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‘I‘HE FBEQUMCY DISI‘RIBUTION OF DAILY MAXIMUM WIND GUSTS

by H E°~ Whittin@am
Divisional Offlce, Bureau of Meteorology, Bris’bane

-+ (Manuseript Teceived December 1959).

- Abstract’s. - The ‘skewness: of the frequency distribution of maximum
values of metéorological eleménts .and the lack of fit' of the
noxmal distribution to the observations is well known, Several
types of extreme value distributions are available,” "However,
Gumbel’s (1954) distribution, when plotted on Extreme Value
' Proba.bllity Paperg appea.rs a.s a straight line and extrapolation 1s
s:i.mpleo Lo :

- Mily ma.xima of the homogeneous wind records of PO
Br:.sbane provide 5,162 observations. ~These are first plotted as &
frequency d:Lstnbution and smoothed. They are then plotted onm -

- Extreme ‘Value’ Probability ‘Paper. - The reduced variate y is related

g -to the frequency p by the relat:.on y = =loge (=1logs p). - 'The

) on plots as’a- straight line, the equation of -

"-'which is x -'u +- (1*-’61, )Yg where u ‘is' the mode and 1/ I the slope

) distﬂbution ﬁts gu:.te well,  The larger the number of observe.tions
the more closely ‘does '(h.unbel"s theory tend to appl;yo v

INTRONC‘I‘ION

Workers 1nves‘i:1gat1ng the frequency d:.stri'bution of ma.ximum
: values of various: ‘meteorological elements have long realised the skew-
ness of the distribut:.on and the complete lack of fit of the noxrmal -
distribution of the observations. -However; they have also been faced
- with quite a variety of ‘extreme value distributions from which to
choose; ‘such ‘as the logarithmic ‘rormal; Pearson’s Type III, the
Incomplete Gamma ‘distribution, -Jenkinson's distribution an@d Gumbel's
‘distribution; - Moran (1957")-points out that "we have to estimate the.
shape of the tail':of-the distribution: from a set of observations not.’
lying in this tail. The form of the distribution is not known and any
-distribution ‘used iist ‘be ‘guessed. -This- may have a considerable effect
‘gince the part -of ‘the ‘distribution we are interested in .is well away.
from: the part where the- observations provide some information about the
‘shape. It ‘istherefore easy ‘to ‘construct two different distributions .
both of which £it the observations closely but for which the tails are
of quite different shape.
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However, Gumbel (1954) has shown that for ":I.nitial" distribu—
tlons of the exponential type (which includes the log-normal, chi-
square, logistic and normal ‘distributions) the distribution of the
maximum values will follow his asymptotic theory. An @ppealing feature
of Gumbel's distribution is that, when plotted on Extreme Value
Probability paper (such as Fig 33 it appears as 'a straight line, There
is thus no da.ffloulty in regard to extrapolation. ‘

Prepa.ratory to commencing’ a study of ‘extreme annual maximum
wind gusts, the writer was faced with the abové considerations and felt
that it might be possible to clarify the position somewhat by studying
first of all the distribution of daily" maﬁ.mm w1nd gusts at a station.
over a fairly long period of time. -

GWERAL

The wind record for ‘Brisbane provided a set of 5,162 daily’
maxima from the date of installation of a Dines anemometer in November,
1938, to its replacemént by a distant recording anémometer of similar
type in January, 1953. The record is thus perfectly homogeneous in
respect to site and mstrumentat:.on. : Ny A

: Fig. 1 shows the actusal frequency distribution of the 5,162
daily maximum gusts. The mode at 21 mph is very pronounced., Also very
pronounced are the secondary minima which occur on the odd numbers of
mph (indicated by arrows). (Such a feature would not be in evidence
today due to- the practice of converting into knots). The reason behind
this phenomenon, which is very marked at 19, 23, 27, 37, 39 and 43 mph
(i.e. integers 3, 7 and 9), appears to lie in the fact that the Dines
chart is ruled into even 2 mph divisions, The fact that it shows up
over so many years of record indicates a personal fajiling common to all
observers and not to any particular individual. The statistical
procedure was therefore adopted of casting half the odd mph frequencies
to the even mph below and half to the one above, This resulted in the ~
smoothed relative frequency curve of Figh 2. The asymmetrical nature of
the distribution is immediately apparent. It is markedly positively
gkewed, As can be seen, the méde occurs around 21 - 22 mphj the mean
maximum gust is found to be 24.6 iiphy the standard deviation is 7.8 mph.
In Gumbel's theoretical distribution the mode is associated with a
probability density of 37 per cent whilst the mean is associated with

57 per cent, This gives an idea. of the skewness, remembenng that for
~the normal d:.stribution the mean and the mode coincide at. 50 per cent.

Passing now td- Fig. 3 we see the distribut:.on plottedon&trem
Value .- Probability paper. Owing to the large number of points, it was
necessary to plot the more congésted regions as vertical bars with.the
number of points represented alongside. For instance, corresponding to
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Fig. 1.~ Daily maximum wind gusts — Brisbane 1938-1953.
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Fig. 2. Maximum daily gust — Relative frequency — Brisbane 1938-1953 .5162 gusts.




"€ 61y

aueqsug — sisnb pum wnwixew Ajieq — A}1j1qeqo.d anjea awaiyx3

‘Hd'W — Q33dS

ot

[2/4

(43

42

UL LA AR LR LA RRARER ERRRARARE
! i o ~ K

© ~

° Reduced Varigte — y
Frequency % o

3
8 298 se g8 g 8 8

o Q
—

Si
174
ST
0f
ot
05
09
oL
08

— wan O

08666

IliIIIIll,lTlllI”||II|||]|'I]I||[]III|] llll’lllllllllllllllllllll)Tl—I
0. @ - @ > ~ @ ©

ot
¥
"
€

586'66
06666

I/ﬁytv(
—Avee

§ATES
yﬁbv
A
A eot

/
QEE

05

oL

= : LU
o v w S o P
g 8§ B 8358388

Return

'z
el
'S

§

005°{

Reduced Variate — y
| ] N

» ~ ~ —~ o © 3 t @ ~ o
LA_Ll_lJlllllIllllllll lllllllllllllllllll IlllllllllllllllllllIlllllIlll![I|Illllllllllllll]llIllllllllllllllil

©

J

:



43

a speed of 22 knots, occupying the frequency 35 to 47 percent, is to be
found & Vertical bar representing 630 points. The plotiing positions of
the points are given by m/(N + 1) where m is the Tank of the point (work-
ing upwards from the lowest value) and N is the total number of observa-
tions. The reduced variate y has a vertical scale alongside that of
the frequency., The reduced variate is- related to the frequency p by the
relation. .- S - : :

'y = - log, (-log p)

Tables of the iterated natural logarithm, in a convenient form for use
in this type of work, are to be. found in N.B.S. (1953).

~The Gumbel distribu’cion plots a8 a stra.ight line on fhis type
of probability paper. The equa.tlon to the Gumbel line is :

::=u+(“/"l b

Here u is the mode, and (1/ & ) is the sl_.opé of the line; (1/& ) is
related to the standard deviation of the sample and is therefore a
measure of dispers:.ono

The Gumbel line was calculated for. the Brisbane figures and
was found to be . ~ 4 : .

- 21.03 + 6.1265 3

It is drawn in on hg. 3. It would be diff:.cul‘b to Justify the ﬁtting
of any curve other than a straight line to the plotted points, and we
can draw the conclusion that Gumbel's d.is’onbution fita the daily
maxima quite well.

This is not a su.rpnsing result in view of the large number of
guats involved in each daily sample,of which the daily maximm is the
oxtreme. In Gumbel's theory, N is the number of extremes, n is the
number of observations in each set of the original data yielding one
extreme. The larger the value of n, the more closely does Gumbel's
theory tend to apply. Here n is the total number of gusts in an
average day, which is, of course, quite large.
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