TREATMENT OF EXTREME SURFACE WINDS

by C.E. Hounam

Central Office, Melbourne
(Manuscript received August, 1957)

Abstract: Even though reliable anemometers
have been installed at many key points the
interpretation of extreme wind gust data is
rendered difficult by the nature and
variations of the exposure of the instrument
in many cases and by the short period of
record which makes reliable statistical
treatment doubtful. The applicability of
recorded data to a different site is another
uncertainty even within the same c¢limatic
zone, FPurthermore, doubt is cast on the
practice of adjusting extreme wind gust
velocities to another height and it is con-
cluded that constancy in exposure, provided
it is reasonably good, is of prime importance,

Gust structure is also discussed,
with an example of a phenomenal wind at
Lord Howe Island, whilst a few other exceptional
winds are listed, notably some tornadic squalls
experienced over southern Australia during the
last three or four years,

1. INTRODUCTION

During the past few years there has been an
increa51ng demand for high wind gust data. Electrical
and Postal authorities are concerned with the effects of
high wind gusts on high tension and telephonic transmission
lines and exposed towers such as those used for television
transmission whilst architects require similar data for
building design purposes, The same answer does not satisfy
all users of the data: for example, the electrical conductor
- suspended between masts has lower inertia than a braced
steel tower and would therefore respond tuv wind gusts of
shorter duration whilst in the case of a city building a
longer response period is involved. In the case of the
catenary conductor damage may result after a period of a
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very few seconds whereas minutes may be required to damage
a tower, These conditions immedistely place a limitation
on the value of the data which can be supplied from the
Dines anemograph since the time scale cannot be designed
conveniently to record such detailed information. A
single line on the graph representing a gust could result
from a simple rise and fall of the pen over a very few
seconds or from a complex structure representing wind
behaviour over say a minute; this latter structure on
open time scale would show one or more subsidiary maxima
with the velocity on the whole above the  level of the mean
wind, All users of gust data should therefore be made to
realize the nature of the observations, In some electrical
transmission problems an additional parameter must be
considered -~ the occurrence of very low temperatures
concurrently with high wind gusts,

- 2o DEFINITIONS BY W.M.O.

The Commission for Aeronautical Meteorology
(1954) has recommended that the following definitions be
considered by W.M.0O. with reference to the problem of the
fluctuation of wind, :

Gust <~ a departure, within a specified period of time, of
the horizontal component of the wind velocity from
- its mean value,

Gust amplitude - the greatest value of a gust between
two consecutive zero values of the gust.

Gust formation time - the time taken by a gust to reach,
within a specified time interval, its greatest
maximum value (gust amplitude) from the immediately

preceding zero-value,

Maximum- gust lapse - the maximum difference in speed, in
: a specified period, between a maximum and the next
minimum,

Gust lapse time - the time interval between the maximum
: and the minimum defining the maximum gust lapse.

Gust frequency =~ the number of éust maxima (absolute and/
or relative) within a specified period of time,




3

Gustiness component (in a given direction) - the difference
between the maximum and the minimum speed, in the
direction considered, divided by the horizontal
mean wind speed_o _

Gustiness -~ the degree of turbulence as measured by the
gusiiness components,

In accordance with W. M. O, spe01fications, the
"mean wind" in the preceding definition is taken to be the
average wind velocity over an interval of 10 minutes,

Figure 1 is an exﬁianétony diagram reproduced from
the above W,M,O. document and showing how the concepts
defined are applied,

W.M. 0. has recognized that the term "gust" is
ambiguous and may refer to:

(i) any of the instantaneous values of the departure

(ii) the section of the curve between two consecutive
zero-values

(iii) each of the maxima (when the speed is greater
than the meang or minima (when the speed is less
than the mean) of the curve,

(iv) the absolute maximum (when the speed is greater
than the mean) or absolute minimum (when the speed
is less than the mean) between two zero-values,
within a specified period.

Mogt of these definitions imply a far greater
recorded detail than is available from any standard
instrument in use in Australia. However, they do emphasize
the complex nature of wind structure,

Of interest to us, because they do not require the
open-time scale, are the definitions of "gust", "gustiness
component" and "gustiness", We already record the
"absolute maximum gust'; "gustiness component" has been
estimated from Dines charts from time to time as required
but is not in general use; "gustiness" as defined above,
appears incomplete,
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3, DISCUSSION OF DATA

. Because definite requests are being made for
information, the problem must be tackled now in spite of
the many difficulties, the chief of which is the shortage
of reliable data, Technically religble observations; i.€.
by , Dines anemometer, cover a very short period and are
restricted to a few key points, Yet, in spite of the
short period of observation at these key points, a
heterogeneous record has already developed: for example
at Mascot aerodrome three sites have been used for the
anemometer mast in 20 years - the meteorological office
roof (head 4O ft above surface), the control tower (head
spproximately 60 ft above surface, 25 £t above roof level,
with obstructions LO £t high) and finally since April 1952
the present location on the field at the standard 10 metres,
Furthermore there have been building changes during the
years to 1952 which must have had an effect on the earlier
records, The effects of these changes in exposure on wind
velocity would be extremely difficult to determine, but it
is-possible that the present height at nearly 30 f% lower
than on the tower, although a better exposure may have
resulted in slightly lower mean speed, Mascot is used
here only as an example but the same heterogeneity probably
exists in many records as a result of the rapid expansion
of<Civil Aviation requirements,

Owing to variations in exposure and mounting
Ffaecilities it has not been possible to adhere to the
standard height of exposuré (10 metres above ground level)
and in many c ases the effective height of the head is
considerably less than the actual height above street level,
The Central Bureau, Melbourne, is a good example of this
with the present head 31 £t above roof level, 93 £t above
the street, = The first figure is nearer the correct height
for purposes representing exposure, With this in mind
therefore an attempt should be made to estimate the
effective height of station anemometers,

R .A considerable amount of work has been carried out
on the variation of wind with height and equations have been
developed which enable non-standard wind data to be reduced
to-a standard level, Deacon (1949) has shown that the
relationship between mean winds at two levels depends on the
temperature lapse rate between the two levels and the
roughness coefficient of the surface, Hence reduction of
data to a standard level is by no means a simple matter
since roughness would change with variations in exposure,
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and the lapse rate, especially near the surface, would not
be readily available, Admittedly under conditions of high
wind the lapse rate would be high,

On the other hand, it has been shown by Deacon
(1955), and others previously, that wind gusts do not
follow the above laws developed for mean speeds, Surface
friction induces turbulence which, in the form of rolling
eddies, brings momentum down to the surface in surges, '
Thus the wind at a point may be reinforced by an eddy in the
same direction, resulting in a relatively high gust. Under
these circumstances therefore the rate of increase of wind
gust velocity with height is considerably less than is the
increase in mean speed, In experiments at Sale, Deacon
found that the average value of the gust at 210 ft was
15 per cent higher than that at 4O £t over the range of
speed 35 to 65 mph and that this increase was less in the
case of the higher gusts, e.g., in the speed range L5-65
mph the average value of the increase between 4O £t and
210 £t was only 9 per cent,

Although the observations of Deacon refer to
windy days they are, on the whole, below the level of the
extreme gusts under consideration here, i,e.,, once in one
year frequency, However on those occasions in the two
examples presented by Deacon when the 4O £t wind exceeded
50 mph it was equal or nearly equal to the 210 ft wind,
It is therefore suggested that in the case of extreme
gusts there may be little:or no increase in velocity with
height, '

Summarizing this discussion therefore, for any
particular location little is ¥nown at present regarding
the effective height of the anemometer, the lapse rate
near the surface on occasions of high wind is unknown, and
since doubt may be cast on a method of adjustment of
extreme gust velocities to another height, it is considered
justifiable to use the data as recorded, This assumes
that the station history does not indicate other reasons
for rejecting recorded data, -

L, ANALYSIS OF MAXIMUM GUSTS

In view of the short period of record a relisable
statistical analysis cannot be carried out.
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A simple approach, designed %o overcome the
shortage of record, is to group a nunber of stations
together and treat as one sample, This in effect assumes
that all stations grouped together experience the same
type of climate. This was done recently to meet a
request for extreme wind -data over southern Victoria;
maximum gusts for each year for ten stations south from
Sydney were combined to give 130 observations and since
no location was subject to tropical cyclones, it was ‘
considered that the forms of the frequency distributions
would be closely related, The frequency distribution of
these grouped values on logarithmic = probability paper is
shown in Figure 2 (curve 1),

Now if data for a locality are also plotted on
the same diagram it is found that a curve can be drawn
through the points which is more or less parallel to the
curve of grouped data, i.e,, the standard deviation is
about the same, On Figure 2, curve 2, is obtained by
plotting combined data for Melbourne, Essendon and Lavertoxn.

It is assumed that the frequency curve for any
southern station has approximately the same standard
deviation as the curve of grouped data (curve 1) and that
this new curve can be constructed through the median value
once this is known or estimated, Curve 3 in Figure 2 is
based on an estimated median of 71 mph for Mascot. :

This method appears to give reasonably satis— _
factory results for gusts of less extreme values (lower
return periods) but would be very doubtful above the once
in 25 year level,

Considerable attention has been given to the
study of extreme values in recent years notably by
Gunbel (1954), Thom (1954) and Jenkinson (1955) and although
the methods developed are more satisfactory than the simple
one outlined above from the statistical point of view we are
still handicapped by the shortage of observations.

N Table 1 was compiled recently in attempting %o

!

meet a request for extreme wind data in connection with the
erection of a giant radio telescope at Camden,
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--Table 1, Frequency of extreme wind gustss
B Mascot (gusts in mph)

Maximum Annual Gust in mph

Return period Simple Grouping Jenkinson's method
-7 years - (curve 3, fig., 2) Calculated values
2 71 70
5 79- 76
10 8L 81
25 89 89
50 _ 92 96

100 . 96 : 105

Agreement is reasonably good up to the once in
25 year level, For longer return periods the wvalues
calculated by Jenkinson's method appear more reliable.

v Boyd and Kendall (1956) have reviewed the sbove
three statistical approaches to the subject and their
summary, reproduced hereunder is of considerable interest:

. "The different methods of predicting extreme
values that have been examined give rather widely
differing results, None of the methods is v
completely satisfactory for small samples but it
appears that there is little reason for
preferring the methods of Thom or Jenkinson to the
more straightforward method developed by Gumbel,"

, It is noted in the example given by Boyd and
Kendall that wind speeds given cover a range of 5 mph
(66~71 mph) for. a return period of 25 years for the
different statistical treatments, This range increases
with increasing length of the return period, In other
words the accuracy of any method decreases as the frequency
of gusts decreases,
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5 GUST STRUCTURE

Wind velocity increases or decreases in a more or
less regular manner and these oscillations sbout a mean
value are a measure of the gustiness, It can be shown that
wind has a vertical component which can be appreciable at
times and that near the ground the deviations of the wind
from the average are roughly of the same order of magnitude
in all directions,

- Gustiness component, as defined above by W.M.O.,
will be used here, With moderate winds, not unduly
turbulent, this fraction approximates to unity, i.e,, the
variations of a normal wind are about equal to the average
wind velocity. ‘ ’

The principal factors affecting gustiness in the
atmosphere are:

(i) the wind speed

(ii) nature of surface over which wind blows
(iii) obstructions offered to the wind

(iv) 1lapse rate of temperature.

From an examination of Dines anemometer charts it
“appears that the gustiness component can be as high as 2 or
even slightly higher in extreme cases, Under these
conditions a highly turbulent wind having a mean speed of-
50 mph would have an extreme range between-zero and 100 mph,

A phenomenal wind was recorded at Lord Howe Island
on 30 January, 1948, During the period of rising wind,
turbulence appeared to be considerasbly greater than after the
peak with decreasing velocity: this would be partly due to
the poor exposure of the anemometer at that date especially
with wind from the south-east. Table 2 shows some information
extrac¢ed from the Dines anemometer chart:
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Table 2, Gustiness at Lord Howe Island on 30/1/1948

Period Wind Maximum Minimum Mean Gustiness

(on 30/1/L48) Direction gust gust Speed Component
. : _ mph - mph mph 1=2)

_ (1) (2) (3) 3
0730-0800 s 100 0 45 20,2
0855-0905 8 , 111 0 u8 2,3
1200-1300 SSW 81 20 48 1.3
1700-1800 . 8 45 7 18 2,1

A discontinuity passed at 1620 and, although the
wind speed decreased sharply, there was an increase in
turbulence, This increase in turbulence was also very
noticeable in the direction record of the new air stream,

It is of interest that winds experienced at
Willis Island during the tropical cyclone from 6 to 8
February, 1957, exhibited a remarkably low degree of
turbulence compared with the above valués for Lord Howe,
At several mean speed levels between 30 and 80 mph the
value of the gustiness component was close to 0,5 :

~ From Table 2 it might be predicted that, if the
mean speed rose to 60 mph under the same conditions of
turbulence as prevailed during the forenoon, then the
absolute maximum gust would be 125 to 130 mph,

Taking all directions into consideration it is
considered that the surface at Camden is rougher than at
Lord Howe Island, . Hence with the maximum probable lapse
.rate under the synoptic conditions necessary to produce an
extreme wind it is likely that the gustiness component
calculated for Lord Howe (2,3) would be exceeded at Camden.
It is thought that a value of 2.5 would not be excessive and
under these circumstances the following maximum gusts might
be expected when the mean wind is as indicated,

Mean wind - Probable eitreme gust
mph mph
20 ‘ u5
30 67

LO 90



