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NOTATION

Letters and symbols are defined where they first appear in the text,
Those which are repeated in several places are listed here for convenient
reference,
a, b, ¢ are coefficients in equation 15

D= }{20—}{2 (see equation 14)

k

a statistic defined by Seelye = 2.3026/&

rank from bottom

g
n

n = no, of years of observation (sample size)

s = sample standard deviation
t = duration of rainfall (hours)
T,T' = return period (years); see 2.1.
u = mode
V = coefficient of variation =s/A&
x or x(t) = maximum rainfall of duration t in a given year.

Xp 40T %(T,t)= expected anmual maximum rainfall of return period T years and
’ duration t hours (the T-year, t~hour rainfall),

¥ = reduced variate = (x-u)
Yn = mean of the theoretical reduced extremes

ol = scale parameter in the theory of extreme values.
6=

standard error of xl‘ %
]

6 - standard deviation of the theoretical reduced extremes.
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SUMIARY

The paper is divided into two parts, Part I deals with the analysis
of rainfall intensity data from 4L New Zealand stations where recording raingauges
have been in operation for at least mine years. The results are obtained by
aprlying the theory of extreme values, using the well-known Gumbel method, They
are presented in Appendix I as 44 rainfsll depth-duration-freguency tables con-
taining the expected rainfalls for durations of 10, 20, 30 minutes, 1, 2, 6,12,
2, 48 and 72 hours, each vith return-periods of 2, 5, 10, 20 and 50 years, The
uncertainties in the results, due mainly to the short rscords usually available
for analysis, are also discussed. It is shown that, for many places, the depth-
duration-freguency data can be satisfactorily represented, over a fairly large
range of duration, by a formula of the type

X(T,t) = a.t (t + c)'bF(T,t)

where X(T,t) is the rainfall with return-period T years and duration t hours,
and F(I‘,ts is a frequency function, A method is described for using the data
tabulated in Appendix I in order to find the parameters a,b, and c, and also
#(T,t) for a particular station,

In Fart 2 the problem is to estimate the values of X(T,t) - the rainfall
of return-period T-years and duration t-hours - at any given point in New Zealand.
Using the data in Appendix I, four maps were prepared to represent the variation
of X(2,%), X(2,2), X(20,%), and X(20,2) throughout the whole country. For durations
of 24, 48,and 72 hours the variation from place to place is shown by means of a
detailed table (Table 9) contalming values of X(2,2.), X(20,24), X(2,48), X(20,48).
X(2,72), and X(20,72) for over 400 stations, To enable interpolations to be
made for other durations and return-periods there are three interpolation diagrams
covering (a) durations up to 2 hours, (b) durations greater than 2 hours, and
(¢) return periods 2 - 10Q years, These are Used in conjunction with the maps
and Table 9 to estimate X(T,t) at any given point,

In order to reduce the estimated point-rainfall to a value appropriate
to the average rainfall over a limited area surrounding the given point, use
is made of a graph developed in the United States Weather Bureau. Examples
are included te illustrate the method of using the various maps, tables and
diagrams in the vractical estimation of rainfall intensities over small catchment
aress,



PART ONE : RATNFALI, DEPTH-DURATTON-FREQUENCY
RELATIONS DERIVED FRCOM RECORDING
RATNGAUGES

Introduction

Since the publication of a set of intensity-duration-frequency curves
for Wellington (Seelye, 1947:b) there has been a demand for similar information
for other parts of the country, chiefly for hydrological design purposes.
Seelye used 18 years of records from a Dines tilting-siphon raingauge at
Kelburn which was the longest reliable record available at the time, His
analysis followed the now well lmown "Gumbel" method, based on the theory
of extreme values, but extension of this work had to await the accumulation
of basic data from additional recording raingauges.

In the 1940's and early 1950's a large mumber of additional stations
were equipped with recording gauges, mostly Dines pattern with daily chart, and
a routine summary form was introduced in the Climatological Section. On this
form are entered details of the monthly and annual extremes of rainfall of
different durztions, as extracted from the autographic charts. With these
sumaries now available for many stations for 10 years or more, a statistical
analysis was carried out which led to the results given in the accampanying
tables, Also included are results from a mumber of stations equipped by the
Ministry of Works with tipming bucket gauges (weekly charts) mostly in the
1930's, These records were later acquired by the Meteorological Service.

As the Gumbel method has undergone some modifications since Seelye's
results were published, a brief summary of the method will be given to show
how these modifications affect the results, For a detailed account reference
should be made to Gumbel (1958) or to his published series of lectures (1954)
to the U,S. National Bureau of Standards,
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2. OUTLINE OF THEORY OF EXTREME VALUES - Gumbel Method

Consider a variate x with density of probability f(x) which
we will call the initial distribution, The probability that a particular
value of the variate is less than or equal to a certain x is p(x), where
p'(x) = £f(x). Then the probability that N independent observations all fail
to exceed x is pN(x) = PN(x). Expressed in another way this means that if a
sample of N values is selected at random from the parent population, PN(x) is
the probability that x is the largest value of the sample, Thus if we select
n random samples, each of size N, the series of largest values (one from each
sample) Xy Xy === X determines a new variate whose probability function is
PN(x). It follows that the distribution of the largest values depends on N

the size of the sample, and on the form of the initial distribution.

In developing the mathematical theory of extreme values, Gumbel and
others have shown that when N is very large the distribution of the largest
values is not very dependent on the exact form of the initial distribution
and for a large variety of common imitial distributions it tends asymptotically
to one of three forms, In the present analysis of rainfall data we are con-
cerned only with what Gumbel (1954) calle the "first asymptote', This apglies
strictly to initial distributions of the exponential type and the asymptotic
probability is given by

B(x) = exp (-e7) (1)
where y =ol(x-u) (2)

Y is known as the "reduced variate" and of and u are parameters which may be

estimated from the observed largest valucs, as described below.

2.1 Return Period

In applications of extreme value theory it is usual to express
probability in terms of return period  T(x), the relationship being Jdefined
by the equation

Nx) = . (3)
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When the series Xy5 oy o o o o Ky aTE ammual maxima of rainfall of a given
duration, say, 6 hours, the return period T(x) of a particular value of X
is "the average interval between tlnse years which contain a 6-hour rainfall
equal to or greater than x", This is not quite the same as "the average
interval between occurrences of 6-hour rainfalls egual to or greater than x"
which we shall call T'(x).

Seelye (1947b) showed that T and T' are related by an equation which
reduces to
1 - 1n T - 1n (T - 1
Tl
and from which the following table was prepared,

T 2 5 10 20 50
T* 1.4 L.48 9.49 19.5 L9.5

NOTES (a) 1In Seelye's notation T' = N,
(b) T - T' is seen to tend rapidly to 5 as T increases.
(¢) T' is sometimes called "the recurrence interval
of the annual exceedances" - see Chow (1953).
Throughout this paper results are given in terms of T(x) as defined
above, In some aprlications of the result it may be strictly more appropriate
to use T'(x) but the difference is usually insignificant except when T(x) is less

than about 5 years., If necessary, the results may be adjusted as described above,

Estimation of Parameters

TFor estimating the two parametersd.and u from the observed largest
values several methods have been used.

(a) Moments

() Order statistics

(c) Least-squares method based on the use of a special extreme value
rrobability paper.

(@) Maximum likelihood,

In this analysis the least—sguares method (c) was adopted.
Previous work on HNew Zealand rainfall and stream flow data has been based on
methods (a) and (b). All three methods will be briefly described mainly to
show the relationship between them and the effect on the results, For a

detailed account reference should be made to Gumbel (1954) or to his more recent
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book (1958)., Method (d) is much more laborious than the others and it is
doubtful if the extra effort leads to a significant improvement in the results

(see Gumbel (1958) p. 234); no further reference will be made to this method
in the present paper,

2,2.1 Method of Maments

In an early application of extreme value theory to meteorological
data Gumbel (1942) used this method. Seelye (1947a) adopted it in deriving
intensity-duration-frequency relations for Wellington rainfall, Benham (1950)
applied it to flood discharges in New Zealand rivers.

Let X5 X5, x3, e be the observed largest values each year
from a record which is n years in length, These could be, for example, the
annual maxima of 30-minute or 6-hour rainfalls or the annual maximum flood

discharges, The mean X, and the standard deviation s are given by

oo JEL - aF
n = 1

Provided both n and N are large, the parameters may be estimated from these

]

]
.'JI -
™
x

first two moments as follows

A - s - 07797 s (4)

=3 T
u = X = y/d = T - 0450 s (5)

(¥ 4isEuler's constant 0.5772)

Let Xr be the expected value of x with a return period ©, and let
Jp be the associated value of y. Eliminating P between (1) and (3) gives

¥y = =-ln -lIn (1 - 1)

(6)
Selected values of ypare given in Table 2; more complete tables are readily

available in various publications, if required, In meteorological literature

Jenkinson (1955) p. 170 gives a convenient table for y in terms of P.

By substituting for u,d, and ¥ in (2) we obtain the following
expression for estimating Xr

X, =% + 0.780 (3, =0.577) s. (7)
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As will be seen below, the least-squares method leads to a slightly
different expression for XT’ still involving the sample estimates of X and s,
but introducing n the sample size.

Equation (4) expresses ol in terms of the standard deviation s, Gumbel
(1942) has shown that a slightly more efficient estimate of d. can be obtained
from the mean deviation 4, 1/0(. = 1,017314. This method of estimating
was used by Seelye (1947b) in an analysis of maximum 1-dey rainfalls in New
Zealand, The statistics of maximum 2-day and 3-day rainfalls were later
analysed in the same way and the results are incorporated in Table 9 (see also
Part 2 section 10,.4),

2,2.2 Order Statistics. In the analysis of 1-day, 2~day and 3-day rainfalls

the parameter u was estimated from order statisties,

If the n observed larges values are arranged in ascending order of
magnitude and m is the rank of a particular value X s it can be shown (see
Gunbel, 1958) that the rank corresponding to u is

m = 0.368n 4+ 0,632 (9)

For example, for the Wellington data given in Table 1, n = 31, =o that m = 12,04
and hence u = 1,61.

Gumbel also gives an expression for the rank of other characteristic
values of the distribution, from which & can be derived., However, in the

tresent investigation the least squares method described in the next section was

preferred,

2,23 Least-Squares Method. Use of the first and second moments to

estimate u and oL , as described above, strictly applies only to very large

samples, The least-squares method, applied to extreme value statistics, is
a later development and allows better estimates to be made for small samples

(n = 20 or less). The two give identical results when n is large.

A brief explanation will be given by reference to a special
probabllity paper developed for practical applications of the theory of extreme
values,

2.3 Extreme Value Probability Paper, In the usual form of this paper
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the horizontal axis is graduated with three related scales :

1. A linear y scale

2. A probability scale on which the graduations are related
to the linear y scale by equation (1).

3. A return period scale which is related to the probability

scale by equation (3).
The vertical scale is a linear x scale, Basically, the method consists of
plotting the series of observed largest values (arranged in ascending order)
on extreme value probability paper and then fitting a straight line to the
plotted points,

2. Plotting Position., Various methods have been proposed for plotting
observations on probability paper and for a detailed discussion of the plotiing
problem reference should be made to Gumbel (1958, 1.2,6-1.2,7). In the present
method the cumulative frequency assigned to the mth of the n ranked observed
values is !_:—1. Alternatively if the observed values are plotted on the

2l omig
n-m41
means that the highest observed value (m = n) is assigned to a return period of

return-period scale the mth value is assigned a return-period of

(n + 1) which overcomes the main objection to the earlier, widely used Hazen
1

method in which a cumulative frequency of m—n-_L- assigned the mth value leads
to a return-period of 2n for the highest observed value, The present method
also replaces an earlier method proposed by Gumbel (1943) and described in
Linsley, Kohler and Paulhus (1949). It is interesting to note that, according
to Alekseev (1958), the plotting method used extensively in USSR assigns a

m- 0,3
frequency of ™1 Ol to the mth observation,

In Table 1 the annual maximun 6-hour rainfalls at Kelburn, Wellington
for the period 1928-1958 are arranged in ascending order togesther with the
corresponding plotting position, given in terms of return period, These values
are plotted in Pig. 1, on S.C.C. Form 15 (from which the probability and "y"
graduations have been amitted). The calculation of the theoretical line and

the control curves shown on Fig, 1 is described below,
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TABLE 1

Plotting Position : Annual Maximum 6-hour Rainfall at Kelburn, Wellington
1928-1958

(rainfall in hundredths of an inch)

m X T m x T m b d T
m D m D m D
1 86 1.03 11 160 1.52 21 178 2,92
2 130 1,07 12 161 1.60 22 183 3.20
3 130 1,10 13 163 1.68 2% 18, 3,55
L 132 1.14 14 167 1.79 24 199 4.0
5 134 1.18 15 169 1.89 25 200 L6
6 144 1.23 16 170 2.00 26 206 5.3
7 140 1.28 17 170 2,13 27 208 6.4
8 152 1.33 18 173 2,29 28 223 8.0
9 154 1.39 19 177 2.46 29 234 10.7
10 156 1.46 20 178 2,67 30 251 16
31 303 32

X = mth rainfall in ascending order

n - 31

Tp = plotting position on return-period scale =nr_1;111

}-i = 175 S = l¢.1

X2 = 169 X50= 299

The strict application of the theory of extreme values requires that
each of the values Xys Fpy =m== X should be the largest value in a large sample
dravn at random from an unlimited imitial distribution of the exponential type.
If, in addition, the number of samples is large, when all the n observed
extremes are plotted on extreme value probability paper the points should lie
on 8 straight line, This follows because of the design of the paper (as
described above)., The equation of the line is, of course, identical with
equation (1), ¥y = of (x~u).

For amaller values of n the scatter of the plotted points increases
(see Tauranga data plotted in Fig, 1b) and a modified least~squares technique
has been developed for finding the line of best fit, The difference from the

classical method is that the squared distances whose sum is to be minimised are
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not measured parallel to the x (or y) axis, but parallel to a line whose gradient
is opposite in sign to that of the line of best fit. As shown by Gumbel (1954,
pp. 15-16) this slight modification of the classical least-squares method con-
siderably simplifies the subsequent calculations and leads to the following
equations for estimating the parameters d and u,

1/d; = S/Gn

<
I}
M

-y /o (11)

where in and O n 2Te respectively the mean and the standard deviation of
the scries of y's obtained fram the plotting positions. For the mth value

of the ranked observations the value of o is given by

n/(ni1) = exp (- e M)
whence

Yn=1_n
n

n
=1 S -In (-1ln O ___
1ym n m= ( n +1 )

It will be noticed that v, and n depend only on n (the number of extremes),
A table is gilven by Gumbel (1958, Table 6.2.3) from which the following have
been extracted,

m=

n In n
20 0.5236 1,0628
50 0.5485 1.1607
100 0.5600 1.2065
1000 0.57%5 1,2685

It can be shown that as n-» o0 in — 0,5772 and & —r'ﬂ’[/6_= 1.2826 so that,
in the limit, the expressions for & and u in (11) become identical with equations
(5) and (6)., Thus the least-sguares method and the method of maments lead to

the same result when dealing with very large mmbers of extreme values, IFor

smaller values of n, say less than 50, the least-squares method is superior.
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58 GUMBEL METHCD APPLIED

3.1 Limitations

It is known that not all types of extreme-value data follow the
theoretical distribution given by equation (1), but there is no theoretical
basis for deciding whether this form of distribution or some alternative fomm
is the one which should be used for the analysis of rainfall records. The
anmnual maxima of rainfall certainly do not comply exactly with all the conditions
upcn which the distribution given by equation (1) is based, The exact form of
the frequency distribution of rainfalls of duraticon t, from which the annual

maxima are selected, is not lmown,

A rough test which can be carried out without much trouble is to plot
the annual extremes on extreme-value yrobability paper, If the points plot
close to a straight line one may be reasonably confident that the records fram
that particular station fit the theoretical distribution. Sometimes the
plotted points show some curvature, either upwards or downwards, or there may
be so much scatter among the plotted points that they reveal nothing about the
probable nature of the theoretical distribution - this is particularly noticeable
with short records, say, under 20 years, Thus, when the plotted points do show
a definite curvature there is a problem to decide whether the departure fram
linearity is due to the available records not being a representative sample of
the long-period rainfall at the station or whether there is some local climatic

factor which influences the frequency distribution of the rainfall.

3,2 Compariscn with other methods

Various other theoretical distributions which have been used in the
analysis of rainfall records include the log-normal (licIllwraith, Chow, 1954, -
though Chow, 1953 has also used the Gumbel method), and the incomplete gamma-
function (Thom, 1958 licher, 1560). Jenkinson (1955) ferived an ingenious
procedure for choosing a theoretical distribution which will improve the fit
for any particular sample; equation {1) is included as a special case in

Jeninson's generalised equation,

The Gumbel method appeals because of its relative simplicity especially

when dealing with large volumes of data, as in this investigation. Furthermore,
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when many of the records are barely long enough to Justify the use of the
Gumbel method there is little point in attempting to utilize the additional
refinements suggested by Jenkinson, Gumbel's method has been used extensively
in the Hydrologic Services Division of the U,S, Weather Bureau, and its value
for predicting extremes of rainfall has been subjected to detailed and critical
examination by Hershfield and Kohler (1960), After applying a number of
statistical tests they expressed the conclusion that the method was an acceptable
procedure, To sum up, the main justification for the use of the Gumbel method
is that it is well-tried, and experience shows that it gives satisfactory results
in practice,

Plotting the amnual extremes, as we have seen provides a rough check
that the data do fit the theoretical distribution, A graphical indication
of the goodness of fit may be obtained by drawing two "control curves" on either side
of the theoretical line, the interval between the curves being such that there
is a two-thirds probability that each plotted value should lie between the two
curves, The method of drawing the control curves is described by Gumbel (1958 5
p 215), and a summary is given below in 5,2 when discussing possible errors in the
calculated results,

Once the data are arranged in order and plotted on Gumbel paper it is
usually quite satisfactory to fit a straight line by eye to the plotted points;
in fact this method has some advantages over the least-squares method, particularly
when dealing with short series of data, It is for instance the method recammended
by the U,S, Geological Survey (see Dalrymple, 1960) for the analysis of flood-
flow data, A few of the results presented in Appendix I to the present paper

are derived in this way.
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4. PROCESSING THE DATA FROM RECORDING RATNGAUGES
4ol Notes on the observations

Most of the data used in this investigation were extracted fram the
daily charts used on Dines tilting-siphon recording reingauges. The scale of
these charts is sufficiently open for reasonably accurate scalings of intense
rainfalls down to duretions of 10 minutes, For the routine analysis of these
charts the following standard durations were selected:-

10, 20, 30 minutes 1, 2, 6, 12, 24, 48 and 72 hours,

Tabulations were prepared for each station containing the maximum
rainfall each year for each of the standard durations. Occasionally some
ad Justment had to be made for interruption to the records during a storm,
mainly caused by leaves or twigs blocking the collecting fumnel, but, generally
speaking, the Dines gauge provides a clear and continuous record during the
heaviest rmainfalls encountered in this countxy.

Also used were data from a number of weekly-chart tipping bucket
gauges. From these charts no attempt was made to tabulate maximum annual
rainfalls for durations less than 30 mimutes, Many of these records were
obtained in the period 1920 = 1940, before it became standard practice to
install a manual reingauge alongside the recording gauge as a check on its
accuracy., As the tipping-bucket type of gauge has proved to be neither as
accurate nor as relisble as the Dines patterm, this has detracted considerebly
from the value of same of the early records.

4.2 Computation of Rainfall Depth-Duretion=Fregquency Tables

Let IT be the expected value of x with a return period of T years,

Then from equation (2) we have

Xn = u+ yT/cg (12)

The value of Yo depends only on T, the relationship being given by equation (6).

Corresponding values of T, Yp and the cumulative probability P are
given in Table 2 for selected values of T,
Table 2
T 2 5 10 20 50
P 0.50 0.80 0,90 0,95 0.98
Yp 0.3665 14999 2,250, 2,9702 369019
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Adopting the least squares method, we replace & and u by their sample
estimates given by (11), whence

X = X 4+ o R S
dn
= X 4 K(T,n).s (13)
h y
where K(T,n) = _f__d-_._n__
n

Values of E(T,n) were calculated for the selected return periods given
in Table 2 and for n = 10(2)88, These values are given in Table 3,

Using the tabulations of observed annual maximum rainfalls we calculate,
for each of the selected durations t, the mean J-Ct and the standard deviation Sie
From Table 3 we select the row for which n is equal to the number of years of
observations and thus obtain the required values of XK(T,n). The complete
table is found by repeated substitution in (13).

In order to facilitate the calculations, the basic tabulations of anmual
maximun rainfalls each year for the selected durations were punched on IEM cards,
as was Table 3, and processed by machine. The results for L) stations are

reproduced as Appendix T.

on Discussion of Results

Each of the tables in Appendix I consists of ten lines, one for each of
the selected durations - 10, 20, 30 minutes, 1, 2, 6, 12, 24, 48, and 72 hours.

Reading across the lines the columns contain:

1. n = nunber of years of data,

2. t = duration

3 to 7 X, for T = 2, 5, 10, 20, and 50 years
8. X = mean of the annual maxima.

9. s = standard deviation

coefficient of variation =V

10. §/3t

Only stations with at least 9 years of data are included in the tables, At
some stations n is less than 9 only for durations of 10 and 20 mimutes, and so
the first two lines of such tables are blank; the replacement of an earlier
weekly-chart gauge by a daily-chart gauge less than 9 years ago usually accounts
for this.,



TABLE 3

Values of K(T,n) = 57 = In (Equation 13)

:>f 2 5 10 20 50
10| ~0.14 1,06 1.85 2.61 3.59
12| =0.14 1,00 1.78  2.51 3.46
14| =0.14  0.98 1,72 2,44 3.36
16| -0.14 0.95 1.68 2,38 3,28
18| -0,15 0.93 1.65 2.33 3,22
20| -0.15 0.92 1.62 2,30 3.18
22| -0.15 0.90 1,60 2.27 3,14
24| -0,15 0,89 1,58 2,25 3,10
26| -0.15 0.88 1,57 2,22 3,07
28| -0.15 0.87 1.55 2,20 3,05
30| -0.15 0,86 1,5 2.19 3,03
32| -0.15 0.86 1,55 2,17 3,00
3| -0.15 0.85 1.52 2,16 2.99
36| ~0.15 0.8 1,50 2,14 2,96
38| -0.15 0.8, 1.50 2,14 2,96
40| -0,16 0.8 1.50 2.13 2,94
42| -0.16 0,83 1.49 2,12 2,93
4| -0,16 0.83 1,48 2,11 2,92
L6 -0,16 0.83 1.48 2.10 2,91
481 -0.16 0.82 1,47 2,09 2,90

d1'].

n? 2 5 10 20 50
50| -0.16 0.82 1,47 2,09 2.89
52| - 16 .82 1,46 2,08 2,88
54| =0,16 .81 1,46 2,07 2,87
56| -0.16 .81 1.45 2,07 2.86
58| -0.16 .81 1.45 2,06 2,86
60| -0.16 .81 1,45 2,06 2.85
62| -0.16 .80 1.4 2,056 2.85
6, -0.,16 .80 1,44 2,05 2,8,
66| =0,16 .80 1.4, 2,05 2.83
68| -0.,16 .80 1,43 2.0, 2,83
70| -0.16 ,80 1.43 2,0, 2,82
72| -0.16 .80 1,43 2,03 2,82
| -0.16 .79 1.42 2,03 2,81
76| ~0.16 .79 1,42 2,03 2,81
78] =0.16 .79 1.42 2,02 2.8
80| ~0.16 .79 1.2 2,02 2,80
82 -0,16 .79 1.42 2,02 2,80
8| -0.16 .79 1.41 2,02 2,79
86| -0.,16 .79 1.41 2,00 2,79
88l -0,16 ,78 1,41 2.01 2.79

No of years of record

return period (years)
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The annual maximum 6-hour rainfalls at Tauranga plotted in Fig, 1b
illustrate the problem of interpreting data from relatively short records.
It is rather an extreme case as this 18 year record contains one 6-hour rainfall
of 8,35 in,which is considerably higher than any of the others, Following our
plotting convention this value is assigned a return veriod of n + 1 = 19 years.
There are good reasons for suspecting that such a high value has a return period
considerably longer than 19 years, It is , for instance, the highest 6=hour
fall recorded by a recording raingauge anywhere in New Zealand, In Fig,1b the
Gunbel least squares line is labelled (a) and this obviously does not give a good
fit to the majority of the plotted points. The line labelled (b) has been drawn
(by eye) to fit all the points except the single exceptional value, By extending
the line (b) we find that the return period to be assigned to a 6-hour rainfall
of 8,35 in, at Tauranga is about 150 years, which, in the circumstances, appears
to be quite reasonable,

The same procedure was adopted for some of the other short records.
After fitting the line (by eye) to the majority of the plotted points the values
of XT for T = 2, 5, 10, 20 were read off, These values appear as the appropriate
rows in Appendix I and are distinguished from the least-squares values by the
absence of entries for X, s and V in the right hand columms of these rows,

5.1 Interpolation for other Return Periods

The return periods for which the results have been calculated are
those most canmonly used for hydrologic design purposes. As most of the records
used were only 10-20 years in length, the inclusion of extrapolated values for
T = 50 is scarcely Jjustified, If these results are to be used it should be
done only with due recognition of the possible errors.involved; this is discussed
in the next section. Should X;T be required for values of T other than those
given in Appendix I, this can be easily calculated from the known values of X2
and 120 as follows:

In equation (12) we substitute for T = 2 and T = 20 in turn, Then,

after subtracting and re-arranging we obtain:

=% - Ip - Yo
Lo = % Y0 = 2

whence xr

n
S
+
Q
=3
o

(%)
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where C

and

-5

Substituting aprropriate values of I the following values of CT are derived:

TABLE &

T 2 5 10 15 20 25 30 40 50 75 100
C'l' 0 O.44 0.72 0.89 1,00 1,09 1,16 1,28 1,36 1,52 1,63

Example

From the table for Christchurch given in Apprendix I,

we read X, = 1,66 and X, = 1,06 for a duration of 6 hours

Hence, D = 0,60 and XBO =1,06 + 0,60 x 1,16 = 1,76

The same result can be obtained graphically with the aid of Fig. 5 or
any other Gumbel probability paper, such as SCC Form 15, Let us select from
Lppendix I the values of XI. for T = 2, 5, 10, 20, and 50, for a given station
and duration, that is, we select the values across a row of the table, Vhen
plotted on Fig. 5 these will all lie on a straight line, from which the value
of XT for any other value of T can be read off, The line is fixed, of course,
by any two known values of X;I,, and in Part 2 the use of Fig. 5, in conjunction
with XT for T = 2 and T = 20, will be described as part of a general method
of estimating XI, for any place where a long series of observations is not
available for detailed analysis,

5.2 Sources of Error

Reference has already been made to errors which may exist in the basic
tabulations of annual maximum rainfalls due to the gauge failing to record or
perhaps giving a spurious record because of a blockage in the collecting fumel
during the most intense storm of the year. Although it is not posasible to
estimate the magnitude of the resultant error, the effect is to make the computed
values of XT too small, The use of Dines tilting-siphon gauges, with a check
gauge alongside, which is the standard practice at the majority of stations, has
ensured that few heavy falls have been un-recorded,

The computed values of XT are, of course, not exact figures, for
each value has a certain statistical uncertainty associated with it, To

obtain an estimate of this error we refer back to figure 1 in which two "control

curves" have been drawn on either side of the theoretical line., The position
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of these curves is such that the vertical distance from the line to each
curve is equal to the standamd error of the mth ranked observation in a large
sample drawn from a population whose cumulative probability function is represented
by the theoretical line, The interval between the two curves is the ,68
probability confidence band, and if nearly all the plotted observations fall
within this interval the theoretical line is considered to fit the observations
satisfactorily. Looked at in another way - when we read off the graph the value
of X, where the line cuts the ordinate through T (on the return period scale),
the distance along this ordinate from the line to either control curve represents
the standard error of the computed value of }%.

Gumbel (1958) gives a table (Table 6,1.5) of the "reduced standard
error" (= J;\ o, 6 ) from which the following are extracted -

TABLE 5
Frobability 0.5 0.8 0.9 0.95 -
Return Period 2 5 10 20 n
Jada 1.0 2.2 3.2 k.5 1.14 /A

Substituting in (12) for T = 20 and T = 2 and then subtracting we obtain an

expression for o as follows -

whence a = 2,603/D
where D = X20 - X.2

Replacing o in Table 4 we find the required expressions for ¢ , the standard
error of X, which are given in Table 6.

TABLE 6
Retwrn Period 2 5 10 20 n 50
Standard error 0, 54D 0,86D 1,23D 1.73D  0.43D 0.4.3D
Vi Vi NI VI

Table 6 can be used as it stands only when n is not less than 20,
Many of the records included in Appendix I are between 10 and 20 years in
length, and X20 is estimated by extrapolating the theoretical line, Gumbel
proposes that the control curves for the extrapolated portion should parallel

the theoretical line at a vertical separation equivalent to the standard error
of XI for T = n, which is 0,43D, Consequently, when 10 n < 20 the standard
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error for T = 20 also has the value 0,43D. Thus, Table 6 allows us to
express the probable limits within which the calculated values of XT lie,
as functions of the difference between the values for retwrn periods of
20 and 2 years, and the length of the record,

Example
The following values are taken from the table for

Station A 64 872, Auckland, duration 6 hours.
Here XZO - Xz =1.92; n = 19 and hence

T 2 5 10 20 50

I, 1.8, 2.68 3.23 3.76  L.A45

6 0.2 0,38 0,54 0.82 0,82

The above example serves to emphasize the large uncertainty in the
canputed values of XT > especially when dealing with relatively short records;
for T=10, for instance, the standard error is 17 percent,

The magnitude of the uncertainty may be illustrated in another way.
From the example above, it can be stated that there is a 2/3 probability that
the 10-year, 6-hour rainfall at Auckland lies between 2,69 and 3.77 (3.23+ 0.54)
or, expressed otherwise, the return period to be associated with an observed
6-hour rainfall of 3,23 has a 2/3 probability of lying between 5 and 20 years,

503 Note on 24, 48, and 72-hour Rainfalls
For many of the 4 stations included in Appendix I daily readings

of a manual gauge have been recorded over a much longer period than that covered
by the operation of thg automatic gauge. These daily readings may be used to
estimate 24, 48 and 72-hour extreme rainfalls, A method of doing this is
described in Part 2, and the resulting estimates are included in Table 9,

Before deciding which of the two estimates to adopt for a particular station,

reference should be made to section 12,2

5ot Future Revision of Appendix I

Por stations where the automatic gauge has operated for only
10-15 years the computed values of XT should be regarded as provisional
approximations, The routine extraction of maximum rainfalls, as described
in Section 4, is being continued, and it will not be a difficult matter to
repeat the present calculations in a few years' time in order to produce a

revised and extended Appendix I,
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6. DEPTH-DURATI ON-FREQUENCY FCRMULAR

In applied hydrology references will be found to rainfall intensity-
duration formalae of various types, most of which are special cases of the

following general formulaz-~

I, g = a(tsc)™. B(T,t)
b
or, converted to an equivalent depth-duration formula
-b
xT,t = a.t(t +c)” J(T,t) (15)

where XT’ ;= rainfall of duration t and return period T,
a,b,c, are coefficients to be determined for each place,
F(T,t) is a frequency function which varies from place to place, and with t.
The rainfall data given in Appendix I can be used to test the suitability
of such a formula for New Zealand conditions, and to derive values of the
coefficients a,b, and ¢ and the form of the frequency function for individual
stations, For a brief discussion of the general properties of the depth-

duration -frequency relation we first re-write question (413) in the form :
xr,t = xt(1 - K(T,n).Vt) (16)

where V = s/X = coefficient of variation,

For any station included in Appendix I values of it are given for
t = 0,167, 0,33, 0,5, 1, 2, 6, 12, 2, 48 and 72 hours, Obviously, if the
general equation (15) is suitable for representing the rainfall data given for
a particular station it should be possible to determine values of the coefficients
a, b, and c, such that the given values of it fit the equation y = at (t +c)-b.
If the fit is satisfactory the "frequency function" F(T,t), by camparing

equations (15) and (16), is seen to take the fam /7 + K(T,n).Vt].

When graphed on log-log paper (with t as abscissa) the equation
y = at (t + c)-b reduces, when ¢=0, to a straight line of gradient (1-b),
The coefficient ¢ determines the curvature; when ¢ is positive (negative)
the curve lies below (above) the line,log y = log a + (1-b) log t,approaching
it asymtotically from below (above) with increasing t, TVhen ¢ is negative

there is another asymptote at t = =c,

In Fig, 2 values of Et taken from Appendix I are graphed for selected

stations with reasonably long records, PFor durations greater than 6 hours all
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of the graphs show a downward curvature, indicating that a positive value

of the parameter "c" is appropriate in this range.Below 6 hours most of the
graphs are almost linear and little error would result by fitting an equation
with = O as described in the next section, Same of the graphs, however, do
tend to curve upwards in this range (Auckland, Blenheim, Christchurch (Fig,3)),
while at Hokitika and Alexandra there is a downward curvature throughout the
whole range,

PFPormula for Durations up to 2 hours

The use of intensity-duration formulae is usually restricted to
falls of under a few hours duration, In this range it is therefore appropriate,

to take the coefficient

bearing in mind the uncertainties in the values of J_Ct,
as gero, The equation then reduces to

y = at 1-b

log 2 + (1<b) log t
To fit this equation to the values of J_(t listed in Appendix I for

or log ¥

any station, a simple method is to plot the values of J—tt on log-log paper
(t as abscissa, X, as ordinate), fit a straight line by eye, and read off the
values of Yys Yoo and I3 where t1 = 0,167, t2 =1, and t5 = 2 hours, Then it

can easily be shown that -

a=y2
b =1 - 0,93 (log y; - log v;)

Obviously, unless the plotted points (in this range of t) are nearly collinear
there is no point in trying to fit a straight line to the data.

The "frequency function," as we have seen has the form 1 + K(T,n) T
In this expression K(T,n) is found from Table 3* and V. can be obtained from
Appendix I for any given station, The variation of Vt is found to be very
irregular and does not appear to follow any definable pattern either with
duration or with location, Some of the observed variations are probably more
apparent than real because the estimates of V, the ratio of S to X, both of
wiich are estimates from small samples, is at times considerably in error.
For a few stations, however, Vt is found to be roughly constant over a fair

range of durations, By determining suitable values of the coefficients

Alternatively K can be approximated very closely by means of a linear
function of log (T-0.6). In equation (17) the value quoted is for n = 20,



26,

a, b, and ¢, over this range a convenient depth-duration-frequency formula
is obtained for that particular station.

This procedure was used to compile the following table which contains
values of a, b and V applicable to selected stations in the range t = 0,167

to t = 2 hours,

Depth-duration-frequency Relation - 10min, - 2hr,
Table Values of a, b, and V to be substituted in
equation (17) (C = 0).

Station a b v Station a b v
Auckland 0,99 0,64 0.3, THokditika 1.18  0.53  0.33
Chakea 0.64 0.58 0.32 Blenheim 0.55 0.52 0,1 6%

Wellington 0.69  0.49 0.28 Christchurch 045 0.5 0,36%
Nelson 0,94 0.5 O.44 Invercargill 0,44 0,55 0,32
Cobb Dam  0.83 0.35 0.43

*V decreases with t; wvalue given is approximate,
By substituting the above values in the formula -

Xy = a.t(t + c)° E(1 - 0.46V) + 2,15V log (T -0.6)§ (17)

a close fit to the data in Appendix I is obtained, For example, the
formula for Mechanics Bay (Auckland) reduces to
Xp o = 0.9 ¢ 0'3620.84 + 0,73 log (T - 0.6)3 (18)
s

In these formulae little error will result by slight extrapolation,
say, for t = 0.1 to 6 hours,

The Minmistry of Works Design lManmual ; Water Supply and Sewerage,
includes a collection of intensity-duration formula, used in various parts
of New Zealand, all of which are simplified versions of equation (15), 1In
nearly all of them b = 1 and ¢ ranges from 0,11 (Hamilton) to 0,68 (Lower
Hutt). As all of the formulae refer only to rainfalls of relatively short
duration one would expect, from the foregoing discussion, that better results
would be obtained by taking C = O and selecting suitable values of a, b, and
V for substituting in equation (17), as described above,

6.2 General Formula

For some stations it is possible to obtain a satisfactory formula
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applicable over a much wider range of duration, At HOKITIKA, for example,
where Vt is roughly constant over the range 10 minutes to 48 hours, a very
good fit is obtained with the formula -

Xy = 1.27(% + o.os)o"“éo.au + 0,75 log (T - 0.6)g (19)

This formula is obtained by substituting in equation (16) a = 1,27, b = 0,59,
¢ = 0,08 and V¥ = 0,33, A method of computing the appropriate values of a,
b, and ¢ is described in Appendix I1I,

Formula (19) should be campared with the more limited formula (20)
which is valid only for durations up to about 6 hours.

Xy . = 1.18 £ %47 0.8, 4 0.75 Log (T - 0.6) (20)

The values given by the two formulae for a return period of 10 years
are as follows:

Duration (hours) 0.167 0,333 0.5 1 2 6 12 2, 48
From Appendix I 0.7 1.4 1.43 1.95 2.6 3.8 5.6 74 9.5
Formula (18) 0.76 1.13 1,38 1.92 2,6 4.1 5.0 7.3 9.7
Formula (19) 0,80 1.1 1.3 1.85 2,6 (4.3) - - (11.4)

Although the coefficients a, b and ¢ have quite different values
in (19) and (20) both are seen to give good results within the stated ranges.
General formulae such as these are, however, dependent on V, being reasonably

t
constant over the range of duration to which the formula is applied.,

6.3 Graphical Representation

While such formulae contain much information in a very campact form,
for practical purposes it is usually more convenient and accurate to use the
data in tabular form as in Appendix I, or to graph the tabulated values
of XT’ g on log~log paper and draw a family of depth-duration curves, one
curve for each of the selected values of T,

As an example the Christchurch data are shown in Fig, 3. Note that
the verticel distance between the curves is proportional to log (1 + K.Vt) and
only when Vt is constant do the curves maintain the same general shape for
different values of T, The Christchurch curves are seen to have minimum
separation in the range 2 to 6 hours, when V. i= a minimm. From such a
diagram interpolations for intermediate values of t or T sare quite
straightforward.
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6.4 The Froblem of estimating XT, " at any given point

The possibility of preparing a set of maps showing the variation
of a, b, and c over New Zealand was investigated as an approach to the major
problem of estimating XT,t at any point (using formula (15) ). It was found
that orographical factors strongly influence the values of a and b though it
was not possible to determine from the available data, the precise nature of
this influence, Any attempt to map these coefficients over New Zealand's
mountainous terrain would therefore give very uncertain results, However,
the chief reason for abandoning this whole approach emerged when confronted
with the problem of representing the variation, with duration and with location,
of V., which occurs in the frequency term of formula (15). 1In Appendix I it

can be seen that Vt varies considerably but not according to any regular pattern.,

A similar method applied to Australian rainfall data is described
in "Australian Rainfall and Run-off", First Report of the Stormwater Standards
Cammittee of the Institution of Engineers (1958). There, the results depend
on & number of simplifying assumptions, For instance, one assumption is
equivalent to taking our ¢=0.083 over the whole range of durations from 5 minutes
to 72 hours; another defines rather arbitrarily the nature of the variation
of the frequency function with t, As these assunptions are based on data fram
recording raingauges at only the six capital cities, their general validity
under Australian conditions is questionable, If applied under New Zealand

conditions they would lead to serious error,

Nevertheless, fram the nature of the problem it is inevitable that
any method of solution will involve same smoothing and simplification and that
the results can only be approximate. This also applies to the results obtained
by the method which was finally adopted, and which is described in Part 2,
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PART TWO
THE ESTIMATION OF MAXTMUM RATINFALL COF GIVEN DURATION
AND RETURN PERT(D AT A GIVEN POINT
7. INTRODUCTION

Part I contains a description of the method of camputing values
of X(® ,t): for stations at which recording raingauges have operated for many
years, The detailed results are presented in Appendix I for 44 stations for
selected values of T (= return period) and t (= duration), Part I also contains
a discussion of the accuracy of the results.

For many purposes, chiefly comnected with hydrologic design problems,
the value of X(T,t) is required at a given point, or over a given catchment
area, where t is related to the "time of concentration", and T to such factors
a3 the expected 1life of the structure of the consequences of failure, If
the given point happens to coincide with one of the stations in Appendix I
it will only be necessary to interpolate for the require values of t and T,
Usually, however, the nearest stations are some distance away and a space
interpolation is also required, Various methods of carrying out this rather
camplex triple interpolation were investigated, including several used in
other countries, The method finally adopted is a modification of that
described in United States Weather Bureau Technical Papers 28 and 29. The
general solution is obtained with the aid of three interpolation diagrams,
(Pigs 4a, 4b, and 5), four maps, (Figs 9 and 10), and Table 9. Finally, the
estimated point-rainfall, X(T,t), may be adjusted to an areal-rainfall, X(T,t,4)
by means of Fig, 6, The preparation of these maps and diagrams is described
in the following sections, and also the method of applying them to the solution
of practical problems.,

8. RATNFALL DEFTH-DURATION RELATTONSHIP

The depth-duration data for Christchurch are represented graphically

by the family of curves shown in Fig, 3. By choosing logarithmic scales for

both axes, the amount of curvature has been considerably reduced, By a suitable

transformation of the "duration" scale, any one of these curves, say T=5, could

i‘NO'I'E: In Part 2 the notation X(T ,t) is used for the expected point-rainfall
of duration t with return period T or, in brief, the T-year, t-hour
rainfall,
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be linearised., If the data for any other value of T were then re-plotted
using the transformed duration scale, the points would not lie exactly

on a straight line, but would generally lie close to it. The obvious
advantage of the linearising process is that a reasonable approximation

to the depth-duration relation for a given value of T can be obtained if only
two points are known on it. Unfortunately when data from other stations
(given in Appendix I) are also plotted on the same transformed duration scale,

some of the curves show appreciable departures from linearity.
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9. INTERPOLATION DIAGRAMS
Duretion 10-minutes to 24-hours., In order to take advantage of a

transformed scale of duration and at the same time to avoid introducing serious

error it was decided to linearise the depth-duration relation in two stages,
from 10 minutes to 2 hours and from 2 hours to 24 hours, Finmally, the trans~
formed duration scales were computed by taking a weighted average of the 5-year
rainfalls for all stations in Appendix I, and then linearising this coamposite
rainfall depth—duration relation. The calibration of these scales is
according to the values of BJl and 32 in the table below, the two intervals

= 10 min. to 120 min. and 2 hours to 24 hours - being taken as unity in each
case, The scales are those which appear in the depth-duration diagrams in
Figse 4, La and 4b,

Duration (minutes) 10 20 30 L5 60 90 120
B‘I 0 0,19 0,33 0.48 0.60 0,82 1,00
Duration (hours) 2 I 6 8 10 12 16 20 2
B, 0 0419 0,33 Ouu4k 054 0.63 0,77 0,90 1.00
Note that the values of B1 for 45 and 90 minutes and of B2 for 4, 8, 10, 16 and

20 hours are interpolated.

In Figs, 7 and 8 can be seen the result of plotting the calculated
values of X(T,t), taken from Appendix 1, for individual stations. Four
stations with reasonably long records and in different parts of the country
were selected, and the values of X(T,t) for T = 20 were plotted on diagrams
of the type illustrated in Figs. 4a and 4b. Lines were then drawn through
the values for t = %, 2 and 24 as shown. It is seen that, in general, the
intermediate points lie reasonably close to thelr assoclated line.

In Fig. 7 the 6-~hour and 12-hour values for Tauranga and Auckland
are found to lie abowe the depth-duration line, while those for Christchurch
are below the line. This suggests that there may be a systematic variation
in the depth-duration curvature from district to district, related perhaps
to albitude or some climatic factors. The curvature is, however, very
sensitive to errors which may exist in the estimates of X(T,t), and there
errors, as we have seen, may be large when estimating from rainfall records
of only 20 years in length. With such large sampling errors in the available
data (from Appendix I) it was not possible to separate out the climatic factors,
and so a single pair of diagrams, Figs 4a and 4b, were developed for applica=-

tion to the country as a whole . In U,S.A. where this problem was also
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investigated following the analysis of the autographic records from some
200 stations averaging 4O years in length, the conclusion was reached
that"Since no regional variation is evident in this duration - depth or
duration - intensity relationship, it may be used for any locality in
the the United States".(® USWB Tech Paper No. 29, p.3.). However, in
spite of this statement it is obvious that many of the rainfall intensity
curves published in USWB Technical Paper No. 25 would still retain
distinct curwature if re-plotted on the U.S. diagrams corresponding to
Figs 4a and 4b (see footnote ref. Fig 1.1 A and B). It should also

be noted that in the diagrams regarded as applicable throughout the
United States the duration scales differ somewhat from those of Figs

ha and 4b of this paper.
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9.2 Duration 2i-hours to 72=hours. It will be seen that on Mg, 4 b
the duration scale extends up to 72 hours, The calibration of the portion

beyond 24 hours is based on the mean depth-cduration relation derived from the
2, 48 and 72-hour values for a return period of 5 years given in Appendix I.
Strictly speaking, there is a discontinuity in Fig. 4b at the 24 hour value

but, as will be shown in 12,2 below this can be ignored in practical applications,

9.3 Return Period Interpolation Diagram

If values of X(T,t) are known (or can be estimated) for any two
values of T, it has already been shown in Part I that Fig. 5 can be used to
interpolate for other return periods. For the general solution, we concentrate
on the problem of estimating the rainfall for the two fixed return periods,

T = 2 years and 20 years, and for five fixed durations, t = %, 2, 24, 48 and
72 hours, for as many places as possible, A method of doing this is described
in the next section,

10. DATA PRESENTATTON

10.1 General Considerations

The variation of X(T,t) throughout the country is shown by means
of four maps (Figs 9 and 10) and Table 9. The following combinations of

return period and duration are represented:

Return Period Duration

T (years) t (hours)
Fig 9a 2 0.5
g 9b 20 0.5
Fig 10a 2 2
Fig 10b 20 2

Table 9 2 2, 48, 72

20 2k, 48, 72

The above, combined with the interpolation diagrams, Figs 4a, 4Db,
and 5, provide the basic information for estimating values of the point-rainfall
at a given point and for a given return period and duration, The required result
is obtained by a series of steps which are described in the next section, Before
proceeding to use the maps, however, we discuss the reasons for preparing these
particular maps, and also some of the factors which 1limit their accuracy.

For mapping the short-duration rainfalls, the choice of 0.5 hours in
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Pig 9 was determined by the need to make use of data from the greatest nuaber
of stations, Had the selected duration been less than 0,5 hour data would
not have been available fram any of the stations equipped with weekly-chart
gauges, As it is, forty-four stations is a very meagre number upon which to
base ischyetal patterns in a mountainous country such as New Zealand, Difficulties
arising fram this scarcity of data are partly offset by the fact that the influence
of topography on the frequency of intense short-duration rainfalls is much less
than it is on daily or monthly rainfalls,

Although the nmumber and location of recording raingauges in New
Zealand is inadequate for a detailed study of the topographical influences,
the limited data available suggest that the frequency of high-intensity rainfalls
is not greatly affected by local topography up to durations of one, and perhaps

two hours, at least where the mountains are not higher than about 3000 feet,
An illustration of this is provided by the figures in Table 8,

Table 8
Once-in-5 year Rainfalls (inches)

Station Elevation Duration (hours) Mean Annual
(feet) 0.5 2 6 2 Rainfall
Cobb Dam 2700 0.8 1.9 4.5 11,2 83
Nelson 6 0.9 1.8 2.5 3.3 35
Takaka L0 0.8 1.6 3.3 5.4 80

These three stations in the Nelson District all have similar 5-year rainfalls
for duratiomsup to about 2 hours, but the values diverge considerably for
the longer durations, Thus the choice of 2 hours, rather than 6 hours, for
Figs 10a and 10b leads to simpler and more reliable maps.

For durations of 24, 48 and 72 hours use was made of additional
data from several hundred stations where a manuasl raingauge had been read daily
for at least 20 years, Rather than attempt to present all this information
on a series of small scale maps, the camputed values for each station are
assembled together in Table 9,

10.2 Half-hour Rainfalls
The isohyetal patterns shown in Figs 9a and 9b are based on the

values of 2-year and 20-~year rainfalls for a duration of half-hour as computed
for the L) stations included in Appendix I. For the 2-year map (Fig 9a)
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addi tional values were camputed for a further 59 stations where recording
raingauges had been in operation for 5-10 years; no attempt was made to
estimate 20-year rainfalls for these short records.

Maximum intensities for short durations could be expected when
conditions favour the development of very deep cumulo-nimbus cloud. This
requires that warm, moist air should extend upwards through a considerable
depth of the atmosphere, a situation which is most likely to occur over New
Zealand when & tropical-maritime air-mass arrives from the north or northeast
ahead of an approaching depression, It is the areas directly exposed to
northeasterlies and northerlies, such as, eastern Northland, Bay of Plenty,

New Plymouth, and VWestland, which are found to receive the most intemnse rains
(see Pigs 92 and 9b)., The maximum half-hour rainfall received by any recording
raingauge in this country was 2,67 inches at Tauranga on 18 April 1948, Many
observers make a practice of reading their manual raingauges after exceptionally
heavy rains, but an extensive search of past records has not revealed any half-
hour fall exceeding the Tauranga maximum. More recently, during another violent
thunderstorm on 6 May 1961 at Tauranga, a fall of 2,52 inches in half-hour

was recorded by the same gmuge.

10.3 2-Hour Rainfalls

Pigs 10a and 10b represent the isohyetal patterns of the 2-hour
falls with return periods of 2 and 20 years respectively., The data used in
drawing these two maps were obtained from the same sources as the Z=hour falls
already described, Of the four maps, Fig 10b was the most difficult to draw
and is the least reliable, The main reasons for this are -

(2) For the 20-year maps, Figs 9b and 10b, data were available

for only forty-four stations, compared with about one hundred

stations for which 2-year falls were camputed,

(v) The estimates of 20-year rainfalls have had to be derived from
small samples of data, mostly less than 20 years in length,

The uncertainty in these estimates, due to "sampling error",

is much greater than for the 2-year estimates; this was

discussed in FPart I, section 5.2

(e) When the 20-year, 2-hour rainfalls were plotted on a map it
became very difficult to judge how much of the variation

between adjacent staticns was due to meteorological or
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orographical factors, and how much to sampling errors, It is
evident, however, that orography influences the pattern of
2=hour falls appreciably more than that of the Z~hour falls,

When additional records become available in the course of the next
few years, it is expected that Pig 10b and, to a lesser extent, Fig 9b will

require some modification.

104 2L, 48, 72-Hour Rainfalls
10.4.1 24-Hour Rainfalls

Estimated 24-hour rainfalls with return periods of 2 and 20 years

are given in Table 9, These are derived from the dajly rainfall readings of
470 stations with at least 20 years of records; for 106 of them, records of
40 years of more were available, Sane of this material had previously been
analysed by Seelye (1947, 1) but as additional data accumulated, his calculations
were later revised and extended. Both the method of analysis and of presenting
the results adopted by Seelye were somewhat different from that used here for
the treatment of the data from recording raingauges. For the sake of uniformity
the earlier results were adjusted in the following manner,

In Seelye's work two statistics u and k were calculated for each
station, these being related to X and s by the following equations:

k = 2.3026/cf , where 1/l = 0.7797 s (from equation 4) and

u = X = 0.,4501 s
From equation (14) we have

XT) = x + K(T,n)s
Eliminating s, and X from the four equations above gives an expression
for X(T) in terms of u and k,

X(T) = u + k [0.251 + 0,557 K(T,n)]

=n+ &T, n). k (25)

Selected values of G(T,n) are as follows:

n 20 30 40 50 60 80

=]
]

2, &2,n) 0.17 0.17 0.17 0.16 0,16 0,16
20, G{20,n) 1.53 147 144 142 1,40 1,38

With values of n, u and k knowmn from previous work, repeated
substitution in equation (25) gave the 2-year and 20-year daily rainfalls,
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A further adjustment was necessary to convert the values camputed from
annual maximum daily rainfalls measured between fixed hours (usually 9 a.m.
to 9 a.m.) to maximum 24-hour falls, It is obvious that the ratio of mexdimum
2,-hour rainfall to maximum 1-day rainfall may vary from year to year between
the limits 1 and 2, For Kelburn, Seelye (1947, 2) found an average value of
1.13 for this ratio, Data from an additional 20 stations were used in the
present investigation, and the over-all average of the ratio was found to be
1414, This is the factor by which all the calculated 2-year and 20-year
daily rainfalls were multiplied to produce the figures in the 24~hour section
of Table 9,

Following Seelye's work on daily rainfalls, tabulations of the
maximun rainfalls over intervals of two and three consecutive days (9 a,m.
- 9 a,m,) for each month and year were prepared, using the same long-period
records from which the maximum daily rainfalls had already been extracted.
Fran these basic tabulations the maximum 2-day and 3-day rainfalls with return
periods of 2 and 20 years were computed, TFinally, these were adjusted to
equivalent 48-hour and 72-hour rainfalls by increasing them in the following

ratios:

Maximum 48-hour rainfall = 1.06
Maximum 2-day rainfall i

Maximum 72-hour rainfall
Maximum 3-day rainfall

.05

The camputed 48=hour and 72-hour rainfalls for about 410 stations are included
in Table 9.

Tor many of the stations included in Appendix T daily rainfall
readings are available for a much longer period than that covered by the
operation of the recording raingauge. For these stations separate estimates
of the 24-hour, 48-hour and 72-hour rainfalls are given in Appendix I and
in Teble 9. The correlation between the two sets of values is shown in
Pig 11a and 11b, and it can be seen that there is no tendency for one set of
estimates to be consistently higher or lower than the other, It is suggested,
however, that as a general rule the figures from Table 9 should be accepted as
providing the better 20-year values but, for the 2-year values, there is little
to choose between the two estimates,

1. THE RELATION OF AREA-RATNFALL TO POINT-RATNFALL

A well-exposed raingauge is considered to collect a good sample of

the amount of rain falling on a small area surrounding the gauge. As the
area increases, the correlation between the area-rainfall and the point-rainfall
gradually decreases, but at a rate which varies from storm to storm according

to the character of the rainfall, Obviously the correlation will fall away
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most rapidly when the rain comes in short bursts of high-intensity rainfall
accampanying the passage of local heavy showers or thunderstorms. By contrast,
the approach of a warm front usually brings steady rain persisting for several
hours and this results in a very uniform rainfall pattern over a wide area
surrounding a particular gauge.

Assuming the value of X(T,t) has been computed for one or more points
in a given catchment area the problem is to determine a suitable factor by
which the "point-rainfall" should be multiplied in order to arrive at a reason-
able estimate of the T-year, t-hour rainfall affecting the catchment area as
a whole, It is a problem which has not, as yet, been investigated in New
Zealand, and one which would require the setting up of a number of special
very dense networks of rainfall stations to operate over a long period,

In U.5.A., however, sane very useful work has been done and the
main results are summarised in Fig 6 which is reproduced from U,S, Weather
Bureau Technical Paper No, 29, Part 3, This diagram was derived fram a study
of data from seven dense networks of raingauges in the eastern half of the
country,

Attention was drawn to the fact that the relations represented by
the curves in Fig, 6 seemed to be independent of geographical location and
hence this diagram was recommended for general use throughout U,S.A., It
appears to be equally suitable for use in New Zealand, particularly as the
seven dense networks wiich provided the basic data are all within the latitude
range covered by New Zealand,
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The diagram shows that, with increasing area, the ratio of the
areal-rainfall to the point-rainfall falls off rapidly, as expected, for
short-dwration rainfalls, For example, the 30-minute point-rainfall is to
be reduced to 70 percent for a catchment area of 50 sq., miles. On the other
hand, a 2j=hour areal-rainfall over an area of 300 sq, miles is taken as 91 per-
cent of the point-rainfall,

Reference to U,S, Weather Bureau Technical Paper No, 29, Part I,

Fig 1-5, shows that each of the four curves reproduced in our Fig 6 has been
fitted to a set of plotted points which show considerable scatter, Thus,

the results obtained from its use, either in U,S,A. or New Zealand, are

somewhat uncertain, Nevertheless, it does provide a working diagram which

can be modified as necessary when more observations became available in the
future,
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12. USE OF MAPS AND DIAGRAMS

As stated in the introduction, the primary purpose of this paper
is to present rainfall information in a form suitable for application to
problems of hydrologic design, In the preceding sections the preparation
of various maps, tables and dimgrams is described, together with their
limitations and the reasons for choosing this particular form of presentation,
It is desirable that the user should became familiar with this background
information, but the actual calculation of the required point-rainfall or areal-
rainfall of given duration and freguency X(T, t, A) can be carried out in simple
steps following the scheme showa by the two examples in Table 10,
12,1 Durations 10-minutes to 24-hours

Step I (Table 10) involves locating the given point on Fig Sa and
interpolating the 2-year f-hour rainfall fram the ischyets. To locate the
point on Fig 9a it is convenmient to use the latitude and longitude pre-
determined fram, say, the 1,500,000 Hydrologic Key Map (NzMS 19B), The points
marked on Fig 9a locate the i} stations for which detailed results are given
in Appendix I,

For steps 2, 3 and 4 the procedure is the same as for step 1. Note,
however, that if the value of X(T, t, A) is not required for durations less
than 2 hours, steps 1 and 2 are omitted,

The values scaled from the maps will be least reliable in those
parts where the rainfall gradient is greatest, for example on the West Coast
of the South Island and in Taranaki, The maps should not be used for
eleyations above about 2000 ft,, as no rainfall intensity observations at
high levels were available,

Steps 5 and 6 are required if X(T, t, A) is to be camputed for
durations greater than 2 hours, The order in which stations appear in Table 9
is based on the rainfall station indicator., This consists of a rainfall
district letter (A to I) followed by a five figure number as explained in the
legend on the Hydrologic Key Map. In Table 9 the stations are grouped into
rainfall districts, and in rumerical order within districts. Normally it will
be necessary to interpolate from the nearest listed stations, Tor a few stations
two values of the 24-hour rainfalls are available - one from Table 9, and the
other from Appendix I, As discussed previously in Section 10,4 preference

should normally be given to the value included in Table 9, As the 24-hour
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Table 10
EIAMFLES OF RATNFALL DEPTH~-DURATION-FREQUENCY-AREA
COMPUTATTONS
Pukekohe Ashburton
T = return period 5 years 10 years
t = duration 1 hour 6 hours
A = area (square miles) 20 sq m, 200 sq m.
1. 2-yezr, L-hour rainfall Fig 9a 0.7 -
2. 20-year, -hour rainfall fig 9b 1.4 -
3. 2-year, 2-hour rainfall Fig 10a 1.3 0.6
4. 20=year, 2-hour rainfall Fig 10b 2.5 1.0
5. 2-year, 24-hour rainfall Table 9 - 2.
6. 20-year, 24-hour rainfall Table 9 . 4.9
Ve Join (1) and (2) and read
where line intersects given
return period. Fig b 1.0 -
8. Join (3) and (4) and read Mg 5 1.9 0.9
where line intersects given
return period,
9. Join (5) and (6) and read Fig 5 = 4.2
where line intersects given
return period.
10, Join (7) and (8) and read Fig L4a 1.4 =
where line intersects given
duration.
M, Join (8) and (9) and read Fig 4b . 2.0
where line intersects given
duration
12, Percentage of point-rainfall Fig 6 90 85
13, x(T,t,&) = (10) x (12; or - 1,2 1.7
= (11) x (12

® not needed when X(T,t,A) is required for t = 1 hour,

NOTE: The line (7) to (8) on Fig 4a is the depth-duration curve for the
given return period; values of X(T,t) for other durations can
be read fram it.
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rainfalls are strongly influenced by orographical effects, large differences
may be found between the tabulated values from neighbouring stations, especially
when they differ appreciably in elevation or aspect, Sampling errors, as well
as orographical effects contribute to the inter-station variations, and the
user must exercise his own judgment and local knowledge in arriving at
satisfactory values for the 2-year and 20-year rainfalls at the given point,

The next five steps in the computation, 7 to 11, are straight-forward
graphical interpolations using Figs. 42, 4b and 5 as described in Table 10,

Steps 7 and 10, or 9 and 11, are amitted according as the required duration
is over or under 2 hours. The areal adjustment to the point-rainfall is then
read from Fig 6 and used as the multiplier in the final step of the computation,

If all the steps are followed through from 1 to 11 the two lines obtained
in steps 10 and 11 approximate the rainfall depth-duration relation from 10 minutes
to 24 hours for the given return period,

12.,1.1. Alternative Method of Interpolation

Alternatively the interpolations involved in steps 7 to 11 can be made
arithmetically in the following way:
(a) The values interpolated fram the maps in Figs 9 and 10 and Table 9
(Table 10, steps 1-6) are used to evaluate:
j=e+0Cp(f-e)
1=g+0Cp(h-g)
where CT is read from Table 12 below and e, f, g, and h are defined
as follows, depending on whether the required duration is (1) 1less

than 2 hours or (ii) greater than 2 hours.

(1) t less than 2 hours (ii) t _greater than 2 hours
e =X(2, %) e = X(2, 2)
£ = X(20, %) f = X(20, 2)
g = X(2, 2) g =X(2, 24)
h = X(20, 2) h = X(20, 24)

(b) Having evaluated j and 1 we have finally:
(1) x(7,t) = § + A1(1-j) or (ii) X(T,t) = j + Az(l-j)
depending again on whether t is less than or grcater than 2 hours,
The values of A 4 and A2 are given in Taeble 13 below,
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Table 12 (c.f. Table &)

T( years) 2 5 10 15 20 25 30 40 50 75 100
Cp 0 0.4 0.72 0.89 1,00 1,09 1.16 1,28 1,36 1.52 1.63
T (years) 150 200 250 500 1000

Cop 1,78  1.89 1.98 2.2, 2,52

Table 13

t(minutes) 10 20 30 45 60 90 120

A -0.49 -0.21 0 40,22 +0.40 +0.73 1.00

t( hours) 2 N 6 8 10 12 16 20 2

A, 0 0.19 0.33 O.44 0.54 0,63 0.77 0.90 1,00

EXAMPLE To calculate X(10,6) for Ashburton using data given in Table 10, Here,
T = 10years, t = 6 hours, e =0,6, f =1.,0, g-=2.4
h =49, Cp=0.72 (Table 12), A, = 0.33 (Table 13)

hence j=0.6+ 0,72 x 0,4 = 0,89
1=24+0,72x25=4.2
Therefore X(10,6) = 0.89 + 0.33 x 3.31
=1.98
12,2 Durations 24-hours to 72-hours

Should estimates of X(T,t) be required for t between 2 hours and
72 hours these can be obtained in the following way 3
(a) Estimate for the given point the 2-year and 20-year rainfalls
for durations of 24, 48, and 72 hours from the data for the
nearest stations included in Table 9,
(v) Interpolate for the required return period by plotting each
pair of points on Fig, 5.
(e) Plot on Fig. 4b the threc values of X(T,24), X(T,48) and
X(T,72) obtained from step (b) and join with a smooth curve.
The required value of X(T,t) is read off this curve.
Note that the calibration of the duration scale is such that the
curve joining the above three points will be close to a straight line, This
line is, however, not simply an extension of the line joining the points (T, 2)

and (T, 24); there is usually a discontinuity at 24 hours.
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No attempt has been made to relate point-rainfall to areal-rainfall far
falls of duration greater than 24-hours, Long duration falls such as these are
normally considered only in connection with very large catchment areas, and

the techrmique involving the use of Fig., 6 is not suitable for such large areas,
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APPENDIX T Depth-Duration-Frequency Tables for 4 Stations equipped

with Recording Raingauges,

No of years of recordings. (no data given for n less than 9)
duration (M = minutes, H = hours)

return period (years)

mean of anmial maximum rainfalls for given duration (inches)
standard devistion of amnual maximum rainfalls,

coefficient of variation = s/i
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4437
4478

57
¢85
1.07

2408
3448
4484
657
Teb67
8.78

42

063

85
lel4
le43
2411
2071
3029
4400
4073

34
e54
o 74
1603
1626
l.28
1657
159

17
026
37

56
87
1.00
le72
177
2479

S
17

024
30
32
37
e 49
78
1019
le43
le82

o42
o4
«48
40
39
34
e36
¢33

«30
31
35

«27
25
21
0«26
«23
«32

o4l
38
¢35
28
026
23
29
«36
«36
39



A 64872 MECHANICS BAY
n ¢t T=2
19 10M 049
19 20M 064
19 30M «75
19 1H «e89
19 2H lel4
19 6H le84
18 12H  2.37
18 24H 2474
19 48H 3,23
19 72H 3,51

B 75361 PAEROA
n t =2
10 10M
10 20M
18 30M e65
18 1H 81
18 2H l.08
18 6H 2619
18 12H 3.12
18 24H 4629
18 48H 535
18 72H 5669

B 75381 WAIHI
n t =2
10 10M 54
10 20M T4
34 30M «93
34 1H l1.32
34 2H 1.78
34 6H 3e14
34 12H 4663
34 24H 610
34 48H 7420
34 T2H Te72

5
+65

«88
1,03
l.27
le74
2468
3.38
3.94
4057
4489

93
1.10
1.37
2473
4026
584
799
Be56

5
70
96

l1e25
1.85
2049
4431
6+82
8450
10.07
11.31

10
«76

1.03
le21
1e52
214
3.23
4406
beT4
5445
5.80

10

l1.12
1429
157
3,09
502
6.88
974
1046

10
82
1.10
le4b
2420
2096
5¢10
8429
10.11
1199
13.72

20
«86

le18
1439
le76
2052
3476
4070
5450
6.29
6667

20

le29
le48
1675
3e¢43
574
7.86
11+40
12.27

20
92
le.24
1e67
254
342
585
969
11.64
13.83
16.02

50
*99

le38
le62
2007
3602
4045
554
6049
T+38
7480

50

le53
le72
1.99
3.87
6469
9el4
13457
14463

50
1.06
le42
1.93
2498
400
682

11651
13464
16421
19.00

X
51

67
78
95
le22
1.95
2651
2491
3642
3.70

F

«69

85
lel2
2626
3.27
450
572
6409

56
o 77

97
1.40
l.88
3632
4496
646
Te63
826

S
e15

22
26
¢35
56
«78
«94
le11
le24
le28

26
27
027
50
l.06
le44a
2044
2065

«l4
18
32
53
o 71
1617
2019
2040
2087
3¢59

v
«29

«33
33
37
o 46
«40
37
«38
«36
*35

«38
32
024
022
32
e32
43
43

.25
«23
.33
«38
.38
+35
VA
«37
.38
o43



B 75471 WAITAWHETA

n t T=2
10M
20M

21 30M «60
21 1H «86
21 2H  le24
21 6H 2417
21 12H  3.07
21 24H 4406
21 48H  4.98
21 72H  5.31

B 76621 TAURANGA
n t T=2
15 10M -6
15 20M -8
15 3o 1.0
15 14 1.3
15 24 2.0
15 6H 2.9
15 12H 3.7
15 24H 4.5
15 48H 5.0
15 72H 5.7

B 8612k WHAKAREWAREWA
n t T=2

10 10M 041
10 20M 60
10 30M «72
10 1H le.01
10 2H 1.37
10 6H 2402
10 12H 2468
10 24&H 3461
10 48H 500
19 72H 5¢46

75
ls15
le62
273
4425
533
6456
6097

9
1.2
1.5
2.0
3.2
4.2

6.1
6.8
T+6

54

«79

«96
1e39
le84
2047
330
4e59
619
682

3.

10

85
le34
1.86
3611
502
617
Te61
8407

10
1.1

1.5
1.8
2.5
3.9
5.1
6.1
T.1
8.0
8.8

10
63
092

1012
l1.63
2015
277
3,71
S5e¢24
6697
771

20

094
le52
2010
3e&t7
5.78
6.98
B8.62
Sel4

20
1.3

1.7
2.2
3.0
4.6
6.0
7.0

8.1

10.0

20
71
1,04
1.27
1.87
2445
3.06
4011
586
TeT2
84657

50

l.06
1475
2040
3093
6e74
8.03
9.92
10450

50

50
82
l.20
le47
2417
2483
3e43
4461
6e67
B8.69
9.68

"l

062

«90
1430
2425
3424
424
5¢21
554

"1

43

63

«75
l.06
1e43
207
2475
3672
5¢14
562

elé
27
¢35
53
lell
1.20
le49
1457

S
oll
¢ 16
20
31
39
+38
52
+ 82
99

le13

23
¢ 30
027
e 24
34
28
29
28

A
26
26
27
«29
«27
«18
19
0«22
19
0«20



B 86602 TAUPO
n t
9 10M
9 20M
9 30M
9 1H
9 2H
9 6H
9 12H
9 24H
9 48H
9 72H

B 87031 OPOTTKI
n t
5 10M
5 20M

18 30M
18 1H
18 2H
18 6H
18 12H
18 24H
18 48H
18 72H

B 87232 MOTU

n t

10M

20M
12 30M
12 1H
12 2H
12 6H
12 12H
12 24H
12 48H

12

72H

=2
34
047
58
82
le17
le.68
2007
2.80
3.64
3.84

069
1603
le48
2450
3.11
3s72
4438
4¢84

62
e 34
1,55
3.08
4438
597
Te32
Teb4

043

062

80
le15
1l.67
2028
2479
3.89
507
534

e96
le42
2414
3463
4ol
510
587
6069

«83
le15
205
4404
5¢64
Te46
9425
992

k.,

10
«50
o71
95

le36
2.01
2068
3426
4062
6402
6434

10

le14
1.68
2458
4e39
534
6401
6.86
Te92

“10

97
1.29
239
4.68
6049
Be4b

10655
1le44

20
¢56
«81

1.09
1657
2032
3405
3.72
5032
692
7628

20

1.31
1,92
2499
5010
6.18
6.87
780
9.08

20

le10
le42
271
5.28
729
9e41
11e77
12.89

50
064
«93

le27
le84
2073
3¢54
4431
6e22
809
8651

50

le54
2624
354
603
T+28
8.00
9.03
10460

50

1.27
159
3013
6407
8e34
10465
13437
14677

X
35
049
61
e85

le23
le75
2el14
291
3479
400

L

«73
1,08
1657
2065
3429
3692
4.58
510

M

65

97
le.61
320
4053
615
7656
Te92

S
08
12
«18
027
o4l
049
59
«90

117
1623

25
36
61
le05
le24
l1e27
l1.38
le71

+18
18
bt
«83
l1.10
1430
l.68
1.98

v
23
25
30
32
«33
«28
28
31
31
31

«34
¢33
«39
40
«38
32
«30
34

28
«19
27
«26
e 24
021
022
25



B 87351 MATAWAT

n ¢t T=2 5 10 20 50 X s v
8 10M
8 20M
11 30M e61 e83 «98 1¢12 l.30 63 ¢«1l9 30

11 1H 85 1613 le32 1.50 l1.73 *89 024 027
11 Z2H lel6 le62 1692 2e21 2:59 1422 ¢39 32
11 6H l.98 2468 3015 3460 4018 2407 e60 29
11 12H 2480 4405 4089 5.68 6e72 2¢95 107 436
11 24H 3.75 567 6095 8417 9¢76 3498 1leb4 o4l
11 48H 4489 704 8e48 9¢84 1162 5615 1684 36

11 72H 5469 T«88 9¢34 10672 1254 5496 1487 31
C 75731 RUAKURA

n t =2 5 10 20 50 X s \'
12 10M 37 50 58 066 «77 039 o1l 28
12 20M 53 o T4 88 l.01 l.18 056 e18 32
12 30M 066 096 l.16 135 1460 70 026 37
12 1H 93 1e52 1.91 2428 277 1400 e51 51
12 2H l.19 1.89 2436 2081 3038 1027 o61 48
12 6H 1.80 2468 3.28 3.84 4¢57 1491 o77T 40
12 12H 2423 3615 377 4435 5011 2434 e80 34
12 24H 2470 3692 4¢73 5451 6652 2485 1406 37
12 48H 3423 4466 5661 6452 Te69 3e40 1e24 36

12 72H  3e32 4493 6401 7403 836 3451 1le40 40
C 85061  ARAPUNI

n ¢ =2 5 10 20 50 X s A
8 10M
8 20M

19 30M 71 1e04 le25 le45 le72 76 ¢30 40
19 1H 86 l.22 le47 1.70 2+00 91 o34 437
19 2H lell 1065 2.00 2.34 2478 1lel8 ¢50 <42
19 6H 1e76 2037 278 3.17 3667 1484 «57 31
19 12H 2624 3.01 3651 4400 4062 2435 o71 30
19 24H 3400 4406 4¢75 5642 6+28 3415 098 31
19 48H 3450 4eoT7 Se61 6e41 Ted5 3667 1018 32
l9 72H 3492 5033 6026 Tel6 8e31l 4el2 1031 32



D 05964 WAINGAWA, MASTERTON
n ¢t T=2 5
11 10M «25 e36
11 20M e34 «55
11 30M 040 «63
11  1H e53 74
11  2H °68 e87
11 6H 1le31 159
11 12H 1487 2426
11 24H 2.55 3,57
11 48H 3407 4430
11 72H 354  4.64

D 06051 WATIPUKURAU
n ¢t T=2 5
10 10M e37 «58
10 20M 5 o7
10 30M .6 .8
10 1H 8 1.0
10 2H 1.0 1.2
10 6H le45 2406
10 12H 211 2.88
10 24H 2.81 3461
10 48BH 3483 4,79
10 T72H 4438 5463

D 15081 NGAUMU MASTERTON
n ¢t T=2 5
10 10M e23 032
10 20M o34 048
10 30M o4l ¢54
10 1H 061 «81
10 2H 092 1419
10 6H 184 2430
10 12H 2487 3.91
10 24H 4442 6439
10 48H 5465 7494
10 72H 6420 8479

10
o b4
«69
o 77
«88
l.00
1.78
2051
4625
5012
5038

10
.72
9

1.0
1.2
1.4
2,46
3439
4e13
5e42
6e45

10
«39
.56
.63
.95

1,37
2460
4460
7.68
9045
10450

20
52
82
92

1,01
lell
1l.96
276
4489
589
607

20
86
1.0
1.1
1.3
1.6
2.85
3.87
4063
6.03
Te24

20
45
«65
71

1,08
1455
2.88
5026
8493
1090
12.14

50
61
1.00
l.10
l.18
le27
2419
3.08
574
6091
6098

50
1.04

3435
4450
5028
6481
8026

50
53
o 75
82
le24
1e77
3026
612
1054
12.78
14426

X
026
36
043
55
71

le34
192
2068
3622
3.68

M

39

1.52
2020
2091
394
4653

024
36
043
«63
95
l.89
299
4465
5092
6450

S
10
18
19
«18
16
024
33
«87

1605
094

18

51
o 64
066
«80
1,04

S
«08
oll
oll
«17
23
38
87

le64
1.91
2016

v
38
049
o444
«33
023
+18
°17
«33
¢33
26

« 46

¢34
29
023
20
023

¢33
31
«26
27
024
20
029
¢35
32
¢33



D 87681 WAERENGAOKURI
n t T=2 5
10 10M «33 51
10 20M o49 «79
10 30M *59 «97
10 1M o84 1455
10 2H 1419 2,03
10 6H 2+02 2.89
10 12H 2484 3,73
10 2&4H 3476 4497
10 48H 5432 7401
10 T72H 5488  7.84

D_87692 GISBORNE AIRFIELD
n ¢t T=2 5
11 10M 032 ¢ 40
11 20M 47 o6l
11 30M *58 74
11  1H e86 1408
11 2H 1419 1.78
11 6H  1e95 2460
11 12H 2469 3427
11 24H 3449 4450
11 48H 4630 5.93
11 72H 4494  6e77

D 96481 WESTSHORE, NAPIER
n t T=2 5
10 10M ¢33 «51
10 20M 5 7
20 30M .6 9
20 1H o76 1419
20 2H 1.03 164
20 6H 171  2.58
20 12H 2.29 3.13
20 24H 2497 4,01
20 48H 3455 4483
20 72H 3.80 5.1l

0

10
62
99

le22
2402
2458
3eb7
4,32
577
8013
9413

10

o 46
70
e84
1,22
2417
3.03
3665
5018
7.01
798

10
.62
-9

1.2

lea7

2.04

3.15

3469

4069

5067

5.98

20
o T4

l.18
let7
2e47
3.11
4403
4,88
6454
9420
10.36

20
51
«79
93

1.35
254
3043
4401
583
Be04
914

20
T4
1.1
1.4
le74
2443
3.70
4422
5035
6049
6.81

50
88

le42
l1.78
3405
3.80
bLeT4
560
T¢53
10458
1196

50
58
91

l.06
le52
3.02
3497
4e49
667
9439
1065

50
89

2409
2493
4e41
4092
620
Te55
789

X
35
052
63
93

1029
2012
2095
3.90
552
6011

«33
49
«60
«89
le26
2403
2076
3461
4¢50
5016

35

82
le1l
l.84
26041
3012
3.73
3.98

S
15

25
32
59
¢ 70
«73
o 74
l.01
letl
1e63

8
07
012
13
18
50
55
+ 49
87

1639
l1e56

S
o15

e 40
«57
81
79
«97
1.20
1.23

\'4
043

48
51
X
54
34
25
e 26
0«26
27

21
25
022
20
«40
27
18
e 24
31
30

043

49
51
o 44
33
31
032
31



D 97041 WAIROA
n ¢t T=2 5
9 10M 031 +45
9 20M e51 «80
27 30M ¢53 082
27 1H «78  1le17
27 2H 1410 1470
27 6H 2.10 3.14
27 12H 2481 4,12
27 24H 3466 5.28
27 4BH 4461 6482
27 T2H 5610 7466

E 05231 OHAKEA
n t T=2 5
19 10M «27 ¢36
19 20M 037 «50
19 30M 046 062
19 1H «60 082
19 2H o 78 1,09
19 6H 1.h 1.9
19 12H le76 2048
19 24H 2+19 3,00
19 48H 2453 337
19 T72H 2474 3464

E 05363 PALMERSTON NORTH

n t T2 5
13 10M 31 o 49

13 20M 042 «58
13 30M 048 064
13 1H 068 88
13 2H 91 l.18
13 6H le43 1,78
13 12H 2.0 2.4
13 24H 2040 3.20
13 48H 2074 3690
13 72H 2691 4010

10
e55
1.00
1.02
1043
209
3.82
4,98
636
8e27
9434

10
042

58
e 73
e 96
1.30
2.3
2096
3,53
392
4,23

10
061
069
o T4

1. 00
136
2.02
2.8
3472
4467
4,88

20
064
l.18
l.21
1,67
2647
4oH8
5.81
7.38
9.66
1095

20
o 47

67

83
1.10
1450
2.7
3e4l
4404
4045
4e79

20
o72
79
84

1013
1,53
2624
3.0

423
5¢40
5¢62

50
076
le42
le46
200
2096
S5¢34
6.89
8673
1148
13.06

50
54
o 77
«96

127
1¢75

4400
4470
5¢14
552

50
87
92
097

1,29
le76
2453

4088
635
6459

X
32
54
57
83

l.19
2025
3.00
3.89
4493
5047

29
39
48
063
83

le86
2030
2465
2086

¢33
o bbly
+50
oT1
094
le47

2050
2.88
306

S
012
024
029
38
«58

1.01
1627
le58
2014
248

8
08
012
e15
20
29

67
e 75
«78
083

016
ol4
ol4
17
024
31

«70
le.02
1,04

v
37
o45
51
046
o449
045
042
okl
43
e45

28
31
31
032
35

36
33
29
29

049
«32
28
024
25
021

«28
¢35
¢34



E 14272 KELBURN
n ¢t T=2 5
31 10M 27 ¢35
31 20M «38 «51
31 30M 48 «63
31 1H 066 «83
31 2H ¢93 lel4s
31 6H 1.69 210
31 12H 2e31 3406
31 24H 2499 4,08
31 48H 353 4493
31 72H 3482 5621
4291 TT
n t T=2 >
11 10M 30 042
11 20M o40 «54
11 30M 49 61
11 1H «68 89
11 2H «94 1,21
11 6H 1469 2.00
11 12H 2423 2.71
11 24H 2489 3.86
11 48H 3.67 504
11 72H 4627 576
F 02871 TAKAKA ATIRFIELD

n t T=2 5
10M
20M
12 30M «59 « 78
12 1H 87 lel3

12 Z2H le32 le63
12 6H 2068 3.28
12 12H 3640 432
12 24H 4el7 5040
12 48H 530 798
12 72H 584 933

10
o4l
« 60
«73
e 94

l.28
2438
3¢57
4082
587
6eld

10
50

63

68
1,03
1¢39
2621
3403
451
5095
6675

10

92
le31
l.84
3.68
4494
6022
9.77

l1.66

20
o 46
«69
«83
1,05
le4l
2464
4005
551
6,76
701

20
57

o 72

76
le17
le56
2641
3.34
5613
6.82
7669

20

1.04
le48
2604
4406
5652
700
1le47
13.87

50
53
«80
95

1620
1.59
2499
4068
6642
793
8017

50
67

e84

86
l.34
le79
2468
373
593
7695
8692

50

1420
1«70
2430
455
6.28
802
13.69
16475

X
29
40
50
68
96

175
2042
3015
3473
4403

32
042
50
71
98
173
2629
3.01
3.84
4045

»

61

30
le36
275
3651
4e32
563
627

S
08
13
015
«17
o21
o4l
e75

1.08
1.39
le.37

]
10

12
10
18
23
27
o4l
«83
lel?7
le27

17
023
27
52
+ 80
1«07
2033
3.03

v
28
32
«30
e25
«22
23
«31
34
37
34

32
29
«20
25
e 24
«16
18
28
31
29

28
«26
«20
«19
«23
25
o4l
°48



F 12162 COBB DAM

n t

12 10M
12 20M
12 30M
12 1H
12 2H
12 6H
12 12H
12 24H

T=2
.25
«38
e51
«76
1le23
2468
4.04
5492

5
e36

58
81
lel2
1491
4e¢50
7619
11e15

10,

10
A

o71
1,01
1.37
2036
Se72
9030

14,66

20
51

83
1l.20
1.60
279
6.87

11.30
17.98

50
61

99
le45
1,91
3435
8437

13.91
22430

X
026

o4l
55
80
le31
2490
4e43
656

]
010

17
26
32
59
158
274
4e55

)
38

042
«48
«40
e45
«54
062
69

NOTE: Values for durations of 12 hours or more are too high due
to the influence of one exceptionally heavy rainfall during which
12.2 inches fell in 12 hours and 20.1 inches in 24 hours.

F 12831 MURCHISON
n ¢t T=2
8 10M
8 20M
29 30M e35
29 1H 49
29 2H 70
29 6H le29
29 12H l.86
29 24H 2455
29 48H 3.16
29 T2H 3«70
F 20791 HOKITIKA SOUTH
n ¢t T=2
15 10M 045
15 20M 066
15 30M 082
15 1H lel4
15 ZH le54
15 6H 255
15 12H 3646
15 24H 4450
15 48H 6400
15 7T2H 6e99

51
065
90
la72
2053
3433
416
4083

61

*95
l019
1.63
2016
3432
4eT4
6425
8013
9.01

10

62

e 76
l.04
201
2098
3.85
4083
557

10
71

lel4
le43
1.95
2057
382
559
Te39
9.53
10434

20

«73

86
1,17
2028
3e41
4e34
5046
6429

20
«81

le32
le66
2027
2097
4e31
6e4l
8451
10.89
11.64

50

*86
1.00
le33
2463
3.96
4498
629
7021

50
094

l.56
196
2667
3448
4094
Tet?7
994
12.64
13,29

37
51
73
le36
1.95
267
3031
3.87

047

70

87
le21
l1.62
2065
3462
4eT2
627
Te25

16
el6
20
042
«66
e 76
«98
1.10

014
226
33
o4
56
069
lel6
le57
l.92
1.82

043
«31
28
»31
*34
28
«30
28

30
«37
«38
«36
35
026
32
«33
31
«25



F 21422 GREYMOUTH
n t T=2
9 10M o4
9 20M 61
9 30M o719
9 1H l.07
9 2H lebtts
9 6H 2022
9 12H 3.21
9 24H 4659
9 48H 6400
9 72H 6691

F_ 39801 HAAST
n t T=2
9 10M 046
9 20M 61
9 30M «71
9 1H e96
9 2H le49
9 6H 3613
9 12H Le24
9 24H 5651
9 48H 6075
9 72H Teb3

g 13321 RODING RIVER
n t T=2
15 10M *35
15 20M 048
15 30M 060
15 1H 88
15 2H l.21
15 6H 1486
15 12H 2622
15 24H 2467
15 48H 328
15 72H 3062

«59

»80
1.05
1651
1687
2489
4026
5.88
8.18
938

5
63
e84

1.00
le33
2019
4e54
6s18
8.15
9.66
1090

>
50

076

092
le36
1.80
2450
2089
3.28
3692
hebts

1.

10
«70

«93
l.23
1.80
2415
3.34
4096
674
9.62

11.01

10
«75
«99

1620
1.59
2066
Sets7
Tel
9490
11.60
13.07

10
61
e 94

l1e13
le67
2019
2092
3432
3.68
433
498

20
«80

1,06
le40
2.08
2042
3.76
5062
Te56
1099
12457

20
e85
lels
1.38
l.82
3e11
6435
870
11656
13,44
15,13

20
71
lel2
le34
l.98
2057
3433
3475
4607
4e74
5450

50
93

le22
1e62
2044
2077
4031
6e48
8662
1277
14,59

50
99
1633
l1e62
2013
3469
7450
10.29
13672
15.83
17.81

50
*83
le34
1660
2437
3.05
3.86
4¢30
4457
5026
618

X
045

063

82
lel2
le49
2429
3432
473
6024
718

M

048

63
o T4
1.00
1656
3.28
4045
580
T406
T«98

37
51
o664
94
l.29
le94
2430
275
336
372

S
13

16
022
+36
35
55
86
1.06
le78
2402

014
19
024
31
58
lel5
1e59
2016
2039
2+68

ol4
25
29
043
53
58
60
55
«57
o 74

v
29

25
27
32
e 24
024
026
022
29
28

029
30
032
¢31
«37
¢35
36
37
¢34
34

+38
049
46
046
o4]
30
026
20
17
20



G 13592 _ BLENHEIM
n t T=2 5
17 10M 021 «38
17 20M e30 e52
17 30M 036 oS58
17  1H 49 o 72
17  2H e73 1402
17 6H 1420 1475
17 12H 1473 2451
17 24H 2414 3,00
17 48H 2453 34,60
17 72H 2475 3492

G_ 23471 KATKOURA AERADIO
n t T=2 5
9 10M e23 046
9 20M e33 «57
9 30M o4l «65
9 1H e65 -7
9 2H 1402 1e48
9 6H 1498 2,91
9 12H 2493 4430
9 24H 3479 5430
9 48H 4434  5.70
9 T72H 4¢55 5.88

H 32561 CHRISTCHURCH
n t T=2 5
25 10M e18 «28
25 20M 025 *38
25 30M e30 bt
25 1H otl «55
25 2H e56 e71
25 6H 1406 1432
25 12H 1457 2402
25 24H 2415 2493
25 48H 2476 3.74
25 T2H 2498  4.12

12.

10
¢ 50

o617
e73
87
le20
2011
3.02
3657
4430
469

10
062
e T4
¢80

lel4
1.79
3452
521
6.31
6¢61
6.76

10
34
046
54
265
81

150
2033
3445
4039
4488

20
e61

81

87
1.01
1¢39
2046
3.51
4012
4099
S5el4

20
«76
«89
«95

le32
2408
4ell
607
T7+26
Tett7
Te60

20
040
54
«63
o 74
«90
l.66
2061
36493
500
560

50
715

«98
1,04
1.20
1¢62
2090
4415
4483
586
6039

50
95
1.09
lels
le56
2446
4.87
Tel9
8450
Be59
8469

50
48
064
75
86

1,02
l.87
2099
4458
581
6¢54

X
23

33
39
52
77
1028
1.84
2426
2068
2691

026
036
oh4
68
1.07
208
3.08
3.95
4e4s8
4069

20
027
32
43
59
le10
1463
2026
2490
3e14

S
016

20
+20
21
026
50
o771
o 79
98
l.07

19
020
19
W24
38
e 76
lel2
le24
lel2
1409

09
o12
ol4
ol4
ol
025
o bk
o75
e 94
1.10

\'s
069

+60
51
40
34
«39
39
35
37
37

o 74
56
e43
¢35
36
37
36
«31
25
23

045
o bk
044
¢33
024
23
027
«33
32
35



H 41411 ADAIR
n t T=2
9 10M 20
9 20M 027
9 30M «33
9 1H 45
9 2H 063
9  6H 97
9 12H 135
9 24H 1475
8 48H
8 72H

H 41421 TIMARU
n t T=2
11 10M o18
11 20M 026
11 30M e32
11 1H 5
11 2H °61
11  6H °98
11 12H 1.42
11 24H 1.98
11 4BH 2461
11 72H 277

I 49591 TARA HILLS
n t T=2
9 10M 014
9 20M «20
9 30M e25
9 1H e38
9 2H *59
9 6H 1.05
9 12H 1435
9 24H 1457
9 48H
9 7T2H

¢35
o 49
54
068
90
le24
1.90
2469

28
39
046
-6
«78
le30
2401
2085
3437
3453

026
«35
o4l
e55
77
le40
l.78
2.21

13.

10
046
o 64
67
83

l1.08
le42
2627
3.31

10
¢35

Y
«55
-7
«90
151
2.41
3.44
3.88
4004

10
35

045
052
0«66
89
le 64
206
2063

20
56
«78
« 80
98

l.25
1l.59
2461
3.90

20
042

056
e 64
.8
1,01
le71
279
3.99
4036
4e52

20
042

»54
62
77
1.01
l.86
2433
3.03

50
69
96
97

117
le47
181
3.06
467

50
50

66
76

le16
1497
3.28
4072
4099
5015

50
52

66
75
91
le16
2015
2468
3455

X
21

«30
¢35
47
066
1.00
le4l
1¢85

19
«28
e34

63
l.02
le49
2008
270
2087

ol6
022
027
040
61
l.09
1l.40
le64

S
13

e1l8
«17
19
22
022
e45
o717

«09
oll
12

15
27
51
o75
65
65

10
012
13
olé
15
29
35
52

v
61

60
49
e 40
«33
22
032
042

e48
40
36

024
27
«34
36
024
23

65
e55
049
35
25
27
25
32



4.

I 50831 TAIERY

n t =2 5 10 20 50 X s v
10 10M 019 e25 029 ¢33 38 20 e05 25
10 20M 25 032 37 042 48 026 006 23
10 30M «30 ¢39 o 46 52 ¢ 60 «31 e08 <26
10 1H o&l] «50 57 063 o771 042 e08 19

10 2H 063 «80 91 1.02 lel5 65 ol 22
10 6H l.10 le48 l1e74 1.98 2029 lel4 #32 28
10 12H le61 2022 2062 3.01 3051 1468 e51 30
10 24H 2+01 2484 3¢39 3491 4e¢59 2611 e69 033
10 48H 2036 3469 4457 5¢41 650 2652 1e1ll1 o4
10 72H 2446 3.91 4087 579 698 2463 1421 46

159242  ATLEXANDRA
n ¢t T=2 5 10 20 50 X s \'
10 10M 017 ¢34 045 ¢55 69 019 ol 74

10 20M 026 57 o177 e97  1e23 429  +26 89
10 30M °33 72 e98 1423 1456 «37 33 <88
10 1H 0.5 1.0 1.3 1.6

10 2H 0.7 1.2 1.6 1.9

10 6H 091 1440 1eT72 2403 2043 496 o4l 43
10 12H 107 1655 1687 217 2¢56 1el3  o40 o35
10 24H 1628  1e71 2400 2e27 2062 1433  ¢36 27
10 48H 1633 1476 2405 232 2467 138 36 26
10 72H 1640 1690 2023 255 296 1lo&b o442 29

I 68191 GORE

t =2 5 10 20 50 X s A
10M 21 ¢35 044 52 63 23 oll 49
20M 29 43 «53 062 o4 e30 012 40
30M 33 047 57 066 «78 034 e12 ¢35

1H 043 57 67 76 °88 044 el2 o027
2H 064 + 89 1.05 1.20 l+40 67 e20 30
6H l.04 le32 1.51 1,69 1492 1407 023 21
12H l.29 1457 1.76 1.93 2016 1le32 023 17
24H 1650 1.89 2015 2439 271 1454 032 21
48H le66 208 2435 2062 2096 1471 ¢34 420
T2H 1.88 2047 2086 3,23 371 1695 o4B 25

O 0V OV YV YV YV Vv Vv Vv v 3



15.

I 68433 INVERCARGILL AIRPORT
n ¢t T=2 5 10
13 10M o18 24 «28
13 20M 027 «37 A
18 30M ¢30 °43 «52
18 1H 042 «57 67
18 2H e58 e75 .87
18 6H ¢97  1lel7 131
18 12H 1le24 1455 1476
18 24H 150 1494 2422
18 48H 1491 2445 2.81
18 72H 2427 2496 3442

I 69272 BALCLUTHA
n ¢t T=2 5 10
9 10M «20 028 «34
9 20M 026 «38 046
9 30M «30 o48 «60
9 1H «39 e61 «75
9 2H «50 72 «87
9  6H 81l 1la12 1.32
9 12H 1.1 1.4 1.6
9 24H 1e27 1460 1482
9 48H 1450 1.97 2429
9 T2H 1475 2424 2456

J 28 CAMPBELL ISLAND (BEEMAN COVE)
n ¢t T=2 5 10
17 10M 012 o15 017
17 20M °17 e19 021
17 30M 021 e25 .28
17 1H «32 «40 045
17 2H «51 064 «73
17  6H e98 1429 1449
17 12H le44 1.88 2,16
17 24H 1490 2¢54 2497
17 48H 2431 3415 3,71
17 72H 2466 3484 4463

20
31

50
«60
«77
e 97
led4
1.96
2050
3.15
3.85

20
39
e 54
72
«89
1,00
1.51
1.8
203
2459
287

20
19

022
31
50
«82
1.68
2.44
3.38
4625
5.39

50
036
59
71
« 89
lel2
le61
2622
2085
3.59
4e42

50
046
64
87

1.07
l.18
le76

2430
298
3027

50
022

024
*35
56
e92
1.93
2.80
3.90
4093
6436

X
019
28
32
ob4
60

1.00
l.28
l.56
1.98
2036

021
027
032
o4l
52
85

131
155
l.80

212
017
022
34
53
1.02
1450
1.99
2443
2482

S
05

« 09
012
pe
16
19
29
40
50
064

07
«10
015
018
18
25

27
39
40

003
002
e 04
«07
12
28
040
59
o 77
1l.09

v
26
«32
37
«32
27
019
023
«26
25
027

34
«37
048
o 44
34
*30

021
25
022

24
oll
19
21
23
27
27
30
32
39



1.

APFENDIX II On frtting the equation y = at (tic)™P
to rainfall depth~-duration data

Given that (t1,y1), (t2,y2), (t3,y3) each satisfy the equation

y = at (‘l:+c)_qb (21)
solve for a, b, and ¢
Taking logarithms:-—
log y, = log a + log t, - b log (t1+c) (22)
log y, = log a + log % -blog(t2+ c)
Hence b - (108 ¥, - log t,) - (log y, - log ) (23)
log (t2+c) - log (t1+c)
Similarly p - (log t; - log &) - (log y; - log y,)

log (t3+c) - log (t1+ c)

Hemce log (té+c) - log (t1+c) _ (log t3- log t,‘) - (log Y3~ log y1) —m (2)

log (t2+c) - log (t1+c) (1log t, - log t1) —-(log ¥, - log y1)

In this equation m can be evaluated cince all the terms on the right hand side
are known, But m may also be tabulated as a function of ¢ for any set of values
of t1, t2, and t3.
EXAMPLE Taling t1 = 2, t2 =12, ‘l:3 = 48
we find the following pairs of values for C and M,
c 0 0.2 0.4 0.6 0.8 1.0

m 1.77 1'80 1.83 1.85 1.88 1.91

Using INVERCARGILL data given in Appendix I we take Yo Yo» y3 the values
listed for ;:t at 2, 12 and 48 hours, namely, v, = 0.60, Yo = 1.28, Y3 = 1.98.
Substituting these values in (24) gives M = 1,91 and hence ¢ = 1.0,
Substituting ¢ = 1.0 in (23) gives b = 0,71, and finally from (22) we find
a = 0,65. The equation fitted to these three Invercargill rainfalls is
theref'ore

g = 0.65 t (t+1) 01
Substituting t = 6 in this equation gives y = 1,00 and,t = 2} gives y = 1.59.

The corresponding values for ;{6 and ;:21._ at Invercargill listed in Appendix T



are 1,00 and 1.56 respectively indicating that the equation

%, = 0,65 t (t+ 1) 07

is a satisfactory representation of the depth~duration relation between
t =2 and t = 48 at Invercargill.

NOTE: In the range from t = O,1 to t = 2 hours as was shown in 6,3, the
appropriate equation for Invercargill is obtained with the following
values for the parameters

a =04y b =0.,55, ¢c =0,

Both equations, in spite of the different values of a, b, and ¢, give the

same value of y = 0.60, when t = 2,

If it is desired to calculate ¢ over any other range of durations

a new (C, M) table is easily prepared. For example, if

t1 = 0,5, t =1.0, t3 = 2,0 we find
e = 0,2 = 0,1 0 + 0.1 + 0.2 + 0,3

M 1.83 1,92 2,00 * 2,07 2,42 2.18



1.

APPENDIX III T ABLE
2h~hour, L8-hour and 72-hour Rainfalls (inches)

A Section with Return Periods of 2 years and 20 years.
Station Index Years 2l~hour 48-hour 72 hour

No. of Record 2yr 20yr 2yr 20yr 2yr 20yr
Cape Reinga A 42461 30 2.5 5.5 3e1 6.5 3,3 7.0
Te Paki A 42581 21 3.9 6.5 L9 9.1 52 95
Mangonui A 143951 60 3.8 7.3 Ll 7.8 4.9 9.2
Kaitaia A 53121 54 3,6 6.7 4.0 7.7 4e5  Bul4
Rangitihi A 53131 31 3.7 15 4ol 7.8 45 1.9
Herekino A 53222 36 40 7.1 ekt Teb 48 8,0
Kohukohu A 53351 L0 3,0 7.0 3.6 8.0 4.0 8.7
Rangiahua A 53361 INA 3.8 6.9 45 8.6 4L9 9.0
Kaikohe A 53471 30 45 8¢5 4.8 8.6 5.2 9.9
Wekaweka A 53551 37 4ot 8.1 57 9.2 6.0 9.9
Waipoua A 53651 25 Jele 640 4%L0 6.9 b3  T7a1
Whatoro A 53661 3 4.8 10,0 53 10.7 6.5 11.8
Waimatenui A 53672 30 I Te7 5¢1 9.6 5.7 10.3
Dargaville A 53981 30 2.9 6.2 3,8 8.1 4.1 8.8
Kawakawa A 54301 34 43 7.6 5.1 8.7 5.8 9.4
Puhipuhi A 54521 40 5.8 10.3 6.9 12.9 7«7 143
Ruatangata A 54613 32 L0 8.2 54 10.3 5.7 11.4
Wairua Falls A 54701 30 3k ok 43 9e & be7 10.3
Whangarei A 54732 36 4.0 8.8 Selp 10.5 6.0 11.5
Mangawai A 64151 30 3.2 7.6 40 8.3 Lo 9.1
Warkworth A 64461 30 4.3 9.1 48 10.2 5.0 10.5
Helensville A 64641 32 2,8 5.5 3.6 7.0 4o o Tl
Riverhead A 64751 25 34 T2 43 8.5 5.1 9.2
Herderson A 64861 30 3,1 6.1 Yol 7.7 Le6 8.3
Auckland A 64871 32 2.7 5.6 3.3 6.7 37 1e2
Mt. Eden A 64874 25 301 63 307 Te5 4a1 8ok
Huia A 64951 29 48 9.9 B4 10,4 6.1 11kt
Little Barrier A 65201 21 5.0 10.5 55 113 5.7 12.6
Cuvier Is, A 65471 58 2,7 5.1 33 63 3,8 Te2
Rocky Bay, A 65801 32 3.1 5.9 3.4 6.8 3.9 7o 2

Waiheke Is.



Table 9 (contd.)

B. SECTION

Station

Tairua
Thames
Turua
Kerepehi.
Paeroa
Waihi
Springdale
Belle Vue
Te Aroha
Katikati
Morrinsville
Tauranga
Whakatane
Raukokore
Maraehako
C. Runaway
Matarau
Lichfield
Lake Rotoma
Mamakn
Rotorua
Whakarewarewa
Waiotapu
Kaingaroa
Murupara
Wairapukso
Taupo
Rotokawa
Waimihia

Huntress Creek

Taneatua
Opotiki

Wairata-Inveraan

Marumoko

Index
No.

B 75081
B 75151
B 75251
B 75351
B 75361
B 75381
B 75551
B 75561
B 75571
B 75591
B 75651
B 76621
B 76993
B 77681
B 77682
B 78501
B 78601
B 85181
B 86051
B 86101
B 86123
B 8612}
B 86341
B 86361
B 86471
B 86561
B 86601
B 86611
B 86821
B 87021
B 87104
B 87031
B 87231
B 87252

Years
of Record

32
29
51
30
32
53
33
35
54
21
36
51
32
23
28
2
35
21
20
25
60
54
52
24
22
21
50
24
21
26
28
23
30
b

24=hour
2yr 20yr
kL3 8.3
343 6e2
2.6 4.6
2.7 Le2
3¢7 7.8
6.6 12.5
3.0 5.2
2.8 5.4
3.8 7.7
52 10.7
2.6 4.7
4ot 8o1
3.5 6.6
3¢ 7.8
3.7  Tok
L.O 6.6
5.7 9.3
2.6 Ll
5.8 10.8
belp 9.4
3.4 7.0
3¢ 6.5
3.0 5.4
3.8 7.2
39 8.9
3¢3 7.2
2.7 k5
2.6 41
33 56
306 6.2
4.0 8.2
4.0 8.1
4.9 8.8
5.0 8.5

4LB8-hour

2yr 20yr
6.0 12,0
31 5.7
360 49
4e2 9.2
8.0 145
3e1 5.5
3¢1 5.5
he8 9.7
6.2 12.7
3.0 5.7
47 9.2
5.0 9.8
be6 10,4
5¢1 10.4
4.8 7.8
8.1 13.9
3.4 5.8
7ol 13¢3
5¢3 10.9
kL3 8.0
4e2  Tok
40 7.0
b8 9.7
4o6 10,3
Lok 10.1
3¢1 5.3
304 57
bt 7.6
be6 8.1
5¢1 9.5
6.0 10.0
6.2 9.8

72-hour
2yr 20yr

bl 13.9
3.6 6ol
3.4 5.1
b6 9.6
8.9 15.8
3.4 6.0
3.5 6.3
51 10.4
7.1 13.4
3.2 5.9
5.3 9.8
S5els 10.4
5.1 11.5
5.2 11.0
S« 8.7
8.6 15.4
3.6 6.6
Te7 15.4
5.9 11,8
4.8 8.7
46 8,2
bel 7.6
52 11.3
4.9 1.1
4.9 11.1
3¢5 549
3.7 6ok
47 8.8
kL8 9.2
5.8 10.8
6.5 10,8
6.7 11.0



Table 9 (contd.)

Station Index Years 24 ~hour L8<hour 72-hour
No, of Record 2yr 20yr 2yr 20yr 2yr 20yr
Koranga Valley B 87441 28 3.6 6.l 4.5 8.5 502 9.7
Tarawera B 96051 33 3.0 5.9 3,8 7.3 4.5 8.6
o SECTION
Paerata C 74191 29 2.7 4.1 33 5.6 3.7 6.5
Waiuku C 74261 40 362 5.6 3.8 6.7 4,0 7.2
Onewhero C 74391 32 2.7 L6 3.1 5.2 3.4 5.8
Te Karaka C 74581 22 3.0 6.5 3.6 7.6 4.0 Tel
T'e Kauwhata C 75411 32 2.7 5.2 3e1 6.3 365 T3
Ngaruawahia C 75611 31 3.3 6.3 3.7 6.9 39 7.5
Ruakura C 7573 32 2.8 5.4 33 6.2 3.6 6.5
Hamilton C 75821 53 2.6 46 361 Sely 3.5 5.9
Roto-o-rangi C 75944 33 2.3 4ai 2.7 45 2.9 4.8
Horahora C 75951 34 2.7 5.2 3.4 5.8 3.7 6ol
(Karapiro)
Kawhia C 84081 40 2.5 45 3.0 5.3 3.2 56
Mangatoi C 84681 28 3.0 5.6 be2 Tol 48 8.8
Te Matai, Aria C 84691 33 3¢5 5.9 el 745 4 6 8.6
Mohakatino C 84701 22 3.1 567 307 17 b2 8.5
Ohura C 84891 3L 3¢5 6.5 4.5 8.0 51 9.6
Uruti C 84951 4 4.0 6.8 48 77 5.6 8.9
Arapuni C 85061 30 2.7 45 343 5.3 3.8 6.0
Otorohanga C 85121 24 3,0 5.0 3¢5  5ek 3.8 5.5
Waikeria C 8511 b1 24 43 3.2 L.8 3.4 5.0
Waitomo C 85211 30 3.5 5.7 el 6.k 5.1 7.1
Te Kuiti C 85312 35 2.9 5.0 3ok 5.1 3.8 5.7
Rangitoto C 85331 20 3.2 5.5 3,9 6.1 boh 6.8
Packaka C 85401 38 3.0 5.0 35 5.6 4.0 6.3
Taumaranui C 85821 2 2.6 5.1 3.3 6ol 3.6 6.9
Hautu C 85981 25 2.9 S5ed4 3.6 6ok 4.0 7.4
New Plymouth C 94011 77 3.1 5.6 37 6.7 el 7.3
Waitara C 94021 32 3,0 6.1 3.7 6.9 3.9 7.0
Tangarakau C 94081 27 3.1 6.0 Ye2 7.3 4.8 9.0
Lower Mangorei C 94111 30 3.3 6.7 Yol 6,9 b7 7.8



Table 9 (contd.)

Station

Lepperton
Inglewood
Purangi.
Whangamomona,
Upper Mangorei
diversdale
Tariki Hydro
Ngatimaru
Rangipo

D. SECTION
East Cape
Pakihiroa
Waiorongomai
Whatatutu
Otoko

Puha

Te Karaka
Eastwood Hill
Ormond
Patutahi

Gi sborne

Te Kura(Erepiti)

Pihanga
Whakapunake
Onepoto

Tuai

Tahora
Mangaone Valley
Paritu
Owhena
Ruangarehu
Mangatarata
Tokomaru Bay
Tolaga Bay

Q a Q a Q  a a

U U U uuy

D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D
D

Index
No.
94121
94122
94151
9u172
94201
94221
94222
94261
95082

78751
78811
78321
87381
87462
87481
84482
87571
87591
87691
87692
87731
87742
87761
87811
87812
87921
87962
87981
88001
88011
88111
88131
88331

Years
of Record
30
36
32
36
38
53
30
30
27

35
32
20
27
32
30
32
27
22
51
51
26
22
22
29
30
32
30
30
30
30
29
24
53

24~hour
2yr 20yr
3.8 7.1
49 9.0
3.8 6.4
3eb 5.9
6.0 10.2
5.3 10.38
be2 7.6
b3 6.2
4.0 7.1
3.7 7.8
6.3 9.8
T2 12.7
3e2 747
3.1 5.8
2.9 5.7
361 7.1
3e2 7e2
4e2  Bok
3.0 6.0
362 T7e2
4o3 8.0
4o 9.2
46 9.1
4e6  8o1
bel 7.8
344 6.8
6e1 12,6
5.8 12,2
5.1 9.7
5¢5 1061
5¢3 9.9
S5¢4 10.9
4o3 B.2

48<hour

yr

5.0
5.8
e/
4.6
7+8
6o 7
S5e k4
5¢3
4.8

4o 8
B 2
9.3
b 5
40
3.8
4O
4o 1
Le7
367
4o
5.8

6.0
5.0

8.0
7.8
6e8
Te3
73
6e5
5¢5

20yr
8¢9
10.7
3.0
79
14e 5
11.6
8.9
Se 9
9.3

9.2
e ks
17.0
11.9

7e6

7.8

8.8

8.0

9.5

7.8

8.9
11.2

10.5
9.8

17.5
16.0
11,9
131
12,1
11.5
10. 8

72=hour

2yr

5.5
6.3
5.2
5.0
8.8
7.1
6.2
6.0
5.6

5.2
9+5
10. 4
5.1
46
3.9
43
4.5
5.3
Lo 1
4.6
6e9

6.8
5.9

9.6
9.2
7.8
8.0
8ol
7.2
6.2

20yr

9.6
1.2
8.8
8.6
16.2
13.1
9.8
10. &
10.8

9.8
17.9
19.6
12,8

9¢3

8.5

9.9

9.1
10.9

8.9
10.0
13.1

13.0
11.6

21.1
18.6
13.9
15.5
1. 2
13.7
12,6



Table 9 (contd.)
Station

Waihau
Maungaorangi
Maungsharuru
Putorino
Tutira
Hedgeley
Rissington
Napier
Whanawhana
Wahine,Sherenden
Maraekakaho
Hastings

Te Mata
Mangakuri
Gwavas

Glencoe Station
Poukawa,
Mokopeka
Blackburn
Pukehou

Otane (Te Kura)
Hapua
Waimarama
Anawai

Mt. Vernon
Waipawa

Wairoa
Portland Island
Waipuna
Pahiatua
Mangamaire
Putara
Eketahuna

Index

No.
D 83432
D 838512
D 96091
D 96191
D 96281
D 96381
D 96471
D 96491
D 96541
D 96561
D 96653
D 96681
D 96691
D 96693
D 96741
D 96752
D 96771
D 96792
D 96831
D 96861
D 96862
D 96881
D 96891
D 96892
D 96951
D 96961
D 97041
D 97381
D 05381
D 05481
D 05541
D 05651
D 05671

Years
of Record
32
30
S
28
50
50
39
67
40
32
36
51
30
25
56
21
51
32
32
50
26
28
56
26

57
24
2
35

29
52
27
26
55

2l ~hour
2yr 20yr
3.9 9.3
Sl 1142
b2 9.7
4.0 10.4
5.0 11.1
38 8.8
4.0 10.8
3.1 6.7
3¢ 7.0
3.5 8.6
3.0 5.8
3.0 6.7
2.6 6.3
3.6 77
3.3 6okt
3e1 5.9
2.5 5¢3
3.6 8.0
3.6 7.7
2.8 6ol
2.6 5.8
%0 8.7
3¢3 6.8
7.2 13.0
2,6 5.0
2.8 5.3
3.7 Tok
2.4 45
2.7 48
2.6 5.2
2.6 5.5
4.8 8.9
2.6 4.6

LB8<hour
&r 20yr
5¢3 11.9
661 13.8
507 124
56 16.7
6.7 1622
5.0 11,0
53 142
3.6 8.0
be1 8.1
45 10,2
39 8.0
365 7.6
3.6 9ek
4.9 9.9
42 8.1
3.7 6okt
3.3 6.7
49 10.8
L9 9.1
37 7.2
361 6.2
B4 1143
boi 847
9.6 20.5
3¢ 662
3els 59
be6 9.7
2,8 5.1
2.2 6.1
6.0 10.5
3.5 6.1

72=hour

2yr

5.9
ok
6.3
6.3
7.1
53
5 6
40
k5
5.3
4.2
3.8
4.1
5¢3
k5
41
3.7
5.6
S5¢4
4.0
3.6
6.2
4.8
1.1
3.8
3.8
5e1
3.6

3¢5

7.0
41

20yr

12.8
15.6
13.8
18.8
13.1
12.3
15.5
8.9
9.0
11.6
8.6
8.2
10.2
10.6
9.0
6.9
7.3
12,3
9.7
7.9
7e5
13.0
9.2
23.6
6.8
6edt
11.0
6o s

6.7

12,7
7.0



Table 9 (contd.)

Station Index Years 24=hour 48-hour 72-hour
No, of Record 2yr 20yr 2yr 20yr Zyr 20yr
Eastry D 05681 53 2,6 Yo7 3.1 5.6 3.7 6.5
Tawatala D 05682 38 2.3 41 3.0 5.2 3.6 5.8
Bagshot D 05872 30 2,8 6.1 39 e 2 b5 8.2
Ditton D 05874 25 3.0 5.2 35 5.9 3.9 6.8
Llandaff D 05961 28 2.5 5.2 32 643 3.6 6.6
Masterton D 05964 57 2,6 5.1 3.2 645 3.6 6.9
Bush Grove D 05991 29 3,0 6.0 4ol 8.4 4e6 9.1
Takapau D 06031 41 2.8 5.8 3.7 6.8 349 7.0
Waipukurau D 06053 40 2,8 5,0 304k 6.0 3.9 6.9
Rangi tapu D 06081 3 40 8.0 hod 945 4.9 10.3
Rua Roa D 06101 28 3.1 6¢3 3.6 7.1 4.7 8.2
Ormondville D 06122 26 3.5 6ok L 8.5 5.0 9.8
Motuotaraia D 06151 35 32 7.2 3.8 8.1 4.2 8.7
Aramoana D 06181 39 3.0 5.6 38  Tok by 8.3
Dannevirke D 06211 35 2.6 47 3.1 5.5 3.4 5.9
Pine Grove D 06431 40 3.6 7.7 50 9.9 5.5 11.0
Woodbank D 06451 50 3.9 7.8 5e1 9.8 5.4 10,3
Annedale D 06701 Iy 3.3 6.7 4o6 9.7 B.4 11.0
Ovingdean D 06721 29 3.3 6.0 be3 8.2 46 8,7
The Taipos D 06811 21 4.9 10.1 - - = -
Marangai D 06901 37 3.1 Bk hel 9.1 4beh 9.4
Tinui D 06902 2L 3.9 B.4t 5«1 10.6 5¢7 1101
Castlepoint D 06921 41 3.0 5.9 3.3 6.8 3e 7.0
Greytown D 15041 38 2.4 45 3.0 5.6 3.4 6.2
Waihakeke D 15053 34 2.2 43 2,7 6.2 3.0 6.8
Summit D 15121 56 3.9 7o 5e2 93 6.0 10.3
Featherston D 15131 60 2.9 5.5 3.4 6.2 3.9 6.9
Eringa D 15162 32 2.8 5.4 366  Te2 Yo 8,8
Wairongomai D 15211 25 3.0 5.3 3.7 6e7 4o Tol
Te Hopai D 15221 22 2.8 5.3 3«5 7.0 3.9 7.6
Martinborough D 15242 33 2.1 4.0 2.4  4eb 2.8 5.2
Riverside D 15243 27 2.2 3.8 - - - -
Orongorongo D 15301 28 62 1147 83 15,5 9.5 17.5



Table 9 (contd.)

Station Index Years 24 ~hour 48-hour 72-hour
No. of Record 2yr 20yr 2yr 20yr 2yr 20yr
Pukeatua D 15351 21 4e5 10,2 55 12,0 6.1 12.7
Lagoon Hill D 15352 30 4.2 10.9 59 125 6e3 14,0
Te Awaite D 15451 29 3e3 D55 3.9 6.8 3 1.4
Cape Palliser D 15631 25 3e1 566 3.8 6.6 4oe2 7.2
E. SECTION
Cape Egmont E 93271 24 3.5 6.5 3.9 T3 42 745
Opunake E 93481 34 2.8 5.7 3.2 6.0 3.6 6.3
Mangapurua Ldg E 94291 21 3.4 6.7 b2 77 4.6 8.2
Stratford E 943352 é1 0 7.2 5.0 9.8 6,0 10.7
Riverlea E 94401 34 3,1 6e7 4%L0 8,3 Yoy 8¢5
Eltham E o452 28 2.9 5.5 3¢5 7.3 3.9 7.7
Manaia E 94511 27 2.5 6.3 - - - -
Ohawe E 94521 3 2.6 5.0 3.0 5.4 3.3 5.8
Hawera E 94621 32 2.5 5.1 3.0 5.9 304 6.0
Kakaramea E 94651 20 2.7 47 - - - -
Patea E 94714 38 2,6 45 3.2 5.6 3.6 5.8
Waverley E 94761 28 2.3 3.5 3.0 5.7 3.3 61
Moumahald E 94762 20 2.3 3.6 - - - -
Waitahinga E 94791 30 2.9 5.5 35 646 3.9 6.9
Horopito E 95331 23 2.8 4.9 3.6 63 bel 7.2
Raetihi E 95421 32 2.6 47 3.4 643 4,0 7.0
Ohakune E 9531 30 2.8 5.6 362 5¢7 3.6 6.0
Karioi E 95451 26 2.2 L5 2e7 543 3.2 5.7
Waiouru E 95461 32 2.0 40 26 45 3.0 5.0
Hihitahi B 95571 22 2.4 5.0 361 6e 2 3.5 6.8
Erewhon E 95591 30 2.2 Lot - - - -
Ruanui E 95662 23 2.3 b4t 361 7¢5 35 8.0
Taihape E 95681 1 2.1 363 2.5 L4 2.7 4.8
Wanganui E 95902 60 2.1 3.7 2,5 43 2.8 4.7
Okoia E 95911 27 2.2 4.2 2.7 49 3.0 B4
Marybank E 95913 21 1.8 3.2 = - - -
Hunterville E 95951 45 2¢2 3.9 2.6 4.8 2.9 5.0

Mangaochane E 96501 3 2.1 48 2.7 b5eb 3.2 5.9



Table 9 (contd.)

Station

Kapiti Is.
Thoresby
Waituna West
Dalvey
Burleigh, Bulls
Komako
Flockhouse
Waitatapia
Feilding

Flen Orua
Kajiranga
Palmerston N.
Grasslands
Palmerston Nth,
Turitea
Foxton
Fitzherbert W.
Mangaore

Ohau

Upper Mangahao
Otaki
Pauatahanui
Karori
Kelburn
Petone
Ridgeside
Waiwhetu
Wainui-o-mata
Brooklyn
Trentham
Wallaceville

H OB B H BH 5 B b

H & 5 =

H &H BH B EH BB BB B H B B B EHEEE

Index
No.

04891
05032
05061
05111
05131
05191
05221
05232
05251
05341
05351
05362
05363

05365
05421
05461
05542
05623
05642
14111
14194
14271
1,272
14283
14284
14293
14294
14371
15101
15102

Years
of Record

57
23
34
35
31
31
27
50
59
38
37
33
25

30
34
24
30
29
30
54
22
67
83
20
23
43
53
3h
24
26

2h~hour
2yr 20yr
2.7 4.6
1.9 3.6
2.0 3.3
2.0 3.7
1.8 3.2
3.1 6.1
2.1 3,2
1.9 3.1
2,0 3.4
1.9 3.0
2.0 3.5
2.1 3.5
2.2 3.6
2.3 L3
2.0 3.2
2.3 4.8
25 47
2.2 L1
5.8 10.9
2.2 3.5
2.7 6.0
340 5.7
3.0 5.5
3.0 5.7
2,8 5.3
3.1 5.6
5¢1 10.3
3¢1 5.5
2.6 5.1
2,8 5.5

4 B8=hour
Zyr 20yr
362 545
2.5 L6
24 4.2
349 7.5
2.4 3.9
204 4ot
2.5 43
2.4 Lot
2.3 3ol
2,5 3.8
24 3.9
2.9 5e1
24 366
2.9 Sk
Toh 154
26 Lal
365 Te7
3.6 6.8
3e7 6eb
4.0 7.7
4ol 79
6ol 1544
4.0 7.1
3.7 7.0

3.6

7.0

72=hour
Zyr 20yr
3¢ 5e7
2.8 4.9
2.7 45
4ol 81
2.7 45
2.8 4.8
2.7 47
2.7 4eb
2.6 43
2.6 4.0
2,6 4.0
3¢3 5.7
2.6 4ot
el 5.9
8.7 17.8
3.0 4.8
4.0 8,9
3.9 Tek
4.0 7.2
W B4
L5 9.0
Te1 17.2
bels 746
4O 7.6
4.0 7.4



Table 9 (contd.)

Station

. SECTION
Collingwood
Bainham
Farewell Spit
Millerton
Westport

Asbestos Cottage

Karamea
Kahurangi Point
Gowan
Twynham

Lake rotoiti
Murchison
Hokitika

Ross

Reef'ton
Rewanui
Greymouth
Lake Kanieri
Otira

Okuru
Karangarua
Milford Sound
Puysegur Point
G. SECTION
Waitata Bay
Stephens Is.
Motueka
Stanley Brook
Golden Downs
Yncyca Bay
Harakeke
Mapua

7

QN 0 Q @ 2 9 @

Index
No.

02662
02751
03501
11681
11761
12171
12211
12721
12751
12772
12781
12832
20791
20981
21181
21331
21421
21812
21851
38991
39581
47691
66161

03991
04601
12192
12381
12581
13191
13201
13203

Years

of Record

23
30
60
21
53
27
Sk
22
20
27
22
20
67
36
L2
20
46
27

40
34
20
2l
31

37
54
36
35
23
32
32
30

2i~hour
2yr 20yr
S5¢1 8.3
7.8 Abal
2.8 5.6
6.0 9.8
3e& 5e9
51 8.5
3.1 5.3
Lol 743
2.9 L5
3.2 4.8
2.7 47
2.5 Lo
be7 T7e9
6.0 9.7
3.2 5.1
566 9.5
4ol Tk
7.3 12.0
9.1 13.9
5.9 1.2
6.5 10,0
11.9 20.4
3¢1  5¢3
3.0 5.1
2.7 5.8
3.7 1.2
3.2 6.3
2.9 5.1
5.0 8.2
2.7 5.7
2.6 L1

L8~hour

2yr

6.0
9.7
3¢5
7.2
he?2
6e3
367
5e2

365
3¢3
5¢7
7e 6
et
7e6
5.3
8. 8
1265
8.2
8.5
14e 6
38

368
6.0
3.8
Sed

20yr

10.1
20.3
6e5
11.7
71e3
10.7
649
942

5.6
5¢7
9¢3
12,2
6o ks
12,6
9.2
16,6
20. 2
13.7
13.2
25.5
6e3

6.8

ol
6e 5
12,1
6.8
Sek

72-hour
yr 20yr
6.8 11.3
11.2  23.9
3.7 7o
8.3 13,3
45 7.8
7.1 12,1
4o2 73
5.8 10.8
4.2 7.0
3.9 6.0
6.6 10.4
8.3 13.4
4.5 Tok
9.1 13.8
6.0 10.4
10.3 18.9
13.8  23.4
9.2 15.4
9.6 15.7
16.5 28.1
Led 1e2
be6 7.5
4,2 8.1
b4o2 71
6.7 13.1
43 7.8
3¢5 6e3



10.

Table 9 (contd.)

Station Index Years 24 ~hour 48=hour
No. of Record Zyr 20yr 2yr 20yr
Appleby G 13211 22 2,6 47 3.2 561
Nelson G 13231 55 2.8 4.9 3o ls 6.0
Opouri Valley G 13261 32 S5¢ 10,7 7.0 147
Maitai Valley G 13331 24 49 9.2 6.6 13.8
Spring Creek G 13492 37 2.5 L3 - -
Erina G 13552 35 2.7 L4eb 3.6 6.3
Seven Oaks G 13582 37 2.2 3.9 2.6 5.0
Blenheim G 13592 21 2.1 3¢9 20 4 41
Ranui G 13631 30 2.9 L6 35 5.6
Waihopai G 13651 22 2:4 3.7 2.8 Le3
Avondale G 13661 51 2.1 4,0 2.6 49
Marama G 13792 21 2.5 L2 2,8 4.6
Upcot G 13951 22 2.2 4.0 2,8 4e5
Duntroon G 13871 30 2.7 5.3 362 6.7
Manaroa G 1101 52 3.9 7ok 5e 2 9«7
The Brothers G 1A 60 2.2 4.3 2.4 5.1
Picton, Freezing G 14201 25 L0 8.1 5¢4 12,4
Works
Ocean Bay G 14311 29 306 5.7 4.5 8.0
Marshlands G 14401 36 264 o2 3.0 56
Seddon G 14601 32 2.4 41 3.1 57
Wai-iti G 14702 20 2.6 Lo7 2.9 5.8
Cape Campbell G 14721 65 2,8 5.9 ekt Te5
Ward G 14811 36 301 6o lt 3.8 78
Hanmer G 22581 39 2.0 6okt 3.8 8.3
Ellerton G 23091 37 4O 9.3 4e8 101
Mounsdale G 23341 30 4.0 7.7 4.8 9.3
Hapuku G 23361 30 He2 11.3 6.3 14e3
Kaikoura West G 23461 32 Y 1 Te7 Ge 7 Be &t
H. SECTION
Arthurs Pass H 21951 32 8.7 1408 1.0 20.7
Riverside H 22781 30 2.4 49 2,7 6,0

Culverden H 22782 n 2.2 5.5 2.5 (9

72-hour

2yr 20yr

3.6 5.5
3.6 6e 6
7.8 1644
Tk 16,0
3.9 6.6
2.9 Selt
2.6 4o
3.9 6e 1
3¢3 5¢3
2.8 5.2
3.0 4.9
3.0 48
3.6 7.7
5.5 9.9
2.5 55
5.6 12,7
5.0 9.2
33 6.0
3,2 6o 4
3.0 6oy
37 8.0
bolp 8¢9
45 10.0
5.3 11.7
5.5 11.2
7.3 159
ez 91
12,0 22,0
32 ok
2.7 7.0



1.

Table 9 (contd.)

Station Index Years 2h=hour Li~hour 72=<hour
No,. of Record 2yr 20yr 2yr 20yr 2yr 20yr
Balmoral H 22861 27 2.3 5e¢ L 361 7e3 363 9.9
Glenallen,WaikariH 22961 32 2.8 5.9 303 73 36 8.7
Keinton Combe H 23501 33 3.4 9.2 el  11.5 5.1 12.6
Emscote H 23531 28 4.2 8.7 4.8 106 4 5.5 11.2
Waiau H 23601 32 2.9 7.0 33 8.7 3.7 9.5
Highfield H 23602 54 2.9 5.9 367 de 2 41 9.0
Hawkeswood H 23632 23 b6 9.1 e 11,9 7.0 13.7
Spotswood H 23721 33 2.8 7.5 - - - -
Gore Bay H 23831 30 3.0 7.1 3.7 7.9 Yke2 8.9
Kilmarnock H 23911 29 3.2 7.5 - - - -
Mt. Cook H 30711 27 9.3 143 - = = =
Godley Peak H 30841 23 2.2 47 2.6 4.8 2.9 5.3
Braemar H 30921 35 2.6 45 31 5. 6 3.4 5.8
Bealey H 31061 62 3.9 7.5 bo by Be 2 4.9 8.8
Mt. white H 31091 23 2.5 L6 361 5e3 304 5eb
Glenthorne H 31144 27 3,2 5.3 4.0 7.0 Ly 7.8
Flockhill H 31171 26 3.2 5.7 3.6 6e3 4ot 7.2
Craigieburn H 31184 23 263 3.8 2.6 48 2.9 5.3
Harper River R 31241 24 2.9 5.6 3.2 5¢9 3.6 6.7
Double Hill H 31321 34 2.9 5.3 3.8 6ol b3 7.3
Lake Coleridge H 31351 35 2.9 5.6 3.0 5.8 3.4 6.6
Lake Coleridge H 31352 35 2.2 3.7 2.6 5.0 2.9 5.4
Mt. Torlesse B 31381 37 2.6 4.8 3.1 6.5 3.5 7.3
Coalgate H 31491 3l 2.7 5.6 2.9 7.6 3,2 8.1
Rudstone H 31562 32 2.7 5.3 33 6.9 3e7 Yok
Hororata H 31591 55 2,0 L1 2,5 5.0 2,8 5.5
Evandale H 3161 33 2.7 5.3 2.9 5.9 3.2 6.5
Staveley H 31642 30 3.0 5.6 34 6.8 3.3 1ol
Springburn H 31643 33 2.5 5.3 3.0 6.6 3.3 7.3
Singletree H 31651 30 3,0 5.8 4,0 8.9 kL5 9.9
Methven H 31661 37 2,8 5e 2 3.6 765 3.8 8.0
Mt. Somers H 31731 36 2.6 5.3 3.0 6.0 3.3 6.7
Winchmore H 31873 56 2.3 5.C 3.0 6.3 el 7.2

Peel Forest H 31921 53 2.8 47 3.6 6.0 Lo 6.9



12,
Table 9 (contd.)

Station Index Years 2k~hour 4 8-hour 72-hour
No. of Record 2yr 20yr 2yr 20yr 2yr 20yr
Mt. Peel H 31924 21 2,7 5.0 31 5.6 3.5 5.9
Ashburton H 31971 36 2.4 4.9 361 6.6 3¢l 7.0
Weka Pass H 32071 3 2.7 5S¢4 2.9 5¢ 6 3.4 6.7
Waipara H 32072 29 23  5e7 2.9 7e1 3.4 8,9
Amberley H 32171 37 2.9 6.7 3ol 8e 2 3.7 8.9
Oxford H 32222 42 2.7 5.0 3¢5 6e 7 3.9 7.8
Pukeura H 32401 21 2.6 5. - - - -
Homebush H 32402 25 2.4 5.4 - - - N
Darfield H 32442 33 2,1 4.8 2.9 6e7 3.2 743
Paparua H 32551 28 2.2 3.7 2,6 4.8 2.8 5.2
Christchurch H 32561 77 2.1 3.9 2.7 5.3 2.9 5.9
Rhodes Conval. H 32562 53 2.4 5.3 2.8 6e 5 3.1 7.2
Home
Lincoln H 32641 65 2,1 4.0 2.4 4.8 2,8 5.6
Taitapu(Otahuna) H 32651 42 2,6 5.0 302 6.0 3,7 6.7
Allandale H 32661 33 32 7.3 3.7 8.5 o2 9.9
Pusgha H 32681 20 4.0 9.7 48 11,2 5.1 12,5
Rakaia H 32701 50 2.4 45 3.0 6e1 3.2 6.6
Okuti H 32781 30 4o 9.5 5S¢l 1143 6.0 13,0
Southbridge H 32821 38 2.1 leb 2.6 5.6 2.8 5.7
Magnet Bay H 32871 32 2,6 6.9 2.9 8.2 3.1 8.4
Akaroa H 32891 51 41 9,8 Sels 12,8 5.8 14.0
Brockworth H 33601 27 2,7 6,2 3.5 Tods 4.0 8.4
Lake Tekapo H 40041 27 2.2 4.0 2.4 5.5 2.7 5.6
Horwell Downs  H 40171 3 2.5 4.6 301 547 3.7 6.7
Lambrook H 40181 55 2.3 4.2 2.7 5.7 2,9 6.2
Fairlie H 40182 2 2.4 47 3.0 6e 2 3.5 7.5
Bedeshurst H 40183 30 23 Lol 3.0 6.0 345 7.2
Te Ngawai H 40281 39 2.2 L3 2.8 6.2 3.3 6.8
Cave H 40391 21 1.9 3.8 2,5 5e¢3 2,8 5.8
Haka Downs H 40461 25 1.9 3.6 2.4 4eo6 2,6 5.0
Waikora H 40671 22 2.8 4.8 35 6e 7 3.8 7.2
Station Peak H L0751 32 1.8 341 - - - -

Orari Gorge H 41021 5l 3¢5 6.2 bolt 8.2 5.0 9.1



Zable 9 (contd.)

Station

Lynnford

Kakshu Bush
Waitui

Orari Estate
Pleasant Point
Kapunatiki
Seadown
Smithfield
Timaru

Timaru Reservoir

Waimate

I. SECTION
Waitald

Otiake
Duntroon
Stewart Settlmt,
Glenorchy
Arrowtown
Makarora
Bermore

Hawea Flat
Maungawera
Pembroke
Luggate

Tarras
Blackstone Hill

Naseby
Forest

Naseby

Oamaru

Kauroo Hill
Totara Station
Patearoa

Waipiata San.

Index

No.
H 41061
H 31111
H 41121
H 41131
H 41201
H J1211
H 41321
H y1322
H 21
H 41423
H 41701

I 40461
I 40851
I 40861
I 41801
I 48741
I 48981
I 49321
I 49391
I 49631
I 49632
I 497
I 49721
I 49841
I 49991
I 50001

I 50011
I 50091
I 50172
I 50182
I 50201
I 50112

13,

Years
of Record
33
35
30
5k
48
41
32
31
53
51
53

23
30
32
30
22
26
30
39
31
27
28
21
35
30
56

40
65
36
25
29
30

24=hour
2yr Xyr
2,5 5.2
2,5 6.2
2.7 5.6
2.8 5.7
2,1 Le2
19 3.7
2.3 L8
2.4 5.0
2.0 4.3
2¢2 Lk
2.1 L1
1.8 34
1e6 3.0
1.9 3.9
2.2 5.8
2.7 5.1
2.0 3.6
bl Tol
2.2 3.8
262 4.0
2,3 4.0
2,1 3.6
1.9 3.6
1.9 3.3
1.9 3.1
1.6 3.0
1.8  3e2
1.8 4ot
1.8 3.9
2.1 5.4
13 2.2
163 2e4

43-hour

Zyr 20yr
3e1 6okt
a2 70
et 10
3¢5 740
2.7 5.3
2.5 4e8
2.7 545
2.8 5.6
2,8 S5e &
2.9 5.6
2.9 55
2,0 37
2ok 52
2.9 649
3l 6e 6
2.4 4.0
5¢3 8e3
2.4 4e 6
2.5 4oy
2,8 4.8
2.4 bel
2. 2 4.0
1.9 366
2,2 346
2.1 3.9
2.2 b4e3
2.4 561
2.3 45
1.5 2¢5
1.6 2.7

72~hour
2yr 20yr
3al 6.6
3.6 8.2
306 Telk
4.0 7.6
3.0 5.8
2.6 5.2
2.9 5.6
2,9 5.8
2.0 5.8
3.1 5.8
361 6.2
2.1 4ot
2,6 5.6
3e1  Tole
3.8 7.0
2.6 4.3
57 9.0
2.6 L.8
2.7 47
3.1 5.3
2,6 48
2.3 43
2.1 3,8
2.4 4.0
2.4 42
2.4 4.8
2.6 5.5
2.5 4.7
1.6 2.7
1.8 2.9



Table 9 (contd.)

Station

Waipiata
Kokonga

Robertslee,
Gladbrook

Te Awa-Hill
Bushey Park

Garthmyl,
lwiddlemarch

Whare B'lat
Ross Creek
Sawyers Bay
Dunedin
Portobello
Burnside
Musselburgh
Manapouri
Monowai
Queenstown
Frankton
Kingston

Castle Hill
(Athol)

Glenfalloch
Dipton
Wendon
Nightcaps
Ripponvale
Clyde
Ophir

Moa Creek
Galloway
Alexandra

Manorburn Dam

Paerau

Roxburgh East

Index

No,
I 50212
I 50221
I 50411

Grove I 50471
I 50472
I 50512

50843
50851
50861
50862
50862
50941
50951
57561
57761
58061
58071
58371
58551

H H H H H H H H H H H H H

58561
58831
58881
58901
59011
59131
59161
59162
59241
59242
59361
59491
I 59531

- B H H H HHH H H H H

1.

Years
of Record
28
25
52

38
38
36

26
2L
26
93
4
35
34
2k
33
56
32
23
21

25
50
35
33
28
56
30
32
43
31
33
30
25

2l=hour
2yr 20yr
Tk 2.4
1.6 2.8
2.0 3.6
2.0 4.9
2,0 4.9
1.8 3.1
Jele o7
2,7 6.3
2.9 5.9
2.4 5.0
201 bak
2,5 4.9
2.1 L4a7
202 4e2
2.6 5.0
1.9 3.2
1.8 3.1
2.4 5.6
2.0 3.5
1.8 3.5
2.0 3.6
1.6 2.8
2,0 3.3
1.6 2.8
leh 2.5
1.5 2.2
1oy 2.5
les 2.6
163 2.6
1.5 2.9
2.1  holy
1.6 2,7

L8-hour
2yr 20yr
1.7 248
1.8 3.2
2.4 heit
2.6 5.9
2,6 5¢8
Lol 9.8
3.8 8.0
3e7 740
362 6e 8
2.3 5.2
361 6e 5
25 6o ly
2.8 be B
2.9 5e2
204 4o 2
2,1 3.6
2.7 6e 2
2.2 3e 7
2.2 4.0
2.3 36 3
1.9 3¢5
2,6 be 6
147 249
1.6 2.9
1.7 249
1.6 2.9
1¢5 267
1.5 30
1.7 3.2
23 Be1
1.8 3.0

7 2~hour
2yr 20yr
1.8 2.9
1.9 3.3
2,8 5.0
2.9 6,2
2.9 6.4
4.9 10.5
4o 87
be1 745
3.4 7.2
2.8 5.4
3.4 6.9
2.9 6.7
361 Sul
3¢3 547
2.6 Lol
2.3 3.8
3.0 7.0
2.5 4.0
2.4 43
2.5 3.9
21 3.6
3.0 4o
1.8 3.2
1.7 3.0
1.8 3.3
1.8 3.1
1.6 3.0
1.5 3.1
1.8 3.5
2.6 5.6
1.9 3.2



15.
Table 9 (contd.)

Station Index Years 2j~hour 48=hour 72=hour
No. of Record 2yr 20yr 2yr 20yr 2yr 20yr
Roxburgh I 59532 55 1o 2.3 1.6 2,8 19 3.2
Great Moss Swamp I 59581 20 1e6 343 1.8 3e7 1.9 3.8
Tapanui I 59921 55 1.9 3¢5 24 5.0 2.8 5.7
Lawrence I 59961 33 1.6 2.8 2.2 366 2.3 3.9
Centre Island I 67481 37 2.0 3.8 N 4.0 2.8 4.6
Gore I 68091 37 1e6 2.7 1.9 362 2.2 3.4
Otautau I 68101 41 2.1 3.7 2.6 ot 2,8 4eb
Riverton I 68301 3 168 3ok 24 3.9 2.8 4.2
Roslyn Estate I 68351 36 1e6 2.7 2,0 3 ds 2.4 3.8
Invercargill I 68431 55 1e7 2.9 2,2 365 2.6 3.8
Awarua I 68531 35 1e7 3.0 2.2 3.7 2.6 ket
Waimahaka I 68582 38 1.7 246 261 3ok 2.4 3.8
Half Moon Bay I 68911 31 2.0 4.1 2.6 Ay 3.2 L8
Ulva Island I 68912 23 2.1 3.7 2.9 45 3o 5e2
Milton I 69191 23 1.7 3o 2¢1 4o2 2.4 L7
Balclutha I 69271 55 1e7 346 2.0 4e 3 2.0 Lol
Owaka I 69461 3 1.9 3.6 2.5 bo? 2.6 5.1
Nugget Pt, I 69481 22 145 3.0 2.0 3.6 2.3 3.9
Quarry Hills I 69501 50 2.0 4.0 2,6 5.0 30 5k
Tahakopa I 69541 28 2.3 5.4 301 607 3.6  7e2



p 25

p 27

p 30

p 39

AEMDLTITES toI Z, Vet,3, Misc Pub. 118

"The Frequency of High Intensity Rainfalls
in New Zealand"

line 12, amend to read: ..... Y, and 6n depend .....
in the table, amend heading of right hand column to read: dn

line 4, should begin: with ¢ =0 as .....
last paregrarh, line 6: for "estimates", read "estimate",

in formula (20), enclose 0.84 + 0,75 log (T-0,6) in curly brackets,
beginning of line 15, alter "Formula 18" to "Formula 19",
" " 16, alter "Formula 19" to "Formula 20",

para 2, line 4, amend to read: ..... structure or the consequences .
para 2, line 6, amend: "“require", to "required"

equation (25), amend to read: X(T) = u + G(T,n)k

Appendix I  add following table for New Plymouth at beginning of

C 94011

Appendix I, and amend heading to read ,.... 46 Stations .....

NEW PLYMOUTH

wi
w
<

n t =2 5 10 20 50
1, 1M 45 6 .77 89 1.05 .47 A7 .37

Ty 20M «72 1.1 1,36 1,61 1,93 .77 .35 U5

14 M 93 1.55  1.97 2,37 2,88 1.01 .56 .56
14 1H 1,2, 2,00 2,50 2,99 3.62 1,33 .68 ,51
1 H 144 2,26 2,79 3.32 3,98 1,55 .73 W47
14  6H 2,07 2.76 3,22 3,06 4,23 2,16 .62 .29
W 121 2,57 3.33  3.83 4.3 L.93 2.67 .68 .25
W 24H 3,30 4,57 5.4 6,23 7.27 3.46 1,14 .33
1 48H  L.03 5,54 6,54 7.52 8.76 L.22 1,35 .32
W 7H 4,28 5.79 6.79 T7.76 9.00 L,u6 1,35 .30
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