coefficients between temperature parameters and catchment characteristics

for 254 sites.

T Toin T A 0 se
Tvax 1.0
Toin . . 0.222 1.0
T ... 0.705 0.747 1.0
A ... 0.669 — 0.342 0.188 1.0
0 .. 0.223 - 0.176 0.034 0.255 1.0
se ... 0.594 - 0.438 0.038 0.686 0.292 1.0
latitude — 0.363 - 0.669 - 0711 0.129 - 0.077 0.111
area 1 — 0.100 — 0.254 - 0.191
log (area) I - 0.200 - 0.130 - 0.175
recelev — 0.445 — 0.451 - 0.611 - 0.111 0.034 — 0.023
meanelev | — 0.525 - 0.694 0.048 0.029
Log (meanelev) | — 0.483 — 0.145
maxelev - 0.444 - 0.369 — 0.535 - 0.130 - 0.210 - 0.137

Note: Coefficients > 0.13 are significantly different from zero, P < 0.05.

Table 2 Selected Statistical Parameters for the Temperature Variables, 254 Sites.

Tmax Tmin T A i} se
Mean . 21.8 5.1 12.6 5.2 1.23 2.01
Standard Deviation ... 3.9 3.0 2.6 1.6 0.15 0.561
Standard Error of Mean 0.25 0.19 0.16 0.10 0.01 0.03
Minimum 12.56 0.0 2.95 0.55 0.74 0.58
Maximum ... 33.0 12.0 18.2 8.9 1.97 3.32
CV=S8D/Mean 0.18 0.59 0.21 0.30 0.12 0.25




Sine Curve Parameters

Best-fit regression equations for the parameters
were computed in which, firstly, only catchment
variables and, secondly, both catchment and
discharge variables could be entered by the stepwise
computation procedure. Sample sizes were, respect-
ively, 254 and 198 sites. Although statistically
significant equations could be computed for all of
the temperature parameters, only one, for mean
temperature, T, ‘““explained’ more than 30% of the
variation in the parameter.

T = 95.8-46.5 log (LAT) - 3.46 log (MNEL) @
(2.8) 0.26
(52%) (21%)

The standard errors of the coefficients and percent
of variance explained by the independent variables
are shown beneath equation 2; the overall standard
error of estimate is 1.38°C. The implication of
equation 2 is that mean temperature may be reliably
predicted in terms of the latitude of the measure-
ment site and the catchment elevation parameter,
MNEL,; these two variables account for 73% of the
variation in T for the sample of 254 sites. This
conforms closely to the findings of Johnson (1971)
and Shampine (1977). Examination of the residuals
from equation 2 provided no clues as to the factors
that explain the remaining 27% of variance in T;
neither geographic location (a surrogate for climatic
zone), channel characteristics, nor hydrologic
character (e.g., lake-fed, spring-fed) were notice-
ably related to the magnitude of the residuals. No
doubt measurement error and lack of fit of equation
1 to the data are responsible for a significant portion
of the unexplained variance.

Shampine (1977) was unable to develop a
statistical model to predict amplitude, A, from
physical catchment variables for streams in Indiana,
and the data presented by Johnson (1971) similarly
provide no evidence for any dependence of A upon
catchment characteristics. The present study con-
forms to this; only 6% of the variance in A was
accounted for by catchment variables included in the
analysis (catchment area and maximum elevation).
However, examination of the data indicated some
dependence of A on hydrologic regime; a bivariate
scatter plot of T and A (Figure 3) suggests a number
of groupings which show the influence of climatic or
hydrologic factors. Most noticeable is a group of
sites with values of A less than 2.5°C which are all
located around Lake Rotorua and are spring fed; or
are located on limestone outcrops (site 14604, Figure
4). Clearly, the annual range of water temperature
in these streams is moderated by the predominantly
subterranean source of stream flow. Another
grouping of sites with low values of A includes many
located on the West Coast of the South Island; it is
considered that the equable climate and frequent
cloud cover is here responsible for the low range in
temperatures (site 84701, Figure 4). On the other
hand, sites in inland Otago and Canterbury tend to
have large values of A (although mean temperatures
are low) (sites 62105, 71103, Figure 4). Generally
clear skies promote rapid heating and cooling of the
water both during the day and over the year, and
many of these watercourses also tend to be wide and

braided, which again promotes rapid heating and
cooling. Sites in the East Cape-Gisborne region also
have a tendency for large values of A (site 19716,
Figure 4). In most cases, this is perhaps less a
function of climatic conditions than of the generally
small size of the streams included in the sample from
this area.
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Figure 3 Bivariate plot of T and A. The groupings
around the main mass of points were identified
with the help of cluster analysis, using computer
program BMDP3M (Dixon 1975). The groupings
are only tendencies, because many sites in those
groups actually plotin the central body of points.
Groups are: O-C: Otago and Canterbury; E-G:
East Cape and Gisborne; W: West Coast, South
Island; T: Taupo pumice/limestone; G: Glacial.

Nevertheless, an equation which included vari-
ables indicative of hydrologic regime explained less
than 30% of the variance in A, and there is no
justification for attempting to develop regional
equations for A, because many sites in the four
districts mentioned above are intermixed with sites
from the rest of the country.

Amplitude appears, therefore, to be a function of
a variety of factors, most of which are as yet
unrecognised or unquantified. If synthesis of the
annual temperature regime at a given site is
required, the only method (apart from actually
making measurements) appears to be to examine the
data set presented in the appendices, identify those
sites most similar (in terms of geographic location or
climate, channel morphology, hydrologic regime,
etc.) to the site of interest, and select the
appropriate value of A.
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Figure 4 Representative temperature plots and best-fit sine curves. Pertinent details are:

NZMS1

Site Grid Reference T(°C) A(°C) o(radians) se(°C) Latitude
14604 Awahou... N76.685149 125 0.56 1.63 0.568 38.1
16501 Motu N70:05673568 13.9 4.72 1.13 2.18 37.86
19716 Waipaoa N89:273614 16.56 7.60 1.36 2.87 38.47
62105 Clarence $47:265862 9.5 6.31 1.20 2.39 42.46
71103 Hakataramea $118:126112 12.0 6.40 1.29 2.14 46.72
71126 Hooker (glacial) §79:787304 3.0 236 1.97 1.98 43.74
74313 Taileri $135:843534 10.56 8.28 1.35 2.40 45.19
78503 Woaihopai $177:431045 11.3 b5.16 1.33 2.30 46.39
84701 Cleddau... $113:908108 9.1 2.63 1.22 1.60 44.69
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Most sites have rather similar values of phase
shift, 6, which is an index of the timing of the
maximum temperature during the year. The mean
value of 6 for the 254 sites is 1.23 radians, with a
standard deviation of only 0.15 radians; this implies
that the peak temperature occurs on average on
January 26, and that temperature at about 67% of
the sites peaks between January 19 and February 2.
As catchment size increases, there is a weak
tendency for 8 to decrease—that is, the temperature
peak occurs later in the year, as might be expected.
However, for the purpose of synthesizing a
temperature regime relationship, the mean value of
1.23 radians should be adequate.

Maximum Temperature and Temperature
Variability

For the purpose of evaluating the suitability of a
river for instream uses such as fish habitat, such
aspects of the water temperature regime as
maximum temperature, diurnal variability of temp-
erature, and rates of change of temperature are of
great importance. Indices of these aspects used
herein are maximum recorded temperature, T,,,,
and the standard error, se, of equation 1 for each
site, the latter being an index of the amount of
scatter of points about the best-fit sine curve.
Unfortunately, neither of these parameters can be

satisfactorily predicted from simple catchment
characteristics, although T, is to some extent (R?
= 29%) determined by latitude and the elevation
parameter MNEL. This is perhaps not surprising
because both parameters depend strongly on the
precise conditions pertaining at the time tempera-
ture measurements are taken—that is, on time of
day, on meteorological conditions such as degree of
cloudiness, on depth, clarity, and volume of water,
etc.—and on physical characteristics of the channel
upstream such as amount of shading (either from
overhanging vegetation or surrounding hills), the
character of the stream bed, channel width, and so
on. Physically based models to predict water
temperatures require much detailed information on
physical conditions, so that it is not surprising that a
simple statistical model cannot be developed. As
with sine curve amplitude, therefore, it appears that
the only method available for predicting maximum
temperature and variability of temperature at a
given site is to examine the data set in the
appendices and to select the site that is most similar
to the site of interest. If the study warrants it, the
alternative is to use a simulation model of the type
developed by Hockey et al. (1980), or to make actual
measurements at the critical period (most probably
at the end of January), if annual maximum
temperature is of specific concern.

CONCLUSION

Periodic measurements of water temperature at
254 sites in New Zealand may be fitted by sine
curves, if measurements for different years are
combined, as shown by Shampine (1977), Ward
(1963) and others. Inspection suggests that the best-
fit sine curves are unlikely to be improved upon by
use of any other mathematical function. As few as
thirty points randomly spaced through the year
appear adequate to define the parameters of the
curve, although fifty or more are desirable; periodic
data have been shown by Limerinos (1978) to
provide an estimate of the parameters as good as
that given by continuously measured data. The
measurements used herein provide an estimate of
water temperature at about noon, which in medium
to large rivers is the time when mean temperature
tends to be passed in the diurnal temperature cycle.

Attempts to develop a model to predict, for a site
at which no data are available, the annual
temperature regime from easily measured catchment
characteristics had a similar degree of success to that
of Shampine (1977) in Indiana. The parameter T of
the sine curve (mean annual temperature) may be
accurately predicted by an equation (equation 2)
that includes latitude and catchment elevation. The
parameter A (amplitude of the curve) cannot be

11

predicted to an acceptable level of accuracy and it is
suggested that the only way in which the body of
data available for the study may be used is by
selecting those sites which are most similar (in
respect of climatic zone, geographic location,
channel character, etc.) to the site of interest and
using their value of A. The third parameter, 9, of the
sine curve has a remarkably stable value throughout
New Zealand, and its mean value may be adopted.

It proved impossible to predict maximum
temperature and the dispersion of temperatures
about the trend line. If this information is required
for a given location, inspection of the data set for a
similar site may provide an estimate, but the only
wholly acceptable solution seems to be to make field
measurements or to use a simulation approach. In
the latter case, the annual trend line obtained by the
three step procedure outlined in the preceding
paragraph may provide an acceptable basis. If
measurements are to be made, the study indicates
the most appropriate time of year for data collection
if attention is focussed on maximum temperatures
(late January), and the number of periodic
measurements likely to be required (a minimum of
thirty, but preferably fifty, or one per week for a
year).
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APPENDIX 1: Graphs of Temperature Measurements and Best-fit Sine

Curves
INDEX: BY SITE NUMBER

Site River Station Reference District Page
1316 Awanui School Cut ... - N10:774686 AUCK 19
1909 Peria Honeymoon Valley ... N10:999686 AUCK 19
3503 Puketotara Backblocks. .. N11:395544 AUCK 19
3506 Maungaparerua Tyrees Ford N11:391555 AUCK 19
3819 Waiharakeke ... Willowbank N15:529363 AUCK 19
4901 Ngunguru Dugmores Rock N20:942120 AUCK 19
7811 Oteha Days Bridge N38:213748 AUCK 20
9228 Waiorongomai Old Quarry N57:247746 HAM 22
13901 Mangawhai Omokoroa ... N58:503608 HAM 22
14601 Kaituna L. Rotoiti Outlet ... N76:811186 HAM 22
14603 Waiteti Tauranga DirectRd ... N76:679122 HAM 22
14604 Awahou Tauranga Direct Rd ... N76:685149 HAM 22
14606 Waingaehe SH 30 Br . N76:777059 HAM 22
14607 Waiohewa SH 30 Br N76:791111 HAM 23
14610 Utuhina SH5Br N76:710052 HAM 23
14614 Kaituna Te Matai N67:832459 HAM 23
14624 L. Rotorua Mission Bay N76:788154 HAM 23
14625 Puarenga FRIBr . N76:732018 HAM 23
14627 Waiari Muttons N67:799430 HAM 23
14628 Mangorewa Saunders Farm N67:816348 HAM 24
15302 Tarawera Awakaponga N68:218278 HAM 24
15341 Tarawera Lake Outlet N77:966993 HAM 24
15350 Mangakino County Br ... N86:936824 HAM 24
15408 Rangitaiki Murupara ... N86:145648 HAM 25
15410 Whirinaki Galatea N86:191623 HAM 25
15412 Rangitaiki Te Teko N77:248155 HAM 25
15432 Rangitaiki Kopuriki N86:232822 HAM 25
15511 Waimana Gorge e N78:478076 HAM 25
15514 Whakatane Whakatane... N78:436194 HAM 25
15534 Wairere WainuiRd ... N69:466250 HAM 26
15536 Waimana Ogilvies Br... N87:551818 HAM 26
15901 Waioeka Gorge N78:737923 NAP 28
16002 Otara Browns Br ... N78:791094 NAP 28
16501 Motu Houpoto N70:057358 NAP 28
16502 Motu Waitangirua N79:032946 NAP 28
17601 Wharekahika .. Hicks Bay Rd Br N62:688692 NAP 28
17602 Mangatutu SH35 = N62:666658 NAP 28
17603 Waitaukakari SH 35 N62:659667 NAP 29
17604 Waimate SH 35 N62:670651 NAP 29
17606 Oweka . SH 35 N62:562670 NAP 29
17702 Nukutaharua .. SH 35 N62:688661 NAP 29
17801 Karakatuwhero SH 35 . N63:737623 NAP 29
17802 Parinui Forest Rd Br N62:683587 NAP 29
17803 Pukeanaru Forest Rd Br N62:667566 NAP 30
17804 Tawaroa Forest Rd Ford N62:637571 NAP 30
17901 Awatere SH 35 . N63:748565 NAP 30
17902 Kopuapounamu County Br ... N62:657537 NAP 30
17904 Taurangakautuku Tangihanga N71:651495 NAP 30
18306 Poroporo Rangitukia Rd Br N72:820428 NAP 30
18308 Tapuaeroa Pakihiroa Rd Br N71:489356 NAP 31
18309 Waiapu Rotokautuku Br N71:689302 NAP 31
18310 Mata Owetea ... N80:450078 NAP 31
18312 Maraehara Rangitukua Rd Br N72:860450 NAP 31
18323 Raparapaririki Tapuaeroa Rd N71:495363 NAP 31
18325 Mangaraukokore Gate Rd Br N71:470360 NAP 31
18902 Hikuwai Willow Flat N89:650818 NAP 32
19602 Waimata Goodwins Rd N98:445402 NAP 32
19701 Waipaoa Kanakanaia Br N89:268623 NAP 32
19702 Waipaoa Waipaoa Stn N88:245835 NAP 32
19708 Waikohu Mabhaki N88:123668 NAP 32
19709 Wharekopae Killarney N97:061529 NAP 32
19711 Waingaromia Terrace N89:326746 NAP 33
19712 Mangatu Omapere ... N88:192724 NAP 33
19716 Waipaoa Kanakanaia C/'W N89:273614 NAP 33
19724 Waikohu No. 2 Bridge NB88:166633 NAP 33
19725 Waikohu No. 3 Bridge N88:176633 NAP 33
19726 Waikohu No. 4 Bridge N88:163636 NAP 33
19728 Te Arai Site 61 N97:212301 NAP 34
19734 Waikohu No. 1 Bridge N88:197130 NAP 34
19749 Te Arai Reays Br N106:213296 NAP 34
19765 Mangatu Whatatutu ... N88:221722 NAP 34
21401 Wairoa Marumaru ... N106:853108 NAP 34
21409 Waiau Otoi N105:480048 NAP 34
21410 Waihi Waihi N105:564136 NAP 35
21601 Tahekenu Glenstrae ... N115:661925 NAP 35
21801 Mohaka Raupunga ... N115:542895 NAP 35
21803 Mohaka Glenfalls N114:072775 NAP 35
22501 Waikoau Waikoau Rd N114:288728 NAP 35
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Site
22502
23001
23102
23103
23104
23106
23201
23203
23209
23211
23219
23221
23601
29202
29808
29818
30516
31803
32526
32529
32531
32541
32563
32576
32580
32590
32702
32708
32726
32732
32733
32734
33107
33111
33114
33115
33116
33117
33301
33302
33307
33309
33312
33313
33316
33320
33347
33356
36001
39504
39508
39510
40703
43472
43810
45702
46618
46651
47527
48015
56901
57008
57009
57014
57101
57502
58301
59003
60104
60108
60112
60114
60116
62103
62104
62105
64602

64610
65104
68001
68503
68509
68511
68513
69506
71102
71103
71106
71116

River

Sandy Ck
Tutaekuri
Ngaruroro
Ngaruroro
Ngaruroro
Taruarau
Tukituki
Tukituki
Otane
Waipawa
Waipawa
Mangatewai
Waingongoro...
Ruamahanga .
Hutt

Hutt

Mill Ck

Otaki
Mangahao
Tiraumea
Mangatainoka
Mangatera
Oroua
Pohangina
Manawatu
Koputaroa
Rangitikei
Rangitikei
Hautapu
Moawhango
Moawhango
Mangaio
Whangaehu
Mangawhero .
Waitangi :
Mangaetoroa .
Wahianoa
Makotuku
‘Wanganui
Wanganui
‘Wanganui
Manganui-a-te-Ao
Retaruke
Ohura
Ongarue
Whakapapa
Wanganul
Wanganui
Punehu
Manganui
Manganui
Ngatoro
Mangakowhai
Waiotapu
Maketu
Waiwhiu
Mangakahia
Manganui
Opahi
Mangamuka .
Riwaka Sth Branch
Motueka
Motueka
Stanley Brook
Moutere
Wairoa
Collins
Kaituna
Taylor
Wairau
Branch
Wairau
Wairau
Acheron
Ribble
Clarence
Waiau

Waiau
Stanton
Hurunui
Selwyn
Harper

Lake Stm
Wilberforce
Wilberforce
Orari
Otekaieke
Hakataramea.
Maerewhenua
Ahuriri

Station

SH2
Puketapu
Fernhill
‘Whana Whana
Kuripapango
Taihape Rd
Red Br .
Waipukurau
Glendon
Waipawa
Fletchers Crossing
SH 50
‘Waimarama Rd
Waihenga ...
Kaitoke
Birchville ...
Papanui
Tuapaka
Ballance
Ngaturi

Susp Br
Dannevirke
Kawa Wool
Mais Reach
Ruahine St ...
Tavistock Rd
Mangaweka
Springvale ...
Taihape
Waiouru
Moawhango
Waiouru
Karioi

Ore Ore
Tangiwai
School

Karioi
SH49A
Paetawa

Te Maire
Headwaters
Ashworth ...
Kawautahi ...
Tokorima ...
Taringamutu
Footbridge ...
Te Porere ...
Piriaka
Pihama

Tariki Rd
SH3

SH3
Kaingapipi ...
Reporoa
Rimu Stand
Dome Shadow
Gorge
Permanent Station
Pond

Gorge
Moss Bush ...
Gorge
Woodstock...
Barkers ...
Old House Rd
Gorge

Drop Structure
Okaramio ...
Weir
Tuamarina ...
Recorder
DipFlat ...
Hells Gate ...
Clarence
Airstrip
Jollies
Marble Pt ...
Malings Pass
Cheddar Valley
Mandamus ...
Whitecliffs ...
Coleridge ...
Rouses
Woolshed Hill
Oakden
Silverton
Stockbridge
Above MHB
Kellys Gully
S Diadem ...
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Reference

N114:317746
N134:211367
N134:185275
N133:843320
N123:783533
N123:679464
N134:338119
N146:988794
N141:015921
N141:014843
N140:753990
N145:776795
N142:384006
N161:944332
N161:716507
N161:624448
N160:334350
N157:719792
N149:270254
N149:392215
N149:327261
N145:561510
N149:066488
N144:263511
N149:133348
N152:849059
N139:288015
N123:507416
N132:286184
N122:236489
N132:339270
N122:219608
N131:965389
N131:778308
N122:071417
N121:743458
N122:135523
N121:834547
N138:667055
N101:705067
N112:089990
N121:723621
N111:735911
N101:556097
N101:751165
N111:960859
N112:087944
N101:852116
N128:507387
N109:843727
N119:831649
N109:786778
NB83:563707
N85:801680
N47:508255
N34:147209
N19:366077
N23:632676
N15:234344
N10:008591
$13:307569
$26:288863
$13:212320
$19:208248
$14:377347
$20:493149
$15:866428
$21:077124
$28:220888
§22:253077
$27:532773
§$33:290547
$40:265357
$47:319961
§47:317930
$47:265862
§54:142642
$40:038154
§55:472647
$61:932462
$74:349649
$65:962948
§73:722674
§73:913860
$73:937843
$91:730080
$127:153912
S118:125112
$127:214845
$108:458406

District
NAP

CHCH
CHCH
CHCH
CHCH
CHCH
CHCH



Site
71119
71122
71125
71129
71135
71167
71702
72004
74311
74313
74314
74315
74337
74346
74351
74352
75207
75213
75214
75219
75232
75251
75253
75255
75257
75259
75264
75265
75273
75275
75276
75287
77504
77505
77523
77525
77526
78503
78504
78602
78625
78803
78910
79701
79703
79704
79730
79734
79737
84701
86802
90604
90605
91101
91102
91103
91404
91405
91407
93202
93203
93206
93207
93208
93209
93211
93212
93213
93216
93217
93601
93602
94302
95101
1014641
1014644
1032516
1043428
1043434
1043461
1043464
1043466
1074345
1075229
1443434
1143444

River
Ohau
Maryburn
Hooker
Forks
Jollie
Otekaieke
Kakanui

Waiarakarua ...

Taieri
Taieri
Taieri
Taieri
Kyeburn
Loganburn

Deep Stream
Deep Stream ...

Clutha
Clutha
Clutha
Lindis
Pomahaka

Manuherikia ...
Manuherikia ...
Dovedale Ck ...
Dunstan Ck ...

Fraser
Nevis
Nevis
Arrow
Shotover
Shotover
Hawea
Mataura
Mataura
Waikaka
Waimea

Wyndham Stm

Waihopai
Waihopai
Oreti
Otapiri
Middle Ck
Hamilton Burn
Waiau
Waiau
Waiau
Waiau
Waiau
Mararoa
Cleddau
Haast
Hokitika

Butchers Ck .

Taramakau
Taramakau
Taipo

Grey
Arnold
Ahaura
Buller
Buller
Inangahua
Inangahua
Buller
Maruia
Matakitaki
Mangles
Gowan
Buller
Glenroy
Waimangaroa
Waimangaroa
Mokihinui
Karamea

Ngongotaha N

Waiowhiro
Kiwitea

Tahunaatara ...

Mangakara
Tongariro
Poutu
Waihohonu
Styx Ck
Pomahaka
Poutu
Waikato

Station

SH Br .
Mt McDonald
Ball Hut Rd
Balmoral ..
Mt Cook Stn
Gorge
Clifton Falls
D/S Confluence
Tiroiti
Waipiata
Pat-Paerau ...
McAtamneys
MHB

Paerau
Totara Rock
Rocklands ...
Balclutha
Clyde
Lowburn
Lindis Pk
Burkes Ford
D/S Forks ...
Ophir
Willows
Gorge
Old Man Range
Clegroy ...
Wentworth Stn
Tobins Track
16 Mile
Bowens Pk ...
Camphill Br
Gore Hwy Br
Parawa "
Willowbank Br
Mandeville Br
Glenham Br
Kennington
Above Scour
McKellars Flat
McBrides Br
Otahuti
Matuku Br ...
Tuatapere ...
L Manapouri
L Te Anau ...
Monowai
Excelsior Ck
At Cliffs
Milford .
Roaring Billy
Colliers Ck...
L Kaniere Rd
Gorge
Jacksons

SH Br
Waipuna

L Brunner ...
Gorge
Longford

Te Kuha
Landing
Blacks Pt
Woolfs

Falls

MudL
Gorge

L Rotoroa ...
L Rotoiti
Blicks .
Conns Flat ...
Smokestack
Burkes Ck ...
Arapito

SHS

Bonningtons Farm
Spur Rd Extension ...

Ohakuri Rd
Hirsts ...
Upper Dam
Footbridge ...
Desert Road
Paerau
Hukarere ...
Dam Outlet
Reids Farm
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Reference
$109:768639
$100:939899
§79:787304
$89:034021
S$89:841164
S$127:154912
$136:353748
S$146:430466
§145:946463
$135:843534
$145:675374
§145:679277
$135:935593
S144:624217
$153:632951
$154:671950
S$179:522263
$133:130517
$133:035744
§125:273080
S171:224472
$125:619060
$134:357629
S$134:479527
$125:503997
S$143:031485
§133:847530
$133:872671
$123:705817
S114:535143
$132:589786
$115:045180
$§170:843413
$151:491058
§170:915494
$169:713544
S$178:768103
S$177:431045
§177:441043
S$141:178329
$169:422516
$176:192268
$159:181847
$167:776332
$149:677012
$149:763193
§158:698762
$149:748945
$149:759968
S$113:908108
S$87:066042
$57:549228
S$58:630487
S51:763629
$51:999525
S$51:914509
$45:258999
§51:973727
S$45:207904
$25:806711
S$31:181629
§31:357535
$38:342278
$31:445627
S$32:682596
$32:741611
$32:842647
§33:995673
$33:201659
$39:753354
$24:250766
S$24:305733
§25:465962
$12:614318
N76:682109
N76:702078
N144:105558
N85:548802
N85:771661
N112:256728
N112:253907
N112:223735
$145:668258
$161:984846
N112:258903
N94:554405

District
CHCH
CHCH
CHCH
CHCH
CHCH
CHCH



INDEX: ALPHABETICAL BY RIVER NAME

River

Acheron
Ahaura

Ahuriri

Arnold

Arrow
Awahou
Awanui
Awatere
Branch

Buller

Buller

Buller

Buller
Butchers Ck ...
Clarence
Cleddau
Clutha

Clutha

Clutha

Collins

Deep Stm
Deep Stm ...
Dovedale Ck ...
Dunstan Ck ...
Forks

Fraser

Glenroy
Gowan

Grey

Haast .
Hakataramea...
Hamilton Burn
Harper
Hautapu
Hawea
Hikuwai
Hokitika
Hooker
Hurunui

Hutt

Hutt
Inangahua
Inangahua
Jollie

Kaituna
Kaituna
Kaituna
Kakanui
Karakatuwhero
Karamea
Kiwitea
Kopuapounamu
Koputaroa
Kyeburn

L Rotorua
Lake Stm
Lindis
Loganburn
Maerewhenua
Maketu
Makotuku
Manawatu
Mangaetoroa...
Mangahao
Mangaio
Mangakahia ...
Mangakara
Mangakino
Mangakowhai
Mangamuka ...
Manganui
Manganui
Manganui
Manganui-a-te-Ao
Mangaraukokore
Mangatainoka
Mangatera
Mangatewai ...
Mangatu
Mangatu
Mangatutu
Mangawhai ...
Mangawhero ...
Mangles
Mangorewa ...
Manuherikia ...

Station
Clarence
Gorge
S Diadem ...
L Brunner ...
Tobins Track

School Cut ...
SH35
Recorder

L Rotoiti
Longford

Te Kuha
Woolfs
L Kaniere Rd
Jollies
Milford
Balclutha
Clyde
Lowburn
Drop Structure
Rocklands ...
Totara Rock
Willows
Gorge
Balmoral

Old Man Range
Blicks

L Rotoroa ...
Waipuna ...
Roaring Billy
Above MHB
Matuku Br ...
Coleridge ...
Taihape .
Camphill Br
Willow Flat
Colliers Ck ...
Ball Hut Rd
Mandamus ...
Birchville ...
Kaitoke
Blacks Pt
Landing ...
Mt Cook Stn
Okaramio ...
Rotoiti Outlet
Te Matai ...
Clifton Falls
SH 35
Arapito

Tauranga Direct Rd

Spur Rd Extension ...

County Br ...
Tavistock Rd
MHB
Mission Bay
Rouses
Lindis Pk
Paerau
Kellys Gully
Rimu Stand
SH49A .
Ruahine St ...
School
Balance
Waiouru
Gorge

Hirsts .
County Br ...
Kaingapipi ...
Gorge o8
Permanent Station
SH3
TarikiRd ...
Ashworth ...
Gate Rd Br
Suspension Br
Dannevirke
SH 50
Omapere ...
Whatatutu ...
SH 35
Omokoroa ...
Ore Ore
Gorge .
Saunders Farm
D/S Forks ...

Site
62103
91407
71116
91405
75273
14604
1316
17901
60112
93216
93202
93203
93208
90605
62105
84701
75207
75213
75214
58301
74352
74351
75255
75257
71129
75259
93217
93213
91404
86802
71103
78910
68503
32726
75287
18902
90604
71125
65104
29818
29808
93207
93206
71135
59003
14601
14614
71702
17801
95101
1032516
17902
32590
74337
14624
68509
75219
74346
71106
43810
33117
32580
33115
32526
32734
46618
1043434
15350
40703
48015
46651
39508
39504
33309
18325
32531
32541
23221
19712
19765
17602
13901
33111
93212
14628
75251
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Reference
$47:319961
$45:207904
$108:458406
§51:973727
$123:705817
N76:685149
N10:774686
N63:748565
$27:532773
§33:201659
S$25:806711
S$31:181629
$31:445627
S$58:630487
$47:265862
§113:908108
$179:522263
$133:130517
S$133:035744
$15:866428
$154:671950
§153:632951
§134:479527
$125:503997
$89:034021
§143:031485
$39:753354
$33:995673
§45:258999
S87:066042
S$118:125112
$159:181847
S$65:962948
N132:286184
$115:045180
N89:650818
§57:549228
S$79:787304
$61:932462
N161:624448
N161:716507
$38:342278
$31:357535
$89:841164
§21:077124
N76:811186
N67:832459
$136:353748
N63:737623
$12:614318
N144:105558
N62:657537
N152:849059
§135:935593
N76:788154
§73:722674
§125:273080
$144:624217
§127:214845
N47.508255
N121:834547
N149:133348
N121:743458
N149:270254
N122:219608
N19:366077
N85:771661
N86:936824
N83:563707
N10:008591
N23:632676
N119:831649
N109:843727
N121:723621
N71:470360
N149:327261
N145:561510
N145:776795
N88:192724
N88:221722
N62:666658
N58:503608
N131:778308
$32:842647
N67:816348
$125:619060

District
CHCH
CHCH
CHCH
CHCH
DUN
HAM
AUCK
NAP



River
Manuherikia ...
Maraehara
Mararoa
Maruia
Maryburmn

Mata
Matakitaki
Mataura
Mataura
Maungaparerua
Middle Ck

Mill Ck
Moawhango ...
Moawhango ...
Mohaka
Mohaka
Mokihinui
Motu

Motu

Motueka
Motueka
Moutere

Nevis

Nevis
Ngaruroro
Ngaruroro
Ngaruroro
Ngatoro .
Ngongotaha ...
Ngunguru
Nukutaharua ...
Ohau .
Ohura
Ongarue

Opahi

Orari

Oreti

Oroua

Otaki

Otane

Otapiri

Otara

Oteha
Otekaieke
Otekaieke
Oweka

Parinui

Peria
Pohangina
Pomahaka
Pomahaka
Poroporo
Poutu

Poutu
Puarenga
Pukeanaru
Puketotara
Punehu
Rangitaiki
Rangitaiki
Rangitaiki
Rangitikei
Rangitikei ...
Raparapaririki
Retaruke
Ribble
Riwaka Sth Branch
Ruamahanga ..
Sandy Ck
Selwyn
Shotover
Shotover -
Stanley Brook
Stanton

Styx Ck
Tahekenui
Tahunaatara ...
Taieri

Taieri

Taieri

Taieri

Taipo
Tapuaeroa
Taramakau
Taramakau
Tarawera
Tarawera
Taruarau =
Taurangakautuku
Tawaroa

Station

Ophir
Rangitukia Rd Br
At Cliffs

Falls .
Mt McDonald
Owetea
MudL
Gore Highway Br
Parawa .
Tyrees Ford
Otahuti
Papanui
Moawhango
Waiouru
Glenfalls
Raupunga ...
Burkes Ck ...
Houpoto
Waitangirua
Gorge
Woodstock...
Old House Rd
Clegroy ...
Wentworth Stn
Fernhill
Kuripapango
‘Whana Whan
SH3
SHS -
Dugmores Rock
SH 35

SH Br
Tokorima ...
Taringamutu
Pond .
Silverton .
McKellars Flat
Kawa Wool
Tuapaka
Glendon .
McBrides Br
Browns Br ...
Days Bridge
Gorge
Stockbridge
SH 35 ...
Forest Rd Br

Honeymoon Valley ..

Mais Reach
Burkes Ford
Hukarere ...
Rangitukia Rd Br
Dam Outlet
Footbridge ...
FRI Br
Forest Rd Br
Backblocks...
Pihama
Kopuriki
Murupara ...
Te Teko
Mangaweka
Springvale ...
Tapuaeroa Rd
Kawautahi ...
Airstrip .
Moss Bush ...
Waihenga ...
SH2
Whitecliffs ...
16 Mile
Bowens Pk ...
Barkers ...
Cheddar Valley
Paerau
Glenstrae ...
Ohakuri Rd
McAtamneys
Pat-Paerau ...
Tiroiti
Waipiata

SH Br =
Pakihiroa Rd Br
Gorge
Jacksons
Awakaponga
Lake Outlet
Taihape Rd
Tangihanga
Forest Rd Ford

Site
75253
18312
79737
93209
71122
18310
93211
77504
77505
3506
78803
30516
32733
32732
21803
21801
94302
16501
16502
57008
57009
57101
75264
75265
23102
23104
23103
39510
1014641
4901
17702
71119
33313
33316
47527
69506
78602
32563
31803
23209
78625
16002
7811
71167
71102
17606
17802
1909
32576
75232
1075229
18306
1443434
1043464
14625
17803
3503
36001
15432
15408
15412
32702
32708
18323
33312
62104
56901
29202
22502
68001
75275
75276
57014
64610
1074345
21601
1043428
74315
74314
74311
74313
91103
18308
91101
91102
15302
15341
23106
17904
17804

17

Reference
S$134:357629
N72:860450
$149:759968
S$32:682596
$100:933904
N80:450078
$32:741611
S$170:843413
$151:491058
N11:391555
S$176:192268
N160:334350
N132:339270
N122:236489
N114:072775
N115:542895
S25:465962
N70:057358
N79:032946
$26:288863
S$13:212320
S14:377347
$133:847530
S$133:872671
N134:185275
N123:783533
N133:843320
N109:786778
N76:682109
N20:942120
N62:688661
$109:768639
N101:556097
N101:751165
N15:234344
$91:730080
S141:178329
N149:066488
N157:719792
N141:015921
S$169:422516
N78:791094
N38:213748
§127:154912
S$127:156912
N62:562670
N62:683587
N10:999686
N144:263511
S171:224472
$161:984846
N72:820428
N112:258903
N112:253907
N76:732018
N62:667566
N11:395544
N128:507387
N86:232822
N86:145648
N77:248155
N139:288015
N123:507416
N71:495363
N111:735911
S§47:317930
$13:307569
N161:944332
N114:317746
$74:349649
S$114:535143
$132:598786
$19:208248
S$55:472647
S$145:668258
N115:661925
N85:548802
S$145:679277
S$145:675374
$145:946463
$135:843534
$51:914509
N71:489356
§$51:763629
$51:999525
N68:218278
N77:966993
N123:679464
N71:651495
N62:637571

District
DUN
NAP
DUN
WGTN
CHCH
NAP
WGTN
DUN
DUN
AUCK
DUN
WGTN
WANG
WANG
NAP
NAP
CHCH
NAP
NAP
WGTN
WGTN
WGTN
DUN
DUN
NAP
NAP
NAP
WANG
HAM
AUCK
NAP
CHCH
WANG
WANG
AUCK
CHCH
DUN
WANG
WGTN
NAP
DUN
NAP
AUCK
CHCH

CHCH

CHCH
CHCH
HAM
HAM
NAP
NAP
NAP



River
Taylor
Te Arai
Te Arai
Tiraumea
Tongariro
Tukituki
Tukituki
Tutaekuri
Utuhina
Wahianoa
Waiapu
Waiari

Waiarakarua ...

Waiau
Waiau
Waiau
Waiau
Waiau
Waiau
Waiau
Waiau

Waiharakeke

Waihi
Waihohonu
Waihopai
Waihopai
Waikaka
Waikato
Waikoau
Waikohu
Waikohu
Waikohu
Waikohu
Waikohu
Waimana
Waimana

Waimangaroa

Waimangaroa
Waimata
Waimate
Waimea
Waingaehe

Waingaromia.:.
‘Waingongoro...

Waioeka
Waiohewa

Waiorongomai

Waiotapu
Waiowhiro
Waipaoa
Waipaoa
Waipaoa
Waipawa
Waipawa
Wairau
Wairau
Wairau
Wairere
Wairoa
Wairoa
Waitangi

Waitaukakari.

Waiteti
Waiwhiu
Wanganui
Wanganui
Wanganui
Wanganui
Wanganui
Whakapapa
Whakatane

Whangaehu ..
Wharekahika...
Wharekopae Ve

Whirinaki
Wilberforce
Wilberforce
Wyndham Stm

Station

Weir

Reays Br

Site 61

Ngaturi

Upper Dam
Red Br
Waipukurau
Puketapu

SHS

Karioi i
Rotokautuku Br
Muttons i
D/S Confluence
Excelsior Ck

L Manapouri

L Te Anau ...
Maling Pass
Marble Pt ...
Monowai

Otoi

Tautapere ...
Willowbank
Waihi .
DesertRd ...
Above Scour
Kennington
Willowbank Br
Reids Farm
Waikoau Road
Mabhaki .
No 1 Bridge
No 2 Bridge

No 3 Bridge

No 4 Bridge
Gorge
OgilviesBr ...
Conns Flat ...
Smokestack
Goodwins Road
SH 35 n
Mandeville Br
SH 30
Terrace .
‘Waimarama Rd
Gorge

SH 30
OldQuarry ...
Reporoa
Bonningtons Farm
Kanakanaia Br
Kanakanaia C/W
Waipaoa Stn
Fletchers Crossing
Waipawa
DipFlat .
Hells Gate ...
Tuamarina ...
Wainui Rd ...
Gorge "
Marumaru ...
Tangiwai

SH 35

Tauranga DirectRd ...

Dome Shadow
Headwaters
Paetawa
Piriaka

Te Maire

Te Porere ...
Footbridge ...
Whakatane...
Karioi .
Hicks Bay Rd Br
Killarney
Galatea
QOakden ...
Woolshed Hill
Glenham Br

Site
60104
19749
19728
32529
1043461
23201
23203
23001
14610
33116
18309
14627
72004
79734
79703
79704

64602
79730
21409
79701
3819
21410
1043466
78504
78503
77523
1143444
22501
19708
19734
19724
19725
19726
15511
15536
93601
93602
19602
17604
77525
14606
19711
23601
15901
14607
9228
43472
1014644
19701
19716
19702
23219
23211
60114
60116
60108
15534
57502
21401
33114
17603
14603
45702
33307
33301
33356
33302
33347
33320
15514
33107
17601
19709
15410
68513
68511
77526

18

Reference
$28:220888
N106:213296
N97:212301
N149:392215
N112:256728
N134:338119
N146:988794
N134:211367
N76:710052
N122:135523
N71:689302
N67:799430
$146:430466
$149:748945
$149:677012
$149:763193
$40:038154
$54:142642
$158:698762
N105:480048
S167:776332
N15:529363
N105:564136
N112:223735
$177:441043
S177:431045
§170:915494
N94:554405
N114:288728
N88:123668
N88:197130
N88:166633
N88:176633
N88:163636
N78:478076
N87:551818
$24:250766
$24:305733
N98:445402
N62:670651
S169:713544
N76:777059
N89:326746
N142:384006
N78:737923
N76:791111
N57:247746
N85:801680
N76:702078
N89:268623
N89:273614
N88:245835
N140:753990
N141:014843
$33:290547
$40:265357
$22:253077
N69:446250
$20:493149
N106:853108
N122:071417
N62:659667
N76:679122
N34:147209
N112:089990
N138:667055
N101:852116
N101:705067
N112:087944
N111:960859
N78:436194
N131:965389
N62:688692
N97:061529
N86:191623
§73:937843
§73:913860
§178:768103

District
WGTN
NAP
NAP
WGTN
WANG
NAP
NAP
NAP
HAM
WANG
NAP
HAM
DUN
DUN
DUN
DUN
CHCH
CHCH
DUN
NAP
DUN
AUCK
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APPENDIX 2: Tabulation of Basic Temperature Data and Parameters of Best-

fit Sine Curves

AUCKLAND MWD DISTRICT

SIT;_ _u_GRID ) AREA QEAR GED LATITUDE  Trax THIN  TRAR
NUMRER REFERENCE CEQ KMy (CUMED)Y (CUMED) (M3 (DEG) (DEG)Y (DER?

1316  AWANUI, SCHOOL CUuT
NiO.7744684 222.0 6,28 i2.48 35 07 0 RB.00 i9.4 47,0

1209 FPERIA, HONEYWOON VYalLEY
NiD.999684 27.Z .05 2,08 35 ¥ 30 Z2.2 i9.4 146.3

3503 FUKETOTARA, BACKRLOCKS
Mif.395544 23,4 .78 TLEEOBE i4 300 24,04 F.4 955

35306 HMAUNGAFARERUA, TYREES FORD
Nif.391555 4.9 0,49 .74 35 94 09 2400 0.3 974

3819 WAIHARAKEKE, WILLOWBANK
Ni5.5293483 2290 5.84 P.32 0 3% 23 B0 .9 T.7 1601

9

4901  NGUNGURU, DUGHMDRES ROCK
N20.9242120 12.5 0.44 .81 35 3a& 10 21.7 .5 iDL E

7811 OTEHA, DAYY ERIDGE
N38.213748 12,1 F6 44 0 9.5

s
—
>

Py
o8
-

b,

i

438310 MAKETU, RIMU STAMD
N4T. 508255 P& 37 8 3

T

24.8 F.d 6.3

frd
-

45702  WAIWHIU, DOME SHADOW
N34.147209 L D) d6029 19 2400 .0 i1B.5

46618 MANGAKA&AHTA, GURGE
Ni9.356077 246.0 10.23 20,047 35 BV R0 26085 g.7 16.8

46651 MANGANUI, FERMAMENT ETATION
N23.632676 491.0 9.02 15.57 35 57 B0 25.5 0.1 16.9

47527 OFAHI,FOND
Ni5.234344 10.6 0,30 .28 35 24 30 24.0 8.8 6.1

48015 MANGAMUKA, GORGE

N10.008591 23.3 35 i1 40 21.0 0.2 5.0
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HAMILTON MWD DISTRICT

SITE GRID AREA GEAR GED LATITUDE  THAX THMIN TBAR A @ YE FRECORDER MEAN HAXIMUM M
NUMRER REFERENCE (S KMy (CUMEC) (CUNELD) {DME) (DEG) (DEG) (DEG) (DEG) (RAD) (DEG) ELEV (M) ELEY (M) ELEV (M)

9228 WAIDRONGOMAI, OLD QUARRY
NS57.247744 7.9 37 3

i

&3
[

40

£l
[
(®)

a5 5.3 13.¢9 4.5 0.99 2.3 41, 152, P52, 33

13901 MANGAWHAI, OMOKOROA
N58.503408 2.9 0.07 0.14

<9

37 49 30 23,3 0.1 6.7 4.9 d.i1 1.7 i5. 41, i84. 44

44601 KAITUNA, ROTOITI OUTLETY

N76.81118s4 &32.0 38 1 10 23.9 9.9 i5.5 5.7 1.03 i.4 274, 279. 84i7. &4
14603 WAITETI, TAURANGA DIRECT RD

N75.679422 1.0 .34 .63 38 4 29 186.0 T.T 9207 1.9 1.28 1.5 300. 457, 5919. 66
14694 AWAHOU, TAURANGA DIRECT RD .

N7&.685149 21.5 .75 .30 38 3 9 4.0 1.9 12.5 0.5 1.463 0.4 303, 4432, 546. 84
14606 WAINGAHAE, FH39

N7&6.777059 P 0.25 9.7 38 7 36 20.7 fi.4 5.8 1.7 1.48 i.d 303. 335. &686. s
14807 WAIOHEWA, SH30

HY&6. 721111 1.4 0.34 .23 38 4 50 Z0.0 19.4 45 4 2.1 1.64 1.8 299, 3946, 759. LY
145610 UTUHINA, SHE

NS 710052 9.6 2.5 1.06 38 7 50 18.8 1.9 13.4 2.4 1.40 i.? 299. 303. 757. 24
14414 KAITUNA, TE HMATAL

N67.832459 ?48.0 38.58 F.82 37 47 40 20.8 J.5 iS00 3.2 1.ié i.6 15, 259. 817. 132
14624 L.ROTORUA, MIZSION BAY

N76.788154 500.9 38 2 49 2B.H 7.0 i5.5 6.9 1.16 2.4 283. 299. 759. 147

14625 FUARENGA, FRI BR
N76.7320418 4.8 1.92 .96 38 7P 30 26,1 10.0 18.1 4.9 1.95 2.4 302. 328. 744, 57
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NUMEBER
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0145644

99
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GRID ARER REAR
REFERENCE (SR KM) (CUMEC?

WATARI, MUTTONE
N&6T . T799430 &69.9 4,35

MANGOREWA, SAUNDERS FARM
N67.8146248 i792.0 6,74

NGONGOTOHA, SHS3
N74.4682109 3.3 .82

WATOWHIRO, BONNINGTONS FARM
H76.702078 4.4 ©.37

TARAWERA, AWAKAPONGA

N68.218278 F046.0 33.53
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L9

SIT% GRID AREA QEAR GED LATITUDE  THaxX  THIN  TRAR A %] FJE RECORDER MEAM MAXIMLUIH N
NUMERER REFERENCE (SR Kni) (CUMEC) (CUMEC? (DT (DEG)Y {(DEG) (DEG) (DEG) (RAD» (DEGY ELEV (M) ELEV (M) ELEV (M)

15249 TARAWERA, LAKE OUTLET
NTT.266993 A493.0 7.4z 1,346 38 419 49 Z4.% 90.4  1a.3 S.4 1 .091 .7 285, 305, i1id. 53

15350 MANGAKINO, COUNTY ER

N8&.936824 544.0 .17 .94 38 4% 0 22,0 6.0 13.0 5.2 1.44 .9 4443, 457. 533. 40
15408 RANGITAIKI, MURUFARA
N346.145548 14184.0 22.28 S$.43 3@ 2V 30 1B.é6 6.7 127 E N I .5 201. 597. 1091. 136

15410 UWHIRINAKI, GALATEA
NB6.191623 534.0 i4.97 2.0 38 I8 49 22.Z 2.2 42.8 4.3 .10 iy ig4. 354. §2329. 142

15412 RANGITAIKI, TE TEKO

N77.248155 28793.0 72.468 34.81 33 I IO Za.0 TL.EOi14.3 LT .24 1.6 2i. 218. 1224, 148
i5432 FRANGITAIKI, KOFURIKI
HB&.232822 2518.0 57044 24,70 3FE i 50 18.8 T.EO42.7 Foi0 1025 i.2 130, 2e3. f22i. i1

15511 WAIMANA, GORGE
N78.478078 449.0 12.70 2772 38 A4 Z0 Z4.4 5.8 14,7 5.0 1.13 2.3 24, 229. 1341. i35

15514 WHAKATANE, WHAKATANE
N78.436194 {1557.0

(W]
£

LA
«©

T8.58 38 40 30 Z4.0 S.4 0 4.3 4.4 ©.78 2.2 12, 1. 1393, if1

15534 WAIRERE, WAINUI RD
N6T . 446250 2.8 0,05 0,832 37 57 40

.
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) ..,l
i
v
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)
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o
L
v
n
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.
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.
£
X
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.
-t
4
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.
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—

Lo)

B

—

0

~

-

.

23]
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155356 WAIMAMA, DGILYVIES ER
HB87.551848 207.¢ 38 i 6 24.2 5.6 13.8 I S I 2.4 P22, 294, i390. 124

40703 MANGAKOWHAL, KAIMGAFRIFI
NB3.563707 16H.2 D.62 Q.44 38 %00 iT.E 2.9 4.4 LB iLi3 2.8 i49. 203, 490, 27

42472 WAIOTAFU, REFOROA
NE5.8014680 228.0 4,98 D008 38 26 10 Za&0E 10.86 8.1 4.8 1.39 2

.
fod
v
L
x
.

344, 7. ?3
1043428 TAHUNAATARA, OHAKURI RD

N85 . 548802 219.0 4,97 3.13 38 20 20 20.% 5.8 3.0 4.3 9.4 i.é 270. 300. 884, 101

1043434 MANGAKARA, HIRSTS
MBS .771661 22.0 0.42 D.24 38 27 19 21.5 S.9 13,8 .4 1.34 i.9 296, 394, Ti3. 138

1143444 WAIKATO, REIDS FM
N24.554405 3305.0 137.40 75

50

Li
0
[a]
Lo
et
o

~0

4.

b
I
[0
=
iz
.
]
ol

4.1 0.9 . A4, 390. 2797, 44



NAPIER MWD DISTRICT

SITE = GRID AREA GEAR RED LATITUDE THax THIN TEAR A & SE  RECORDER MEAN MAXIMUM N
NUMEER REFERENCE (3@ KH) (CUMEC) (CUMED) (DME)  (DEG) (DEG) (DEG) (DEG) (RAD) (DEG) ELEV (M) ELEV (M) ELEY (M)
15901 WAIOEKA, GORGE
N78.737923  440.0 i1.48  35.51 38 13 20 5.9 5.0 14.2 5.7 4{.24 9.5 &7. 319. 134i. 116
16002 O0TaRA, BROWNS ER
N78.791094  254.0 38 5 6 23.8 7.8 {4.5 5.2 i.i0 2.4 30. 8s. 1006. 33
16501 MOTU, HOUFOTO
N70.057358 1393.0 93.78 131.46 37 51 30 24.5 4.9 13.9 4.7 {.i3 2.z i1. 157. 1463. 306
16502 MOTU, WAITANGIRUA
N79.0329446  295.¢ 13.86¢ 22,27 38 12 20 24.9 5.6 i3.4 5.9 1.25 2.9 425 462, 1039. 96
17609 WHAREKAHIKA, HICKS BAY RD ER
N62.588692  142.0 37 34 20 28,0 6.5 5.7 4.0 1.30 2.3 5. 43. 914, 86
17602 MANGATUTU, SH3S
N62. 6664658 14.9 9.95 2.52 37 36 © 24.0 7.5 4.0 3.9 4§.03 2.1 27. 243, ?i4. 170
17603 WAITAUKAKARI, SH 35
N62. 659667 6.7 37 35 30 2B.¢ 8.% i5.8 5.9 i.i4 2.3 24, 259. 649. 72
N
® {7404 WAIMATE, SH35
N&2. 670651 3.3 37 36 20 22.O 7.5 i3.2 4.1 i.i5 4.3 30. 396. 792. 99
17606 OWEKA, SH3S
N62.562670 39.6 37 35 30 28.9 7.0 i7.4 4.5 4.32 2.3 59. 192, 869. 39
17702 NUKUTAHARUA, SH35
N62. 688661 3.7 37 36 0 22,6 V.0 i3.6 4.5 4.23 1.7 20. 305. 762. 70
17801 KARAKATUUWHERD, SH 35
N63.737623 77.2 37 37 40 27.9 8.0 94.5 5.8 .36 2.3 é 44 . ?92. 02
17802 FARINUI, FOREST RD ER
N62.683587 6.7 37 39 30 i8.3 7.0 i2.5 3.7 i.i1  {.4 1. a57. 992. 33
17803 FUKEANARU, FOREST RD ER
N&Z.667566 1.4 37 40 30 24.8 9.5 14.3 4.7 1.27 2.3 91. 457. 992. 30
17804 TAWAROA, FOREST RD FORD _
N62.637571 2.4 37 40 20 20.8 7.8 i2.3 3.6 1.i7 1.9  i9s. 457. 992. 22
17901 AWATERE, SH35
N63.748565  132.0 37 40 40 3.9 5.5 8.2 6.3 41.31 2.s 37. 172, 1414, 32



SITE
NUMEER

69

i7902

i7904

iB30&

18308

18309

ju}
ey
[

—
jau]
[
-t
[

18323

18325

18902

194662

1?7014

i@702

19708

19709

GRID
REFERENCE

KOFUAFDUNARU,
N&62. 657537

TAURAHGAKAUTUKU,
N71.651495

FOROFORO,
H72.820428

TAFUAERDA,
NT1.48935s8 i

(SR

COUNTY

RANGITUKIA

FaKIHIRDA

AREAR
KM

RR&R
{CUMEL)

ER
5205

TARG THANGA
24.9

RD EBR
86.8

RD ER
20.0

WaTAFU, ROTOKAUTUKU ER

N7Ti.5689302

MaTA, DOWETEA
NB0 . 450078

MARAEHARA, R
N72.860450

RAFARAFARIRIKI,
NT1.49535463

MANGARAUKOKDORE ,
N71.470360

HIKUWAI, WILLOW
NB9.650818

WaiMaTh,
N78.445402

WAIFAOA,
NB9.2684623

WAIFADA,
NB8.245835

WAIKOHU, HAHAKI
NBB.123668

WHAREKOFAE,
NPT.061529

ANGITUKUA RD

JO7.0

1378.0

2848.0

BR

——
! 5 o]
=V

TAFUAERDA RD
33.8

GATE

28.4

RD ER

FLAT

.85

GOODWINS RD
i98.9

KaNAakKANATA BR
1580.0

52.0%

WAIFADA STN
183.9
144.0

KILLARNEY
181.9 3.489
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(RAD)

i.24

i.id
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T ada

i.ig

i.48
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Tadd

i.38

i.33

.25

SE
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2.

]

&oa Al
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RECORDER
ELEY (M2

e

)
[us]
“

195,

219,

ig.

33.

139.

MEAN
ELEYV (M2

Sy
pralits JFEMEY

59,

343,

v

o4
o
cr
.

=y
(e

216.

HAXIMUM N
ELLEY (M)

i494. 56

1158,

549.

1754,

1754.

134

1440, 37

539, 27

500, 38

&5, 163
H10.

59

-

213,

Ln
fov]
w

1081.

10865,

P95, 139



SITE GRID AREA ~REAR QL LATITUDE THaX THMIM TEAR fi Q FE RECORDER MEAN ~HAFIﬁQH N
NUMEER REFERENCE (SE KM} (CUMEC) (CUREC? {DMS) {DEGY (DEG) (DEG> (DEG) {(RADY (DEG» ELEY (M) ELEV (M) ELEY (M)
1?2711 WAINGAROMIA, TERRACE

NB89.326744 175,00 TLAE 17.i5 38 21 50 2.8 4.3 1506 7.2 1.3%9 2.8 g893. 1863, P29, 138
19712 MANGATU, OMAFERE
NBB.192724 155.0 &.6d F.81 38 2 49 29.3 3.5 95,4 &.6  1.38 2.9 i04. 254, 1293, 2i9

12716 WAIFPADA, KANAKANAIA C/U
NB?.273614 §582.0 40 .85 &9.74 3B 28 29 33,09 4.5 i18.5 7.6 .35 2.9 34, Té. 1213, 256

19724 WAIKOHU, ND 2 BRIDGE
NB88.1665633 274.0 38 27 26 28.% 4.9 i5.4 8.1 .34 2.4 55. 158. 1965, 52

19725 WAIKOHU, NO 3 BRIDGE

N88.1756433 597.0 A8 27 En 28.0 4.% i14.% L5 1.27 2.4 53. i52. 1065. 124
i9726 WAIKDHU, ND 4 BRIDGE

NB8B. 163635 1156.0 38 2V Za 24.5 5.8 1.4 .86 1.38 .7 58. 142, ?25. 27
192728 TE ARAI, SITE 61

NP7.2123014 i49.0 39 43 49 375 a.9 i5.4 T.3 i.49 2.3 29. Te. Ti9. 85
19734 WAIKOHU, NO 1 BRIDGE

= HB88.197130 26.4 38 25 10 20.3 5.0 i1.é 4.7 .42 i.8 457. 3332, 1065, 82
=

i?749 TE ARAI, REAYS EBR

N106.21329 ?8.5 . 38 44 0 2IBLE 4.8 95T 2.0 1.40 1.9 32, 79, Ti7. 57
12765 MANGATU, WHATATUTU

N88.221 722 222.9 32 22 50 31.% T.5 O i8.7 7.7 i.33 2.7 a5, 2918. 1213. 45
21401 WAIROA, MARUMARU

Ni06.853108 iBD&6.D 32 53 59 246.9 G.0 i4.8 &.9  1.2% 2.5 i, 216, 1393, &9
21409 WAIAU, 0OTOI

NiD5.480048 5i3.09 21.84 25.04 38 57 i9  EE.0 4.7 1304 5.7 i1.37 2.2 4, i79. 13569, 919
29410 WAIHI, WAIHI ‘

N105.564135 49.7 2.29 3.53 38 52 @9 I3.4 4.0 12,9 5.3 1.4 2. i48. 453, 1181. 70
21601 TAHEKENUI, GLENSTRAE _

Nii5.66192% 20.5 9.7 3.22 37 E 49 32.5 4.5 146.3 2.9 .45 2.9 24, TO. 343, f0?
21801 HMOHAKA, RAUFUNGA

Hi15.542895 2370.9 82.41 76.52 39 4 3¢ 25.0 .4 13.8 5.7 i.i8 2.3 i5. 2348, i7i4. 83
21863 MOHAKA, GLENFALLE

Nif4.072775 9297.9 35.24 35,01 39 19 59 ZZ.Z 2.9 12.14 5.7 1.i8 2. 311. 401. 1724, 134



SITE RID AREd CRAR LD LaTITUDE  TeaxX  THIN  TRAR £ @ §E  RECORDEFK MEAN MaXTMUM N
NUMBER REFERENCE (SR KMy (CUMEC) (CUMELD) {DiZ) (DEG)Y (DEG) (DEG) (DEG) (RAD) (DEG) ELEV (M) ELEV (M) ELEY (M)

22501 UWAIKOAU, WAIKOAU RD

Ni14.288724 Ta2.5 32 92 50 24.4 S.9 0 A.5% 0 1037 2.4 Fé. P79, 393, T

G
v
[}

22502 SANDY CK, SH2 ~
Nifa.317745 19.3 0.49 H.a1 39 912 0 Z29.5% a6.3 i34 3.9 1.2 2.0 i6H3. i28. 485, 52

23001 TUTAEKURI, PUKETAFU
Ni34.29113467 773.0 16,35 29,44 3% 30D 40 25,9 .0 i8.d Z05 0 1.45 2.5 A0, i45. i724. 78

23102 NGARURORO, FERNHILL
Ni34.185275% i932.9 A% .47 A998 37 3% 20 2301 G.0 5.0 a.b 1047 2. 27, i27. i724. 184

23403 HNGARURDERD, WHANA WHARNA

Ni33.843322 i093.0 AELPE AT.iE 0 A% 33 Eo ZALE 3.8 13.Z2 5.6 1013 2.3 189, 427, i724.

—s
3
Od

23104 HNGARURORO, KURIFAFANGO
Ni23.783533 370.0 i7.i8 TVLEYORY JE ho ZELO HLF71.8 S.60 1,45 2.2 494, H55. 1724, 174

23104 TARUARAY, TAIHAFE RD
MiZ23.4679463 259,06 H.id T.ooio 39 Z4 DD ZELE 2.8 1.2 5.6 .30 2.4 532, TIY. i585. 184

1L

232941 TUKITUKI, RED ER
Ni34.33841% 2380.0 5oL o0 Y8.51 37 43 0  Z2&.9 .1 1600 a.8 .25 1.7 24, 136, §722. 134

23203 TUKITUKI, WAIFUKURAU
Mid4&.988794  TD{LD A9 05% 19 2400 .7 14.8 T.F 1.34 2.9 131, 2865, 146584, 191

2320% OTANE, GLENDONM
MNi4d. 015921 24.3 9,18 G.b1 39 830 di.i 5.0 i4.4 H.7 0 1.34 i.7 134, 8%, 399, 55

23211 UWAIFPAWA, WATFAWA
Ni4f.014843 AT73.0 25.79 A2.25 39 BV 0 24014 L R

m
(&1}

i.i4 i.8 134, 251, §722. isg

23219 WAIFAWA, FLETCHERS XING

Ni40.753990 125.0 5.565 2.9 39 49 40 29.5 4.7 i3.1 3.7 d.0d 2.3 302, 518. 1722, 45
2322% HMANGATEWAL, SH50
Mi45. 776795 44,46 i.59 2.7% 4% BY 20 Z5.0 BL0 1304 .4 1035 2.0 229 . 323, ?30. 51

23601 WAINGONGORO, WAIMARAMA RD
Ni42.384005 22.5 3% 48 10 17.8 16,0 13.8 2.1 1.10 i.3 24, 251, 477, 39

32541 MANGATERA, DANNEVIRKE

Ni45 . 56154 7Y.8 40 13 30 220 5.0 13.5 6.8 1.28 2.4 163, 229. T39. 31



SITE

NUMBER

33302

33307

33309

33392

33313

33316

33320

L

33347

33356

36001

39504

39508

39510

1043461

GRID ARE QEAR
REFERENCE (SQ@ KM) (CUMEC)
WANGANUI, TE MAIRE
NiO1. 705067 2212.0 82,814
WANGANUT, HEADWATERS
Nii2.089993 81.3 2.87

MANGANUI-0-TE-AD, ASHWORTH

Ni21.723627 332.0 i8.67
RETARUKE, KAWAUTAHI

Nifi.73594¢ 236.0 8.44
OHURA, TOKODRIMA

N101.5560977 668.0 23.57
ONGARUE, TARINGAMUTU

Ni01.731165 1075.0 34.72
WHAKAFAFA, FOOTERIDGE

Nii1§.960859 184.0 i11.76
WANGANUI, TE FORERE

N112.087744 28.2 .28
WANGANUI, FIRIAKA

Ni01.852115 834.0 27.28
FUNEHU, FIHAMA

N128.507387 29.5 .18
MANGANUI, TARIKI RD

N{09.843727 80.0 5. 49
MANGANUI, SH3

Nii19.83164% 1.3 i.47
NGATORO, SH3

N109.784778 1.6 i.24
TONGARIRO, UFFER DAM

NI12.256728 174.0 11.59

Q8D
(CUMEC)

2.84

[—

- fa
shala o

1%.14

32.94

33,13

14.54

1.06

29.68

2.00

11.08

2.93

LATITUDE  THaxX  THIN  THAR

(DMSY  (DEG) (DEG) (DEG)Y
38 54 40 2300 4.6 12,8
3y © 30 20.0 5.6 11.3
39 98 40 2.0 2.0 11.3
A9 04 20 19.0 6.7 iZ.3
38 55 50 27.0 7.0 4.5
38 51049 22,9 6.0 14,2
37 7 08 42.5 4.6 ®.3
39 2 50 3.5 [ G.é
38 54 20 24.9 .5 1402
39 29 40 24.90 .4 13,3

L
u

39

39

&

-

WANGANUI MWD DISTRICT

i3 0 9.0 5.3 12,9

50 iV.0 .00 10,5
0 30 8.7 6.0 i2.014
13 20 20.% 4.0 ¥.8

[}
(DEG)

4,8

4.8

6.7

5.8

5.4

o]
{RAD?

i)

Py

i.44

i.29

i.10

o
i.id

1.5

(P I

i.04

i.21

SE

{DEG)

RECORDER
ELEY ()

143,

134,

331,

216,

845,

ME AN

MAaXIMUM

ELEY (M) ELEV (M)

373,

247.

215,

P60 .

457.

556.

416.

?02.

19869.

27997,

884,

[n
&)
Lo

jo]
U
&
"

2751.

1969.

2519,

2518.

2518.

14606.

1695,

M

56

44

42

37

44

45

bl
a

32

a4

41

54



SITE

NUMEER

1043454

10434466

1443434

1032516

32762

32708

32726

32732

GRID
REFERENCE

AREA
(5 K

ABEAR
{CUMEC

FOUTU, FOOTEBRIDGE
Ni22.253907 145.0 7.27

WAIHOHONU, DESERT RD
Ni12.223738 8g.9 5.92

FOUTU, DAM DUTLET
Ni12.258900 46.0 3,34

OROUA, KAWA WOOL
Ni49.066488 570.0

FOHANGINA, HMAIS REACH
Nid4.2463547  471.0 22.20

MANAWATU, RUAHINE ST
Mi49.13334 3900.0

KOFUTAROA, TAVISTOCK
Ni52.84705% 29.4

KIWITEA, SFUR RD EXTEMNSION
Ni44.105558 246.0 4,57

RANGITIKEI, HANGAWEKA
Ni{39.288015 2787.4 66T LTI
RANGITIKEL, SFRINGYALE
Ni23.50744& 583.0 17.49
HAUTAFU, TAIHAFE
Ni132.2846184 303.0 5.04

MOAWHANGOD, WATIOURU
Ni22.23648% 285.0 g.72

MODAWHANGO, MOAWHANGO
Ni32.339278  H02.0 13.87
MANGATID, WAIDURU

Mi22.219504 i4.8 0.45

QED
(CUMEC)

2,12

i4.33

ey gy
32.82

i48.78

7 R
N oaald

ERr BT~
Dana 70

2y.87

[ O
A

i
A ala

i1.84
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4

-
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&

e

0

-
Fav

THAX
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4.5

-
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ey
FEL N

24.
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e
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o

oy o
oAV
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Sal e

N0

THIN
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-
Sk

4.0

i.0

-
Dl

ThaE

(DEG?

= B
a0

5

&
[}

{DEGY

)

(RAD)

-

- -
PG

.....

kY
{DEG)

i.h

F I
o

2.4

RECORDER
ELEY (M)

)

4

K

&,

01.

g80.

MEAN

402,

1219,

&2,

288.

-
229,

753.

7i0.

?50.

MAXTMUM
ELEY (M) ELEVY (M)

18564.

2682,

1854.

N

i5468.

15468.

3946,

L N

—
-4
rJ
-
*

-
-
P
-

1148.

M



L

SITE GRID AREA HRAR Gsh LATITUDE THaX THMIN TRAR A ] SE RECORDER HEAN MAXIMUM N

NUMEER REFERENCE (¥Q KM) (CUMEC) (CUMEC) (DMS) (DEG) (DEG) (DEG) (DEG) (RAD) (DEGY ELEV (M) ELEV (M) ELEV (M)
33107 WHANGAEHU, KARIOI

Ni13{.26338% 492.0 16.87 d.94 39 30 10 18.9 5.0 10.5 4.4 1.23 1.9 568, - 7220 2797. 42
33114 MANGAWHERD, ORE ORE

Ni31.778308 504.0 13.54 i7.30 39 34 10 2.4 5.8 3.4 S.4  4.27 1.8 239. 535, 2699. 32
33114 WAITANGI, TANGIWAI

N122.071417 63.5 1.06 0.34 39 I8 40 5.4 4.4 0.2 3.5 1.2 i.7 790, 725, P60, 34
33115 MANGAETORDA, SCHOOL . )

Ni121.743455 35.2 0.86 .27 39 26 46 18.0 3.6 10.5 4.2 1.26 1.8 4460. 466. 730. 61
33116 WAHIANOA,KARIOI

NI22.135523 20.9 .64 O.77 39 23 30 7.5 2.0 9.5 4.1 .45 2.3 899. 1189. 2797. &4
33117 MAKOTUKU, SH49A
: Ni21.834547 20.8 0.87 1.52 39 22 20 20.0 4.9 10.7 3.2 1.36 2.3 610. ?14. 1829, 54
33301 WANGANUI, FAETAWA

CNi38.667055 6643.0 B817.47 253.98 3% 46 40 25.0 6.0 14.3 5.2 1.25 2.6 i8. f02. 2997, 78



SL

SITE
NUMEER

29818

305164

Ced
Q
(o]

J

[
&
Ia
a g

L
[ ou]
1 1
rJ
G

56901

37008

57009

57014

S7T101

GRID ARE A
REFERENCE (S0 KM

RUAMAHANGA, UﬁIHENFﬁ
Ni161.944332 2340,

HUTT, KAITOKE
Niésdi L 714507 23

At

[ae}
24
>
(8]
o

HUTT, BIRCHVILLE
Ni&i.o624448 427.0

MILL CK, FAFANUI
Ni&0. 334358 7.4

DTAKT, TUAFAKA
HiST.TI979%  309.0

MAaNGAHAD, BALLARNCE
Ni49 . 270254 2866.0

TIRAUMEA, NGATURY
Ni4P.392245  734.0

CEekR
{CUNMED)

80.39

.....

MANGATATNOKA, SUSF. ER.

Ni49 . 327264 52,00

RIWAKA § BR, MOSE

MOTUEKA, GORGE
§26.2888483 F83.0

MOTUEKA, WOODSTOCK
F13.212320 1750.0

STANLEY BROOK, BARKERS

519.208248 8i.6

MOUTERE, 0OLD HOUSE RD
514,.377347 454 .0

WAIRDA, GORGE
F20.493149 17..8

,.EU 5 H

17,18

2.45

R
&L 82

...7_/‘a_?’

.58

16,097

COLLINS, DROF STRUCTURE

$i15.866428 58.7

LED
{OUMECS

0. 4d

29.44

4.58

12,43

WELLINGTON MWD DISTRICT

LATITUDE TMax TrlIM  TEAE
(DMEy  (DEG) (DEGY (DEG)

41 12 9 Z4.4 .6 14,00

[ ]

49 F 29 8.2 i0.5

) - —
41 & 19 2207 G 12.5%
49 99 5o I5.é BT 4.5

49 246 19 Z4.8 T 4.9
49 28 90 .o 2.8 3.0

':i‘_}

A
-
=2
1
)
-
-
ot
P
[
-
»
e,

41 Z4 0 2.4 5.9 13.8
4% 9 40 4.5 J.2 i2.8
41 3% 50 20.0 4.2 12.3

fi

(DEG)

5.4

4.5

4.5

;-
Gl

- =
Vadd

a.4

4

fr.

W
=

(‘-j

(RADD

.28
i.33

.12

i.ié

i.i4

1,18

i.18

.28

T.17

.33

SE
(DEG?

1.7
i =
T a o
b [
S ad
dad

o
[P =)

PO ]

2.3

2.6

RECORDER
ELEY (M)

184.

2
»

iia.

vO.

ig7.

MEAM
ELEY (™2

204,

137.

i94.

244,

510.

207.

2035,

MAXIMUM
ELEY (M)

1571,

1362,

1369.

458.

1799,

350.

9463.

i



SITE
NUMEBER

52003

60104

60108

60112

40114

50116

93202

9L

?3212

23213

GRID ARE#A
REFERENCE

KAITUNA, OKARAMIO
F21.077i24 16.1

TAYLOR, WEIR
$28.220888 3430.0

WAIRAU, TUAMARINA
S22.253077 550.0

BRANCH, RECORDER
S27.532773 50.7

WAIRAU, DIF FLAT
S33.290547 3430.0

WAIRAU, HELLS GATE
§40.265357 192.0

BULLER, LONGFORD
§525.806711 1410.0

- HARUIA, FALLS

532.682594 780.0

MATAKITAKI, MUD LK
S32.74164 1 857.0

MANGLES, GORGE
$32.842647 284.0

GOWAN, L ROTOROA
$33.995673 368.9

EBULLER, L ROTOITI
533.201659 195.0

GLENROY, ELICKS
$39.753354 198.0

(SQ KM

QEAR
(CUNEC)

0.66

124,00

25.49

8.27

73.32

61.39

50.35

8.34

12.63

10.73

GSD
(CUMEC)

3.09

§71.80

32,141

2.353

22.28

7.4t

64.86

61.45

19.83

10.01

10.20

LATITUDE

45

49

41

42

A4

41

41

41

41

41

25

42

53

[

51

50

49

(DMS)

iQ

30

THMAX
{DEG)

i4.8

26.8

16.5

i6.7

ig.?

20.0

20.0

19.4

THIN
{DEG)

N
@

2.9

1.7

TEAR
(DEG)

12.4

4.9

12.4

10.0

&
(DEG)

5.0

P
SRR

o
(RAD)

SE
(DEG)

2.4

RECORDER
ELEV (M)

&1,

381.

41 .

431 .

610.

366.

MEAN

MAXIMUM

ELEV (M) ELEV (M)

&610.

?1.

815.

430.

335.

3466.

488.

564.

549.

1311.

2298.

2140,

367.

2301.

1401.

2339.

2339.

N

52

T2

£
3

41

54

49

78

85

g8

76

64

59



LL

CHRISTCHURCH MWD DISTRICT

SITE GRID AREA GRAR LED LATITUDE  THAX  THIN  TRAR A o SE RECORDER ME A MAX TMUM i
NUMRER REFERENCE (SQ Kifr (CUMEC) {CUMEG? CDMS)  (DEG) (DEG)Y (DEGY (DEG) (RAD) (DEG) ELEY (M)  ELEV (M) ELEV (M)

62103 ACHERON, ClL.ARENCE
S47.3199464 297.0 25,480 44.%8 42 Z2 30 22,0 Q.0 0.9 PN A BRCA | 2.3 &78. 8939. 2201 . i13

62194 RIBRLE, AIRSTRIF

S47.347930 20.0 .76 1.00 42 Z4 0 22,0 0.3 9.3 &.3  1.27 2.5 Ti3. 79T, 1699. 106
62105 CLARENCE, JOLLIES

547.265862 440.0 13.83 14.55 42 27 30 Z0.é 0.0 9.5 6.3 i.30 2.4 T390, 7i4. 2103. 139
64602 WAIAU, MARBLE FT

S54.142642 {7980.0 P6.65 ?5.584 42 38 40 9.7 3.0 10.4 4.7 i.24 i.d 251, 541, 2304 . 83
544606 WAIAU, MALINGS PASE

F40.038154 T4.56 5.3% D.7F 42 13 Fo 3.9 3.9 8.2 3.3 1.03 i.d 803. a7a. 2301. &4
64610 STANTON, CHEDDAR VALLEY

E55.472547 49 .4 0,463 Q.29 42 38 0 24.8 0.3 i2.9 T.¥ i3 2.5 ifi. 168. 354, 132
65104 HURUNUI, MANDAMUS

S61.932462 1070.9 S50.35 44,79 42 47 30 19.4 I.5 10.4 5.2 .43 i.? 2596 . 3464, 1987. 141
6800% SELWYN, WHITECLIFFS

S74.349549 164.9 .45 5.83 43 28 0O 23.3 3.3 i1.8 5.4 f.i4 2.4 274, 390. 1494. i54
48503 HARFER, COLERIDGE

£65.762948 329.0 11.05 T.18 43 13 40 19,09 3.5 10.% 5.7 1.32 i.9 527. 658. 2097. 5
68509 LAKE STN, ROUSES

ST3.722674 t114.0 2.74 i.94 43 25 30 22,0 1.7 19,9 6.6 1.2% i.9 &90. TVT. 2720, 104
68511 WILBERFORCE, WOOLSHED HILL

$73.913840 457.0 §47.92 87.41 43 97 3D 6.9 7.0 if.4 3.8 {.28 i.d 434 . 587. 2400. 43
68513 WILBERFORCE, OAKDEWN

S73.937843 465.0 77.94 $0.89 43 98 29 i%.0 4.1 0.9 4.0 1.30 i 448, 573, 2400. 54
695046 ORARI, SILVERTON

591.7300890 520.0 i1.85 i8.75 43 56 © 20.5 0.0 19.2 o1 1.20 2.0 261, 5i8. 2003. 72
71102 OTEKAIEKE, STOCKERIDGE

Fi27.153912 78.7 .10 1.8 44 53 30 24.3 0.0 10.5 7.3 1,32 2.5 297. 506. 19220, i18

71103 HAKATARAMEA, ABOVE MHE

$118.125112 899.0 6.06  10.40 45 43 3D 21.5 4.1 2.6 6.4 .29 2.4 204. 591. 1864. 233



SITE GRID AREA QRAR Q5D LATITUDE  THax THIN TRAR 2] 0 SE RECORDER MEAN MAaXIMUM N

8L

NUMEER REFERENCE (FQ KMy (CUMEC) <(CUMES) (oMs)  (DEG) (DEGY (DEG) (DEGY (RAD) (DEG) ELEV (M) ELEY (M) ELEY (M)

7110646 MAEREWHENUA, KELLYS GULLY

S127.214845 137.0 2.98 V.36 44 54 40 22,9 9.9 9.0 7.0 .35 2.2 229, 488. 1478, i?o0
71116 AHURIRI, § DIADEM

S108.458404& 554.0 22.27 19.32 44 28 10 7.0 0.6 9.1 4.9 1.6 .7 610, 738. 2499, 43
71119 O0OHAYU, SHE

S109.768B63% 1250.0 82.13 39.901 44 47 19 i8.9 3.6 1.2 4.2 0.94 .7 428. 530. 2482, 50
71122 MARYBURN, MT MCDONALD

3100.93989% 52.2 0.52 0.32 44 4 49 22,4 0.0 Y.6 5.8 1.31 2.4 622, TE2. 1158, 119
71125 HOOKER, BALL HUT RD

§?9.787304 103.0 16.59 25.44 43 44 20 5.3 0.0 2.7 2.4 1.97 2.0 677, P75, 3744, 657
71129 FORKS, BALMORAL

£87.034921 98.0 3.08° 2.33 43 58 49 8.7 0.4 7.3 4.5 §.24 2.3 7. 1021. 2408, i70
71135 JOLLIE, MT COOK STWN

589.841164 139.0 14,39 35.74 43 51 20 8.3 0.1 8.7 3.2 1,41 1.7 579. 808. 2621. 1914
71167 OTEKAIEKE, GORGE

S127.154912 8.7 1.48 3.10 44 53 30 26.%¢ 2.0 10.5 6.8 .28 3.3 297. 506. 1920, 83
846802 HAAST, ROARING BILLY

S87.066042 {020.0 192,45 269.80 43 54 50 14.0 5.0 P01 3.0 1.09 1.5 53. 166. 2644, o1
90604 HOKITIKA, COLLIERS CK

§57.549228 352.0 119.80 171.43 42 59 20 4.9 5.0 9.1 2.0 {.07 i.é g8. . 335, 2492, 80
20605 RUTCHERS CK, L KANIERE KD

$358.630487 4.0 9.35 1.95 42 346 40 Z0.5 2.5 1.1 4.7 4.18 2.1 98. i22. 410, 110
91101 TARAMAKAU, GORGE )

S51.763629 859.0 112.73 110.89 42 39 30 6.6 3.5 1.9 3.6 1.28 i.3 27. iv2. 2279, 47
21102 TARAMAKAY, JACKSONS .

$51.999525 474.0 42 44 40 3.6 6.0 10.3 2.2 1.44 1.0 162. 287. 2271. 36

21103 TAIFD, SHE

§594.914509 181.6 33.98 34.10 42 45 30 14,0 4.5 9.5 2.5 .29 1.5 149. 358. 2995, 69
91404 GREY, WAIFUNA
545.258997 642.0 49.18 62.94% 42 241 20 20.90 4.5 10.4 4.4 .09 2.0

171, 302. 1806. ?3



SITE

NUMEER

6L

?1405

25407

P3207

23208

23601

23602

?4302

25101

GRID AREA QEAR
REFERENCE fa Kriy (CUMEC?

ARNOLD, L BRUNNER
554 .973727 440.9 56,42

AHAURA, GORGE
S4%.207704 770.0 87.82

BULLER, TE KUHA
$34.181629 6350.0 416.42
INANGAHUA, LANDING
§34.357535  1000.0 72.98

INANGAHUA, BLACKS FT
538.342278 234.0 15.24

BULLER, WOOLFS
§31.445427 4569.0 2446.51

WAIMANGAROA, CONNS FLATY
524,250748 45.8 6.87¢

WAIMANGARDA, SMOKESTACK
524,305733 i9.6 3,67

MOKIHINUI, BURKES CK
$25.465962 685.0 80.78

KARAMEA, ARAFITO
542.694348 1200.9 i9

G
{CUMED)

1,43
94,462
466,75
§29.44
27.27
243,06
§3.44
12.42
§07.43

148.42

LaTITUDE

42

42

419

44

{DMS )
34 49
26 9
59 10
54 40

7 29

59 10
f6 19
45 0
33 49
i6 19

TMax

(DEG?

20,0

i7.5

gaL.a
R

219

&l

i6.8

18.5%

574

ae AL a

THIN
(DEG)Y

)

-
i
>

4.7

4.0

4.5

5.3

LR

%}

£y

TRAR
{(DEG)

i8.4

Q.7

i1.7

i9.9

i1.0

LDEG?

9]
{RAD)

.17

i.18

i.21

29

a o al.

1.34

.20

i

SE

RECORDER

(DEGY ELEVY (M)

i.4

1.4

i

84.

1.

ME AN

MAX TMUM

ELEV (M) ELEY (M)

120,

201 .

201.

1958.

1745,

1570.

2339.

11048,

§105.

1547,

1826.

N

49

41

80

iov

128

78

&7



DUNEDIN MWD DISTRICT

SITE GRID ARE# HBAR HID LATITUDE  THaX  THIN  TRaR A o FE  RECORDEFR MEA#M A IrMUM i
NUMBER REFERENCE (SR Ky (CUMECY (CUMEC) (DMZ)  (DEG) (DEG) (DEG) (DEG) (RAD) (DEG) ELEY (M) ELEY (M) ELEY (M)
71702 KAKANUI, CLIFTON FALLS
F1356.353748 223,90 .81 2.84 45§ 40 2.7 0.4 9.7 7.3 i.33 2.4 PO, 223, 1443, i35

72004 WAIARAKARUA, D/S CONFLUENCE

51446.430464 155.0 4,15 i6.43 44 46 30 20.0 1.5 i3 a.7  1.27 2.0 R 2309, 2537. e
74311 TAIERI, TIROITI

S145.944453 2488.0 i5.04 i7.54 4% 15 49 25.5 i.5 0.5 8.0 i.38 2.4 338, 543, 1637, 103
74313 TAIERI, WAIFIATA

S133.843534 1845.0 190.63 i1.5%6 4% 91 49 4.4 .3 {8.5 4.3 1.35 2.4 349, 594. 1554, 78
74314 TAIERI, PAT-FAERAU

S145.675374 738.90 8.24 .34 4% 19 446 24,0 0.0 7.5 .5 1.32 2.4 393. T2, 1449, 218
74315 TAIERI, MCATAMNEYS

) Si45.679277 686.0 8.2¢ i5.7Y 43 24 39 i9.% 0.8 g.% .8 .19 2.6 S46. 578. 1372, 34

74337 KYEBURN, MHE

§135.935593 374.0 3.04 602 4% 4 56 25,0 0.5 19.3 6.9 1.22 2.7 384. 492, 1637. 220

00
© 1974345 STYX CK, FAERAU

3145.668258 39.3 : 43 2% Z9  i8.3 0.0 7.9 6.2 {1.32 2.1 579. P91, i381. 157
743445 LOGANEBURN, PAERAU

S144,624217 150.6 i.44 2.6 45 7 20 21,6 9.9 g4 6.9 .32 2. 578. 823. i314. 214
74351 DEEF STH, TOTARA ROCK .

F153.63295% 195.0 2.65 4.1 45 49 30 ig.©m 2.5 TLF 6.9 .23 2.8 436, 792, 1158. 44
74352 DEEF STM, KOCKLANDE

S1534.671952 190.6 4,02 .63 45 490 30 22.0 0.0 g.4& T.4  9.47 3.9 337. 223, 1458, &8
75207 CLUTHA, EBALCLUTHA

S17?.52226320306.0 540.01 267.13 46 i4 40 7.4 5.3 ii.é 4.5 1.%3 1.2 ?. 133, 2819. 43
75213 CLUTHA, CLYDE

F133.130517,12018.0 484.33 188.98 45 12 10 i4.7 a.3  qi.Z2 3.8 9.87 i.09 i37. 267. 2819. ?7
75294 CLUTHA, LOWERURN -

S133.035744 4214.0 284.58 1ii1.30 45 6 50 9.0 .0 9209 4.0 ©.85 i.d 174, 279. 2691. 82

753219 LINDIS, LINDIS FK
S125.27308% 542.0 5.57 12.97 44 44 2o i%.4 .7 5.7 5.2 1.233 2.0 370. 518. 18%0. 65



18

SITE GRID AREA REAR asD LATITUDE THAX THIN TRAR A o SE  RECORDER ME AN MAXIMUM N

NUMEER REFERENCE (SQ KM) (CUMEC) (CUMED) (DFS) (DEG) (DEG) (DEG) (DEG) (RAD> (DEG) ELEV (M) ELEY (M) ELEV (M)
1075229 FOMAHAKA, HUKARERE
$161.984845 361.0 4% 4% 10 2.9 9.0 9.1 6.9 1.23 3.3 244, 504, 506. 714

75232 FOMAHAKA, BURKES FORD

F179.224472 1924.0 26,45 41.18 44 3 40 19.4 i.d 7.5 5.9 4.22 2.5 52. 295, 14463, 123
75251 MANUHERIKIA, D/8 FORKS

SI25.649206% 174.0 .45 2,90 44 4% 40 FEUE F.%  10.5 &.0  1.04 2.2 TOi. ?i4. 2134. 37
5253 MANUHERIKIA, OFHIR

S134.35782% 2034.0 i%.45 16.87 45 & 40 d2.& i.1 i0.4 I B 2.5 288, 446 . 2134, i25
75255 DOVEDALE CK, WILLOWS

S5134.479527 39.0 0.14 H.42 4% i12 10 24,0 2.6 104 T.VO4.39 Bk 2 457, Te2. 1003. 30
75257 DUNSTAN CK, GORGE

S125.5039927 157.0 2.71 2.34 44 438 50 18.5 i.7 g.4 5.3 i.i8 R 625, 751. 2134, 47
7?5259 FRASER, OLD MAN RA

£143.03148%  4122.0 4,92 34.52 4% 43 40 20,9 0.8 ] 5.8 .10 2.4 541. i189. 1707. 195
752464 NEVIE, CLEGROY

§133.84753%  451.0 - 45 19 49 2.4 9.0 7.8 g.0 {.18 3.3 ab4. i158. 2225, 43
TS265 NEVIS, WENTWORTH STH

F133.8728671 4689.0 15,72 §9.27 4% 3 50 i7.E 0.0 g.1 .1 1.8 2.4 267, 555, 2225, 38
75273 ARROW, TORINS TRACK

S123.705817 199.0 3.54 3 i.04 2042, 39
75275 FSHOTOVER, 16 MILE

Fi114.535143 {112.0 1.5 2518. 39
752746 SHOTOVER, ROWENS PK

F132.589786 1088.0 346,863 .14 2518. 103
75287 HAWEA, CAMFHILL ER

F115.04548% 1428.0 TV.35 .89 25i8. 45
77504 MATAURA, GORE HWY ER

S170.843413 3465.0 ?5.67 .38 2035, 75
77505 MATAURA, FARAWA

5i51.421058 766.0 33 i.13 2035, T4
77523 WAIKAKA, WILLOWEANK ER

$170.9215494 288.0 2.55 i.33 1036. 43



SITE GRID AREA QRAR GIED LATITUDE  TraxX THIN TRAR A 0] SE RECORDER MEAN MAXTIMUM N

[£:]

NUMRER - REFERENCE (S0 KMy (CUMEDG)Y (CUMEC) CDME)  {DEG) (DEG)Y (DEGY (DEG) (RAD) (DEGY ELEV (M) ELEV (M) ELEV (M)

77525 WAIMEA, MANDEVILLE BR

S1469.7135%544  471.0 .26 G.0% 4% 59 30 2F.3 .30 Q203 o4 1,044 2.8 102, i30. 668, 37
77326 WYNDHAM STM, GLENHAM BR .

S178.768103  370.9 g.469 1377 46 i o0 2.5 4.5 1.5 .3 1,30 2.2 26, S - YN 718. 51
78503 WAIHOFAI, KENNINGTON

S177.43104% 52,0 1.94 3.48 46 23 19 20.9 3.9 1.3 5.2 .33 2.3 4. 40. ?1. 163
78304 WAIHOFAIL, ABOVE SCOUR

S177.441043 i57.0 2.02 3.05 46 Z3 {0 25.8 3.0 ii.8 5.5 1.39 2.2 1%, 43. ?1. 67
784602 ORETI, MCKELLARS FLAT

S1491.178322 i38.0 3.82 F.9% 45 Za 0 i4.4 4.6 8.9 2.8 i.i3 i.8 394, 6619 . 2035, 35
78625 OTAFIRI, MCERIDES ER

§169.42254&  §108.0 2.356 .30 445 9 0 2006 2.9 9.8 5.4 .24 1.5 14%. 250, 733, 29
78803 MIDDLE CK, OTAHUTI

S176.1922488 27.4 0.38 0.33 44 92 10 2E.6 .8 1.3 4.9 .39 2.4 43. 58. ?1. 123
178910 HAMILTONEURN, MATUKU ER

§159.4184847 188.0 3.77 8.34 45 43 40 29.0 0.7 ii.Z2 6.7 1.37 2.3 277 352, 1494, 66

i 79701 WAIAU, TUATAFERE

S167.776332 8i34.0 : 44 8 O 20.9 4.5 ii.8 4.8 .10 1.8 i4. 183. 2292, 104
79703 WAIAU, L MANAFOURI

S149.677042 4483.0 366,33 163.34 45 34 40 6.5 6.5 1.3 3.3 0.90 i.0 179, 293, 2292, 42
79704 WAIAU, L TE ANAU

S149.763193 3i24.0 239.94 141.34 45 25 40 {8.0 8.3 12.1 3.9 0.74 i.3 213. 2413, 2292, 62
79730 WAIAU, MONOWATI

F5158.69876% 660.0 494.00 186.246 45 47 0 9.5 .50 9203 4.4 .07 P4 134, 293, 2292, 36

79734 WAIAU, EXCELSIOR CK

$149.748%94% 5798.0 59.32 126.13 45 37 50 18.0 4.0 fi.4 3.6 0.99 1.8 i58. 213, 2292, 31
79737 MARAROA, AT CLIFFS
S149.759968 12i9.0 33.96 39.78 45 34 40 22,6 4.5 10.5 4.9 .29 1.9 183. 440, 2097. 118

84701 CLEDDAU, MILFORD .
$113.90810i&5 155.0 31.02 71.30 44 41 30 5.0 3.5 F.i 2.4 1.23 1.5 P 230. 2537. 114



APPENDIX 3: Tabulation of Catchment Parameters

AUCKLAND MWD DISTRICT

SITE

NUMBEE R

1316

1909

3503

3506

2819

45019

7811

43840

45702

46618

4664

A7E2T

43015

RECORDER
HT (M)

26.

46.

158.

*rJ
E-Y

i5.

i87.

49 .

MEAN MAXIMUM

HT (M)  HT (M)

43.

464,

152,

610,

54647,

378.

312,

?3.

267,

386.

HAMILTON MWD DISTRICT

9228

13901

14601

14603

144604

144606

14607

14610

14614

14624

14425

14627

14628

61,

i5.

274.

300.

303.

303.

299.

152,

b1,

457.

442,

335.

394.

952.

184.

817.

591,

546,

686.

759.

757.

817.

759.

744,

518.

559.

QEBAR
(CUMEC)

4.28

.03

§.78

0.49

0.44

©.0

0.0

10.23

§.34

1.75

0.25

38.54

1.92

4,346

6.76

QSD
(CUMEC)

12.18

2.08

?.52

i.081

1.65

5.68

83

SITE
NUMBER

1014641

1014644

15302

153414

153350

15408

i5410

is442

15432

15511

15514

15534

15536

40703

43472

10434260

1043434

1143444

RECORDER MEAN MAXTMUM
HT (M)

HT (M)

283.

149.

349.

HT (M)

450.

305.

47.

346.

300.

396.

390.

NAPIER MWD DISTRICT

159014

16002

16501

16502

17601

17602

17603

17604

&7.

30.

24,

30.

319.

88.

157.

462.

43.

213.

259.

396,

648.

757.

1119,

1144,

§341.

1393.

177.

1300.

410.

?78.

884.

713.

2797.

§349 .

1006.

1463,

1039.

?i4.

914.

640.

792,

GERAR
(CUMEC

1.82

0.37

33.53

T.42

0.17

22.28

14.97

72.468

57.44

i9.70

56.58

0.06

0.0

0.62

4.18

4.97

0.42

§37.40

11.18

0.0

23.78

13.80

0.0

0.93

0.0

)

@SD
(CUMEC)

1.45

6.43

31. 61
24,70
27.72

78.58

i31.46



SITE RECORDER MEAN MAXIMUM

NUMHER

174606

17702

178014

17802

§7804

17604

{7901

17902

17904

18306

18308

18309

iB3t0

312

18323

168325

189062

19602

197014

19702

19708

19709

19711

9712

19716

19724

19725

19726

19728

HT (M)

59.

20.

b1 .

?1.

198.

37.

117,

§i57.

3g.

139.

67.

90.

88.

104.

34.

55.

HT (M)

f02.

305.

6%,

457.

437.

343.

131.

386.

408.

3466,

47.

76,

76,

158.

HT (M)

849.

762,

?92.

992,

992,

992,

1414.

1414.

1158.

640.

1754.

1440,

500.

1473,

1065.

995,

§213.

1065.

1065.

QBEAR
(CUMEC)

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8.853

40.85

0.0

0.0

0.0

QSD
(CUMEC)

0.0

69.74
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SITE RECORDER MEAN MAXIMUM
NUMEER HT (M)

19734

1974%

19765

21401

21409

21410

21601

218014

21803

23103

23104

23106

457.

32.

853.

i5.

94.

168.

3.

6.

i68.

30.

26
- N

131.

134.

136.

HT (M)

532,

79.

246,

174,

453.

4019.

§74.

i98.

{45.

197.

635,

779,

136,

HT (M) (CUMEC)

1065.

9.

1243,

1393.

1369.

i189.

343.

1714,

1724.

393,

485.

930.

477.

WANGANUI MWD DISTRICT

32541

325463

32576

32580

32590

163.

&2,

137.

50.

739.

&1,

§368.

1568.

396,

QEAR

0.71

B2.41

35.24

0.40

16.35

36.96

17.48

6.18

50.60

0.9
1.2
22.20

107.514

0.0

QSD
(CUMEC)

0.0

76.52

36.01

69.10

37.43

0.0

14.33

32.82

146.968

0.0



SITE RECORDER MEAN MAXIMUM QHAR Q8D SITE RECORDER MEAN MAXIMUM QRAR QSD

NUMEER  HT (M) HT (M) HT (M) (CUMEC) (CUMEC) NUMBER HT (M) HT (M) HT (M) (CUMEC) . (CUMEC)
1032546 116. 312, 674, 4,57 7.2% 1043466 ?i4. 1219, 2682, 5.92 2.40
32702 250. 539. 1727, 667.71% 62.78 1443434 549, 602. 1856. 3.31 4,54
32708 561. 753. §727. 19.49 29.87
WELLINGTON MWD DISTRICT
32726 401. 7i0. 1148, 5.04 5.23
29202 17. a&%. §574. 80.39 1046.39
32732 780. 2460. 1559, 8.72 8.22
29808 186. 305, 1362. 7.814 12,35
32733 454, 782. 1559. i3.87 i{.84
29818 70. i83. 1361, 22.02 36.12
32734 1070. 1143. 1460. 0.45 0.50
305146 116. 137. 468. 0.17 0.42
33107  S68.  722. 2797. 16.87  6.14 - 59 142, 1530, 27.43  &5.42
33111 239. 535. 2699. 13.56 17.36 33504 90 204 1515 0.0 0.0
33114 700. 725, ?60. 1.06 0.54 32529 101 139 780 0.0 0.0
SESSpl ARl Qe0. g OLREE E 32534 99. 194, 1279, 17.18  29.44
33146 899. 1189. 2797. 0.64 0.77 56901 50. 244, 1330. 2.45 4.58
33117 610. ?14. 1829. 0.87 1.52 57008 376. 610, 1791. 6.82 12.18
333014 i8. 102. 2797. B817.47 253.98 57009 70. 203, 1{875. 55.29 79.78
33302 131. 355. 2751. B2.81 78.33 57014 107. 207, 582. i1.58 9.79
33307 718. 7462, 1969. 2.87 2.84
571014 41, 203. i791. 16.07 35.46
33309 300. 373. 2797. 18.07 22.37
57502 30. 183. 860. 0.57 1.69
33312 §63. 247. B884. B.446 15.16
. 58301 82. 335. 963. 0.0 0.0
33313 134. 151, 400. 23.57 32.94
59003 &1, 81. 1314. 0.66 3.09
33316 180. 215, 1650. 34.72 33.43 .
60104 2. 305, 2298. 124,00 171.60
33320 663, 960, 2751. 11.76 16.51
60108 381. 610, 2140, 20.47 32,11
33347 664, ?i4. 1969. 1.28 1.06
60112 41 . ?1. 367. ©.58 2.35
33356 203. 552. 2751. 27.28 29.68
60114 663. 815, 5114, 25.69 22.28
346001 20. 315. 2519. i.18 2.00
460116 8414, 1055, 2202. 8.27 7.41
39504 215. 457. 2518. 6.49 11.08
93202 183, 430, 2339, 73.32 64.86
39508 331. 556. 2510. 1.47 2.93 i
23209 152, 335. 2042, é&1.39 61,45
39510 216. 416, 1606. 1.24 3.17
P3211 1689. 376 . 2301, 50.35 53.28
1043441  B44.  902. 1695. 11.59  {3.10 93212 239.  366. {404 A ifees
10434464 550. 602.  1856. 7.27 2.4z 93213 434, 488. 2339, 0.0 0.0
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$ITE RECORDER
M)

NUMEBER

?3216

932147

CHRISTCHURCH MWD DISTRICT

462103

62104

462105

64602

64606

44610

65104

468001

68503

68509

68511

48513

69506

744902

71903

71106

Tiii6

7ii19

71425

71129

71135

71167

aa802

0604

?O&L05

HT

610,

366,

498.

713.

750.

261.

803.

111,

690.

4314 .

418.

677,

797,

579.

88.

98.

MEAN

HT ()

b664.

549,

838.

797.

?i4.

541.

876.

168.

366,

390

638.

7.

587.

573.

518.

506.

591.

488.

738.

530.

1021,

808.

506.

164.

335.

122,

HT

MaxX1rMUM
(M)

2339,

2926,

1699.

2103.

23014.

2301.

354.

1987.

1494,

2097.

2400.

2400.

2003.

i864.

1478.

249%.

2482,

1158,

3764.

24068.

2644,

2492,

610,

B

(CUREC)

i2.63

10.73

25.80
0.76
13.83
96.65
&6.35
0.63
50.35
3.46
11.05
2.74
117.92
79.94
11.85
1.10

6.06

3.06
14,31
i.48
192,145
119.80

0.35

Q8D
{CUMEC)

44.98
1.00
14.55

93.66

60.89

i8.75

10.40
7.36

19.32

50.01

[
.

v
(8]

25,64

ty
:

€]
ol

35.74

3.10

24649.80

i71.43

1.05

SITE RECORDER MEAN MAXIMUM
NUMBER HT (M)

71104

21102

71103

21404

21405

21407

93203

93206

93207

93208

?3601

?3602

24302

95101

DUNEDIN MWD DISTRICT

71702

72004

74344

74313

74314

74315

74337

1074345

74346

74354

74352

75207

75243

75214
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174,

?0.

349,

323.

384.

571,

578.

436

387.

139.

174.

HT (M)

244.

314,

235,

396.

594.

792.

578.

823.

792,

HT (M) (CUMEC)

22714,

oy

1806.
t958.
1745.
2337.
1590.
1520.
2339.
1106.

1105.

§547.

18326,

1449,
1372.
1637.
1381.
§349.
1158.
1958.
2819.
2819.

2691,

QEBAR

112.75

33.98

49.18

56.42

87.82

416,12

72.98

3.67

B80.78

1607.38

i5.04

10.63

§.24

8.29

3.04

540.01

484.33

QSD
(CUMEC)

110.82

31.43

94.62

' 466.75

12§.44

27.27

243,06

13.46

12.42

1907.13

148.12

12.84

16.43

17.56

11.56

2.66

4,119

.63

¥}

267.13

i88.18

111.30



SITE

NUMRER

75219

1075229

75232

15254

75253

75255

75257

75259

73264

75265

75273

73273

75276

7287

77504

77505

RECORDER MEAN MAXIMUM
HT (M) HT (M)

370.

625.

561.

654.

267.

384.

549.

335.

311,

0.

264.

518.

506.

215.

914.

440,

Fo.

751.

1489,

i158.

655,

661 .

249.

480.

354,

HT (M)

1890.

506.

14463,

2134.

2934.

1003.

2134.

1707.

2548.

2518.

2035.

2035.

RRAR
(CUMEL)

6.57

0.0

26.45

3.45

15.46

37.46

66,08

QSD
(CUMEC)

41.18

34.52

19.27

3.54

36.63

77.36

75.67
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SITE RECORDER MEAN MAXIMUH
NUMBER HT (M)

77523

77325

77526

78503

78504

78602

78625

78803

78910

79704

79703

79704

79730

79734

79937

B4701

?1.

fe2.

594.

149.

43,

277.

134.

158.

183.

HT (M)

§74.

130.

62.

40.

43.

661,

HT (M)

1036.

668.

718.

91.

?1.

2035.

2097.

2537.

QEAR

(CUMEC)

3.42

3.26

8.49

1.96

©.38

3.77

0.0

366.33

239.94

494.00

33.96

31.02

QSD
(CUMEC)

?.55

163.36
141.34
1B6.26
126.13

39.78

71.50
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. Coastal hazard mapping as a planning technique for Waiapu County, East Coast, North Island,
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WATER AND SOIL TECHNICAL PUBLICATIONS

Liquid and waterborne wastes research in New Zealand ($1.00) Sally Davis* ...
Sampling of surface waters ($1.00). M. Kingsford, J. S. Nielsen, A. D. Pritchard, C.D.
Stevenson ...
Water quality research in New Zealand 1976 ($1.00). Sally Davis .
Shotover River catchment. Report on sediment sources survey and feasibility of control, 1975 (out
of stock
Late Ql)latemary sedimentary proceses at Ohiwa Harbour, eastern Bay of Plenty with special
reference to property loss on Ohiwa ($1.00). J. G. Gibb ...
Recorded channel changes of the Upper Waipawa River, Ruahine Range, New Zealand. P. J.
Grant (out of stock) ... ..

. Effects of domestic wastewate .disposa'l. i)y land.illl'rigatior.llbn grou.ric.lwater c.].l;ality of the central

Canterbury Plains ($1.00). G. N. Martin and M. J. Noonan
Magnitude and frequency of floods in the Northland-Auckland region and their application to
urban flood design ($1.00). J. R. Waugh...
Research and Survey annual review 1977 (out of stock) ...
The problem of coastal erosion along the ‘Gold Coast’, western Wellington, New Zealand. J. G.
Gibb (out of stock) ™
The Waikato River: A water resources study ($12.00)
A review of the habitat requirements of fish in New Zealand rivers ($3.00) compiled by D. F.
Church, 8. F. Davis, and M. E. U. Taylor
The Ruahine Range: A situation review and proposals for integrated management of the Ruahine
Range and the rivers affected by it ($5.00). A. Cunningham and P. W. Stribling

A survey of New Zealand peat resources (§10.00). A. Davoren
Effects of urban land use on water quantity and quality: an annotated bibliography ($5.00). I.
Simmers ...
Research and Survey annual review 1978 (free)
Investigations into the use of the bacterial species Bacillus stearothermophilus and Escherichia coli
(H,S positive) as tracers of groundwater movement ($1.50). L. W. Sinton . .
A review of some biological methods for the assessment of water quality with special reference to
New Zealand. Part 1 ($3.00) ...

The frequency of high intensity rainfalls in New Zealand. PartI. A. I. Tomlinson (free)

Regional flood estimation in New Zealand. M. E. Beable and A. I. McKerchar $10

New Zealand ($5.00). J. G. G9%b -
A review of some biological methods for the assessment of water quality with special reference to
New Zealand Part II ($3.00) .
Hydrology of the catchments draining to the Pauatahanui Inlet. R. J. Curry ($3.00)

Potential for contamination of the Heretaunga Plains aquifers
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1978
1978
1978

1978
1978

1978
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1978
1978
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1979

1980
1979
1980
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