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NOTATTON

Letters and. s¡mbols a.re defir¡ed r¡¡here they first appear in the text.
those ¡hich are repeated. in several places are listed. here for convenient
reference.

a, b, c are coefficients in ecluation 1l

D = T=o-Ð (see equation 14)

k = â. statistic defined. by Seelye -- 2.3o26/ot

In = rar¡k fron bottom

n = rro¡ of years of obse:¡¡ation (sample size)

s - sample standarcl d.eviatio

t = dr¡¡ation of rainfall (fr"t-rrs)

IrT' = return period. (years) i see 2.1.

u = moae

V = coeffisient of variation - s7Ç

xtor {t) = rnaxiru-u raÍnfall of d¡¡ration t in a @ven year.

lÇn *or X(frt)= expected. annual. maximurn rainfall of return period. I years and^'u dr¡ration t hours (ttre t-¡rear, t-hour raínfalI).

y = reihrcect variate = (x-u)oC

yn = mea¡ of the theoretical reducecl exürernes

oú, = scale paraneter in the theory of extreme values.

6 = standard. error ot ära
ó- = standarcl deviation of the theoretioal reduced extranes.n

tt
¡
fl
r
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Sill,û¡IARY

Jlhe paper is divided. into two parts. Part I d.eals with the analysis
of rainfal-l- intensity data fYon 4l+ New Zeal-and. staticns r'ùtere recoriling raingauges
have been in operation for at least nine years. The resu-l-ts are obtained. by
applyin¿; the theory of extreme values, using the ','¡el-I-]srovün Gtlnbel method.. They
are presented. in Appendix I as {.1¡ rainfa.ll- d.epth-dura'bion-fretluency tables con-
taini-ng the erpected. rainfalfs for dru'ations of 10, zo, Jo nÈnutes, 1, 2, 6112,
?+, )+B and l2 hours, each rith return-periods of 2, 5, 10, 20 md 50 years. The
uncertainties in the resul-ts, due mainly to the short recor¿ls usualÌy available
for analysis, a-re aLso discussed.. ft is shown that, for many pì-aces, the d.epth-
dirration-fbecluency rlata can be satÍsfactorily represented, over a fairly large
ratrgg of duration, bÏ a forrnula of the t¡pe

x(r,t) = a.t (t * ")-\'(r,t)
',r.'l-rere,X(1rt) is the rainfall with retrnn-period. T years a¡d. dr¡ration t hours,
and. F(Trt) is a frequency furrction. A method. is d.escribed- for using the data
tabulated. in Appendix r ín order to find, the parameters arb, and- c, a¡rd- al-so
F(Trt) for a particular station.

In Fart 2 tlne problan is to estimate the values of X(frt) - the rainfall
of retnrn-period. T-years a¡rd. dr:ration t-hours - at any given poì-nt in New Zeal.artd.
'jsing the data in Àppendíx l, four maps î¡ere prepared. to represent the variation
ct x(z,l), f,.2,2), i(zort-), åoa x(zo,ã) tnrouþroit the'wholã country. For durations
of 2+t [8, and l2 hours the van'iation from pJ-ace to place is shovm by means of a
detailed table.(ralte 9) contalning values ot x(2rz+), x(zorz+), N(ärLB), x(2or48).
x(2r72), ar.d. x(zo,7z) for over IOO statj-ons. To'enable inlerpótatións to be
mad.e for otl-rer dr.rations and retr¡rn-per-agds there are tlrree interpolation diagrâms
covering (a) durations up to 2 hor¡rsl (¡) ôurations greater tinan2 hours, anÈl
(c) return period.s 2 - 100 ye?rs. These are t¡seil in conjunction vrith the maps
a¡rcr. Ia,ble ! to estimate X(Îrt) at any given point.

In oriler to reduce the estimated point-rainfal]- to a value appropriate
to the average rainfaIl over a l-imited. a:re,L surrorrrcling the gj-ven point, use
is mad.e of a ¡paph d.evel-oped. in the United. States -ieather Br:reau. Exarnples
are included to il-lustrate the method- of using the vari,cus maps, tables and.
diagrams in ihe ¡ractical- estimation of rainfal-Ì intenslties over snall- catclrnent
aÏeas.
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PARI ONE : RÄTIWA],L DEPTH-DIIRATION-FREQUFICÏ
Rtr,AÎIC}IS DERTVED FROII RECCRDING
RAINGAUGES

fntroductlon

Since the publication of a set of intensity-d::ration-frequency curves
for T/ellington (See1ye, 194Jzb) there has been a d.aand for slnilar info¡mation
for other parts of the country, chiefly for hydrological desigp purposes.
Seelye used. 18 years of records fbqn a Dines tilting-sipùron rair4gauge ^tKelburn which uas the longest reliable recorcl available at the ti:ne. His
analysís follov¡ed the now weÌl hrown FGunbe}|r method, based on the theory
of extrerne values, but extenslon of thís work had to await the accr¡nu-l-ation
of basic data fYcrn ad.ditional recorr*ing raingauges.

In the 1940t s a:rd. early 1950r s a large nr¡nber of adclitional stations
vere equipped. with recorcling gauges, mostlyDines lnttern w.if,þ rr¡ily chart, and.
a routine srunmary forrn was introduced. in the Clirnatological Secüion. On this
fo¡:n are enterecl details of the monthly and. a¡mual extremes of rainfall of
different durations, as extracted. fYcrn the autographic ctrarts. Yfittr these
srrmaries now available for rnany stations for 10 years or more, a statistical
analysis was caried- out v*rich Ied. to the results given in the accørparrying
tables. Also incluòed. are resul-ts fbom a ¡r¡nber of stations equi¡rpeè by the
Ilinistry of rÄ¡orks with tipping bucket gauges (weelcly charts) rnostly in the
193Or s. These record.s were later acquired. by the Meteorological Service.

.A.s the Gt¡nbe1 method has undergone sqne modification-s since Seelyer s
results were pr:blishecl, a brief surrnary of the urethod wil1 be $ven to show
how these moùifications affect the resr¡Lts. For a detailed. account reference
shoul-d. be maôe to Gr¡nbe1 (tg¡g) or to his published. series of lectr¡rer (tg54)
to the U.S. National Br¡reau of Sta¡rdard.s.
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2. OUTIJNE OF 1Iü0FY 0F EXtRnÍE VALIIES - ft.unbel- Method

Consider a variate x nith density of probabifity f(x) wt¡ich
qe will call the initial distribution. the probability that a particular
value of the variate is less than or equal to a certain x is il*), nihere

p'(x) = f(x). Then the probability that N independ.ent observations af1 fail
to exceecl * i" pN(*) = n*(x). Ercpressed in another way this mearrs that if a

sample of N values is selected. at ra¡rd.crn from the parent population, P*(x) is
the probability that x is the largest val-ue of the sanple. îhr¡s if we select
n rand,om aampJ-es, each of size N, the series of largest vaf-ues (one from each

sarnple) *1 , *2, --- xn d.etermines a new variate rvhose pobability function is
f"(x). It follo'ws that the distribution of the largest values depenôs on I'i

the size of the sanple, ancl on the form of the initial distribution.

In d.eveloping the mathematical theory of extreme values, Gumbef ¿nd

others have shown that when ltr is very large the distribution of the largest
values is nrt very d.ependent on the exact form of the initial distribution
and. for a large variety of cqunon initial distributions it tends as¡imptotically
to one of three fotms. In the present analysis of rairrfall data'we are con-
cernetl only with rc?rat c,ì.mbel (1954) calls therrfirst as¡mptote'r. this applies
strictly to initial- distributions of the e4ponential t¡pe ald the as¡mptotic
probability is gj-ven by

{*) = oç (-e-r¡
where y =cú(x-u)

(r)
(z)

y is lsrown as the 'freêh-rceil variaterr arrÃ, d and. u ar'e parameters which may be

estimated. fboI:r the observed. Iargest values, as d.escribect below.

2.1 Return Perioô
In applications of extreme value theory it is usual to erpress

lrobability in terrns of return period. T(*), the relationship being J.efined.

by the equation

r(x) (¡)
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lThen the series x1, x2t . . . . t o" annual maxi:na of rainfaÌI of a ¡t'ven
ch:ration, say, 6 hours, the return period. T(x) of a parti-cr¡:La¡ vafue of t
j.s rrthe average interval between t.bse years which contain a 6-hor¡r rainfall
ec1ua1 to or greater tha¡r :Ct. this is not quite the sa¡ne as rrthe average

inten'al- between occurrences of 6-hor¡r rai¡rfalls equal to or greater tha¡r xrt

v¡tri ch v,¡e sha1l call Ît ( x) .

Seelye çt:+n) showed. that I a¡rd. Tr are related. by an equation rhich
reduces to

1

ö, = rnT t-n(r-t)

and. fYom which the following table was preparecl.

T25102050
Tr 1 .\4 4.48 g.4g 19.5 49.5

NCItsS (") fn Seelyers notation Tr = N.

(¡) T - Tr is seen to tend. rapiùLy to ! as T increases.
(") 1r is sqnetimes callecL rrthe reeurrence interval

of the a¡nual- exceeda¡rcesrr - see Chow ( 1953).

Tbrougþout this paper results are given in terrns of 1(x) as defined.

Above. In sqne applications of the resul-t it nay be sbrictly more appropriate
to use Tt(x) but the difference is usr:aIIy insigríficant except n?ren I(x) is less
than about ! years. ff necessary, the results may be ad.justed. as described above.

2.2. Eslínltion of Parametcrs

.ïor estimating the trvo parameters d.a¡rd u frorn the obsewed largest
vaÌues severaL methoC-s have been used..

( ") l*lonents
l¡\ Orrìcz. statistics
\ "if(.) Least-squares method based. on the use of a special- extreme val-ue

probability paper.
(a) Maximr¡r likell-hood..

fn this alalysis the l-east-squares method (c) was að.opted..

Ikevious work on llew Zeala:rci rainfall- and- strea'n fLow data has been basecl on

methods (a) ala (t). Al-l- three nethods will be briefly d-escribed. mainly to
show the relationship betvreen them a¡rd the effect on the resu-l-ts. For a
cl-elrttrd accou¡t reference should be mad.e to Gr¡nbel (lg9+) or to hl¡ more recent
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book (195S). Method (a) rs much more l-aboriorr-s than the others and. it is
d.oubtf\l if the extra effort l-eads to a sipificar¡t improvement in the resrrlts
(see C.r.unbe1 (1958) p.25t+); no fl.rther referonce will be nnade to this method.

in the present paper.

2.2.'l Method. of Mørents

Tn an early application of extreme value theory to meteorological

data Gr.urbel (1942) used this method.. Seelye (192+7a) ad.opted. it in d-eriving

intensity-duration-fYequency relations for''Jellington rainfalI. Berùram (tgfO)

applied. it to flood. discharges in New Zea3.and rivers.
Let x,,, t x2t )t --- xn be the observeil largest values each year

from a record. which is n years in length. these coul-d. be, for exanple, the

a¡rrual maxi¡na of JG-nninute or Ghour rainfall-s or the an¡rual naximr¡n flood
discharges. the mean i, and the standard. deviation s are given by

; = fE',
Þoviôed. both n a¡rd. N are large, the pararneters ma¡r be estimated. fYom these

first two mcments as follotæ

a = ',F." = 0.7797 s
o(. ,lf

u=xT/d = i o.L5o s

(t.)

(¡)

( f is Eul-err s constant 0.5772)

f,et \ be the er¡rctecl value of x with a retrrn periocl 1, emd. let
¡¡1 be the associated. value of y. Eliminating P between (1) artd (l) gives

YT - -l-n -rn (t 1)
T

(6)

Sel-ectecl values of yrare given in Table 2; more cønplete tables are readily
available in various publications, if reqrd-reð. In meteorological Ii-teratr:re
Jenkinson (ll>5) p. 170 @ves a converrient table for y in tezrns of P.

By substituting for u, d, and T ín (Z) we obtain the following
ex¡rression for estimating \

t = i + o.78o (yr -0.577) s. (z)
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As wil-l- be seen belorv, the least-sqìrarea nethoô lead.s to a sligþtly
different expression for \, stilÌ involving the sample estimates of I a-nd. s,
but introducing n the sample size.

nquation (4) erçresses ¿L in terms of the stan.dard d.eviation s. Gr¡nbel

(lg+Z) has shown that a slightly more efficient estimate of d- ca¡r be obtained.

from the mean deviation d. ,1/ú = 1.O1711d. This ¡nethod. of estimating
was useil by See15'e ( t g+Z¡) in an analysis of maximun 1-d.ay rainfal]-s in New

Zealand,. The statistics of ma:cimr¡n 2-day and- J-day rair¡fal-l-s were later
analysed. in the same way and- the lesults are incorporated. in'IabLe ! (see also
Pao,'t 2 section 10.4).

2.2.2 Ord.er Statistics. In the analysís of 1-day, 2-cey and. l-day rainfalls
the narameter u was estimated fbom or¿l.er statistics.

ff the n observed. larges values axe arra-nged. in ascending order of
nagnitud.e and. m is the rank of a particular value xm, ít ca¡r be strown (see

Gr.rnbe1, 1958) that the ra¡k corresponcling to u ic

ru = o.J6Bn + 0.632 (g)

For example, for the Ti¡ellington d.ata given in lable 1, n = Jl , so that n, = 12.d+

a¡rd. hence u -- 1.61 .

Ounbel also gives an extrrression for the ra¡¡k of other characteristic
val-ues of the distribution, fÌour which d' can be deriveal. However, in the
present investigation the least squares method described in the r¡ext section ra's

lnefe:red..

2.Zt Least-Squa¡reg llethod. Use of the first a¡rd secontl mqnents to
estimate u a¡rô d, , as described. above, strictly applies orrl¡r f,e very large
samples. The least-squares method, applied. to extrerne value statistics, is
a l-ater d.evelotrment and. alIows better estimates to be macle for snaLl samples

(n = 20 or less). the two give id.entical results r¡vhen n is large.

.â, brief erçlanation ¡rill be given by reference to a special
probability paper d.eveloped. for practical appÈcations of the theory of extreme

values.

2.1 Extrerne Value hobabihty Paper. In the usual forrn of this pa¡rr
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the horizontal axis is gatluatecl with three relatecl scales :

1. A, Ìinear y scale

2. A probahility scale on which ttre ¡paÀuations are relatetl
to the linear y scale by eqr:ation ( 1 ).

5. A retr:rn period scale retrich is related to the probability
scale by equatíon (l).

The vertical- scale is a linear x scale. Basically, the nethod consists of
plotting the series of obserred. Iargest values (arrangetl in ascencling ord.er)

on extreme value probability paper a¡d, then fitting a straigþt line to the

plottecl points.

2.4 Plottine Position. Various methods have been proposed for plotting
obserr¡ations on trrobability ¡npr a¡rd. for a d.etailed. èiscussion of the plotting

trnoblem reference should. be nad-e to Q¡nbel (D5A, 1.2.Ç1.2.7). In the present

methocl the cr¡nrrlative ffequency assignecl to the mtJl of the n ra¡rked obsenrecl
mvalueg t. Ë-. Àlternatively if the obserr¡ed. vaÌues are plotted on the

retuzr-perd.oc!. scale the nth value is assignecl a return-period. rf **. this
means that the higbest observecl. value (m = n) is assigned. to a rretr¡¡n periotl of
(n + 1) r*ricfr overccmes the main objection to thc earlier, rricùely use';l Hazen

methotl in wl¡ich a cr¡nr¡lative fYequency of 4- 
"""igr"d. the mth val-ue leads

to a retun-per{ocl of 2n fon the higþest observed. value. The lnesent methocl

also replaces err earlien rnethod trrroposed. by Gr.unbe1 (lg+l) anô describeà in
Linsley, Kohler a¡xl Paulhus çll+l). It ís interesting to note that, accorcling

to Alekseev (tg¡A), the plotting method used extensively in IISS. assigns a
fÞequency of B - 9'l to thc nth obse:¡ration.It + u.4

In labl-e 1 the a¡nual maxi¡n¡n Ghour rainfalls at Kelbu¡n, TÍellington
fæ the ¡rriotl 192U1958 are ¿rrrangecl in ascending order together with the
correspontling plotting position, given in terms of returrr periocl. these values

are plottecl in Fig. 1, on S.C.C. Fo:m 15 (tton rhÍch the ¡robability andtr¡y't

graèr:ations have boen cnitted.). The calcr¡l-ation of the theorebical line ancl

the control curves shovn on RLg. 1 is described. be1cm.
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TA3I,E 1

Plotting Position : Arurual- Maxi¡m¡n Ghour Rainfall at Kelbnrrn, Ifellington
'lg2u1gr\

(rainfal-I in hundredths of an inch)

mxTmxImxIMDMDMD

1 86 j.o' 11 160 1.52 2j 178 2.92
2 13O 1.O7 12 161 1.60 22 183 3.2O
5 1Jo 1.10 11 163 1.68 2t 184 3.55
4 152 1.14 14 167 1.79 2+. 1gg 4.0
5 1t4 1.18 15 169 1.Bg 25 2OO 4.66 1L1 1.23 16 170 2.oo 26 206 5.3
7 1U+ 1.28 17 17O 2.13 27 2OB 6.4
B 152 1.33 18 171 2.29 28 22t 8.0
9 1r+ 1.19 19 177 2.t+6 29 2]/+ 1o.7

10 156 1.46 20 178 2.67 5A 2y 16
t1 3ot 52

x_ = mth rainfall j-n asceniling order
m

n =31
I - plotting position on retr:rn-periocl scale = 

tt+
P 5----- -n-m+1

; =170 s = U
x2 = 169 5O= 299

the strict application of the theory of extreure values requires that
each of the values *,1 , *2, -- *r, should. be the largest value in a large sample

dralcn at ranclom fYcrn an r:nlimited. ird-tiaJ- distributlon of the e4ponential tpe.
If, in addition, the nr¡nber of samples is large, when all the n observe¿l

erctrernes are plottecl on extrerne value pobahility paper the points strould. Iie
øl s straigþt line. thís follows because of the tùesign of the lnper (as

described above). the equation of the line is, of course, id.entical with
equation (t), y = c{ (x-u).

For gnaller values of n the scatter of the plottecl pcints increases
(see lar:rarrga data plottetl in Fig. 1b) and. a modified. least-squares technique

has been developed for finùing the line of best fit. The difference fYorn the

classical method. is that the squarecl dtistances wtrose sum is to be minimised are
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not measuretlparallel to the x (or y) a-is, but parallel to a Ìine whose graclient

is o¡4rosite in sign to that of the line of best fit. As shown by Gunbel (lgfl*,

trrp. 15-16) tfris sligþt noöfication of the classical least-squares methocl con-

sid.erably sirnplifies the subsequent calculatíons a¡¡d lead-s to the following

equations for esti:nating the parameters ø{, and' u.

l/d = don i u __; _iJa (rr)

where i' a¡¡d. d 
' 

are respectively the mean a¡rd. the standard deviation of

the series of yr s obtainecl fYør the plotting positions. For the mth value

of the ranlcecl obser¡ratior¡s the r¡alue of 5rn is given by

n/(r+1) = ercp (- " 
-Ï*)

rrlrence
--¡.n'JË - J-c v I

Ìt 2-"m
lll='l n

t
Irl='l

-In (-1n t' 
)' n +1

It will be noticecl that y' and. ,, detrrnd. only on n ( tne ntnber of extrernes).

A table is glven by Gurbel (1958, Table 6.2.t) fYør vrhich the follouring have

been exüracteð..
in

20
5o

100
1000

o.5256
o.9+85
0.5600
o.5745

1.0628
1.1607
1.2065
1.2685

It canbe shorm that as n+oo ir, * 0.5772 alrrð- 6n*rr/6= 1.2826 so that,
in the limit, the e:çressions lord and. u in (t1) becorne identical wÍth equations

(¡) ar¿ (6). Thus the least-sqr:ares method. a¡rd. the method of mcnents lead to
the sane result vhen deal-ing with very Ìarge rn¡nbers of extreme val-ues. For

snaller values of n, say less thal !0, the least-squares method is superior.
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3. CJJÌ'IEET, I,ETHOD ATPIITÐ

3.1 Li-mltations
It is lorow¡r that not all t¡pes of extrerne-v¿rl,ue data foÌlol the

theoretical distribution given by eqr:ation ( 1 ), but there is no theoretical-
basis for d.ecidj-ng w?rether this form of distrj.bution or scrne alternative form

is the one rvhich should. be used. for the analysis of rair¡fall- recorcls. 'Ihe

a¡r¡uai- maxima of rainfal-I certaj-nly d-o not comply exactly with alL the conditions
upcn which the distribution given by equation (1) is based.. The exact fo¡m of
the frecluency dÍstribution of rainfall-s of d.urati..,n t, from l*rich the annual

maxima a¡e sel-ected, is not locovn.

A rough test nhich can be carried. out u'ithout much trouble is to plot
the a¡nua1 extrernes on extrerne-val-ue probability FÊper. If the points plot
cl-ose to a straigþt line cne may be reasonably confident that the record.s fbqn

that particular station fit the theoretioal distrlbr¡tion. Ssnetimes the
plotted. points show some curvature, either upvrard.s or òowr¡warcls, or there rnay

be so much scatter among the plotted. points that they reveal- nothing about the
probable natr:re of the theoretical distribution - tlús is particr:Iar1y noticeabJ-e

with short records, say, uniLer 20 years. Thus, rvhen the plotted- points d.o show

a definite cur¡¡ature there is a problem to d.ecicl.e vÈrether the departure fbør
Linearity is due to Lhe availabLe recorils not being a representative s.nrÍ'le of
the l-ong--period rainfall- at the station or ¡shether there i-s scrne local climatic
factor -r¿b-ich infl-uences the fYecluency distribution of the rainfall.

49 Cornparison with othef methgds

Various other theoretical distributions vÀrich hawe been used in the
analysis of raÍnfaIl- records i-nclud.e the Iog-normal (tilcIÌlvrraith, Chow, 1954, -
thougþ Chovr, 1953 has also useél the Gr-¡nbel rnethod.), anC. the inccrnplete garnma-

f,:nction (ttrcrn, 1958 lfaher, 1960). Jenlcinso" (tg¡5) d.erived. ar in¡¿enious

¡rocedure for choosin¡; a theoretical distqibution which vri1l irnprove the fit
for any particular sanple; equation (1) js included as a special case in
Jeruinsonr s .qeneralised equation.

The Gr¡nbel- nethod- appeals because of its relative sirnplicity especially
.rhen clealing with l-arge voh¡nes of d.ata, as in this investigation. Furthermore,
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when many of the recorils are barely long enougþ to þstify the use of thc

Gr¡rbe1 methoð there ís little point in attearptíng to utilize ¿þs ¿à¿litfena]

refinesrents suggested. by Jenkinson. Grnbelr s methoô has been usecl ertensively
in the Hydrologic Services Division of the U.S. Ttieathetr Bureau, "nd, its valrrc

for pedicting extreures of rainfall h¡s been subjectecl to detailecl a¡ô critical
exaroination by Herstrfielcl ald. Koh1er (tggO). -â,fter applying a nrnber of
statistical tests they ex¡nessecl the conclusio¡r that the ¡nethocl rrìes an acceptable

lnocecù:re. 1o sr.¡sr up, the mai-n justification for the use of the C¡nbe1 ¡nethod.

is that it is well-tried., Ðd experience shows that it gives satisfactory results
in practice.

Plotting the a¡rn¡a1 extranes, as we trave seen providcs a rougþ check

that the data cl¡o fit the theoretical èistribution. A graphical inclication
of the good.ness of fit may be obtainecl by drawing tuo ncontrol curvesn on either sitle
of, the theoretical 1ine, the inte:¡¡aL between the c¡:rves being such th¿t there
is a two-thirds probability that each plottecl value shoul-d. Iie between tbe two

curves. the method of drawing the control curves is dcscribeil by Gtubel U95A,
p 2'15), anôL a surtrnary is given below in 5.2 rvhen discussing lnssible ecrors in the
calculatecl results.

Once the data are amanged in order and. plotted. on Gunbeì- paper it is
usr:ally quite satisfactory to flit a straigþt Line by eye to the plottecl points;
in fact ttris method. has scne ailvantages over the least-squâres nethod, particularly
lvhen d.ealing with short series of data. It is for instance the nethod reccsmenÀecl

by the U.S. Geolog¡cal- Sr:rwey (see Dalr¡mpLe, 1960) for the anaJ.¡rsis of flood-
fl-m clata. A few of the resultE presentecl in .Appendix T to the lneseut paper

are clerived. in this way.



17.

L. PAOCES¡SINE fifE DATA TR,OU RECORDIIG ÌAINEAIFES

L.t Notes on t¡he obserûatlorîa

-

l[ost of tbe tt¡rta useil in thls inrÞstigation were ertracteô fro the

ttalty cù'orts useal on Dlnes tttting-siphon ¡¡ecording rei-ngauges. The scale of

these ehorbs is sr¡ffisiently open ûr reasonably accu¡ute ocaliags of i¡tense

¡ainfalls rlown to iù¡¡etLons otr 10 minrtes. For tt¡e routine analysis of tbese

oharts the follming standard. clu¡atlon¡ rere seleotetl:-

'lO, 20, J0 ni:rutes 1, 2, 6, 12, 4, 48 ar:il. 72 hours.

Tebr¡latLons r€re pneprett for each statlon containing the ¡oaxi¡nun

¡n,i¡fall æch ¡zear for eaoh of the ota"dar€. du¡atLons. 0ccasio¡811y ome

ailJnshent baô to be Eaôe for lnterzuption to the records tlurilg a sto:ot
nafrrly caused by Iæveo or trlgs blocking tho collecting fumel, butr generaJly

opeaking, tåe Dines gauge provldes e clear anô contj¡¡uous recorû during the

heavlest rni¡fa11s encountered in tlris oountl¡r.

ÂIso used rere data fron a rnnber of weekl¡rchart tippilg bucket

gauges. From tåeee charts no att*t'Ft ras nå.d€ to tabr¡late m:dmru an¡rua1

¡air¡falls for ôuratlo¡¡s less tban JO mirrtes. l[argr of these records wete

obt¿i¡ect ln the per{.otl 1920 - 19lrOr before it beca¡¡e stantla¡û prectioe to
instalt e ænr¡al :eingauge alongslèe the recotding gauæ as a check on its
aocu¡aoúr. As tbe tippi-ng:buobt t¡pe of gauge has provr:d to be neither as

accu¡ete nor aa roljable as the Dines ¡nttern, this has cletnctetl conslde:ebly

f¡on tåe value of søE of tåe early reco¡d.9.

4.2 Co¡¡putatLon of Rai¡¡fall Depth-Du:ntl.oæFrequenov Tables

Let \ be the expectecl value of x çità a retrr¡n perÉ.otl of I years.

then fnon equatJ.on (2) re trave

h = !+h/d (r z)

Ibe value of yf ttepenits orily on T, the rel¿tLonsh{F being given by eqr.ration (6).

Corresporiling values of I, yI and. the sr¡¡nr¡lative pnobability P a¡r
$.ren in Table 2 îor selected lalues of T.

Iable 2

T251020
P 0.5O 0.80 o.æ o.g5

yr 0.3665 1.4999 2.25|J,{- 2.9702

5o

o.gg

5got9
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Ad.opting the Least sçluares methoil, we replace d, and, u by their sample

estiinates given by ( t 1) , drence

( 1t)

where K(Trn) =
Yl-Yn

rfalues of f(frn) were cal-cutated. for the sel-ected return priods given

inTable 2 and. for n = 1O(2)BB. These values are giveninTable J.
Using the tabul-ations of observeil a¡nual maximum rainfa]l-s we calculate,

for each of the sel,ected (h¡rations t, the mean i* a¡rd tlre stand.ard. dewiation sr.
-¡ro¡n Table J we sel-ect the row for which n is equal to the n¡nber of years of
observations ald. thus obtain the required values of K(Trn). The ccurplete

tabl-e i-s founô by repeated. substitution in (11).
fn order to facilitate the caLcul-ations, the basic tabulations of a¡¡ual

maximun rainfall-s each year for the sel-ected- durations lvere punched. on IIsd caräq,

as was lable J, a¡rd. processed. by macltine. The resul-ts for J+4 stations are

reproduced as Atrrpendix T.

5. D@gi.on of Results

Each of the tables in Appendix f consists of ten lines, one for each of
the seLected durations - 10, 2Or 30 mimrtes, 1r 21 6, |i?.r 2À-r 48, anð,72 hours.

Readi-ng across the lines the co}¡nns contain:

1. n = n-urber of years oll data.

2. t = ôr:ration

3 to 7 \ for 1= 2t 5r'1Or 20,, and. l0 years

8. ; = rt€ârr of the annuall maxima.

9. I = standarddeviation
10. s/X = coefficient of variation = V

OnIy stations wj-th at least t years of d.ata are included in the tables. At

some stations n is l-ess than t onJ-y for ôr¡rations of 'l 0 a¡td.20 mirmtes, a¡rcl so

the first two lines of such tables are blalk; the replacerÊnt of an earlier
weekly-chart gauge by a d-ai ly-chart gauge l-ess tha¡ ! years ago usually accounts

for this.

é

L = I * "t =- 
lt ."

6n

= i + K(t,n).s



Values of K(Trn) = 
lT - (Ecluation 1l)v,,

5o10

10

12

14

16

18

20

22

?)+

26

28

to
t2
tu
36

38

40
l+2

44

46

48

1.06

1,01

0.98

o.95

o.91

o-92

o.90

o.Bg

0.88

0.87

0.86

o.86

0.85

o.8L

0.81+

O.B¿+

0.85

0.8J

0.8J

o.82

1.85

1.78

1.72

1.69

1.65

1.62

'1 .60
1.58

1.57

1.55

1.5)+

1.55

1.52

1.50

1.50

1.50

1.1+9

1.48

1.48

1.47

2.61

2.51

2.)t)¡

2Ja
2.1'
2.to
2.27

2.25

2.22

2.20

2.19

2.17

2.16

2.14

2.14

2.13

2.12

2.11

2.10

2.W

3.59

1.46

3J6
3.28

3.22

t.'t8
3.14

1.10
t.o7
3.O5

t.o3
J.oo
DOO

2.96

2.96

2.91+

2.93

2.92

2.91

2.90

0.82

.82

.81

.81

.81

.81

.80

.80

.Bo

.Bo

.80

.80

.79

.79

.79

.79
70

.79

.79

.78

1.47

1.46

1.46

1.45

'l.l+5

1.45

1 Jl+
1.t+
1J+
1.43

1.43

1.41

1.42

1.1+2

1.42

1.t+2

1.42

1.41

1.41

'l .l+1

2.Og

2.æ
2.07

2.O7

2.06

2.06

2.ù5

2.O5

2.05

2.O+

2. Ol+

2.O'
2.O5

2.O3

2.O2

2.02

2.02

2.O2

2.01

2.O1

2.Bg

2.88

2.87

2.86

2.86

2.85

2.85

2.u
2.85

2.8t
2.82

2.82

2.81

2.81

2.81

2.80

2.BO

2.79

2.79

2.n

-0.1¿l

-0.1,1+

-o.14
-o.14
-o.15

-o.15
-o.15

-o.'15

-o.15
-O.'|.5

-o.15
-o.15
-0.1 5

-0.1 5

-o.'|.5

-0.1 6

-o.16
-o.16
-o.16

-o.16

52

54

62

6*

66

-0.16

- .16

-o.16

-o.16

-0.1 6

-o.16
-0.1 6

-0.1 6

-0.1 6

-0.1 6

-o.16
-o.16

-O.'i6

-0.1 6

-o.16

-o.16

-0.1 6

-o.16

-Or'16

-o.16

82

84

86

BB

n = No of years of record.

T = Teturn period. (years)
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The a¡mral maximr¡n 6-hor¡r rainfalls at Tauranga plotteê in Fig. 1b

iLfustrate the problem of interpretin¡i da.ta from relatively short reeorcls.

It is rather an extreme case as this 18 year record. contains one 6-hor¡¡ rainfall-
of 8.15 j-n.wlrich is considerably hi-gþer than arry of the others. Following our

plotti.ng convention this value is assigneóL a return period. of n + I = 19 years.

there are good, reasons for suspecting that such a higþ value has a retu¡n period.

considerabl-y longer linan 19 years. ft j-s , for instance, the higþest 6-hour

fal-l- recorded. by a recording raingauge an¡rwhere in New Zeala¡rd.. In Fig. 1b the

Gr¡nbel- l-east squares line is labelled (a) and this obviously does not give a gootl

flt to the majority of the plotted. po1nts. The line 1¿rbel-l-ed. (t) fras been drawn

(ly eye) to fit all the points except the single exceptional vaIue. By erbending
the tine (¡) *" find. that the retum period. to be assigned. to a 6-hour rainfall-
of 8.35 in. at Tauranga is about 110 years, wüch, in the circr¡nstances, appears

to be quite reasonabJ.e.

The sa¡ne procodrrre was ad.opted. for some of the other short recorils.
After fitt:.ng the line (ly eye) to the najor:ity of the plotted. points th^e values

of {, for I = 2¡ 5, 1A, 20 '¡vere read off. these values appear as the alrc,ropriate

rows in Appendix f a¡d are distinguished. frqn the least-squares val-ues by the
absence of entries for i, s and. V in the riSht hand- col-r¡¡¡s of these rows.

5.1 Interpolation for other Return Periods
The return periods for which the resul-ts have been cal-cul-ated. a¡e

those most csnmonly used- for hydrolo¡$-c d.esign Iru-qposes. Äs most of the records

used were only 10-20 years in length, the incl-usion of extrapolatecl val-ues for
T = 50 is scarceLy justified., ff these resu-l-ts are to be useil it shou]-d. be

d.one onJ-y with due recognition of the possible errors.involved; this is discussed.

in the next section. Shou1d h b. recluired for values of T other th¿LrL those

gjven in.A,ppenùix I, this ca¡r be easily cal-culated. fYom the lsrown val-ues of X,

*A ÐO as follows:

In ecluation (tZ) .,ve substitute for T = 2 and.T - 20i-,r, tt':rzr.

afte¡' subtracting and re-ananging we obtain:

Y- Y^

lzo - Y2

\ + cr'I)

then,

r*¡ence ( r+)
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wl¡ere

a¡rd. xzo-\
o.l8r+ (uo - 0.367)

Substituting aplnopriate vaÌues of yT the following values of C, are dcrivecl:

r
cr

ExanDle

Frqn the table for Christchr¡reh given in Appenêix I,
çe reacl X2O = 1.66 a¡rtl \= 1.06 for a duration of 6 hor¡rs

Hence, D = 0.60 *u tO = 1.06 + 0.60 x 1.16 = 1.76
The same result ca¡r be obtained graphically with the aid. of Fig. 5 or

any other Gwrbel probability paperr such as SCC Form 15. Let us select fl:on
f'trpenclix I the val-ues of t for T = 21 5,'lO, 20, and. lO, for a given station
anil ù¡ration, that is, we select the r¡aIues across a roE of the table. '!'Ihen

plottecl on Fig. I these will all lie on a straig,þt line, from whj.ch the value
of \ for arc.y other value of I can be reacl off. The line is fixecl, of course,
by a¡y two ls¡orvn values of \, a¡d. in Part 2 the use of Fig. 5, in conjunction
with If for I = 2 anð. T - 20, rvill be describeËl as part of a general method
of esti-mati"g h for any place r*rere a long series of observations is not
available for tl¡etailecl analysis.
5.2 Sor¡rces of }hror

Reference has alrea$r been macle to errors drich may exist in the basl-e
tabtilatj-ons of aÐnual maximrm rainfalls due to the gauge failing to recorcl or
perhaps gving a spurious recorcl because of a blockage in the collecting furrreel
chrring the most intense sto:m of the year. Arthougþ it is not possibre to
esti-mate the nagnitutle of the resultant error, the effect is to rnake the conputed.
values of t too snaI1-. The use of Dines tilting-si$eon gauges, with a check
gauge alongsicÙe, nhich is thc standard. trnactice at the najority of stations, has
ensurecl that few heavy fatls have been un-recordcd..

The cørputed- values of \ are, of course, not exact figures, fæ
each vaLue has a certaj-n statistical uncertairúy associatecl with it. To
obtain an estinate of this erroL'we refer back to figure 1 in which two rrcontrol

c1u:Yesrl have been clrawn on either d-de of the theoretical line. The position

ct
D

TABI.,E 4

25101520253040507510O
o o.t¿ o.72 0.89 1.o0 .t.09 1.16 1.28 1.36 1.52 1.61
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of these curves is such that the vertical- distance from the line to each

curve is equal to the sta¡rda¡cl error of the mth ranked. observation in a large
sample drarn fbom a population rùrose cunulative probabiJ-ity fi:nction is retrresented

by the theoretical- Line. the interval between the two curves is the .68

trrobability conficlence band., and, if nearly a1Ì the plotted. observations faII
within this interval the theoretical line is considered. to fit the observations

satisfactorily. Looked at in a¡rother way - 'r*ren we read off the graph the value

of t, w?rere the line cuts the or¿Linate througþ T (on the return period scale),
the ùistance along this orùinate from the line to either control currre represents
the sta¡rdarcl error of the computed. va]-ue "f \.

C¡¡nbel (tg¡g) gives a table (tatte 6.1.5) of the ?rred¡¡ceil sta¡rd¿rd

er,:rorfr (= JÁ d,6 ) fron wt¡ich the fol-l-owing axe extracted -
TÆLE 5

Erobability 0.5 0.8 0.9 o.95

Retr:rn Period. 2 5 10 20 n

Jn a o 1.t44 2.2+ 3.2 4.5 1.1t+ .tG
Substituting in (tZ) for T - 20 a¡rd. T = 2 a¡rd. then subtractíng we obtain a¡r

expression for d as follows -
xzo-\ = ("ro- y)/a = 2.603/ú

wlrence d = 2.6Ø/b
rv?rere D = XZO-\

Replacing a in Table 4 rve find. the requirecl ex¡ressions for 6 , the stanclarcl

error of \, '¡rtrich are given in lab1e 6.

TABTE 6

Retrrn Perioð. 2 5 10 20 rr 50

StancLard error O.54Ð 0.86D 1.25D 1.75D 0.4Ð o.LtD
tÆ' .la .Íî l¡

Tab1e 6 ca¡r be used as it sta¡d.s orrly rvhen @.
Many of the record.s incl-udecl 1n Appendíx I are between 10 anct 20 years in
length, *ô %O is estimatetl by ertrapol-ating the theoretical line. 8¡nbe1

trx.oposes that the control cun¡es for the extrapolated portion strouJ-¿l paralIeI
the theoreüical line at a vertical separation equivalent to the stand.a¡cl etror
of {. for T = n, rvÌÌich is 0.4Þ. Consequently, g@!.,1p5ig¡|p the sta¡dtr¿l'

I
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error for T = 20 also has the vaJ.ue 0.1+Þ. Thus, Tabl_e 6 allows us to
express the ¡robable 1inúts within drich the catculated. values of \ tie,
as f\:ncü.ons of the ôiffe¡ence between the varues for return periods of
20 ancl 2 years, a¡rd. the length of the recoril.

Erernple

the following values are talcen fYqn the table for
Station A, 64 872, Auckland, dr.¡ration 6 hor¡rs.
Here þO - \ ='|'.92i n = 19 ancl hence

T2510 20 50

å 1.Br+ 2.68 3.21 t.76 4.45

6 o.24 O.tB O.54 O.B2 o.B2

the above example serves to emphasize t}re large uncertainty in the
ccmputecl vaÌues of \, esnecially dren dealing with relatively short records;
for T=1 O, for i-nstance, lþs st¡nà¡rcl error is 17 percent.

The magnj-tude of the uncertainty may be illustrated. in a¡rother lyay.

trbqn the example above, it ca¡r be stated. that there is a 2/J probability that
the 'f Gyear, 6-hor:r rainfall- at Auckland. ]iés between 2.69 a¡'ð, j.77 3.4È O.t+)
or, expressecl other¡qise, the return perlod. to be associate¿l v¡ith a¡r observeôl

6-hor¡r rainfall of 3.23 has a 2/J pnobatli-lity of lyrng between 5 arrd. 20 years.

5.5 Note on 2l+. 48. and. 72-hour Rainfails
For urany of the .1,)r stations j-nclud€d. in Apperrdix I d.aiIy reaclings

of a ma¡rual gauge have been recorcled. over a much longer periocl than that covereil
by the operation of thþ autq¡ratic gauge. these ,à.¡i 1¡r readings may be used. to
estimate ù+, 48 ancl l2-hour ertreure rainfall-s. A method. of d.oing this is
describeð. in Part 2, anð. the resulting estimates are includ.ecl in Table 9.
Before deciding'which of the two estimates to adopt for a particutar station,
reference shoulcl be made to section 12.2

5.4 Future Revision of Appenèi-x I
For stations lÈrere the autcmatic gauge has opel.e.tecl for orrl-y

1G15 years the computeil values of )(, shoul-d. be regarcled. as provisional
alproxinations. The routiræ extraction of maximlur rainfalls, as described.
in Section 4, is being continued., and. it vril-1 not be a difficult matter to
repat the trresent calcrrlations ín a few yearsr time in ord.er to produce a

revlsecl and ertencled. Agpenùix f .
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6. DwTII-DURÂTIoN-IRmUn{cT acEruI,¡E

In applied. hyôrologr references Ìci1I be fou¡d to rainfall intensity-
ù:ration formalae of various t¡pes, most of which are special cases of the
following general for¡ula:-

r+ .n = "(t*.)-b. F(Îrt)
u rr

or, convertetl to an equivalent depth-dr:ration fo¡mr¡la

\,t = a't(t +t)-b'n(rrt)
wtrere )Çn + = rainfall of dr:ration t a¡rd, roturn period. T.J.t u

arbrc, are coefficients to be detennineil for each pIace.
F(Trt) is a frequency fi:nction rttlich varies fYcn place to place, and. with t.

'Ihe rair¡faIl- data gj-ven in Appnclix I can be usecl to test the suitability
of such a formtÈa for New Zealancl conditio¡ls, a¡d. to clerive values of the
coeffisients arb, and. c a¡rd. the fo:m of the fbequency firnction for individual
stations. For a brief èiscussion of the general properties of the depth-
dr:ration -fbeguency relation we first re-nrite question (t5) in the fo¡m :

å,t=ir(t +K(l,n).vt)

(r¡)

(r6)

ïò.ere T = sfr. = coefficient of variafÍon"

For any station includeð in Appendix I values of ia are given for
t - O. 167, O.t3, O.5, 11 21 6, 12r 2+r 48 and.J2 hours" Obviously, if the
general equation (t¡) i. suitable for representing the rainfall data given for
a particular station it should. be possible to deterrnine velues of the coefficients
â, b, alil c, such that the given values of i- fit the equation y - at (t *r)-b.
If the fit is satisfactory therrfrequency fi¡nctíonn F(Trt), by ccurparing

equations (t¡) ana (16), is seen to ta-lce the fcrrn [ + K(trn).v/.
ì,firen gralùrecl on log-1og paper (witfr t as abssissa) the equation

$ = at (t * ")-b reduces, when c=o, to a straigþt line of graèient (l-t).
The coefficient o deternri¡cs the curvature; vtren c is positive (negative)

the cr¡rr¡e lies below (above) the linerlog T = 1og a * (t-t) Iog trapproaching

it es5mtotically fYom below (above) u'ith increasing t. Tlhen c is negative

there is a¡rother as¡mptote at t = -c.
In tr'ig. 2 va-lues of i, taken fbom Appendix I are graphed. for selecteè

stations with reasonably long recorils. For dr¡rations greater than 6 hor:rs a1l
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of the gra¡,tts show a downward. cunrature, inöcating that a posj-tive val-ue

of the paraneter trcrr is appropriate i¡r this ran6e.Beloï'¡ 6 hor¡rs most of the
gaphs are almost linear a¡rcL little errorwould result by fitting an equation
Ì¡'ith = O as described in the next section. Scrne of the ¿paphs, however, d.o

tentl to curve upwards in this range (Auck1and., Blenheim, Christchr,¡rctr (.rig.3)),
rvhÍIe at Hokitíka and. Alexandra there is a dorenwarô. crrrwatr¡re througþout the
çhoÌe range.

Fo:¡u¡].a for Dr¡rations up to 2 hor:rs

The use of intensity-ðr:ration formuf-ae is usually restricted. to
falls of r:¡rder a few hours d'¿ration. fn this ra¡ge it is therefore appropriate,
beariqg in mind. the uncertainties in the values of Îtr, to take the coefficient

es 3qro. the equation then recluces to

y = at1-b
or log y - 1og a + (t-b) log t

To fit this equation to the values of Ì, Iisted. in Appendix I for
any station, a simple rnethod. is to plot the values of I, on log-1og paper

(t as abscissa, l* as orùinate), fit a straigþt tine by eye, and. read off the
r¡a1ues of ¡r1 , I2r and. y5 r'vhere t1 = O.'1 67, tZ = 1, arncl t3 = 2 hor.¡rs. Then it
can easily be showrr th^at -

a=y2
b = 1 - o,9t (foe yl - Iog y1)

Obviously, r¡nl-ess the plotted. points (in tfris range of t) are nearly collinear
there is no point in tryin to fit a straigþt lirre to the data.

Thc nfrecluency f\nctlonrlr ns we have seen has the form 1 + tt(trn).V, .
fn this ex¡ression K(Trn) is found fYcr¡r labl-e J* a¡¡d V, can be obtained. flom
.{ppendir r for any given station. The variation of v, is forrnd. to be very
irregular a¡d. does not ap¡rar to follos any d.efinable pattern either witJl
dt¡ration or with location. Søre of the obseryed, variationsr a.re probably urore

apparent thanr real because the estj-nates of v, the ratio of S to i, both of
rtrich are estimates frqn gnall sarples, is at times consiclerably in error.
For e fer stations, holrcrrcr, V, is for:ncl to be rougþy constant over a fair
re7ìge of d¡¡rations. By dctermining sr.d.table values of the coeffisients
*
Alternatively K can be approximatetl very closely by means of a linear
fi.¡nctlon of 1og (T-0.6). fn eqr:ation (tZ) ttre value guoted. is for n = 20.
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ãt b, anil c, over this rlanæ a convenierb d.epth-dumtion-frequency fo:mula

is obtai¡red. for that particular station.

This procech:re was used to compile the fol-Iowing table vñich contains

values of a, b a¡rd. V appl-cabl-e to sel-ected. stations in the range t = 0,167

tot=2hor¡rs.

Table

Station a

Auckla¡cl O.99

Ohakea 0.6+

,l/ellington 0.6!
Ne1son O.94

Cobb Dam 0.Bl

V Station a

O.3l+ liokitika 1 .18

O.32 Blenheim O.55

O.2B Christchr¡reh O.45

0.1+l+ Invercargill 0.ll+

o.43

Depth-duration-frequency Relation - 1Gnin. - zytr.
Val-ues of a, b, and. V to be substituted. in
equation (tZ) (c = o).

b

0.64

o.5B

o.+9

0.51

o.35

bV
a.fi o.31

o.52 0.46+

0.5r+ o.t6*
o.55 0.32

'rV cl.ecreases with t; value given is approximate.

3y substituting the above values in tho fornula -

h,t = a.t(t * ")-b [,,r - 0.46v) + 2.i5y 1og (r -0.6)] trz)

a close fit to the d,ata in Appeuôix f is obtairæd.. For exanple, the

formula for l\{echanics Bay ({uct<lana) recluces to 
\

4r,, = o.gg t 0'16[0.84 + o.13 ro1 çr - o.e¡J (ra)

In these fomuJ-ae little error v¡il1 result by sligþt extrapolation,
say, for t - 0. 1 to 6 hor¡rs.

the lr{inistry of ''¡iorks Desigp ldanual ; Tiater Supply anËl Suwerage,

includ.es a collection of intensity-dr:ration forrnula, used in various parts
of New Zea1anÈ,, all of v¡hich are simplified versions of eguation (15). ïn
nearJ-y all of thon b = 1 anil c rarrges fYom 0.11 (Harnilton) to 0.68 (Lowcr

Hutt). As aIl, of the formulae refer onJ-y to rair¡fall-s of reLatively shori;

dr¡ration one woulcl e4pect, fro¡r the foregoing discussion, that better results
wouLd be obtained. by taking C = 0 and selecting suitable vaJ-ues of a, b, anËI

V for substituting in equation (t7), as described- above.

6.2 C,eneral i-¡'o¡¡rula

For some stations it is possible to obtain a satisfactory formula
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applicable over a much wicler range of èuration. At IIOIGTIKA, for exanple,

rùrere Va is rotrgfrly eonsta¡rt over the range 10 urinutes to 48 hours, a very

gootl fit is obtained. with the fo:mula -

ått = 1.2^t + o.oe)o'4t[o.* + 0.75 ]og (r - o.r)l ( 1e)

this forurla is obtainetl by substituting in equation (t6) a = 1.27, b = O.!!¡
c = O.OB anil V = O.35. À nethoô of ocnr¡uting the a¡Tnopriate vah¡es of a,

b, a¡il c is clcscrj.becl in A¡4rndir rI.
Fq¡nrla (tg) 

"tto"fd 
be ccurpareit nith the more ll¡d.tecl formr:la (ZO)

üch Ls v:¡Ild only for ch¡ratlons up to abotrt 6 hours.

trt = l.l8 t 0'47 0.8¿* + o.751og (r - 0.6) ( zo)

Ihc values dven by the tno formrrlae for a returrr periocl of 10 yea¡s

erc as followE:

Dr¡r¡tiou (rrorrrs) 0.167 o.t55

Fornura (18) 0.76 1.,Jt

Fornnrla ( 1!) o.8o I .11

0.5

1.43

1.59

1.1+

12612
1.95 2.6 t.8 5.6
1.92 2.6 1+.1 5.¿+

1.85 2.6 (+.¡)

2+ 48

7.4 9.5

7.3 9.7

lrr.L)
ÂJ-though the coeffiqients a, b a::ô c have quite öffere¡rt values

fn (tg) ana (ZO) both are seen to glve gootL results within the statecl ranges.

General forur:lae such as tàese are, honever, cletrrcncLrent on V, belng reasonably

consta¡t over the range of d¡¡ration to ut¡Ích the formr¡La is appliecl.

6.5 Gratù¡ical Re¡resentation

lhile such fo¡mr:jlec contain much infortation in a very conpact fom,
for practical purlnses it is usually mo¡re convenient ancl accurate to use the
cùata in tabrrlar fo:m as in Appnclix I, or to gralih the tabrrlatecl. values

of årt on log-1og paper a.ncl clraw a farrtly of clepth-cluration curves, one

cr.urvo for each of thc selectecl vaLues of I.
As an erarnple the Christchr¡rch d.ata are shoçrr in E[g. J. Note t]rat

the vertical östance betneen the cnrr¡es is proportional to fog (1 + K.Vr) antl

only r*ren Va is consta¡rt d.o the curres rnaintain the sane general shape for
öfferent values of T. The Christchrrctr curves are seen to have minimwr

acperatlon Ín thc rr4gc 2 to 6 hor:ra, rrhcu Va 1s r d.ninrr. ho such a

diagreu iutergoletlor¡s for irber¡etthto r¡r1ues of t or I r¡c qui.tc
ctraightforverdl.
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The Eroblem of estimatins {rrr @
Ihe possibility of preparing a set of maps showing the variatl-on

of a, b, anil c over New Zealand. was investigatecl as an approach to tÌre major

problem of estimati"ø h j ú *t point (using formula (t¡) ). It 'ras fou¡rd.

that orogralùricaI factors strongly infLuence the values of a a¡rd. b thougþ it
was not possible to d,etermine from the available da-ta, the precíse rratr¡re of
this infl-uence. Any attanpt to map these coeffisients over llew Zealand.rs

mountainous terrain rryould. therefore give very uncertain results. However,

the chief reason for aba¡rd.oning thís whole approach emerged wlren confronted.

with the trroblern of representing the variation, with clrration a¡d rrith location,
of V¡r which occurs in the frequency tem of fonnuLa (15). In Appendix I it
can be seen that V, varÍes consiôerably but not accorcling to any regular patterre.

A símiIar nethod applied. to Australian rainfalL data is described
in rrAustralia¡r Rsinfall ancl Run-offr, First Report of the Sto:m.uater Stand.ard.s

Cqnrnittee of the fnstitution of Engj-neers (1958), there, the results dc¡rcnd.

on a nr¡rber of simplÍ-fying assr-unptions. For insta¡ce, one assunption is
equivelent to taking our o=O.OBJ over the rúrole ra¡ge of dr¡ratÍons fuan I minutes

to J2 hours; another tùefines rather arbitrarily the nature of thc variation
of the fYequency functÍon Eith t. .A.s these assrnptions are based. on data frcm

recording raingauges at only the six capital cities, their general validíty
undcr Âustralian conèitions is questionable. ff applied. u¡rder Ne¡v Zeala¡rd

conditions they would. lead to serious e ror.

Nevertheless, i'rcn the nature of the ¡roblen it is inevitable that
any rnethod of solution will involve scme sroothing and. sirnplificatíon a¡id. that
the results can only be a¡rproximate. This also atrrplies to the resr¡lts obtained.

by the method. which was finally adoptecl, a¡¡d. w?rich is dcscribecl in Part 2.
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PARD T1¡O

$IE BSIIM.NIIoN OF ÙfAlclfilM RAINFALL OF GIVEI{ DIIRAIIoN

AT{D RMITRN PERICD AT A GTVETT POTIVI

IIITRODUCTION

Part I contains a description of the roethod. of ccnputing values

of X(frt)r for stations at vhich recorcling raingauges have operatecl for many

years. The ttetaíIed. results are presentecl in Âppenêix I for l¡l¡ stations for
selected values of T (= returtr perioct) arrct t (= dr:ration). Part I also contaíns
a cliscr¡.ssion of the accuracy of the resultE.

For many purposes, chiefly conr¡ecteô with hydrologic tlesiæ ¡nobleurs,
the value of X(f rt) is requirett at a given pcrint, or over a given catchent
area, vhere t is relateô to the ntine of concentratlorfr, al¿lT to such factors
as the er¡rctecl life of the structr¡re of the consequences of failure. If
the glven ¡nint h"ppets to coincièe with one of thc stations in Appcnrlix I
it rrilt only be necessary to inter¡nlate for the require rralues of t a.nd T.
Usually, horvever, the nearest stations are some distance aray and. a space

inter¡nlau.on is also requirecl. Various metb.od-s of carq¡ring out this ratber
conplex trtple interpolation were investigatecL, inclutling several usecl in
other countries. the ¡nethod. finall-y ad.opteô is a moclification of that
dcscribetl in United States Sleather Br:reau lechnical Papers 28 and 29. Ttre

general solution is obtained. rrith the aicl of three interpolatÍon cliagrans,

(pie" l¡a, ,l¡b, a¡rd 5), four maps, (pie" 9 a¡rtt 1O), anct lable 9. tr"inaIIy, the
estimated paint-:'ainfall, X(Îrt), nay be ad.justecl to an areal-relnfalI, X(lrtrÀ)
by mearrs of Fig. 6. The preln:e.ti.on of these maps ancl. diagrams is clcscribecl

in the following sections, and. also the methocl of applying then to the solution
of trxactical probløtts.

8^ RATMALT DETH-DURÀTION TH,ATTONSÍIP

The dcpth-ôr:ration data for Christchr:rch a¡e repesented. gralùicaIly

by the farnily of curwes shomr in !"ig. ). By choosing logarithnic scales for
both axes, the amognt of q¡rrature has been consiclcrably reêlucecl. By a stritable

transformation of the rrdr:rationtl scaler a¡¡r one of these curvesr say 1=!, coulô

\Cnæt In Part 2 tine notation X(f rt) is usecl for the expectect point-rainfalt
of ch:ration t rrith returzr pæJ-ocl I or, in brief, the T-¡rear, t-hor:r
reinfa1l.
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be linearised. ff the data for a4y other value of I ¡vere then re-plottetl
using the t¡ansformed tluration scale, the points wor:ld not Lie e:ectIy
on a straigþt liae, but wou1d. generally lie close to it. Ihe obvious

advantage of the linearisj.ng process is that a reasonable approxi:nation
to the depth-d.uration relation for a given value of T can be obtaj¡ed. if only
tno poilts are loown on it. Ur¡forturetely when d.ata frpn other stations
(given in A¡penclix I) are also plotted on the sane tranefo:netl duration sca1e,

sæe of the cu:¡¡es show appreciable tlepartures fron lineariff.
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9. TNIMPOI,AITON DIAGRAMS

Dr¡¡a,tlon 1O{imtes to 2l+-hours. In order to take atlvantage of a

t¡ansfo¡med scale of duration ancl at the same ti-me to avoid. j¡ttroducing serious

enrþr it rvas cteciôetl to Ii¡rearise the d.epth-èuration rrelation in two stages,

frø 10 nj-nutes to 2 hours ar¡d from 2 hours to 4 hou¡'s. FinaILy, the trans-

formed tluration scales were couputed by taking a weighted. aveftIge of the 5-yæT

rair¡faIls for all stations in Appenclix I, and. then Lj¡rearisilg ttris ccoposite

rai¡fall êepthl.uratlon ¡eIation. The calibration of these scales is
according to the values of B,, anð. B, in the table belorr the two i.rrtervals

- 10 tr1n. to 120 mìn. anð. 2 hours to 4 hor.rrs - bei¡g taken as unity i¡r each

case. The scales are those whioh appear in the d-epth-d.uration d-iagrans in
Figs. 4t Iþ and. 4b.

Dr¡ntion (ninutes)

Bt

Duration (rrours)

B2

10 20 30

o o.1g o.t1

2 4 6 I 10

o o.19 o.15 o.l+ o.fu

45 60 90 12o

o.4B 0.60 o.B2 1.oo

1216204
0.63 o.Tl o.9o 1.oo

Note that the values of B,' for 45 and. 90 rnj¡rutes and. of B, for 4, 8, 10, 16 arrd

20 hours are interpolated..
In Fi6s. 7 and. B can be seen the result of plotting the calcul-ated.

'ralues of X(f rt), taken from Appenlix 1, for i¡rclivid.ual stations. Four'

stations with reasonably long records ancl in d.jfferent ¡nrts of the country

were selected, and. the values of X(Trt) for t = 20 werre plotted. on d.iagrans

of the t¡pe illustrated. in Figs. {a and. l¡b. Li¡es vcere then ôre,wn through

the values for t = t, 2 arrd 4 as shorvn. It is seen that, in generalr the

interroediate poilts lie reasonably close to their associated. line.
In Fig. 7 the 6-hour and. 12-hour values for tauranæ and Aucklard

are four¡d to 1ie abor¡e the d-epth-duration 1ile, wt¡-ile those for Christchurch

are belor¡v the line. this suggests that there nay be a systernatic rrariation

in the ciepth-du::ation currrature frrcm district to district, relateò perbaps

to altitud.e or some cll¡atic factors. the curr¡ature isr howeverr Yely

sensitive to errors whích nay exist in the esti-oates of X(Trt), and' there

errors, as lrye have seen, nay be large rvhen estinatilg from raj¡faIl records

of orùy 20 years i:r length. lÏith such large sanpling errofs i¡l tl¡e aeilable
d.ata (froro Appendix f) it was not possible to setrnrate out the climatic factors,

and. so a single pair of djagraros, Figs þ and l¡b, were developed for applJ-ca-

tion to the country as a whole . In U.S.A. where this problern lvas also
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investiptect folLowing the analysis of the autographic recor<ls f¡rcn sone

2OO stations averag:ìlg l¡O years in length, the conclusion ruas ¡¡eached

thattrSi¡¡ce no reglonal variation is evittent in thj.s du¡ation - d.epth or
tlu¡etion - i^ntensity relationship, it nay be used. for any locality in
the the United Statesr.(x USIIS Tech Paper No. 2!, p.5.). Hoy¡ever, in
spite of thls statenent it is obvious that nar¡r of the rai:rfall ittensity
curres publishetl in USIB Tech¡¡ical Paper No. 2þ woulè still retain
tlistinct curryature if re-plotted. on the U.S. Oiaglens corresponcling to
Fies 4¿ ard. 4b (see footnote ¡ef . Fig 1 .1 A ard' B). ft shoulcl also
be notetl that i¡ the d.iagrans regardetl as applicable throughout the
UnLtecl States the tiuratlon scales d.jffer sonewhat frm those of Figs
lr¿ arr¡l lrb of this paper.
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9.2 Dr¡ration 2l+-hor:rs to 72-hor¡rs. It will be seen that on tr'ig. ,l+ b

the ôr¡ration scale extends up to l2 hours. 1þs snlib¡ation of the portion

beyond. 2l+ hor¡rs is baseð on the nean dcpth-Cr¡ration relation cl¡erived. frqn the

2r, 48 and. 72-hour values for a return period of I years given in Â¡pendix I.
Strictly speaking, there is a tliscontinuity in Fig. 4b at lhe 2+ hour value

but, as tvil-1 be shown Ln 12.2 below this can be ignored in practical applications.

9.3
If values of X(frt) are lgrown (or can be estimated.) for any two

values of 1, it has already been shown in Part I that Fig. 5 can be usecl to
interpolate for other retr¡rn periods. For the general solutíon, we concentrate

on the problem of estimating the rair¡fatl for the two fixed return trrriodst
T = 2 years a¡rd 20 years, and for five fixecl dtrratiorrs, t = *, 2, 2+, l+8 anct

J2 hours, for as many places as possible. A method of ðoing this ís described

in the next section.
DITT.6. PRESMMÀTIO}T

Gcneral Considerati ons

Ihe van-iation of X(Trt) througþout the country is shown by means

of foqr maps (eigs 9 a¡d. 10) and Table 9. The following cornbinations of

retunt period. a¡rd dr¡ra-tion aire representecl:

Retr.¡rn Period Duration

10.

10.1

I (years)

Fig 9a 2

Fie 9b 20

Fig 10a 2

Fig 10b 20

TabLe 9 2

20

t (rrours)

o.5

o.5

2

2

2+, I+8, 72

Ð+' 48, 72

The above, cqnbined lvith the interpolation diagrams, tr'igs \2, 4b,

-1fl 5r provid,e the basic information for estinating values of the point-rainfaIl

at a given point a¡rd for a given retur':n period a¡rd. dr¡ration. the required resr.rlt

is obtained by a series of steps úÉch are described in the nerb section. Before

proceeåing to use the maps, however, we discuss the reasons for preparing these

particular maps, a¡d also sqnc of the factors which limit their acquracy.

For mapping the short-ihrration rainfalls, the choice of 0.5 hor-us in
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Rig 9 was deterrnined. by the need. to make use of d¿.ta frqn the greatest nr¡nber

of stations. Had. the selected ôuration been less tha¡r 0.5 hor:r date wouId.

not have been avaiLable fbcnr any of the stations equipped with weekly-chart
geuges. As it is, forty-four stations is a very meagre n¡nber upon 'w?rich to
base j sohyetal ¡ntterns in a mountainous corrntry such as New Zea1a¡rd.. Difficr¡lties
arising fbqn this scarclty of tl,ata are partly offset by the fact that the influence
of topography on the fYequency of íntense short-èuration rair¡fa1ls is mudr less
th^en it is on Àai fy or monthly rainfall-s.

Àlthougþ ihe nrnber anô location of recortling raingauges in ltlew

Zealantl is inadcquate for a detailecl stu{y of the topographical influences,
the lj-nLteð tlata avaílable suggest that the flequency of higþ-íntensity rainfalls
is not greatly affectecl by locaI topography up to dr¡ratlons of one, and. perhaps

tro ho,urs, at least rchere the nor.¡ntainsr are not higher tha¡r about JOOO feet.
Ân illustration of this is prorÁdeô by the figr:res in Table 8.

Tab1e I
Once-in-! year Rainfalls (inches)

Station Elevation
( feet)

D¡ration (hours)
o.526

i{ea¡ Annual
Raínfall2ì+

Cobb Dan

Nelson

[ak¡kn

27OO

6

40

1.9 I+.5

1.8 2.5

'1.6 t.t

o.B

0.9

0.8

11.2

3.3

5.4

83

t5
80

These three statío¡a in the Nelson District all have sinLlar 5-yet rainfalls
for duratiotsup to about 2 hours, bì¡t the values cliverge consiclerabty for
the longer chrations. Thus the choice of 2 hours, rather tha¡r 6 hor.rs, for
Fi-gs 1Oa a¡it 1Ob leads to siurpler a¡rcl more reliable maps.

For dr.rrations of 4, ß and.72 horrrs use was macle of adÀitiona-l

dat¡ fbom several- hundred. stations yùrere a ma¡rual raingauge hacl been reacl d¡i Iy
for at least 20 years. Rather than atternpt to present all this inforrnation
on a series of srall scale maps, the ccmputecl values for each station a.re

rsscmbleê together in Table 9.
10.2 Half-hor¡r Raj-r¡falls

The isohyetal p.tterns showr¡ in Figs 9a a¡rl 9b are based on the

values of 2-ycax a¡il 2G¡æar rainfalls for a duration of half-hol¡r as ccnputecl

ûæ thc ,l¡l¡ stations included. in Apperutix I. For the 2-year rnap (¡'ie 9a)
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atlclitional values were cørputed. for a fr.¡rther 59 stations nhere recording

raingauges had. been in oFration for 5-1 0 years; no atternPt wes made to
estimate 2o.year rainfaÌl-s for these short recorils.

}faximr¡n intensities for short dr.¡rations couJ-d be e4pectecl w?ren

conditions favor¡r the dcvelotrment of very cl.eep cumulo-nimbus cloud. This

reqrrires that uarm, moist air shoul-d extend upwards througþ a cor¡.sidcrable

èepth of the atmosphere, a situation which is most likely to occr¡r over New

Zealar¡d. rvhen a tropical-traritime air-mass arrives from the north or northeast

ahead. of a¡r approaching depression. It is the areas òirectly erposerì. to
northeasterlies a¡rd ncrtherlies, such as, eastern North1ancl, Bay of Plenty,

New P1¡noouth, ald ìri'est1and., vchich are four¡d to receive the most intense rains
(see Figs 9a and. 9b). The maximurn haf-f-hour rainfall receivecl by any recording

raingauge in this country vas 2.61 inches at Earrranga on 18 April- 1948. l''Iany

observers make a lîractice of reaùing their manual raingauges after erceptionally
heavy rains, but an extensive search of past recorcls has not reveal-eél any half-
hor¡r falf exceedin¡ the Tauranga maximun. More recently, during another violent
thunderstorm on 6 May 1961 at Tauranga, a fa11 of 2.52 inches in half-horr
was recorded. by the same giuge.

10.3 2-Hour R.a:nfa11s

Figs 1Oa and 1Ob represent the isohyetal patterns of the 2-hor:r

falls with return periods of 2 and. 20 years restrrctively. The d.ata usecl in
orawing these two maps v¡ere obtained. flqn the same sources as the t-trour falls
alread.y described. 0f the four maps, fig 1Ob was the most difficult to draw

and. is the least reliable. The main reasons for this âjre -
(") For the 2}-year maps, .lïgs !b and- 10b, data were avail-able

for orrly forty-four stations, comparecl v¡ith about one hr¡ndred

stations for v¡hich 2-year falls were ccurputecl.

(¡) the estimates of 2Gyear rainfalls have had- to be derived fron

srall samples of data, mostly less than 20 years in length.

The uncertainty in these estimates, due to rrsampling errorrrt

is nuch ¡geater than for the 2-year estimates; this was

discu-ssed' in Fart I, section !.2
(.) ffiren the 2}-yearr 2-hor¡r rainfall-s were plottecl on a map it

became very öifiicult to judge how much of the variation
between ad.jacent staticns was due to meteorological or
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orograptúcal factors, ancl horv much to sampling errors. It is
evident, however, that orogra$ry influences the lnttern of
2-hor¡r falls appreciably morê than that of the {--trour fal1s.

Ilhen acl¡li 1;ional records become available in the course of the next

few years, it is expected. that Fig 10b andl, to a lesser extent, Fig !b will-
refluire sqne modification.

10.4 2l*. )+8, 72-Ilor¡r RainfaÈs
10.4.1 2l+-Hour Rainfalls
Estimatecl 2l¡-hour rainfalls with retr¡rn periods of 2 and 20 yeers

are given in Tabl-e 9. these are derivecl frqn the dajl-y rainfall reaùings of
470 stations with at l-east 20 years of recorils; for 106 of them, recorcls of
4O years of more were availabLe. Sqne of this rnaterial had. previously been

arralysed by See1ye (1g47, f ) tut as ad.ditional data accr¡nulated-, tris calculatíor¡s
were later revised. a¡rd. extencled. Both the method. of analysis and of presenting
the results adopted by Seelye were scrnewhat difforent from that usect here for
the treatment of the data fbom recording raingauges. For the sake of uniforrnity
the earlier results vere ad.justed. in the following mallner.

fn Seelycr s work two statistics u and k y¡ere caLculeted. for each

station, these being rel-ated. to Ì a¡rd. s by the following eqr:ations:
k = 2.tÍ¿6/ol , where 't/a = 0.7797 s (fÞoru equation t*) 

"ndu =;-o.L5ois
Frør equation (1I¡) we have

{r) =l+r(r,n)s
Eriminating s, anil i fbom the for.¡r equations above gives an expression
for X(f) in ter¡rs of u and. k,

x(r) = u + k lo.z5t + 0.557 K(T,nt

= rr * c(r, n). t
Se1ected. values of C,(f rn) aÍe as folÌows:

(25)

n2010405060BO

T = 2, t42rl;.) o.17 O.17 O.17 0.16 0.16 0.16
T = 2Oe C{ ZOrn) 1.53 1.47 l.tl+ 1 .42 1 .40 1 .38

llith values of n, u antl k lorow-n flom previous work, repeated.
substitution in ec¿uation (25) s"u. the 2-year and. 2o-year deil-v rainfall-s.
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A fi¡rther aèjr:stment was necessary to convert the values ccmputecl frun

arrnual maximr¡n Àri Ly rainfalls measr:red. between fixecl hours (usua11y 9 a.m.

to 9 a.m.) to maxinr¡n 2l+-.hor¡r falls. It is obvious tÏ¡at the ratio of maximrrn

2l¡-hour rainfall to maxlmr¡n 1-day rainfall mey vary frøt year to year betneen

the limits 1 anð. 2. For Ke1br:rn, Seelye (191+7, Z) founa a:e average value of
1.13 lor this ratio. Data flom ar¡ ad.ditional- 20 stations nere usecl in the

present investigation, ald. the over-a1I average of tho ratio was fou¡d. to be

1.11+. this is the factor by vhich all the calculated 2-yeat a:rd 2O-year

rrai l-y rainfaJ-Is vrere mul-tiplied to produce the figures in the 2l+-hour sectic¡n

of labl-e 9.
Following Seel-yer s work qn rrni fy rainfalls, tabulations of the

maximun reínfa11s over intervals of two a¡rd. three consecutirrc tlays (9 a.m.

- ! a.m. ) for each month arrd year were prepa.recl, using the saure long-periotl
recorils fbom uhich the maximr¡n rì¡i ly rainfalls hail already been extracted..

Ftqn these basic tabulations the maximr¡n Z-My a¡rd. J-day rainfalls with return
.periods of 2 a¡rd. 20 years were colrputed. Finally, these were acljustetl to
equivalent 48-hour and. /2-hor:r rainfalls by increasing thero in the follow'ing
ratios:

Maximt¡n 2+B-ho'.¡r rainfal-l = ¿ aZ
M@ l'uo

Maxim¡n 72-ho'ur rainfall
@='tcu)

the canrtrnrted [B-hor:r and 72-hor¡r rainfalls for about l+1 O stations are includcè

in Table 9.
id'or many of the stations incl-uded. in Agrndix I daily rainfall

reaclings are available for a much longer period tlra¡r that covered. by the

o¡rration of the recording raingauge. For these stations separate esti-mates

of the 2l¡-hour, l¡B-hour and. J2-hor:r rainfal-Is are given in Appenèix I and.

in lable 9. The correlation between the two sets of values is shovm in
Fig'l 1a a¡rô 11b, and it ca¡r be seen that there is no tendency for one set of

estimates to be consistently higher or lower tÌ¡an the other. It is suggested',

hovrcver, that as a general rule the figures frcm Table 9 sl¡orrltl. be accepted as

providing the better 2O-year values but, for the 2-year values, there is little
to choose between the two estimates.

11. lIfE REI,ATION CF' AREÂ-RATNFAI;L TO POTÌüI-RÄTNFAIL

A well-exposecl raingauge is consiclcred to collect a gcod carrple of

the amor¡¡t of rain faIï-ng on a guall area surrounding the gauge. As the

area irrcreases, the correlation between the grea-rainfall a¡¡d the point-rainfall
gradually decreases, but at a rate v¡hich varies flqn storm to stor:n accorcling

to the cha¡acter of the rainfall. Obviously the correlation will t'aIJ- away
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most râtrial-ly when the rain comes i,n short br.¡rsts of higþ-intensi-ty rainfall
acccmpanying the passage of l-ocal heavy slrowers or thr:nderstorrns. By contrast,
the approach of aliarrn fYont usually brings stead,y rain trrcrsisting for several
hor¡rs a¡A this resuLts in a very uniform rajnfal-l pattern over a wide area

surrourding a particule-r gauge.

Assuning the value of X(frt) has been computed. for one or more points
in a given catchment area the problem is to d.ete¡rnine a suitabLe factor by
rdrich the rr¡nint-rainfall'r shou-Ld be multiplied. in oriler to arrive at a reason-
ablG estimate of the Î-year, t-hour rainfall- affect-lng the catch¡nent area as

a vtrole. It is a problern lvtrich has not, as yet, been investigated. in New

Zea-lanð', a¡rd. one rvhich woulil require the setting up of a nr¡nber of special
very clense networks of rainfal]- stations to otrrrate over a ì-ong priod..

In U.S.A., however, sqnc very usef\rl- work has been d.one a¡rd the
main results are summa¡-ised. in Fig 6 vhich is reproduced. fYcur U.S. Tfeather

Br¡reau Technical Paper IIo. 29, Part J. this diagram waB clerived fron a study
of da.ta fbom seven dcnse networks of ralngauges in the eastern tral-f of the
country.

f.ttenf,ion was clraun to the fact that the relations represented. by
the curves in Fig. 6 seemecl to be indepencl,ent of geoppatrfiical location a¡rd.

her¡ce this cliagram reas recqrmend.ed. for generar use througþout u.s.A. rt
appears to be equally suitable fcr use in Nenn zealenð., particr:lar]y as the
seven clsrse networks which lxovictecl the basic clata are all within the latitude
rangc covereËl by New Zeala¡rcl.
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The cliagram shows that, with increasing ar.ea-, the ratio of the
areal-rainfall to the point-rainfall fa1ls off raFiclly, as erpecteô, for
short-drration raÍnfa1ls. For exampJ-e, the JO-minute point-raj-rrfalI is to
be reduced to 70 percent for a catclurent area of 50 sq. miles. O¡r the other
hanè, a 2l¡-hour areal-rainfall- over an area of JOO sq. miJ.es is telen as !1 per-
cent of the lnint-raj-nfa11.

Reference to U.S. 'lYeather Br¡reau lech¡ricaJ- Paper No. 2!, Pârt f ,
Fig 1-5, shows that each of the for¡r curwes reproiluced in orrr Fig 6 ha.s been

fitted. to a set of plottecl points vtrich show considcrable scatter, Thus,

the results obtained. frcrn its use, either i-n U.S.A. or NeÌr Zealaad, are
someTet¡at uncertain. Nevertheless, it d.oes providc a working cliagraur letrich
can be nodifÍecl as necessary rvhen more observations becc¡ne avallable in the
f\rture.
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12. USE CF' }ÍAFS AT{D DTAGzuI\IS

As staied. in ihe introduction, the primary purpose of this paper

is to present rainfall information in a forrn suitable for application to

probJ-ems of hydrolo¡j-c design. fn the preceding sections the preparation

of væious maps, tabl-es and ùiagrarns is òescribed., together with their
Iinitations a¡td the reasons for choosing this particrrlar for:n of presentation.

It is desirabl-e that the user shoulil beeqr¡e fanúIiar ¡¡ith this baclcground

information, but the actual- calculation of the recluired point-rainfal-I or areal-
rainfalL of given duration ald frequency X(T, t, A) can be carriecl out in sinpte

steps following the scheme sho¡¡¡r by the two examples in Table 10.

12.1 Durations 1 O-minutes to 2l+-hor¡rs

Step I (fatte 1O) ínvolves locating the given point on Fig 9a a¡rd

interpolating the Z-year $-trorrr raj:rfall fYcrn the isohyets. To locate the

point on Fig 9a ít is convenient to use the latitude and, longitude ¡re-
determinecl tuon, say, the 1.5OOroOO Hydrologic Key }iap (tlzuS 198). the points
¡narked on !.ig 9a locate the À4 stations for r*rich detailed. resuLts are given

in Appenöx I.
For steps 2,3 atd l¡ the procech:re is the sarne as for step 1. l{ote,

however, that if the val-ue of X(1, t, A) is not requireð for dr:ratior¡s less
ttu¡ 2 hor:rs, steps 1 a¡rd. 2 are crnittod..

the values scaled. flom the maps will be least reJ.iable in those

parts rvtrere the rainfalÌ graùient is greatest, for example on the Tiest Coast

of the South Isla¡rd. and. in lara¡raki. the maps shoulè not be useil for
elegations above about 2000 ft., as no rainfall intensity observations at
high levels were ava1l-able.

Steps 5 aud. 6 ar.e required. if X(I, t, A) is to be ccrnputed. for
d¡¡rations Speater thøû 2 hor¡rs. the order in 'which stations appear in lable 9

is based. on the rainfal-l- station inclicator. This consists of a rainfall
district letter (A to I) followed. by a five figr:re m¡nber as erçlained in the

legentl on the Hydrologic Key Map. Tn Îable ! the stations are grouped into
rainfal-L districts, a¡rd in nr¡neriqal order within dístricts. NorrnalJ-y it v¡ill
be necessarXr to interpolate from the nearest fisted. stations. For a few stations
tço values of the 2,|¡-hour rainfalls are available - one flom lable 9, and the

other fYom Appenûix I. Às tllscussed- previously in Section 10.J¡ preference

shou]-tl nonrally be given to the value included in labl-e 9. As the 2l¡-hour
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Table 10

ETAMPLBS OF RAINFÁIT, DETH-DÌ]RAIIOIT-IEæUM{CY.AREA
COIV{PUIAfiONS

T = return period
t - duration
./\ = a-Fea ( square miles)

F¡kekohe

I years
t hour

20 sq n.

Ashburton

10 years
6 hor:rs

200 sq n-
1.

2.

5.
¿+.

5.
6.

7.

B.

o

10.

11.

12.

11,

2-ye:tr, !-trour rainfall
2Èyear, f-tror:r rairrf all
2-yeat, 2-hor:r rainfall
2f)-year, 2-hour rainfall
2-year, 24-h-.ur rainfaLl_

2O-year, ?)¡-ho'ur rainfall_
Join (1) and (2) and. reacl
where l-ine intersects given
returrr period..

Join (l) u.rd (4) and read
where line intersects given
retr:rn period..

Join (!) and (6) and read.
where line intersects given
return period..

Join (7) *d (B) and read.
Ehere Line intersects gjven
dr¡ration.

Join (B) a¡:d- (9) and reaa
rchere line intersects given
duration
Percentage of point-rainfall
x(r,t,¡.) = (ro) x (rz) or

= (rr) * (rzJ -

Fig 9a

Fig !b
Fig 1Oa

Fig 10b

lable 9

Table 9

Fie 5
lìlio E'-ö ¿

Fie 5

tr.ig l+a

I'ie 4¡

Fig

o.7
1.4

1.1
2.5

_¡c

1.O

1.9

_¡E

1J+

9o

1.2

,.,
1.0

2.4

4.9

0.9

)+.2

2.O

85

1.7

r not needed. when X(lrtrÂ) is reguired. for t - t hou¡.

NOIE: the rine (/) to (s) on Fig,t¡a is the d.epth-duration currre for the
given return pe:=od,; values of X(f rt) for other ôr¡rations can
be read- flon it.



l+7.

FtG. 9o
2- ìEAR, lÆ- HOtn RAü\RLL

( læhc¡)

Ftc. 9b
20- YEAR,!z }OIJR RANFALL

(lnchc¡)
ÀIOTE: THE oors NDtcÂTE LocaTto{s

STATIONS II{CLUDED N Aæg¡O'' 
'.
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rair¡faIls are strongly i-nfluenced. by orographical- effects, large differences

may be found between the tabulated. values fron neigJtbor:ring stations, especially
r*rcn they differ appreciably in elevation or aspect. Sarnpling errors, as vrell

as onographicaf- efiects contribute to the inter-station variations, a¡¡d. the

user must exercise his own jud.gment and loca1 knowledge in alriving at

satisfactory values for the 2-year and 2O-year rainfal-ls at the given point.
The next five steps in the cønputation, 7 to '1 1, are straigþt-forvard

gaphical interpolatíons using Figs. l¡a, l+b arÌA 5 as ôescribed in Table 10.

Steps 7 a¡rd 10, or 9 and. 11, are qnitted. accoröng as the required dtrration

is over or u¡rder 2 hor¡rs. The areal aôjustment to the point-rainfall is ihen

read fbom Fig 6 a¡rd used as the multiplier in the final step of the comprtation.

If a1t the steps are fol-l-owed. through frqn 1 to 11 the two Lines obtaineè

in steps 1O and. 11 approximate the rainfall d.epth-drrration rel-ation frqn 10 minutes

to % hor:rs for the given retr¡rn period..

12.1 .1. .Llternative l,ilethoô of Tnterpolation,-
Alternatively the interpolations involved in steps 7 to 11 can be made

aritt¡¡netically in the following way:

(") the values interpolated fYan the maps in tr'igs 9 a¡rd 10 and. lable 9

(tatte 10, steps 1-6) are usecl to evaluate:

i=e+Cg(f-")
t=B+%(h-s)

wÌrere C, is read. flom lable 12 below anô e, f , E, ar¡d. h are defined.

as follsws, depending on rvlrether the requirecl dr:ratíon is (i) tess

thar¡ 2 horrrs or (ii) greater than 2 hours.

(i) t less the¡r ?-þorgs (ii) t seaLer than 2 hours

e = x(2, t) e = x(2, 2)

f = x(zo, +) f = x(2o, 2)

g = x(2, 2) g = X(2, %)
h = x(zo, z) h = x(zo, 4)

(b) Having evalr¡ateô i a¡rd I we have finally:
(:.) x(r,t) = i + a1(1-i) or (ii) x(t,t) = i + A2(1-i)
dc¡rryrì ng aoaín on r*lether t is less than or g;rcater tha¡r 2 hours.

The values of A., arß. A., are given ih fabLe 1J below.
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Table 12 (c.f. Table 4)

T(years) 2 5 10 15 20 25 10 40 50 75 1oo

ct o o.l+L o.72 o.B9 1.OO 1.O9 1.16 I .28 1.t6 1.52 1.63

T (years) 15o 2oo 25o 5oo looo

cr 1.78 1.89 1.98 2.2\- 2.52

Tab1e 1J

t(rninutes) 10 20 30 45 60 90 12o

Â1 -O.49 -O.21 O +O.22 +0.1+O +O.73 1.OO

t(tror:rs) 2 + 6 B 1o 12 16 20 2+

\ o o.19 o.33 O.t+l+ O.fu 0.61 O.T7 0.90 1.OO

ÐmMpLE To cal-culate X(tOr6) for Ashbr:rton using d.ata given in lable 10. Here,

T=1Oyears, l=6hor,rrs, c=0.6, f =1.0¡ g=2.4
h = l+.9r cT = o.72 (ratte tz), %. = o.t3 (raure t5)

hence j = 0.6 + O.72 x 0.4 - 0.89

L=2.4+O.72x2.5=4.2
Therefore x(10r6) = o.B9 + o.33 x 3.31

= 1.98

12.2 Dtrrations r?l+-hours to 72-hours

Should. estimates of X(trt) be required. for t between 24 hours a¡d'

l2 hours these can be obtaíned in the following way :

(") Estimate for the given point the 2-year ancl 2G-year rair¡falls
for d::ratio¡:s of Z+, 48, end- 72 hor¡rs fìrør the date for the

rrearest stations includeè in lable 9.
(U) Interpolate for the required return periocl by plotting each

¡nir of lnints on Fig. 5.
(") Plot on Fig. 4b the threc va.lues or x(1r2L), x(tr4e) ana

X(f r72) obtair¡cd. fyon step (t) ana join with a gnooth currye.

The requireô val-ue of X(trt) is reacl off tl¡'is curîre'

Note that the calibrati-on of the duration scale is such that the

cruT'e joining the above three points will be close to a straigþt line. This

line is, hcrwever, not simply a¡r extension of the line joining the points (t, e)

a¡ra (f, 24); there is usually a discontinuity at ?4 hours.
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No attcnpt has been natlc to relate point-rainfall to a¡eaI-raÍ¡fall fcn
fa.lIs of ch¡¡ation greater thar¡ 2l+-hor¡rs. Loag ch:ratlon fells such as these ate
nønally cor¡siclcretl only in cor:nectlon rrith very large cetcluent areaa, auô

the techd.quc involving the use of Fig. 6 is not sulteble for such lergc &rc'so

15. .å6XNOIILÐGMH\IIS

The results trresentetl in this paper bave involvctl e consldcrable
anor¡nt of painst'king work in selecting, checking, and ¡rocessing d¡tr frø
hrnil¡ecls of long-periocl rainfall- records. This çork has beea slxeatl over

marry yeårs, ald. nany of thc staff of the Clfuratologicel SeotLon have contribt¡tcd.

S¡rcia1 thårrks are tlue to F. Boncly, rvho supenrisetl the aaalysis of the urtographic
charts ftm recoröng raingauges ancl h¡s carrieô out uany of the calculatd-ons;

to D.C. Meltln¡n rrho su¡rnrised thc preparation of the rn¡-{rnrrrn 'l-tb¡l' 2-day, cntl

}-iJay statisticg; anct to B.C. heckgon nho penfenccl the ¡rrncbcl-carcl ce.lcrrlatlons

using the IEI machines at the Central Acco:ntlng Bureau of lhc Treaat¡r,
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.APPB{DIK I Depth-Duratlor-Freqr¡cnoy lableo for Iy'¡ Statlæs cqrt,ppeil
with Rocording Rainga¡rges.

n = No of years of recordíngs. (no ilata glvou for n less than !)
t = ch¡rat:lon (ü = d.nutos, E = horns)

T = r:etrrur perioct (yea¡s)

i = rDGrJo of, ann¡a1 ¡¡a'drrn¡nr rrai¡feIIs for gÍven th¡rÊtiqn (incUee)

B = Etaail¡ri. cl¡avå¡tic¡r of r¡ma1 nåÉ-nrn raiafalla.
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50i
¡76 .72

lo42 c54

1.4ó .57
2¡00 .83
2c96 1o 19

5o?4 2c25
ó¡E9 3o00
8o7? 3.89

11.48 4¡97
13.0ó 5o41

50i
o54 ¡29

.71 o?9

.96 o4E

Lo27 o69

Lo75 o83

4r0O 1oE6

4¡70 2o3O

5.L4 2.65
5 c52 2c86

50i
o81 c7t
o92 ¡44
o91 ¡50

L¡29 ¡71
1.7ó .94
2o59 1.47

4o 88 2t5O
6o35 2.88
6.59 3e06

sv
.LZ .37
.24 .45
.29 ¡51
.38 r4ó
o58 o49

1.01 ¡45
L.27 t42
1.58 o4l
2oL4 o4?

2.48 .45

av
¡08 o2E

.12 .31
r 15 .71
.2O .?2
.29 .35

.67 o?6

.75 .3?

.76 .29
ot3 .29

sv
. ló .49
¡ 14 e?2

o 14 c28

. 17 o24

.24 .25
o3L .2L

.70 .28
lr02 t?5
lo04 c?4

TL2
¡31
.51
o5?

o78

1¡10
2.10
2o81

3o66
4oól
5o10

1=2
c?1

o77

¡4ó
¡ó0
¡78

1.1
1.76
2.19
2.53
2o7 4

5
t45
.80
e62

1¡ l7
1o 70

3¡14
4oL2
5.28
6o 82

7. óó

5
¡36
¡50
.62
o8?

1¡ 09

L.9
2c48

3o00

3.?7
? o64

T=2
¡31
o42

¡48
¡68
¡91

Lo43

2.O
2o40
2o74

2ßL

5
.49
¡58
o64

o88

1.18
1r78
2.1+

9.2O
?o9O

4.10

10

¡ó1
.69
o74

1o 0O

1.3ó
2.OZ

2.8
3o72
4o67

4¡ 88



o

3 I 6H 1.69
3L I2H 2t7l-
31 24H 2.99
31 48H 3.53
3L 72H 3¡82

E 142A1 LOhIER HUTT

n t T--2
1 1 10M .70
lt 20t4 ¡40
Il 30M t49

E 14272 KELBTIRN

nt
3T IOM

31 20t4

3L 3OM

3L IH

3T 2H

11 IH

11 2t1

nt
10M

20M

t2 30M

L2 IH

L2 2H

L2 óH

L2 LzH

L2 24H

T2 48H

L2 12H

5

o35

.51

.63

.83
1.14
2. l0
3¡06
4.08
4.97
5 c2L

5
.42
.54
.61
.89

Io21
2.oo
2.7 L

3. 8ó

5.O4

5.76

5

10

.41

.ó0

.13

.94
1.28
2.78
3.57
4.82
5.97
6. 14

10
.50
.63
.ó8

1.03
L.39
2.2I
3.03
4.5L
5.95
6c75

10

c78 .92
1.13 l.3l
Ic67 1.84
3t28 3o ó8

4.32 4.94
5o40 6.22
7.98 9.77
9.33 I l. óó

T=2

t27
¡38
o48

c66

.93

.68
o94

20

.4ó

.ó9

.83
I .05
I .41
2.64
4.O5

5.51
6.7 6
7.01

20
.51
.12
.76

1.17
I.56
2.4L
3.34
5 .13
6.82
7 o69

20

50i
.53 .29
.80 r 40

.95 ¡ 50

L.ZO .ó8
I .59 .9ó
2¡99 1.75
4¡68 2.42
6.42 7oL5
7 .93 3 o73

8 ¡ I7 4.O?

sv
.08 .28
. 13 .32
. 15 .3O

. 17 ,25

.2I ¡22

.4L .23
o75 .3L

1.08 .?4
1.39 .37
I.37 .34

v
.32
.29
.20
.25
.24
.16
.18
n2g

.?L

.29

V

11 6H 1¡69
1t LzH 2,23
1 I 24H 2.89
t I 48H 3.67
I I 72H 4.27

F 02871 TAKAKA AIRFIELD

T=2

50;s
.ô7 .32 .10
r84 .42 .L2
.86 .50 .10

I.34 .71 .18
L.l 9 .98 .2?
2.68 L.73 .27
3.7? 2.29 .41
5.93 3¡0I .83
7 .95 3cg4 1. l7
8.92 4.45 L.27

50;s

.59

.87
I t?2
2.68
7.40
4oL7

5.?O

5 o84

1.04 l.¡20 .61
1.48 1.70 .90
2.O4 2.30 I ¡3ó
4.06 4.55 2.75
5.52 6.28 3.5L
7.00 8.02 4.32

LI.47 L3.69 5063
L3.87 L6¡75 6.27

. L'l .28

.23 .26

.27 .20

.52 . l9
r 80 .27

I r 07 .25
2.33 .41
3.03 .48



10.

F' 12162 COBB DAM

ntT=25tOAO50xsV
12 10M c25 .?6 .44 .51 .ól .26 o I0 .36
LZ 20l'l c?8 r 5E .7L .83 ¡99 .41 oL7 .42
12 30M ¡51 ¡8I 1.01 Lo2O L.45 c55 .26 .4ð
12 lH c76 1.12 L.?7 I.60 lr91 r80 ¡32 ¡40
12 2H Lo2? 1.91 2.76 2.79 3¡35 1.31 .59 .45
12 óH 2t68 4¡5O 5.12 6.87 8c37 2.9O 1.58 .54
LZ LZH 4.04 7.19 9.30 11.30 13.91 4.4? 2o74 .62
12 24H 5o92 l1¡15 14.óó 17.98 22.3O 6c56 4.55 .69

NOTE: varues fon duraülons of 12 hours or more are too hlgh due
to the tnfluence of one exceptlonally heavy ralnfa1l durlng whlah
12.2 tnches feIl 1n 12 hours and 2O.1 lnches ln 24 hours.

F 128E1 MURCHTSON

ntT=251020
I loM

I 20M

29 30M .35 .5L ¡62 .17
29 IH ¡49 t65 c76 .8ó
29 2H r70 ¡90 1.04 1.17
29 óH Lo29 I.72 2.OI 2.28
29 LZH lo8ó 2¡53 2.98 3.41
29 24H 2.55 3.73 3.85 4o34
29 48H 3¡ 1ó 4. Ió 4.8? 5t46
29 72H 3t7O 4.83 5.57 6.29

F 2O7A1 HOKITIKA SOUTH

nET=251020
15 lOM o45 ¡61 .7I .8I
I 5 20M ¡ óó .95 l. 14 L¡32
15 30M e82 1rl9 L.43 lo6ó
15 1H I r 14 I 163 L.95 2.27
15 2H I ¡ 54 2.16 2.57 2.91
15 6H 2o55 ?.?2 3.82 4t?l
15 I2H 7o46 4t74 5.59 ó.41
15 24H 4o5O 6.25 7.39 8.51
L5 48H 6¡00 8.13 9.53 10.89
l5 72H 6¡99 9¡01 10.34 11.64

50isv

.8ó c37 . ló t47
lr00 .51 .16 .?L
Io33 ¡73 t2O .28
2¡63 L¡76 .42 .?I
3.96 I ¡95 .ó6 .74
4198 2.67 .76 .28
6.29 3o3L .98 .30
7.21 ?¡87 1.10 .28

50;s
c94 .41 .14

Lc56 .70 .26
1 ¡9ó .87 .?3
2o67 I r2l ¡44
3t48 L.62 .5ó
4¡94 2o65 ¡ó9
7 .47 3.62 1. ló
9.94 4.72 1.57

L2.64 6.27 L.92
13¡29 7.25 L.82

v
.30
.37
.38
.?6
c35

.?6

.32

.77

.31

.25



9 lH Io07
9 2H I¡44
9 óH 2¡22
9 12H ? ¡2L
9 24H 4c59
9 48H óoOO

9 72H ór91
F ãq801 HAASÎ

Þ2
c46

.ól
¡71
¡96

9 2H l¡49
9 6H 3oL?
9 12H 4 c24
9 24H 5c5L
9 4SH 6075

9 72H 7.6?
E 1ã"21 RODING RIVER

F 2L422 GRE]ffOUTH

nt
9 loÈi

9 20M

9 30M

NE
9 10M

9 20M

9 30M

9lH

nt
1 5 lot'l
t 5 20t¡.

15 30M

15 lH

1--2
o44

.ól

.79

T=2

.75
o48

oó0

o88

I5 2H L ¡2L
t5 óH I ¡8ó
15 LzH 2,22
15 24H 2t67
L5 48H 3t28
L5 72H 7o62

11.

51020
.59 .70 ¡ 80

.80 .93 1.0ó
1.05 L.23 Io40
1¡51 1.80 2.08
I ¡ 87 2.15 2o42
2.89 7.34 3.76
4t26 4.96 5.62
5.EB 6.74 7 o56

8.18 9.62 I0.99
9 o?8 11.0 I L2.57

51020
.63 ¡75 ¡85
.84 ¡99 1¡l¿r

1.00 1e20 1.38
LcT? 1.59 Lo82
2.19 2.66 3. I1
4.54 5.47 6¡35
ó¡18 7.47 8.70
8¡15 9¡90 11.56
9.6ó I 1. ó0 L3.44

I0¡90 L7.07 I 5. I3

5
.50
t76
¡92

1¡ 36

I. 80

2.50
2o89

?.?8
3¡92
4o44

10 20

ró1 .71
.94 1.12

1. 13 L.34
1.67 I ¡ 9E

2. L9 2.57
2.92 3t7?
?o?2 3c75

3.68 4.07
t+.3V 4¡74
4.98 5 ¡ 5O

50i
.9? o45

Lo22 .63
L.62 t82
2o44 I.l2
2.77 I ¡49
4c3L 2.29
ó.48 3o?2

8¡62 4oTt
L2o77 6.24
L4o59 7 o 18

5oi
.99 .48

L¡33 t67
I.62 c74

2o].3 1.00
3t69 L.56
7.50 3.26

I0.29 4t45
L3t72 5¡80
15.83 7¡0ó
17.81 7¡98

50i
o83 .?7

1.34 o51

1.60 .ó4
2.77 ¡94
3.05 L.29
3c86 I r94
4o3A 2o7O

4.57 2.75
5.26 3¡36
6¡ IE 3.72

sv
.L3 c29
.16 .25
o22 .27
o36 .72
.35 .24
o55 ¡24
.8ó .26

1.06 o22

I o 78 o29

?.O2 .28

sv
r 14 .29
o 19 .30
o24 .?2
¡3I .31
¡ 58 .77

lo15 o35

1.59 .16
2t16 .37
2.39 .34
2o68 o34

sv
¡ 14 .38
.25 o49

.29 c46
¡43 o46

.57 o 41

.58 .30

.60 t26

.55 .20

.57 . 17

t14 t20



t7 óH I ¡20 Lt75
17 IzH lo73 2.5L
L1 24H 2oL4 3o00

17 4gH 205? 3.60
t7 72H ?o75 7092

G 21471 I(A]KOT'RA AERADTO

G 1?5A2 BLENHEIM

nt
17 10M

L7 zOM

I7 3OM

17 lH

17 2H

nt
9 tot/t

9 20þt

9 30M

9lH

nt
25 10t¡l

25 20M

25 30M

25 1H

2' 2H

¡13 l¡02

50;s
c75 .23 ¡ ló
¡98 .?3 .2O

1 o04 o?9 eZO

1.20 t52 .2L
l¡62 o77 o26

2.9O 1¡28 o50
¿+¡L5 Io84 .71
4.8? 2t26 c79

5.86 2¡68 ¡98
6.39 2ßL 1¡ 07

50is
.95 o26 ¡ 19

Io09 ¡?6 .20
Io14 o44 ¡19
L o 5ó ró8 t?4
2¡46 1 o07 .38
4.87 2.08 ¡76
7. I9 3¡OB L.L2
8o 50 ?.95 L.24
8.59 4.48 LtL2
8¡ó9 4.69 1.09

50is
¡46 c2O ¡09
o64 .27 .I2
c75 ¡32 r 14

o8ó c4? ¡ 14

lo02 .59 ¡14
1r87 1.10 c25

2t99 I ¡ó3 t41
4¡ 58 2.26 .75
5¡El. 2o9O o94

6t54 7.14 1.10

T=2
.2L
o30

o?6

.49

T=2

.27
o33

r41
.65

T=2

ol8
o25

.30
o41

.56

5
.38
.52

o5E

.72

12.

10
.50
.67
.73
.87

l. 2O

2. Ll
3.02
?.57
4¡ 30

4.69

10

¡62
.Tl+

¡80
1.14
1. 79

?.52
5.2L
6. 31

ó¡ ól
6¡ 7ó

10

o34

¡4ó
.54
¡65
.81

1¡ 50

2.79
?.45
4.?9
4o 88

20
oó1

rBI
.87

I .0I
L.39
2.46
3.5L
4.12
4.99
5c44

20

.76
¡89
.95

L ¡32
2¡0E

4¡ 11

6¡07
7.26
7.47
7. ó0

20

¡40
.54
.6?
.74
r90

Io66
2.61,
3 o93

5.00
5. óO

v
¡ó9
.ó0
.51
o40

o74

c?9

t79
.75
c37

.37

v
¡74
.56
o4?

.35
o?6

.?7

.36

.3I
c25

.2?

v
.45
o44

c44
o7?

o24

.2?
c?7
.?3
.32
.?5

9 2H l¡02
9 óH 1098

9 lzH 2.9?
9 24H ?.79
9 4EH 4t?4
9 12H 4¡55

H ?2q61 CHRTSTCHURCH

5

.46

.57

.65
o94

1.48
2.9L
4o 30

5.?O

5.7O

5rEB

5

o28

.38

.44

.55

.71
1.72
2c02

2t9?
3.74
4.12

25 óH 1¡06
25 lzH Lc57

25 24H 2¡15
25 4EH 2c76
25 72H 2..98



H 4T411 ADAIR

nt
9 10M

9 20M

9 301ì{

9lH
92H
9óH
9 12H

9 24H

I 48H

I 72H

H 4T42T TIUARU

nt
I1 IOM

11 20M

11 3OM

lt lH
ll zH

I1 6H

11 tzH
11 24H

1l 48H

11 72H

nt
9 loM

9 20M

9 30M

9lH
92H
9óH
9 tzH
9 24H

9 48H

9 72H

1=2
o20

.27
¡7?
o45

.61
c97

Lc35
1¡75

5
c35

¡49
.54
¡68
¡90

l¡24
1.90
2o69

5
.28
.?9
.46
.6
¡78

1¡ 3O

2.OL

2o85

?c31
?o5?

5
c26

.75
¡41
.55
.77

lo40
l¡78
2.2L

13.

10
.4ó
.64
.67
.89

l. 08

L.42
2.27
7.3I

10
.75
.48
.55
.7
.90

1.51
2.4L
?.44
3. 88

4.04

10
.35
c45

.52

.óó
o89

1. ó4

2.06
2.67

20
.56
.78
.80
.98

L.25
1.59
2.61
3.90

50i
¡69 .2L
.9ó .30
¡97 ct5

1. 17 c47

L.47 .óó
1¡81 1.OO

?¡06 1r41
4¡67 I ¡t5

SV
.13 . 61

rl8 .ó0
.L7 .49
¡ 19 .40
.22 .77
o22 c22

o45 .32
.77 .4?

I 4A6AI TARA HILLS

TÉ2
¡I8
.26
o72

.5
¡ól
.98

Lc42

l¡98
2t6L
2.77

T=2
rl4
t2O

c25

o78

c59

1¡05
I ¡35
1o57

20
.42
¡56
¡ó4
.8

lr0l
l.7l
2.79
? o99

4.36
4¡52

20
o42

.54
e62

.'17

I .01
1. 86

2¡??
3.09

50i
.50 o 19

.66 .28
o 7ó ¡?1

1¡ló .6?
lo97 lo02
3.28 1.49
4cT? 2.0E
4o99 2.7O
5oL5 2.87

50i
.52 oló
oóó o22

.75 o27

.91 o40

1o1ó ¡61
?.15 I ¡09
2c68 1¡40
3t55 I oó4

sv
¡09 ¡48
. 11 .40
. 12 o?6

¡ 15 .24
o27 .27
.51 c74

.75 c36

.65 .24
t65 .23

sv
¡ 10 .65
.t2 .55
¡ 13 o49

. l4 t?5

.15 .25

.29 .27

.35 .25
o52 .32



14.

I sO8zt f tERt
nt

10 10M

10 20M

10 30M

IO IH

10 2H

10 óH

10 lzH
IO 24H

l0 48H

10 72H

nt
10 toM

10 20M

l0 30M

10 lH
10 2H

t0 óH

10 12H

10 24H

l0 48H

10 72H

r 68101 coRE

I 55¡242 AT.II"Aì¡DRA

T=2
r19
.25
o30

o4l
o63

I¡10
l¡ól
2oOL

2.36
2o46

5
o25

o32

o79

.50

.E0

lo4E
2.22
2.84
3 o69

3.91

5
¡?4
e57

o72

1.O

1.2
1o 40

I o55

I .71
1¡ 76

lo90

5
¡75
t43
o47

c51

r89
lo?2
1¡ 57

I .89
2cO8

2.47

10
.29
.17
o46

.57
o91

L c74

2.62
3¡39
4.5'l
4c87

10
.45
.77
.98

L.7
L.6
L.72
1.87
2.00
2.05
2.23

10

c44

.5?

.57

.67
l. O5

1¡5I
1. 7ó

2.15
2.35
2.86

20
.?3
c42

.52
o63

l¡02
1¡ 98

3¡01
3¡91
5r4l
5.79

20
t55
c97

Lc23

1.6
1.9
2 tO?

2.Ll
2 ¡21

2.32
2.55

20

.52

.62

.6ó

.76
1o 20

I .69
1¡93
2.39
2o62
3 o2?

5o;,
t?8 .20
o48 o26

¡ ó0 .3I
r7l t42

lol5 .ó5
2¡29 1 o 14

?.5L 1.ó8
4¡59 2rlI
6¡ 50 2o52
ó¡98 2.63

50i
¡ó9 .19

1.27 .29
1.5ó ¡77

av
o05 .25
.06 .27
o08 .26
o08 .19
.14 .2?
c?2 .2E
.51 r30
¡ó9 .7?

lrll .44
L.ZL .46

av
¡ 14 .74
c26 ¡ E9

c33 o 88

nt
9 10M

9 20M

9 30M

9lH
92H
96H
9 12H

I 24H

9 48H

9 72H

T=2
o17

.26
c7?

o.5
O.7

¡91
1.07
I¡2E
Lo33
1¡40

T=2
tZL
o29

o33

¡43
o64

l¡04
1r29
1o 50

1ró6
I .88

¡41 o49

¡40 .7,
o36 .21
¡?6 o26

o42 .29

sv
¡ 11 t49
oL2 ¡40
cl? ¡35
.L2 c27

o2O o 30

.23 .2L

.23 .17
c72 o 2l
c74 t20
¡4E .25

2.47 ¡9ó
2.56 I o 13

2c62 L.33
2o67 I ¡ 3E

2o96 I 14ó

50;
.63 ¡2?
o74 ¡30
.78 o?4

¡88 o44

1¡40 .67
I.92 I ¡07
2cL6 Lo?2

2o7L I o54

2o96 1¡71
?¡7L lo95



15,

t 684¡a l[tæncnncrr,r, lnponr
ntÞ2510
13 10M ¡ l8 o24 c28
L7 201,1 ¡27 .37 .44
18 30M ¡30 ¡43 .52
18 lH ¡42 ¡51 .67
18 2H o 58 .75 .87
18 óH ¡97 lolT I.31
18 lzH Lo24 I ¡ 55 1.7ó
18 24H 1.50 I ¡94 2.22
18 48H I ¡91 2¡45 2.9 I
1g 72H 2027 2.96 3¡42

I 6q272 BALCLUTHA

ntT=2
9 10M .20
9 20M o26

9 30M ¡30
9 lH o39

9 2H ¡50
9 óH r81
9 IzH 1.1
9 24H lc27
9 48H I ¡50
9 72H L¡75

nt
Ll 1014

17 20M

t7 30M

17 lH
L7 2H

L7 óH

L7 12H

17 24H

L7 48H

17 72H

T-2
oL2

¡ I7
.21
.?2
¡5I
.98

L o44

1r 90

2¡71
2c66

510
o28 ¡34
¡38 .46
o4E r 60

. ól .7)

.72 .87
I . l2 L.72
1.4 1.6
loó0 L.82
1.97 2.29
2.24 2.56

5
¡ 15

o19

¡25
¡40
.64

L.29
1.88
2.54
3 o15

?.84

10
.L7
.2L
.28
o45

.73
I.49
2. L6

2.97
?.7 L

4o 63

50i
.36 o I9
c59 c28

.71 ¡32
o89 ¡44

1¡12 ¡60
l¡ól 1¡00
2c22 L.28
2.85 1¡5ó
3.59 1.98
4.42 2 ¡?6

50;
t46 o2l
.64 .27
tE7 c32

1¡07 ¡41

1.18 ¡52
1.7ó o85

2.30 lr3I
2.98 Lc55
?.27 1.80

50i
¡22 .12
.24 ¡ 17

.35 t22
r 5ó o34

.92 c53

I.93 1.02
2.AO I ¡ 50

3 o9O I ¡99
4¡93 2t47
6.?6 2¡82

SV
.05 .26
.09 .72
¡ 12 .?7
r 14 .72
¡ 1ó .27
¡ 19 ¡ 19

¡29 o27

.40 .26

.50 .25
o64 .27

'sv
¡07 ¡34
¡ I0 .37
¡ 15 .48
r 18 c44

. l8 .34

.25 ¡ 30

c27 .2L
o39 .25
t4O .22

sv
oO3 .24
.02 .11
r04 o 19

.07 .2L
cl2 .23
.28 .21
¡40 .27
t59 .3O

,77 .32
1.09 .39

20
.31
o50

¡60
.77
o97

I t44
I .96
2.50
3ol5
3.85

20

o?9

.54

.72
o89

1¡ 0O

I.51
1.8
2.03
2.59
2.87

20
¡ 19

.22
¡ 3I
o50

.82
I .68
2.44
7.?8
4o25

5.79



1.

APPENDIJ( II on ft'ttins, the ecluation -v = at ( t+c)-b
to rairrfalL depth-duration d.ata

Given that ( t,,y,), (t*yr), (t,vr) each satisfy the equatíon

] = at (t*.)-b (zt)

solve for a, b, and c

laking logarithms:-
log y1 - Iog a + 1og tt - b 1og (t,+c) (Zz)

Iogy.- log a + log Þ - b rog (t, + c)

Hence b = 
(roet" - 1og t.,) - (1og y, - log y.,) ej)

rog (tr+c) - ros (t,+c)

sinilarly t - (toe t, - Ioe t',) - (1og v, - los v'1)

rog (tr+c) - los (t,,+ c)

Hæce tog (tr+c) - roe (t1+c) _ (rog tr- 1og tr) - (Ioe yr- Iog y.,) =o' (U)
rog (tr+c) - Ios (t.,+c) (1og t, - los t1) -(tos y2 - tos y1)

In this equation m can be eval-uated since aIl- the terrns on the riCht hancl sidc
are }rtown. But nr may also be tabulated. as a function of o for any set of values
of t1r t2, ú t1.

ÐUÌÍPLE Taking t,, = 2, tZ - 12, t, = +B

we find the following pairs of values for C ancl M.

c o o.2 o.r+ 0.6 0.8 1.0
m 1.77 1.80 1.83 1 ,85 1.BB 1.91

Using IN!1m.C,AIffiI;fJ data given in Âppenäix I we talce y., t Y2r Y3 tt¡e values

listed. for i, at 2, 12 anð.1¡8 hours, remely, X,, = 0.60, !2 = 1.28, 13 = 1.98.

Substituting these values in (24) g'ives M = 1.91 a¡rcl hence c = 1.0.
Substituting c = 1.O !n (23) gives b = O.Z, ancl finalty fron (ZZ) we fi¡rd.

a = Q.65. The equation fittecl to these three fnvercergiJl rair¡faIls is
therefore

y = 0.65 t (t + r) -o'7t

Substituti¡g t = 6 in ttris eqrration gives T = 1.0O andrt = 2l¡ gives Y = 1.59.

The cornesporriing values for i5 arú, i^at InvercareiD listeô in Appenrlir I



are 1.oo and 1.J6 nespectively ird.icating that tbe equatLou

i* = 0.65 t (t + 1) -o'7r

is a satisfaotory reprresentatLon of the d.epth-duration relation between

t, = 2 and. t = 48 at Invercargill.

appropriate eqrratlon for InvercargiD is obtained. with the follovring
values for the paraneters

a=O.l+l+r b=O.55r c=0.
Both egrations, in spite of the d.ifferent values of a, b, ard. e, g-ive the
sane value of y = 0.60, when t = 2.

ff it is tle¡lreti to calculate c over argr other range of chrrations
a n€rw (C, U) table is easily prepared. For e:anrpler if

t, = O.5r t = 1.Or t, = 2.0 ',ve fi¡rô

o -O.2 -0.1 O + 0.1 + O.2 aO.5

u 1.8, 1.92 2.OO 2.O7 2.12 2.18

2.



ATPE$TDIT III

Â Section

Station

Cape Reinga

Ee Paki

Mangonui

Kaitaia
Rangj-tihl'

Hereld.no

Kohukoln¡

Rangiahua

Kcí ftqþs

IÍel¡aweka

lfai¡nua
lflhatoro

tlainater¡ui

Dargaville
Karakava

Putripuhi

Ruatangata

TIain¡a Falls
-ftungarei

Mangawai

lÏarhrcrth
Helensville
Riverheadl

Ilerderson

AuckIand.

Mt. Eclen

Huia

Ld.ttle Barier
Cuvien Is.
Rocþ Bay,

WaiÌ¡eke Is.

Inôex
No.

A, t+21+61

A )+2581

^ 
41951

A 51121

a, 5115'l

L 51222

^ 55151

^ 5t361

^ 5tu71

A 
"551A 5t65'l

A 53661

a, 51672

A 55981

A 54tO1

A. 1+521

L 5t$1'
A 

'4701A 54752

^ 
6t+151

A 6t+61

A 6461+1

A 64751

^ 
6tß6'l

a, Q$7'l

^ 
6t$74

^ 
6t+951

^ 
65201

^ 
651+7'l

Á. 65801

Yee¡s
of iìecor<l

N
21

6o

54

51

36

,r|o

t+
30

t7
25

,1

30

50

3t+

r|o

52

50

36

to
to
t2
25

30

a2

25

2g

21

58

52

2l+-hot¡r
4r ñyr
2.5 5.5

3.9 6.5

3.8 7.5

5.6 6.7

5.7 7,5
lþO 7.'l

3rO 7.O

5.8 6.9

tþ5 9.5

)F6 8.1

3.4 6.0

À- 8 'lo.o

lþ 1 7.7
2.9 6,2
ìþt 7.6

5.8 1O.3

j{-O 8.2

3.4 7.4
lþO 8.8

3.2 7.6
lþt 9.'l
2.8 5.5

3.4 7.2

5.1 6.1

2.7 5.6

3.1 6.t
Jr- 8 g.g

5.0 '1O.5

2r7 5.'l

5.1 5.9

lr8-hour
4t æyr
1.1 6.5

lþ9 9.1

.tþ4 7.8

4.O 7.7

à.1 7.8
,lt h 7.5

1.6 I,O
lþ5 8.6

à.8 8.6

5.7 9.2
lþO 6.9

5.3 10.7

5.1 9.6

5.8 8.1

5.'l 8.7

6.9 12.9

5.1+ 10.J

lþt 9.1+

5.4 10.5

à-o 8.3
¿þ8 1O.2

5.6 7.O

lþt 8.5
lt 1 7.7

5.1 6.7

5.7 7.5

5.4 1O.4

5.5 1'|' .,
1.5 6.3

1.4 6.8

72 ttot:r
Zyr 2W
,.5 7.O

5.2 9.'
lt.9 9.2
tþ5 8.4
l+'5 7.9
¿þ8 B.o

¿r-O ò.7

)þ9 9.O

5.2 9.9

6.0 g.g

l+.5 7.1

6.5 11.8

5.7 10.t
tþ1 8.8

5.8 9.4

7.7 th,
5.7 11.4
lþ-7 '1o.3

6.o '|.1.5

1þ4 9.1

5.O 1O.5

,{- f 7.4
5.1 9.2
)+.6 8.3

3.7 7.2
¿¡. 1 8.4
6.1 11.4

5.7 12.6

5.ð 7.2

3.9 7.2

TA3I,E 9



2.
Table 9 (contd- )
B.SEIION

Station

T¿in¡e

TÌ¡anes

Tunra

ßerepehi

Paeroa

Waihi

Spr{-ngclale

Belle Vue

Îe A¡oha

Katikati

Teneatr¡e

O¡nttki

ïears
of Reco¡d.

32

29

51

to
52

55

1t
t5
54

2'l

36

51

32

23

28

4
55

21

n
25

6o

5l+

52

?4

22

21

50

2+

21

26

28

21

3o

51

24-hor.¡¡
4T 2ùyr

tr, g.J

5.1 6.2

2.6 )$6

2.7 )þ2

5.7 7.8
6.6 12.5

1.O 5.2
2.8 5.4
j.g 7.7
5.2 '1O.7

2.6 lþ7

À-I 8, 1

5.5 6.6

J.4 7.8

5.7 7.4
/{-o 6.6

5.7 9.5
2.6 ¿þ4

5.8 1O.8

lþ4 9.4
3.1+ 7.O

1.4 6.5

5.O 5.4
3.8 7.2
5.9 B.g

1.5 7.2
2.7 lþ5
2.6 ,lþ 1

3.5 5.6

3,6 6.2
¿+" O 8.2
lþO 8. 1

4.9 8.8

5.O 8.5

lr.tlhour
4r 2oyr

6.o 1z.o

3.1 5.7

i.o )þ9

b2 9.2
8.O 1lþ5

1.1 5.5

5.1 5.5

4.8 9.7
6.2 12.7

1.O 5.7
lþ7 9.2

5.0 9.8

b6 10.4

5.1 1O.l+

lþ8 7.8
8.1 13.9

3.4 5.8
7.1 13.3

5.t 10.g

l+.5 8. o

)+r2 7.4
4.o 7.o
¿þ 8 9.7
lþ6 10..t

lþ4 1O.'1

3.1 5.5

3.4 5.7
,{. 1 7.6
lþ6 8.1

5.1 9.5

6.o 10.o

6.2 9.8

72-hour
þr Zoyr

6.4 13.9

3.6 6. l+

1.4 5.'l
1þ6 9.6
8.9 15.8

5.4 6.O

3.' 6.3

5.'l 10. ¿+

7.1 13.4

3.2 5.9

5.1 9.8

5.4 1O.4

5.1 11.5

5.2 11.O

5.1+ 8.7

8. 6 15.1+

5.6 6.6

7.7 15.4

5.9 11. I
lþ8 8.7

\.6 8.2
¿{- 1 7.6
5.2 11.3

tþg 11,1

,lþ9 ll.1
t., 5.9

5.7 6.4
lþ7 8.8

à- 8 9.2
5.8 1O.8

6.5 10.8

6.7 11. O

lllorrinsville B 75651

Tauranga

fhalcata¡re

Raukokore

ìÍa¡aeÌ¡alo

C. ftrnarqy
Matarau

I¡ichfiel-d
Iralce Eotona

Ìfa¡¡alu

Roton¡a

Inciex
No.

B 75081

B 75151

B 75251

B 75151

B 75161

B 75181

B 75151

B 75561

B 75571

B 7559'l

B 7662t

B 76995

B Tl6a't
B 77682
B 7850t

B 78601

B 85181

B 86051

B 86'101

B 86123

B 86341

B 86161

B 86471

B 86561

B 86601

B 86611

B 86821

[ha-karerarewa B 86124
rrYaiotapu

Kei nga¡pa

}funrpara

Wai,ra¡rrkao

Iau¡n
Eotokara

[aiuihia
Hr¡rrt¡rsss Creek B 87021

B 87104

B 87031

fairata-Inveraen B B7Z5l

ÌG.n¡moko B 87252
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'Iable 9 (contd.. )

Station

Koranga Valley
'Iarawera.

C. SiÐ'-[IOr'l

Pâerata

lïaiuku

0newhe¡p

Te Karaka

'Ie lbuwhata

Nganrawahia

.luakura

Har"ì Lton

-ùoto-o-rarrgi
Horahora
(Karapiro)
Ihwhia

Mangatoi

Te Matai, Aria
l{oha}atino

Ohura

Uruti
Arapuni

Otorohanga

Ttaikeria

llaitomo

Te Kuiti
.Rangitoto

Paekaka

Tar¡nara¡rui

Hautu

New Pl¡nmouth

tVaitara

Tangarakau

Irorrer Mangorei

Years
of Recortl

28

53

29

4o

12

22

52

31

t2
55

5t
5)+

24-hour
2yr 2W

,.6 6.4

5.O 5.9

2.7 À- 1

j.2 5.6
2.7 )+.6

1.O 6.5

2.7 5.2

5.3 6.3

2.8 5.4
2.6 l+.6

2.3 lþ 1

2.7 5.2

2.5 lþ5

1.O 5.6

1.5 5.9

3.1 5.7
j.5 6.5

4-O 6.8

2.7 l+.5

3.O 5.0
2.4 )F5

3.5 5.7
2.9 5.O

t.2 5.5

J.O 5.0
2.6 5.1

2.9 5.4
3.1 5.6

t.o 6.1

3.1 6.0

3.5 6.7

J¡&hour
þr 2Sr

tþ5 9.5

1.8 7.5

1.5 5.6

J.8 6.7

1.1 5.2

3.6 7.6

1.1 6.j
3.7 6.9

1.1 6.2

1.1 5.4
2.7 )+.5

3.4 5.8

5,O 5.3
)þ2 7.4
¿t-4 7.5

3.7 7.7
)+.5 B.O

,lþ8 7.7

5.3 5.5

1.5 5.4
5.2 ¿þ I
à.L 6.t+

1.4 5.1

3.9 6.1

3.5 5.6

5.3 6.4

5.6 6.4
j.7 6.7

5.7 6.9

)þ2 7.,
lþ 1 6.9

/2-hour
Qr Z0yr

5.2 9.7
)þ5 8.6

3.7 6.5

4.O 7.2

3.4 5.8
lþ o 7.7

t.5 7.3

,.9 7.5

5.6 6.5

J.5 5.9

2.9 lþ I
3.7 6.4

1.2 5.6
lþ B 8.8
la.6 d.6

tþ2 8.5

5.1 9.6

5.6 8.9

J.8 6. O

5.8 5.5

5.4 5.o

5.1 7.1

5.8 5.7
¿þ4 6. B

lþ o 6.8

t.6 6.9

1+.O 7.4
{- 1 7.3

1.9 7.O

lþ8 9.O

)+.7 7. B

Intlex
I'lo.

B 87ù41

B 9æ51

c 7+19'l

c 7tp61

c 7+39'l

c 74581

c 75411

a 7561't

c 757J1

c 75821

c 759t+1

a 75951

c 8¿|oô1

c 84681

c 84691

c 84701

c 8¿1891

c 84951

c 85061

c 85121

c E5141

c 85211

c 85512

c 855t1

c B5Ào1

c 85821

c ö5981

c a\D11

c aw21

c 9lro81

c 94'111

,r|o

28

1t
22

54

%
10

24

,1

to
55

20

58

1'l

25

77

32

27

n



l+.

Table 9 (contC. )

Station

Lepperùon

Inglewood.

h¡ra¡Si

'rïhangarnomona

Upper ìdangorei

tÈiversdal-e

Tariki Hyclro

Ngatimaru

rìangipo

D. SrÐ,IrON

East Cape

PakilÉ¡roa

Waiorongornai

Whatatutu

Otoko

F¡l¡a

Te Kara-ka

Eastwoocl HiIÌ
Omoncl

Patutahi
Gisbonre

Te Kr:ra(Erepiti)
Pihanga

Wlalapr.urake

One¡nto

luat
lahora
Maagaone Va11ey

Paritu
Owù¡ena

Ruangarehu

l[angatarata

Tokoroarrr Bay

Tolaga Bay

Years
of Recorcl

50

36

t2
t6
t8
58

to
to
27

55

t2
20

27

52

30

52

27

22

51

51

26

22

22

29

5O

t2
30

to
3o

,o
29

4
53

2þhour
fir 2Ayr

j.8 7.1

tþ9 9.o

J.E 6.4

5.4 5.9
6.0 10.2

5.1 10.8

)+,2 7.6
)1-t 6.2

4-O 7.1

1.7 7.8
6.5 9.8

7.2 12.7

5.2 7.7

3.1 5.8
2.9 5.7

3.1 7.1

3.2 7.2
)+.2 8.4

t.o 6.0

3.2 7.2
4.t 8.o

4- l 9.2
)þ6 9.1

)+,6 8. 1

à.1 7.8
3.4 6.8
6.1 '12.6

5.8 12.2

5.1 9.7

5.5 1O.1

5.3 9.9
5.4 10.9

)þ3 8.2

5.O 8.9

5.8 1O.7

tk7 ij.o

b6 7.9

7.8 1L].5

6.7 11.6

5.4 8.9

5.3 ð.9
rþ 8 9.3

4- 8 9.2
8.2 1À.4

9.5 17.O

tþ5 11.9

4-O 7.6

5.8 7.8
À-o 8.8
1r1 8. O

l+,7 9.5

1.7 7.8
)þ'l g.g

t:u ,.._,

6.o 10.5

5.O 9.8

B.o 17.5

7.8 16.0

6.8 11.9

7.3 11.1

7.1 '12.1

6.5 11.5

5.5 1O.B

/2-hour
ftr ZWr

5.5 9.6
6.3 11 .2
5.2 8.8

5.o 8.6

d.8 16.2

7.1 13.1

6.2 g. B

6.0 10.4

5.6 10.8

5.2 9.8
9.5 17.9

1O.4 19.6

5.1 12.8

)þ6 9.3

5.9 8.5
t+.3 9.9

4.5 9.1

5.t 1o.9

)þ1 g.g

tþ6 1o.o

,._r,t_,

6.8 1t.o
5.9 1'1.6

9.6 21.1

9.2 18.6

7.8 1t.g
B.o 15.5

8.4 1ll.Z

7.2 15.7

6.2 '12.6

fndex
1{o.

c 94121

c gt+1zz

Ç 9t+151

c 9)+172

C 9t+ZOl

a 9\221

c 7P22
Ç 91p61

c a5o82

D 7875'l

D 78811

D 78d21

D 87381

D 87462

D 87481

D &*42
D 87571

D 87591

D 87691

D 87692

D 87751

D 87742

D 8776t

D 87811

D 878'12

D a79zt

D 87962

D 87981

D 88001

D 88011

D 88111

D 88151

D 88Jr1

JafLhour
4T 2ùyr



5.

Table 9 (conttL )

Station

tÏaihau D W2
lfianngaorangi D 88512

tr[ar:rrgahanrnr D 96091

h¡torino
lutira
Iledgeley

Te ìfiata

l{angalnrr{.

Gwavas

Por¡kawa

lúokopeka

Blackh¡n
h¡kelrou

IIa¡ua

ifaina¡ana

Anaçai

Mt.Ve¡non

Ifaipana

hrtara
Ecetahuna

D 96191

D 96281

D 96181

D 96691

D 96693

D 967+1

D 96881

D 9689'l

D 96892

D 969-51

D 96961

D 05651

D 05671

ïea¡s
of Recorr:l

52

50

t\
28

50

m
t9
67

¿|o

52

56

51

to
25

56

21

51

52

32

50

26

28

56

26

57

24

?4

55

2g

52

27

26

55

t.9 9.3

5.4 11.2

lþ2 9.7

À-O'lO.¿+

5.O 11.1

5.8 8.8

4-O 10.8

5.1 6.7

3.4 7.O

3.5 8.6

3.O 5.8
3.O 6.7

2.6 6.3

3.6 7.7

5.1 6.4

3.1 5.9
2.5 5.3

3.6 8.O

3.6 7.7
2.8 6.1+

2.6 5.8
,{-O 8.7

3.5 6.8

7.2 '15.O

2.6 5.O

2,8 5.3

t.7 7.4
2.¿+ ¿þ5

2.7 À- 8

2.6 5.2
2.6 5.5
¿þ8 8.9

2.6 lF6

5.3 11.9

6.1 13.8

5.7 1?_4

5.6 16.7

6.7 16.2

5.O 1'l.O

5.3 11þ2

5.6 8.0
¿þ I 8.1

tþ5 1O.2

5.9 8.0

5.5 7.6

3.6 9.4
¿þ9 9.9
lþ2 8.1

3.7 6.1+

j.J 6.7
)þg 1o.8

lþ9 9.'l

3.7 7.2
3.'l 6.2

5.L 11'.5

lt L 8.7

9.6 æ.5

5.4 6.2

3.4 5.9
)F6 9.7
?-8 5.1

t.2 6.1

o.o ',J.2

3.5 6.1

5.9 12.8

7.4 15.6

6.3 15.8

6.3 18.8

7.1 18.1

5.5 12.3

5.6 15.5

lþO 8.9

Iþ5 9. o

5.3 11.6

lþ2 8.6

5.8 8.2
I+.'l 1o.2

5.510.6
lr5 9.o
à-1 6.9

3.7 7.3

5,6 1?-5

5.1+ 9.7
¿þO 7.9

5.6 7.5
6.2 1t.o
,ft-B 9.2

1 1. 1 2t.6

3.8 6.9

3.8 6.4

5.'l 11 . O

5.6 6.4

t., 6.7

;" øt
¿þ I 7.O

Intlex
No.

Rissington D 96471

Napier D 98+91

Wha¡¡adrena D 9651+1

Ifalri-nersheren¿len D 96561

Maraelra}aho D 9665t
Haetings D 96681

Gler¡coe Station D 96752

D 96771

D 96792

D 96831

D 9686',t

otane (te rura) D 9æ62

lïairoa D 970¿+1

Eortland Island. D 9718'l

D 05381

Pahiatua D O5,l+81

Monganaire D O5r41



6.

Tablc 9 (contd. )

Station

Eastry
lawatal-a

Bagshot

Ditton
I¡Ia¡¡claff

lúasterton

Bush Grove

Ta.ka¡nu

ïfaipukurau
R¡ngj_tapu

&¡a Roa

O:mondvLlle

Ìúotuotaraia

.Aranoa¡a

Da¡¡revirko

BLne G¡ove

I[oodba¡¡k

.ânrreâql e

Ovingdlean

lhe Tai¡ns
tfarangai

finrri
Cestlepolnt
Gre¡rtonrr

Waihalelce

$'ntrrrl.t

Featherston

kinga
Yfairongonai

Te liopai

Martinborougb

Riversitle
Orcnggrongo

Years
of Recorrl

5t
58

to
25

28

57

59

41

40

34

28

26

15

t9
35

40

50

41

21

21

t7
4
41

,8
34

56

60

52

25

22

3t
27

28

2.6 )+.7

2.3 4-1

2.8 6.1

5.O 5.2
2.5 5.2
2.6 5.1

J.O 6. O

2.8 5.8
2.8 5,0
¿þO 8.O

3.1 6.5

3.5 6.1+

3.2 7.2

3.O 5.6
2.6 lþ7

5.6 7.7

3.9 7.8

3.5 6.7

3.5 6.0
tþg 10.1

1.'l 6.1+

3.9 8.4

5.O 5.9
2.4 ll.5
2.2 lþt
5.9 7.1
2.9 5.5
2.8 5.4
3.O 5.3
2.8 5.3
2.1 4.O

2.2 3.8
6.2 '11.7

1.1 5.6

3.o 5.2

5.9 7.2
3.5 5.9

3.2 6.5

3.2 6.5
¿þ1 8.4

t.7 6.8

3.4 6.O

lþl+ 9.5

3.6 7.1

4.4 8.5

5.8 8.1

J.8 7.4
3.1 5.5
5.0 9.9
5.1 9.8
lþ6 9.7
lþ3 8.2

4.1 9.1

5.1 10.6

5.3 6.8

3.O 5.6
?-7 6.2

5.2 9.3

,4 6.2

3.6 7.2
3.7 6.7

5.5 7.O

z4 4.6

8.3 15.5

72-hour
Qr Zùyr

5.7 6.'
3.6 5.8

\5 8.2

5.9 6.8

5.6 6.6
j.6 6.9

tþ6 9.1

3.9 7.O

3.9 6.9

tþg 1o.3

)þ7 8.2

5.O 9.8
l¿.2 8.7
¿þ4 8.1

3.4 5.9

5.5 11.0

5.L 1.O.t

5.4'11.0
tþ6 8.7

¿þ4 9.4
5.7 'l'l 11

5.4 7.O

J.4 6.2

3.O 6.8
6.o 10.3

3.9 6.9

4.4 8.8
]þ 1 7.8
3.9 7.6
2.8 5.2

9.5 17.5

JÉ-hour
Qr ñyr

Ind.ex
No.

D 05681

D 05682

Ð 05872

D 05874

D or96't

D 05964

D or991

D 06031

D 06055

D 06081

D 06101

D 06122

D 06151

D 06181

D O62't1

D O64t1

D 06451

D 06701

D 06721

D 06811

D 06g01

D 06g02

D 06921

D 15o,Ll

D't5O53

D 't5121

D'151t1

D'15'162

D 152t1

D 15zz't

D 15242

D'1524t

D 153ot



7.

TabLe 9 (contd. )

Station

h¡keatua

Lagoon IIil[
Te Awaite

Cape Palliser
F. SæTIOI\I

Cape Egnont

Opunalce

Ifangapurua Lfu
StratforL
Riverlea
EIthâm

ìfa¡aia
Ohawe

Hawera

Ka-karanea

Patea

Waverley

IAounahalci

i{aitahinga
Horcpito

Raeti}ti
Oha-lcune

Karioi
ilalounr
HilÉtatÉ
Erewtron

R¡ånui

Taihape

IÍa-ngarrui

Okoia

ldarybank

Hr¡ntenrille
Mangaohane

lrB-hour 72-ho¡.¡r
Qc tYr 4î 2W

Indlex ïea¡s
No. of fiecortl

D 15551

D 15552

D'15451

D 1561',1

E 93271

E g5t+81

E' 9l+29'l

E 94552

E 9lrt+Ot

E 94]1.21

E 945'11

E 9t+521

E 9t+6Zt

E 9t$51

E, 947t+1

D 94761

î,94762
E 94791

E 95331

E 95tp1

E 95U+1

E 95451

E 95r+61

E, 95571

E 95591

E 95662

E 95681

E 959o2

E 9591'l

E 9591t
E 95951

E 96501

21

to
29

25

4
54

2'l

6t

54

28

27

4'l

32

20

t8
28

æ

5O

23

32

to
26

32

22

w
23

41

6o

27

21

l+5

3'l

b5 '|'o.2

tþ2 10.g

1.5 5.5

3.1 5.6

t.5 6.5

2.8 
'.73.4 6.7

lt-O 7.2

1.1 6.7

2.9 5.5
2.5 6.3

2.6 5.o
2.5 5.1

2.7 lþ7

2.6 1+.5

2.1 5.5
2.3 3.6
2.9 5.5
2.8 4-9
2.6 l+-7

2.8 5.6
2.2 lþ5
2.O ì.O
2.4 5.O

2.2 à-1

2.3 5.)+

2.1 5.1
2.1 5.7
2.2 )þ2

1.8 5.2
2.2 3.9
2.'l 4-B

5.5 12.O

5.9 12,5

3.9 6.8

3.9 6.6

3.9 7.3

3.2 6.O

lþ2 7.7

5.O 9.8
l¡O 8.5

3.5 7.3

3.O 5.4
3.Q 5.9

t.2 5.6

3.O 5.7

3.5 6.6

3.6 6.5

3.4 6.'
3.2 5.7
?-7 5.3
%6 tþ5

3.1 6.2

3.1 7.5
%5 ¿{-h

2.5 )þ5

?-7 4.9

z6 4.8
2.7 5.5

6.'l 'l,2.7

6.5 14-o

lFt 7.4
lþ2 7.2

4-2 7.5

5.6 6.5

lþ6 8.2

6.o '|.o.7

¿þ4 8.5

t.9 7.7

3.3 5.8
1.1+ 6.o

3.6 5.8
3.3 6.1

3.9 6.9

4-1 7.2
¿þO 7.0

5.6 6.0

1.2 5.7

3.O 5.O

3.5 6.8

--
3.5 8.O

2.7 4.8
2.8 lF7

3.O 5.4

2.9 5.O

3.2 5.9



8.

Ta.b1e a (contd.. )

Station

Kapiti Is.
Thoresby

WaitÌ¡na liÍest

DaJ.vey

Burleigþ, Br¡IIs
Idomâlco

Flockhouse

Waitatapia

Feílcltng
-Flen Onra

Kairanga

Pn]merston N.

Grasslârd.s
Palnercton Nth.

Turitea
Foxton

Fitzherbert W.

lÍangaore

Ohau

Upper lfangahao

Ota¡çi

Pauatat¡ar¡ui

Ka.rori

Kelbuzn

Petone

Riclgesicle

ïIafushetu

lTalnuÍ-o-nata

Brookl¡m

Trer¡than

Wal1acevi11e

ïea¡s
of Recorrl

57

23

34

55

51

31

27

50

59

38

37

,3
25

10

34

2+

to
29

to
54

22

67

83

20

25

45

55

54

24

26

2.7 lþ6
1.9 3.6
2.O 5.t
2.O j.7
1. B 1.2
5.1 6.1

2.1 5.2
1.9 1.1

2.O 3.4
1.9 j.o
2.O 5.5
2.1 3.5
2.2 1.6

2.i lþ3

2.O 3.2
2.1 4.8
2.5 1þ7

2.2 4-l
5.8 1O.g

2.2 3.5
2.7 6.0

3.O 5.7

5.O 5.5

5.O 5.7
2.8 5.1

3.1 ,.6
5.1 1O.3

3.1 5.5
2.6 5.1

2.8 5.5

5.2 5.5
?-5 lþ6

?-l+ lþ2

l.g 7.5
2.4 3.9
2.4 J.r- 1

2.5 l+.3

2.4 lþ1

2.3 5.7
2.5 3.8
?-4 5.9

?-g ,.1
%4 5.6

2.9 5.4

^, 
15.4

?-6 ¿þ4

5.5. 7.7

3.6 6.8

J.7 6.6

4.O 7.7

lþ1 7.9
6.4 15.4

¿r- o 7.1

3.7 7.O

3.6 7.O

72-hour
Qr ñyr

3.4 5.7
2.8 lþ9

2.7 l+.5

"u 
o.r

2.7 lþ5
2.8 4.8
2.7 lþ7
2.7 lþ6

2.6 lþ5

2.6 lþO

2.6 ¿þO

3.1 ,.7
2.6 À-1

*
3.4 5.9

e:t fi.e
5.O lþ I
À- o B,g

1.9 7.)+

4.0 7.2
¿þ4 8.4

l+.5 9. o

7.1 17.2

4.4 7.6
l¡O 7.6
4.0 7,1+

Ind.ex
No.

I 0,l8g1

E O5O52

E 05061

E O5111

E 05131

E 05191

E 05221

E 05252

E 05251

E 05341

E 05151

E 05162

E 05165

E 05365

E O5tp1

E O5t+61

E O55tC

E 05623

E O56tp

E 14111

E 14194

E 1tÊ71

E 1tC72

E 1tp83

E 1¿+284

E 1tp93

E 1)C94

E'14371

E 15101

E 15102

24-hour
Qr 2oyr



o

Table 9 (contd..)

Station

}.. StrDlION

Colllngwood

Baínhan

Farewell Spit
Millerton
ìtYestport

Asbestos Cottage

Karanea

Katiurangi Point
Gowan

Tuynhan

Lake ttotoiti
Mtr¡rchison

Hokitika
iìoss

Reefton

Rewa¡rui

Gre¡mouth

Lake lfurrieri
Otira
0]fl.¡rll

Karanganra

Mil-ford. Sor¡r¡d.

RSrsegur Point
G. SECTfON

iYaitata Bay

Stephens Is.
lvlotueka

Stadey B¡ook

Gold.en Downs

Yncyca Bay

Harel<eke

übpua

Years
of Recortl

23

1O

60

21

53

27

t)+

22

20

27

22

20

67

36

t¿

20

46

27

¿{o

54

n
24

51

57

54

t6
55

23

32

12

10

5.1 8.t
7.B 14-4

2.8 5.6
6.0 g.g

1.4 5.9

5.1 8.5

1.1 5.3
rþ 1 7.1
2.9 lþ5

3.2 À- B

2.7 lþ7
2.5 l+.4

+.7 7.9
6. O 9.7

3.2 5.1

5.6 9.5
lþ 1 7.¿+

7.3 12.O

9.1 '11.9

5.9 1'|..2

6.5 1O.O

11.9 20.4

3.1 5.3

t.o 5.1

2.7 5.8

5.7 7.2

1.2 6.1

2.9 5.1

5.O 8,2

2.7 5.7
2.6 à-1

l¡.&horrr
þr ñyr

6.0 10.1

9.7 20.5

,.5 6.5

7.2 11.7

4.2 7.3
6.1 '1o.7

5.7 6.9

,_rrr_,

1.5 5.6
1.3 5.7

5.7 9.J
7,6 12.2

4-1 6.4

7.6 12.6

5.1 9.2
g.B 16.6

12.' 20.2

8.2 11.7

8.5 13.2

1)þ6 25.5

5.8 6.t

:'i
à-o 7.4
1.8 6.5

6. o 12.'l

5.8 6.8

3.4 5.4

6.8 11.1

11.2 23.9

3.7 7.1

8.j 13.5

¿þ, 7.8

7.1 12.1

4.2 7.3

)þ2 7.O

).9 6.0

6.6 10.4

8. t 1j. )+

lþ5 7.4
9.1 13.8

6. o 1o. ¿¡'

1'o.1 18.9

13.8 21.4

9.2 15.4

9.6 '15.7

't6.5 28.1

4-4 7.2

: 
'_'

)þ2 8. 1

1þ2 7.1

6.7 15.1

l+.5 7.8
3.5 6.1

72-hour
þtr 2W

2Þhour
4T 2ùyr

Ind.ex
No.

F 02662

l' 02751

!' oJ5ot

-b. 11681

i. 1'1761

!' 12171

!'12211
E 12721

t' 12751

F 12772

F 127o1

!. 12i332

t 20791

F 2OgB1

\- 21'lB1

E 211t1

E 21tp1

E 21812

!- 21851

!- 16991

F 39581

¡ 47691

!. 66161

c 03991

G 04601

G 12',192

c, 12381

G 125ù1

c 13191

G 13201

c 13203



10.

Tab1e 9 (contd.. )

Station

Appleby

Nelson

ErÍna
Seven Oal<s

Blent¡ein

R^anui

Ilaihopai

.Avoncla]'e

lfia¡am¡

Upcot

D¡rrtroon

Ma¡¡arca

the Brothers

ïears
of Record.

22

55

,2
u
17

55

37

21

10

22

,1
21

22

to
52

6o

25

29

16

52

20

6,

36

39

57

50

50

32

32

to
31

?-6 lr.7

2.8 4.9

5.4 '1O.7

l+-9 9.2
2.5 lþ,
2.7 lþ6
2.2 5.9
2.'l 5.9
2.9 l+,6

2.4 5.7
2.1 4.O

2.5 \-2
2.2 ,lþO

2.7 5.5

1.9 7.4
2.2 lhl
4. O 8.1

5.6 
'.72.4 lþ2

2"4 lþ 1

2.6 lþ7

2.8 5.9

3.1 6.¿+

5.O 6.1+

4.O 9.J
¿+.O 7.7
5.2 11.3

à.1 7.7

8.7 1¿þ8

2.4 l+.9

2.2 5.5

l+-8-hor¡r

41 2W

3.2 5.1

3.4 6.0

7.O 1lþ7

6.6 11.8

5.6
2.6

2-4

1.5
¿8
2.6

2.8

2.8

3.2

5.2
2.4

5.4

4.5

3.O

5.1

2.9

3.4
J.8
3.8
l+.8

lþ8
6.5

¿h7

1'1 .O

2.7

2.5

72-hour
?yr Zùyr

1.6 5.5

1.6 6.6

7.9 16.4

5.9 6.6

2.9 5.4
2.6 lF7

,.9 6.1

3.t 5.1
2.8 5.2

3.O 4.9

5.Q ,lt 8

3.6 7.7

5.5 9.9
2.5 5.5
5.6 12.7

5.O 9.2

5.1 6.0

1.2 6.4

3.O 6.1+

3.7 8.O

à-4 8.9
tþ5 10. O

5.5 11.7

5.5 11.2

7.5 15.9

5.2 9.1

12.O 22.O

3.2 7.4
2.7 7.O

Index
No.

G 13211

G 1t251

2þhour
ä.r 2Oyr

O¡nuri Va-l1ey e 15261

M4itai Valley e 1155'l

Sprj.ng Creel< e 13\92

Picton, X'reezJ-ng G 11,¿Ot

Works

Ocean Bay

lfa¡sÌ¡La¡¡d.s

Secldon

iTef-iti
Cape Canpbel}

ward.

Hanmen

EILerbon

lbu¡rsd.o] e

Hapuku

Kqì|9¡'¡¡ìÈ lrysEt

TLSæÎION

Arthurs Pess

Riversicle

Cu]-verr:le¡r

c 11552

e 11582

e 13592

G'11631

e 15651

e 1¡661

e 1t792

c 13911

e 13871

G 1J+1O1

G 141¿+1

c 14311

G 1.1.,101

G 1¿*6Ot

e, 147O2

G 1t*72'l

e 14811

G 22581

e 2to91

G 2t5l+'l

e 21361

G 231+61

H 21951

H 22781

n 22782

6.1

5.0
lt1
5.6
l+.5

lþ9
)F6

1þ5

6.7

9.7

5"1

'12.4

8.o

5.6
5.7

5.8
7.5

7.8
8.3

10.1

g.t
1tF5

8. r+

N.7
6.0

6.4



Tabl-e 9 (contd. )

Station

Balmora.l- H

Glenallenrl{aikariH
Keinton Combe H

&nscote H

Waiau H

Highfield, H

Ilawkesuood. H

Spotswood. H

Gore Bay H

Kilmarnock H

Mt. Cook H

God.ley Peak lI
Braemar H

Bealey E

Mt. Yilhite H

Glenthorr¡e H

.b'loclchilI H

Craigieburn H

Harper River H

Double llil.l H

Lake Colerid.ge H

Lake Coleridge H

Mt. lorlesse H

Coalgate H

Rud.stone H

Hororata H

Eva¡rd.ale H

Staveley H

Springburn H

Singletree H

Methven H

Mt. Somers H

lYinch¡nore H

Peel- Forest H

11.

Years
of Record.

27

t2

'J28

52

5+

2t

3t
10

2g

27

21

55

6z

28

27

26

25

24

t4
55

t5
57

54

t2
55
72

1O

53

5O

57

t6
56

55

24-hour
Qr 2Wr

2.5 5.4
2.8 5.9

J.4 9.2
ì+.2 8.7

2.9 7.O

2.9 5.9
tþ 6 9.1

2.8 7.5

1.o 7.1

1.2 7.5

9.5 '11+.1

2.2 l+,7

2.6 lþ5

5.9 7.5
2.5 lþ6

3.2 5.8

5.2 5.7
2.1 J.B
2.9 5.6
2.9 5.j
2.9 5.6
2.2 1.7
2.6 ¿þ I
2.7 5.6
2.7 5.3
2.O 4.1

2.7 5.3

3.o 5.6
2.5 5.5

3.O 5.8
2.8 5.2
2.6 5.5
2,3 5'O

2.8 )+.,7

J.¡ð-hour

ryr 2W

3.1 7.3

5.3 7.5
lþ4 11.5

l+.8 1o.4

3.t 8.7

3.7 ð.2

6.4 '|,1.9

Ind.ex
il-o.

22861

2Ð61

25501

235t1

2t60'l

2J6O2

2t612

23721

25811

21911

10711

,0841

]o¡921

31c,61

51O91

11141

51171

51181

5'1241

51321

51i51

51352

t1581

11491

11562

11591

31Q+1

516tp

3164J

,1651

31661

5',173'l

11871

31921

72-hour
$r ZOyr

1.1 9.9

1.6 8.7

5.1 12.6

5.5 11.2

3.7 9.5
tþ1 g. o

7.o 15.7

)þ2 8.9

,.g ,.,
1.t+ 5. B

4-g 8.8

1.4 5.6

4-4 7.B
¿þ 1 7.2
2.9 5.3

1.6 6.7
tþ1 7.3

3.4 6.6

2.9 5.4
1.5 7.5

5.2 8.1

1.7 7.\
2.8 5.5

3.2 6.5

J.8 7.5

3.1 7.5

4.5 9.9

l.B B.o

J.j 6.7

3.4 7.2
4.1 6.9

2.6

1.1
¿þ4

5.1
lþO

j.6
átÐ

3.2
3.8

3.O

2.6

3.1

2.9

1.3
2.5

2.9

3.4
3.O

À-o

5.6

t.o
5.O

1.6

"u5.6
ð.2

5.5

7.O

6.1

¿þB

5.9
6.L

5.8

5.0
6.5

7.6
6.9

5.o
5.9
6.8
6.6
g.g

7.5
6.0

6.5

6.0

70



12,

Table 9 (contcl.)

Station

Mt. Peel

Ashburton

Wo-ka Pass

lfaipara
årnberley

Oxford.

h¡lcer¡ra

Honebush

Da¡ftelcl.

Papanra

Christchu¡,ch
Rhocles Conval.
Home

Lincol:r

ïearg
of Recorfl

21

36

31

29

57

)p
2'l

25

33

28

77

51

65

tp
33

20

50

to
1g

52

51

27

27

34

55

4
to
39

21

25

?2

t2
1+

2.7 5. O

2.4 4.9
2.7 5.4
2.1 5.7
2.9 6.7

2.7 5.O

2.6 5.4
2.4 5.4
2.'l lt- 8

2.2 3.7
2.1 3.9
2.4 5.3

2.1 l+. O

2.6 5.O

3.2 7.5
¿þO 9.7
2.4 lhï
,lþ 1 9.5
2.1 1þ6

2.6 6.9

4- 1 9.8
2.7 6.2
2.2 l+. O

2.5 r+.6

2.3 fþ2

2.4 lþ7

2.5 lt L
2.2 l+.1

1.9 3.8
1.9 3.6
2.8 ¿þ8

'f .8 5.1

3.5 6.2

3.1 5.6

3.1 6.6

2.9 5.6
2.9 7.1

5.4 8.2

2.9 6.7

2.6 ¿r. B

2.7 5.3
2.8 6.5

2.1+ ,lþ8

5.2 6.0

3.7 9.5
lþ 8 'l'1 .2
1.O 6.1

5.8 ,|'1.3

2.6 5.6
2.9 8.2

5.4 '12.8

t.5 7.4
2.4 5.5

5.1 5.7
2.7 5.7

5.O 6.2

5.O 6.0

2.9 6.2

2.5 5.5
2.4 l+.6

j.5 6.7

¿{.4 8.2

72-hour
Qr 2W

5.5 5.9

3.4 7.O

1.4 6.7

5.4 8.9

5.7 8.9

t'_' t:u

3.2 7.3
2.8 5.2
2.9 5.9

5.1 7.2

2.8 5.6

3.7 6.7

1þ2 g.g

5.1 12.5

5.2 6.6

6.o 13.O

2.8 5.7

5.1 8.4

5.8 1¿¡O

¿þO 8.4
2.7 5.6
j.7 6.7

2.9 6.2

3.5 7.5

3.5 7.2

5.1 6.8

2.8 5.8
2.6 5.O

5.8 7.2

5.O 9.1

fnd.ex
No.

H 319?+

H 31971

H 3zlJ-71

H 3n72
H 12171

H t2222
H t2t+o1

H 5zp2
H 52lp
H 32551

H tz56t
H 52562

H 526t+1

H, 32661

H 52681

H 
'2701H 3278'l

H 3282'l

H 52871

H 32891

H t36O1

H .|+00,1+1

H 40181

H à0182

H 40185

H ,lt.o281

H t&591

H ¿,0461

\r \067'l

/¡,&hour
4T 2qrr

faitapu(Otalnlra) H 12651

Àl].encla]-e

R¡aha

Ra.kaia

Okutl

Southbridge

ilagnet Bay

.Alca¡oa

Brcclcrcrth
La-ke lekapo

Ho¡mel-1 Donns fr l+O'171

Lambrook

Fairlie
Becleshurst

le Ngawal

Cave

Halca Dowrs

lÏaikora
Station Pea.k H l+O75'l

Orari Gorge H 41021



1r.

H 412t+1

H 41121

H 4',tt22

H 41t+21

fimq.n¡ Resenroir H 41)p3
rffainate

I. SæIIOI'I

Waitakí

Otiake

D¡ntroon
Stewart Settlmt.
GlenoncÌgr

Arnowbowr¡

M¡kqrc¡¿

Ben¡nore

Hawea Flat
Mar:ngawera

Perubroke

Luggate

la¡ras
Blackstone IIiIL
Naseby

Forest

Naseby

Oananr

I(ar¡¡roo Ei1I
Totara Statlon
Patearca

vYaipiata San.

Ind.ex Tears 2l¡-hour l¡.8-hor:r 72-horrrItIo. of Record Sæ Ðyr Tr 2W fiæ 2ùyr

H 41061

H 41111

H 4'1121

Orari Estate H 41131

Pleasant Point H 4'1201

33

t5
to
5l+

¿r8

l+1

52

31

,t
51

55

23

50

t2
N
22

26

5O

39

31

27

28

21

J5

30

56

¿|o

65

56

25

29

50

1.1

1.2

3.4
5.5
2.7

2.5
2.7

2.8

2.8

2.9

2.9

2.O

2.4
2.9

5.4
2.4

5.1
?-4

2.5

2.8

?-4

2.2
1.9

2.2

?-1

2.2

2.4

2.3

1.5

1.6

6.4

7.o

7.o

7.Q

5.5
¿þ8

5.5

5.6

5.4
5.6
5.5

3.7
5.2
6.9

6.6

4.0
8.1
lþ6

4-L
¿r.8

lþ4
4.0
3.6
3.6
1.9

)F,

5.1
¿þ5

2.5

2.7

2.5 5.2
2.5 6.2

2.7 5.6
2.8 5.7
2.1 )þ2

1.9 5.7
2.5 /{.8

2.1+ 5.O

2.O lþ3

2.2 l+.4

2.1 lþ 1

'f .8 1.4
1.6 5.O

1.9 5.9
2.2 5.8
2.7 5.1

2.O 3.6
lþ1 7.+
2.2 3.8
2.2 4"O

Z5 l+"O

2.1 3.6
1.9 1.6
1.9 3.5
1,9 3.',|

1.6 5.O

1,8 5.2
'1.8 ¿t-1

1.8 3.9
2.1 5.4
1.3 2.2
1.5 2.4

1"4 6.6

3.6 8.2

5.6 7.4
¿+. O 7.6

3.O 5. B

2.6 5.2
2.9 5.6
2.9 5.8
3.Q 5.8
3.1 5.8
5.1 6.2

?-1 4- 1

2.6 5.6
3.1 7.4
5,8 7.O

2.6 lþt
5.7 9.O

z6 ¿þ8

2.7 lþ7

5.1 5.5
2.6 lr.8
2.1 tþ5

2.1 j.8
2.4 ¿þO

2.4 lþ2

2.4 4-B

2.6 5.5
2.5 l+-7

1.6 2.7
1.8 2.9

Kapunatiki

Seadolu¡.

Snithfieltt
fin¡ârar

H 41701

r 40461

r ,40851

I ¿{0861

r 41801

r ,r+8741

r 48981

I 49121

r 4%91

r. 4965',1

r 49632

r 49711

r 49721

I 49841

r 49991

r 5ooo1

I 50011

I 5æ91

I 50172

r 50182

1 502o',l

r 50112



1l+.

lable ! (conttl )

Station

iÍaipiata
Kokonga

.Robertslee,
Gladbrook

Îe Âwa-8i11 G¡r¡ve I 50471

Bushey Park

GarthrnJrl,
lvli.ddlernarch

lïhar.e .b'Iat

Ross Creek

Sawyers tsay

Dunedin

Portobell-o

Burnsicle

Musse-Lburgh

Ivlanalnuri

lúonowai

Queenstovrr

Fra¡¡.lcton

Kingston

Castle Hill
(atmr)
Gler¡fal-loch

Dipton

iÍendon

Nightcaps

Rip¡nnvale

Clycie

Ophir

ìfoa Cree]c

Gallowa¡r

Alexandra
M¡nrr¡þ¿1'¡1 f.¡¿¡

Paerau

lìoxburgþ East

I 50212

T. 50.221

r 5ol+11

ïears
of Record.

28

25

52

1B

38

)o

26

24

26

9t
41

35

54

2+

t1
56

32

23

21

2'
5O

35

t3
28

56

to
t2
43

11

35

to
25

1.4 2.)+

1.6 2.8

2.O 1.6

2.O 4.9
2.O 4.9
1.8 3.1

3.4 7.7
2.7 6.5

2.9 5.9
2.4 5.O

2.1 À-4
2,5 4.9
2.1 lþ7

2.2 lþ2

2.6 5.O

1.9 3.2
'l .8 5.1
2.4 5.6
2.O 3.5

1. B 3.5
2.O 3.6
1.6 2.8

2.O 1.3
1.6 2.8
1.4 2.5
1.5 2.2

1.4 2,5

1.4 2.6

1.3 2.6

1.5 2.9

2.',1 ,4-4

1.6 2.7

2Þhour l¡.8-hour
Sr 20yr ryî 2Wr

Incie¡r
I'io.

72-hour
Qr ãWr

1. B 2.9

1.9 t.t
2.8 5.O

2.9 6.2

L.9 10. j
4.1 8.7
)þ1 7,5

1.4 7.2
2.8 5.4
3.L 6.9

2.9 6.7

5.1 5.4
3.3 5.7
2.6 ,¿l.4

2.3 1.8
3.O 7.O

2.5 4.o

2.4 )t-J

2.5 3.9
2.1 3.6

J.O )þ9

1.8 3.2
1.7 3.o
1.8 1.5
1.ô 5.1

1.6 1.O

'1 .5 3.1
1.8 3.5
2.6 5.6
1.9 3.2

r 50472

T 50512

r 50841

r 50851

r 5og6t

t 5oa6z

r 50862

r 50941

r 50951

T 57561

I 57761

I 5dO61

I 58071

T 58171

r 58551

r 58561

r 58811

r 58881

T 58901

r 59011

I 591t1

r 59161

r 59162

I 59241

T 592)p

I 59361

r 59491

r 59531

1.7

1.8

2.4

2.6

)+.4

j.8
5.7
1.2
2.3

3.1

2.5

2.8

2.9

2.4

2.1

2.7

2.2

2.2

2.3

1.9

2.6

'1.7

1.6

1.7

1.6

1.5

1.5

1.7

2.1

1.8

2.8

3.2
j+.4

5.9

u:o

9.8
d.o

7.O

6.9

5.2
6.5

614

4-B

5.2

4.2
5.6
6.2

3.7

4.o
3.ó
3.5
)+.6

2.9

2.9

2.9

2.9

2.7

1.O

3.2
5.1

3.O



TabLe 9 (contcl. )

Station fndex
No.

Roxburgþ T 59532

Great ivlioss Swamp I 59581

Tapanui f 59921

tawrence f 5g9el

Centre lsla¡rd. f 67481

Gore I 68091

Otautau I 68101

Riverton I 68J01

Ros1yn Estate T. 68351

Invercargill T 68)+t1

Awarua T 6851'l

lYair¡alralca I 68582

Ha1f lfroon Bqy I 68911

Ulva Island T 68912

Milton I 69191

Balc1utha T 69271

Owa.ka f 69461

Nugget Pt. I 69481

Quarry lli]-ls f 695O't

lalrakopa T. 69541

15,

Yea¡s
of Record

55

20

55

t5
t7
i7
41

1+

)o
55

35

t8
51

25

25

55

31

22

5O

28

2l¡-hour
þr ZWr

1.4 2.5

1.6 
'.j'1.9 5.5

1.6 2.8

2.O 
'. 

¿)

1.6 2.7

2.1 3.7
1.8 3.4
1.6 2.7

1.7 2.9

1.7 1.O
1.7 2.6

2.O 4.1

2.1 5.7
1.7 1.4
1.7 3.6
1.9 3.6
1.5 J.O

2.O 4.O

2.3 5.4

,l¡&hour
4T ñyr

72-hour
Qrr Zùyr

'1 .6
1.8

2.4
2.2

2.+

'1 .9
2.6

?-L

LO
212

2.2

2.1

2.6

2.9

2.1

2.O

2.5

2.O

2.6

1"1

2.8

3.7
5.0
5.6
4.0
j.2
)þ1

5.9

1.4
3.5

3.7
5.4
¿+.4

lþ5
)þ2

lþ3
)þ7

3.6
5.O

6.7

1.9 5.2
1.9 3.8
2. B 5.7
2.3 5.9
2.8 lþ6

2.2 3.4
2.8 lF,
2.8 lþ2
2.4 1.8
2.6 3.8
2.6 ¿r- I
2.4 3"8

5.2 À-B

3.4 5.2
2.4 lþ7

2.O ¿{-,1+

2.6 5.1

2.1 7.9

3.O 5.4
5.6 7.2



P1'

p25

p27

.Al,1]tiül:,.ÌÌIl'J to ll,Z. lriet.il" ì,llsc hrb. 118

'rÎÌre b'requency of lll$r Inten*ity Rainfalls
in New Zeala¡cl'l

line 12, amendl to reacl: ..... 5r' and.6r, depencl .....
ln the table, amencl heacllng of rlgþt hancl coh:¡nn to reacl: 6o

lJ-ne l¡, should. begin: with o = 0 as .....
Iast paragaÈ, line 6: for trestimatestr, read. trestimaten.

in forurula (ZO), enoloac O.8l+ + O.75 LoB (t-O,6) fn cr.rrly bracketg.
beglnnlng of I1ne 11, al.ter rrFonrmla 18rr to trBoruula 19n.

16, alter rrForsmla 19n to rrFo:srula 2O'r.

p lO para 2, llno l+, amentl to reaô: ..... structure or the consequences
para 2, líne 6, amencl: rrequirerr, to nrequlred'r

p 19 equation (25), arîend. to read: X(T) = u + C(t,n)k

.tppenclix I aclcl followÍng table for New Plymouth at beglnning of
Âppcncllx I, ancl amend. heaèlng to reacl .... . 46 Stattors . . ., ¡

c o4q11 NET'I PLn1OUTH

nt
14 lcef

' 1¿l 2C&,f

14 lcnr

14 1H

14 tt
14 6Ii

14 lm
14 Wr
1r+ LBE

14 7m

T-2 5

.l+5 .6*

.72 1 .1'1

.93 1.55

1.?+ 2.0O

'1.44 2.26

2.O7 2.76

2.57 5.3t
3"to 4.57
4.Ot 5.fu
4.28 5.79

10 20

.77 .89

1 .t6 1 .6i
1.97 2.37

2.50 2.99

2.79 ).12
J.22 J ' 'r(¡

5.8t 4.31

5.1+1 6.2'
6.sL 7.52
6.n 7,75

50i
1.05 .47
1.9, .77
2.88 1.01

3.62 1.33

,,98 1.55

4.2t 2.16

4.9t 2.67

7.27 
'.468.76 I+.22

9.0O I+.1+6

sV
.17 .17

.t5' .45

.56 .56

.69 .51

.7t .47

.62 .29

.68 .25

1.1¿+ .r5
1.t5 .t2
1.1, .to
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