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1. Introduction

In a series of papers, Shellard (references 1to5) has presented extreme
hourly mean wind speeds and gust speeds for sites in the United Kingdom. In
this memorandum, the estimates have been brought up to date by including the
additional data accumulated in the period ending 31 December 1971.

It was decided that a minimum of four years' record was necessary to
Justify the inclusion of a station's data in the analysis. There are 144 such
stations (of which 43 are no longer recording) with records up to 58 years in
length.

The method used to prepare maps of ;xtrene wind speeds is described, and
the effects on wind speeds of surface roughness, averaging time and topography
are discussed. An appendii considers the special problems of estimating extreme
winds over Central London.

2. Terminology

Using the methods of Gumbel (9), Shellard (2, 4) estimated from a series of
annual maximum values, that maximum value which is likely to be exceeded on the
average only once in a period of T years. Such a value is called the ''once in
T year" value or the value having a return period of T yearas. The probability p
that such a maximum value will be exceeded only once ir any one year is related
to the return period by the equation:

pT=1
For brevity in the text, phrases such as 'once in 50 years gust" or 'the gust
with a return period of 50 years'" have been used, it being implied that maximum
values are under discussion. The maximum values computed may be referred to as
"'extreme values' or ''extremes'.
3. Btation details
Table 1 shows the grid references, actual and effective® heights of the

*The "effective height' of an anemometer is the estimated height at which, in
open level terrain in the vicinity of the anemometer, the same mean wind speeds

would be observed as those actually recorded at the observation site.
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anemographs, the lengths of record available for analysis, the highest recorded
hourly mean and gust speeds and the months in which these maxima occurred. 1In
the case of stations whose site details have altered during the period of
record, the details given are those which relate to 1971 (or to the latest year
of record for stations which have closed). The maximum recorded values, if
measured when the anemometer was at a different effective height, z, from the

one shown, have been adjusted to the latest effective height, h, by use of the

equations:
oN?
Vh =V, (.bz—) for hourly mean winds 1)
0.08§
Vh % Ve (__‘;.'.) for gust speeds (2)

The stations in Table 1 have been listed in the order in which they would
appear in Table 6 of the Monthly Weather Report.

i.e. Bcotland, North, East and Uest; Isle of Man; England, North-East,

East, Midlands, South-East and North-West; Wales, North and South; England,

South-West; Northern Ireland; Channel Isles.

4, Calculation of extreme values

At each station with 10 or more years of record, the series of annual
paximum hourly mean speeds and the corresponding series of annual maximum gust
speeds were reduced to a common effective height of 10 metres by applying
equations (1) and (2) with h = 10. The series were then analysed using the
statistical theory of extreme values.

The maximum value e likely to be exceeded only once in T years was

calculated using the expression

P s oA - s
s i 4 *f’J. [ 'l°3°(‘ "F')] (3)
where U and a are determined from the mean, X, , and standard deviation, Lo

of the series of N annual maxima and the nun,?“ , and standard deviation,

Iy of the series

\1"‘: -Q°3C[.2°3C(-&%—T)] ; ‘M: ',2,3’....,N
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U and a are given by:

u: —'x'—"-—l—-——N . { - SN
N au ? a ,‘.~

At a station with less than 10 years of record, the extreme values were
computed, following Shellard (4), by comparing the sum of the annual extremes

at the station with the sum of the annual extremes, taken over the same period,

of the nearest or most appropriate long period station. The factor so obtained

was then applied to the extremes previously computed for the long period
station, so giving estimates for the short period station.

D Results of calculations

Table 2 presents the results of the computations at stations with 10 or
more years of data, giving the values of hourly mean speeds and gust speeds
likely to be exceeded on average only once in 10, 20, 50, 100 and 120 years.

Table 3 contains results at stations with less than 10 years of record,
and the station used in the comparison is given. The order of stations in
both tables is that used in the Monthly Weather Report. Kingsway/Holborn
results are not given here, because the homogeneity of the record requires
separate discussion (see Appendix).

6. Interpretation of results

The computed extremes for individual stations should be used only with
cautioﬁ, since it is known that at many of the sites, the exposure of the
anemometer head to the general wind flow is less than perfect. 1In addition

the length of record is important when, for example, a SOuybar return period

estimate is being calculated from only 15 years' data.

It is of particular concern whether the short period for which records
are available has experienced a sample of '"extreme" events which is typical
of a much longer period. (Indeed, since the computed extremes will be used
for planning structures which will be exposed to winds over the next few

decades, ideally the sample should be representative of that future period).



It is possible to identify two particular espects of the sampling problem:

Re Non-representative periods

From the 41 years' (1931-71) data at Lerwick, it is possible to identify
certain periods of years whose annual maximum gusts are quite unrepresen-
tative of the full period. rigufe 1 shows the annual maximum gusts for
the first and last 14-year periods (1931-44 and 1958-71), plotted on
extreme-value paper with the straight lines of best fit added. The best

straight line fitted to the full 41 years' data is also shown.

Table 4 Gust speeds (m/sec) at Lerwick at 10 metres for return periods:

Period of data 10 20 50 100 (years)
193144 L3 Lk L6 47
1958-71 L7 50 Sk 56
1931=71 Ls 47 50 52

Figure 1 and Table 4 show the differences in estimates derived from the
different periods of data. There was a change of instrument and site in
1961, and although a comparison for a short overlap period at old and new
sites revealed little difference in mean wind speeds, it is possible that
the change resulted in different recording of extreme gusts. Comparison
of the values in Table 4 with the computed extremes at Kirkwall, Benbecula,
Tiree and Stornoway indicates that the later period (1958-71) yields
estimates which are moat‘consistent with these other stations, and
therefore it seems likely that the records for the earlier years are not
wholly reliable. It is important that this type of problem be borne in
mind if use is being made of the estimated extremes shown in Tables 2, 3.
b. Occurrence of 'huge'" extremes

The occurrence of a single annual maximum value which is very much
higher than all other recorded maxima can often lead to difficulties in
interpretation of the results of the extreme-value analysis. The

following three cases involving Kirkwall, Cranwell and Sheffield illustrate



this point; similar action, involving less spectacular extremes, has been

taken at a number of other sites to obtain the values listed in Tables 2,3.
(1) Kirkwall. Figure 2 shows gust data from Kirkwall (1957-71)
plotted on extreme-value paper. The highest gust is 61 m/sec,
recorded on 7 February 1969, and is the highest gust speed ever
recorded at a low=-level station in the UK. Figure 2 also shows the
line of "best" fit calc¢ulated by the Gumbel method using all 15 years
of data. The position of the line is seen to be weighted far too
much by the largest value, and seems to indicate that a value of
61 m/sec should be expected to occur once in about 30 years.

If we assume that maximum gust speeds display reasonable
linearity when plotted on extreme-value paper (and the vast majority
of stations support this hypothesis), then we must assume that the
Kirkwall maximum gust cannot be taken as representative of a 15-year
period of record. The data have been re-analysed by omitting the
highest value from the series, and treating the series as a 14<year
record. The line of best fit to the 14 years' maxima indicates that
a gust of 61 m/sec should be expected to occur once in about 200 years.
(2) Cranwell. At Cranwell on 17 December 1952, a gust of 96 knots
(49.5 m/sec) was recorded. The synoptic conditions at the time have
been described by Douglas (13). Figure 3 shows how this extreme
gust compares with the other annual maximum gusts of the k1-year record
when plotted on extreme-value paper. Line A is the "best" straight-
line fitted by the Gumbel procedure to all 41 extremes. Line B is
the result when the 1952 event is omitted and the remaining maxima are
treated as a 4O-year record.

The close approximation to linearity displayed by these 40 annual
maxima seems to be a strong argument for accepting line B for estimating
extremes with return period of more than 4O years. The extreme gust

in 1952 would then be allocated a return period of about 800 years.
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(3) Sheffield. The gales of 16 February 1962 resulted in a gust of
84 xnots (43 m/sec) and an hourly mean wind of 40 knots (21 m/sec)
being recorded by the Sheffield anemograph. These events were fully
documented by Aanensen (14). The computed straight lines fitted to
all 12 years' annual maximum hourly mean winds and gusts are shown in
Figure 4 (lines A). These lines, if adopted for estimating rarer
extreme values, would indicate that the 16 February gust would have a
return period of only 20 years, and the corresponding hourly mean wind
a return period of 25 years. Practical experience of the frequency
of severe wind damage in the Sheffield area must surely indicate that
these estimates of return period are too low.

The second most severe gale at Sheffield in 1962 occurred on
12 February, and if the highest gust and hourly mean wind from that
event are substituted for the 16 February values in Figure 4, then it
can be seen that they conform to the linearity dieplayed by the other
annual maxima (lines B). To obtain an estimate of the return period
of the event of 16 February 1962 by extrapolation of lines B, we must
assume that this event Selongs to the same statistical population as
the other recorded wind extremes. It has been shown (reference 14)
that the gales on this occasion were due to a lee-wave phenomenon
induced by the Pennines. However, it was also shown that the gales
of 12 February 1962 were of a similar lee-wave nature, and we have seen
that the latter event conforms on an extreme-value plot to the
approximate linearity displayed by the other recorded extremes.

Therefore, it seems reasonable to assume that the return period
of the 16 February 1962 event can be estimated by linear extrapolation
on Figure 4; return periods of 75 years (gust) and 200 years (hourly
mean wind) are theh obtained. These values confirm Shellard's

estimates made soon after the event and reported in section 10 of (14).



7. Maps of extreme wind speeds.

Comparison of the extreme winds at neighbouring stations often reveals
inconsistencies due to siting problems, instrument defects or short periods of
record. These inconsistencies can largely be resolved by mapping the estimates
and drawing isopleths of wind espeed giving less weight to those stations which
are known or are suspected to be unreliable. For this reason and because
information on wind extremes may be needed at any site in the United Kingdom,
mapping appears to be the best way of presenting the information for general
use.

Maps are presented here depicting:

a. the maximum gust likely to be exceeded only once on average in a

period of 50 years at 10 metres over open level country (rigure 5)

b. the maximum hourly mean wind likely to be exceeded only once on

average in a period of 50 years at 10 metres over open level country

(Figure 6).

Maximum gust speeds are not greatly affected by surface roughness, but
hourly mean wind speeds are reduced as surface roughness increases. The ratio
of 50-year gust speed to 50-year hourly mean wind speed averages about 1.5 in
open level country (see section 8), and this "gust ratio" has been used in the
preparation of map (b). |

The method of construction of the maps was as follows. Appropriate values
from Tables 2 and 3 were plotted on two maps. The values plotted on map (a)
were divided by 1.5 and the derived values were then also plotted on map (b).
At any station where the derived vaiue was greater than the hourly mean speed

obtained from Table 2 or 3, it was adopted as the guide for isopleth drawing.

Because of the sparseness of the inonograph network, in the positioning of the

isopleths between station values the meteorologist smust incorporate into his
analysis knowledge of the variations of wind in space and time. Thus since

the final product is a somewhat subjective assessment of the values shown in



Tables 2 and 3, when using the maps it is important to note that
(1) the values arise from statistical calculations, the results of which

could have appreciable standard errors (see section 6a above)

(2) subjective smoothing and interpolation have been used in the construc-

tion of the isopleths

(3) assumptions regarding the variation of strong winds with height and

surface roughness have been made.

Figure 5 is an updated version of Figure 1 in reference (15), and for the
estimation of design wind speeds should be used as feconmended in that
publication.

The maps refer to ''open level country", and in some regions of the UK, this
concept is not easy to reconcile with the actual local terrain. However, at a
particular spot, a value interpolated from one of the maps should be taken as
referring to an open level area, 300 m or 8o in radius, at a height above sea
level equal to the general terrain level. The effects of major topographical
features at greater distances from the site can be considered to have been
incorporated in a general way in the drawing of the maps, but if a particular
site departs appreciably from the general terrain level, then a correction
should be applied to the map value as indicated in sections 10, 11.

During the preparation of Figure 6 in the manner described above, it
became obvious that, in areas where the "open level country' concept is far
removed from reality, there was a considerable discrepancy between the final
values indicated by the isopleths and the 50-year hourly mean winds computed
from observations in valleys. In other words, even in open valleys which were
wide enough for the 300 m criterion to hold, the gust ratio was appreciably
higher than 1.5. This was very noticeable in the Grampians, and would
presumably apply to other mountainous areas of considerable spatial extent,
such as the Pennines and the Welsh Mountains.

It is appreciated that for some applications, an estimate of the ''open



level country" hourly mean wind is not particularly relevant in mountainous

terrain. Therefore, Figure 7 is presented, which is based more strictly on
hourly mean winds as plotted at valley sites in mountainous areas. The gust
ratio at these sites is assumed to be about 1.7. The isopleths over these

areas (Scottish Highlands, Southern Uplands, Northern Pennines and Welsh
Mountains) can be taken as representing once in 50 year hourly mean winds at
valley sites below about 250 m amsl. Very sheltered valleys will require special
consideration - see section 11.

For other areas of the country where the assumption of 1.5 for the gust
ratio is not truly valid (eg large urban areas like London), no similar action
has been taken, since it is considered that urban roughness can be of a very
localised nature varying significantly within a mile or so. Variation of
hourly mean wind over this sort of space scale could obviously not be
represented adequately on a map of the scale of Figure 7.

Figure 7 is therefore described as the 'open country" hourly mean wind map.

8. Effect of surface roughness on gust/mean wind ratio

Shellard (1) suggested that a measure of surface roughness could be obtained
from the ratio of the extreme gust speed to the extreme hourly mean wind speed,
both having a return period of 50 years. Using the results shown in Table 2,
these ratios have been computed for all stations with 10 years or more of data.
Each of these stations has been classified subjectively according to the
type of terrain surrounding the anemograph site. The categories used were:
Terrain 1: Open level country with no shelter (eg flat coastal areas, fens,
airfields, open moorland)

Terrain 2: Flat or undulating country with small obstructions such as hedges,
scattered trees, occasional buildings

Terrain 3: Areas with numerous large obstructions such as well-wooded parkland,
small towns and open suburbs

Terrain 4: Centres of large towns and cities.
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Table 5 shows the average, highest and lowest ratios obtained for each

terrain class.
Table 5. Distribution of gust/mean wind ratios with terrain class

Terrain class No of stations | Average ratio| Highest ratio | Lowest ratio

1 2k 1.56 1.75 1.38
2 43 1.64 1.91 1.42
3 16 1.81 2.17 1.63
4 6 213 2.40 1.88

All stations in Table 2 except Rothamsted and Coryton have been used in
the preparation of Table 5. Both these stations displayed ratios which were
much higher than would be expected from their terrain types.

It is suggested that for building design purposes, the gust/hourly mean
wind ratios be taken as 1.5, 1.7, 1.9, 2.1 for the 4 terrain types defined
above.

9. Estimation of speeds averaged over short periods of time

Durst (6) has analysed open scale recordings of wind at 15 metres above
ground at Cardington to produce estimates of the ratio of the maximum speed
averaged over time t to that averaged over 1 hour. Faber and Bell (7) have
prepared a similar analysis for Hong Kong and Deacon (8) used some data at Sale
in Australia for the same purposes.

Deacon's data were in 4 groups:

A - open country with few trees and short vegetation

B - level or rolling country with fairly numerous hedges and scattered trees

C = country with numerous trees or buildings like the outskirts of a large

city

D - similar country to C.

Measurements were made at 10 metres above ground except for case D, where
25 metres was the height adopted.

Results from the above investigations are collected in Table 6.

1



Table 6

Ratio of maximum speed averaged over short time periods to that

averaged over 1 hour.

Height Wik s 2053050 A0 | Saald
s i (metres)|! POF| (minutes) (seconds) pust
! i
|
Durst [Cardington 15 FEHI00 !1.06] 1.33|1.36 1.4311.47 l !
Faber Ladie ‘ § l : f | '
and  |Hong Kong |, i 1,00 :1.05! 1.28 1.42[1.50 1.6k 1.72 1.81 | 2.05
Bell PR ? i £t :
Deacon| Sale A 10 ©1.00 1.06'1.14{1.25 1.31 .1.37‘1.43; 11,51, 1.54]
Sale B | 10 i 1.00 1.07;1.19{1.30 1.4 11.49:1.56!  11.66:1.70
Sale C 10 | 1.00 1.11,1.24{1.39'1.51 11,61 1.67|  :1.81:1.85
Sale D 25 l1.oo .1.1311.33 1.5611.71 j1.87J1.93i J2.15 2.22J
J | ] 1

Shellard (10) has prepared an analysis of open scale records at Goonhilly
over open rolling country in Cornwall and at the Post Office Tower in Bloomsbury,
London. Further analyses of the Post Office Tower data have been carried out

by Helliwell (11, 12). The results are shown in Table 7, which also includes

relevant information from Table 6.

Table 7 Ratio of maximum speed averaged over short time periods to that
averaged over 1 minute.
. Height : 30 20 0 5 3 2
Author Site listren) 1 min (s¥tonds) gust
Shellard | Goonhilly 10 1:00 | 1,05 1108 | 1.12 | 1.96 w2
Helliwell | Post Office 43 1.00 | 1.07 [1.12' | 1.187] 1.22 1.36
(revised) | Tower, 61 1.00 | 1.07 11,11 { 1.96 | 1.20 1.32
London 195 1.00 | 1.04 | 1.06 11.09 | 1.11 .17
From Table 6:
Durst Cardington 15 1.00 | 1.07 | 1.10 | 1.15 | 1.19
Faber and |Hong Kong | not 1.00 | 1.11 ! 1.17 {1.28 | 1.34 | 1.41 1.60
Bell known
Deacon Sale A 10 1.00 | 1,05 1.14 1.21 | 1.23
B 10 1.00 | 1.08 1.20 1.28 | 1.31
c 10 1.00 |1.08 1+21 1.30| 1.33
D 25 1.00 1.‘10l 1.24 1.38 | 1.42

General rooftop level around the Post Office Tower is about 25 m and values
of the ratio at about 36 m above the rooftop level do not differ greatly from the

Cardington data at about 15 m above ground. The Sale A data and the Goonhilly

12



data are similar; the ratios at 18 m above rooftop at the PO Tower are similar
to the Sale B data, but at about 170 m above rooftop, ratios are smaller than
at lower levels.

The "gust" ratio at Goonhilly, obtained as the ratio of the maximum gustA
speed recorded on the open scale recorder to the minute speed, is equal to the
3 sec Sale A ratio, and the gust ratio at 61 m at the PO Tower is similar to
the 2 sec ratio from the Sale B and C data.

Table 8 summarises the above results and suggests ratios to be adopted at
10 m over the 4 broad terrain classifications given in section 8. In addition,

ratios to be used at 200 m over cities are suggested.

Table 8
Terrain t = 1 min | 30 sec | 20 sec |15 sec | 10 sec | 5 sec| gust
1 1.00 1.05 1.08 1.10 438 4. 3438 | 1.23
2 1.00 1.07 .90 112 1.15 | 119 1 1.0
3 1.00 1.08 1.1 1.14 138 4 1210 1.5
4 1.00 1.09 1:12 1.15 1.20 | 1.23| 1.38
At 200 m over a city 1.00 1.04 1.06 1.08 100 | 1.1V F 17

Using these values, and the 50-year gust speed (from Figure 5), it is
possible to estimate the maximum speed (averaged over a time interval t) which is
likely to be exceeded on the average only once in 50 years.

10. Extreme winds on hill tops

Shellard (5), discussing wind speeds on hill tops, suggested that maximum
wind speeds on isolated hill tops like Lowther Hill and Drum are not much
different from those at the same height in the free air upwind and so could be
computed from data at nearby lowland stations. Hourly mean wind speeds could
apparently be estimated by applying the power law with exponent 0.17 up to a
height of about 400 m and assuming that speeds do not vary with height above
that level. Extreme gust speeds could best be estimated not by the use of a
power law but by multiplying the predicted hourly mean speed by a factor of

about 1.4.

13
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There are now 8 years of record at Lowther Hill and 10 years at Great Dun

Fell.

8cotland and Northern England.

Comparisons have been made between these statione and others in Southern

Table 9, column (7), shows the values which would result if the hourly mean

speed at a nearby station were used to estimate the speeds on top of Great Dun

Fell or Lowther Hill using a power law with exponent 0.17 up to a height of

400 m.

general height of the ground around the reference station concerned.

example, at Moor House, the reference level has been taken aes 597 = 15 = 582

metres above MSL.
therefore given by

31

=

0.7

For

The reference level above which the power law has been applied is the

The estimated 50-year hourly mean wind at Great Dun Fell is

Column (9) of Table 9 shows a similar set of estimates of gust speeds using an

exponent of 0.085.

maximum hourly mean speeds to get a further estimate of the extreme gusts -

columm (10).

A gust factor of 1.4 has also been applied to the estimated

Table 9 - Estimates of extreme winds on exposed hill tops (metres/sec)

l
Height of it Once in 50 yr Once in 50 yr
anemometer D ahr hourly mean ce in st Bpeed.at
Eanith (metres) ouily speed at hill [50 year Hhill top site
bf s top site esti = stimated -
Stakicn record Abov;E;ove Effedspeed at o::g ;iinsit g::gt;: :nsizgw:§_ (79x1.
(ysaye) HSL gronadhive f?ecuwexponent 0.17 meight onent 0.085
Bk o up to 400 m up to 400 m
(6) (7) (8) 9) (10)
Great Dun Fell 10 87| 10 |10 50 e 70
At Gt Dun Felll At Great Dun Fell
Moor House 12 597 | 15 | 14 31 51 - k9 63 71
Spadeadam 12 292 | 16 |15 28 49 L2 56 69
Durham 3% | 19| 16 [10 | 26 kg k7 64 69
Sellafield 22 29 [t2 1 26 48 43 58 67
South Shields 38 221 12 115 28 50 43 57 70
Lowther Hill| *8 73| 13 |10 L7 - 66 56
At Lowther Hill At Lowther Hill
Eskdslemuir | 58 | 259 | 10 |10 27 50 Ly 60 70
Prestwick 28 21| 10 {10 27 50 . hS 61 70

*50-year extreme hourly mean wind and gust speeds estimated using Prestwick as

a comparison station.

14



From Table 9 columns (6), (8) it can be seen that neither the hourly mean speed
nor the gust speed with return period 50 years appears to be greatly affected by
height above sea level if the site is not on an exposed hill top; apart from
Lowther Hill and Great Dun Fell all the speeds are similar in magnitude and it
could be argued that any differences arise from inaccuracies of the method of
estimation rather than geographical location. This would not apply if the site
were in a sheltered valley.

The Table also shows that the use of the power law expression up to 400 m
above the low-level site tends to give estimates on the mountain top which for
hourly mean speeds are all within 3 m/sec of the value estimated from the
original records; for gust speeds the power law expression provides estimates
which are lower than the value obtained from the original records, but the
application of a gust factor of 1.4 to the hourly mean speeds gives estimates
wvhich are comparable. For gust speeds it is suggested that the latter method
will be satisfactory for most purposes.

It should be noted that this method is not applicable if the high-level site
is not fully exposed to free air winds. Thus, an attempt to estimate the extreme
wind at Moor House from data at Spadeadam would yield an answer which would be
too high when compared with Moor House observations. This is because Moor House,
although almost 600 m above MSL, lies in a valley and cannot be considered
exposed to the free air. To estimate an extreme hourly mean wind on an exposed
hill top from the map (Figure 6), the power law with exponent 0.17 up to a height
of 40O m should be applied to the value read from the isopleths, with the
reference level for the calculation being the estimated general terrain level at
the foot of the hill.

11. Extreme winds in sheltered valleys

The stations at Fort Augustus and Tummel Bridge were established in 1964
and 1965 respectively.  Both are in well-sheltered positions, the first being in
the Great Glen 58 m above MSL, and the second at 161 m above MSL in a deep wide

valley sheltered in all directions by the Grampians. The station at Rannoch lies
15



between the two at 307 m above MSL and in a more exposed position.

The average annual maximum values given in Tables 2, 3 can be used to
estimate the sheltering effect of a deep valley.

For both Tummel Bridge and Fort Augustus, the ratio of average annual
maxismum hourly wind speed to the average at Rannoch is 0.70, and for gust
speeds the ratio (again for both stations) is 0.83. It is suggested that
these ratios represent about the maxisum allowance which can be made for
shelter effect. In less deep but nevertheless sheltered valleys in Wales,
Northérn Bngland and Scotland, values may be nearer 0.8 and 0.9 for mean

speeds and gusts, respectively.
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APPENDIX:

A1,

EXTREME WINDS OVER CENTRAL LONDON

Sites

The longest series of measurements of wind speed and direction in Central

London has been made in the Kingsway/Holborn area.

times, as shown in Table A1.

The site has

changed three

Table A1
5 Height of
Height of anen:ometer(l)L Height of general -
Site I::;:u_ Period rooftop level in :::z;t:z:&oo;e

Above ground|Above roof| area (m) Yavar: (a)
I Victory House D 194348 b6 9 35 1
II VictoryHouse | D  [1949-58 kg 13 35 14
III Prince's House| E 1959, L 12 25 (from west) 19

1961-64

IV State House E 1965-71 70 16 25 Ls

D = Dines' pressure tube anemograph;

E =melectrical cup anemograph.

Victory House (sites I, II) was on the eastern side of Kingsway, a street

running approximately NNE-SSW.

To the north and south, and on the western side

of Kingsway, buildings rose to the same general level as Victory House, but

further west the general rooftop level was lower and immediately to the east was

the open square of Lincoln's Inn Fields.

The two sites at Victory House

differed for practical purposes only in the height of the anemograph head above

the rooftop.

Prince's House (site III) was about 200 metres south of site I on the

western side of Kingsway.

As mentioned above, the general rooftop level to the

west was lower than that along Kingsway, so the anemograph was more exposed to

winds from the west.

1959-64 were from directions between 200° and 260°.

All annual maximum hourly mean winds in the period

8tate House (site IV) is on Holborn, about 300 metres north-east of site I

and the anemograph is on a 16 m mast mounted on the roof.

The buildings around

rise to between 15 and 30 m, with an average rooftop level of about 25 m above

ground.
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Before the data from the four sites can be combined for analysis, it is
necessary to reduce the data to a common effective height. This is not an easy
task, since the complex nature of the surrounding urban area makes the estimation
of representative effective heights difficult.

A2. Allocation of effective heights

The effective heights at sites I, II and III were formerly assumed to be
simply the heights of the anemometer heads above the roofs on which they were
mounted. To estimate the effective height at site IV, three approaches have been
adopted:

a. The anemometer cups at IV are 26 metres above the cups at III.

Assuming the effective height at III to be 12 metres, the effective height

at IV is 26 + 12 = 38 metres.

b. During the period Jan-June 1965, data at both sites III and IV were

obtained. Mean wind speeds at IV were about 1.25 times those at III.

Using the power law with exponent 0.20 for mean wind speeds (as indicated by

evidence in references 10, 12), and again assuming the effective height at

III to be 12 metres, an effective height of 39 metres at IV was derived.

c. From Post Office Tower experiments reported in (12), it has been shown

that the power law can best be fitted to observational data if the concept

of a "zero plane'" is adopted above which the power law should be applied.

For S5-minute mean wind speeds, it appeared that the gero plane should be

positioned approximately 7 metres above the general rooftop level. This

concept should be considered purely as a mathematical convenience for extra-
polation to greater heights, since the power law so applied will obviously
not give physically realistic wind speeds in the layer immediately above
rooftop level. Applying the zero plane concept to sites IIT and IV, the

effective heights above gero plane work out to be 19 - 7 = 12 metres at III,

and 45 « 7 = 38 metres at IV (ie in very good agreement with estimates

derived by methods a. and be)de

18



If the gero plane concept is also applied to sites I and II, effective

heights of 4 and 7 metres respectively are obtained.

A3.

Consistency of data

Table A2 shows the average annual maximum hourly mean wind speeds for the

4 gites, as recorded and as reduced to a common height of 10 m above zero plane

using the power law with exponent 0.2.

Table A2
(1) A2) 3) %) (5) (6) (?7)
Estimated
No. ofleffective Average annual | Values in FiAverage annual
Bite yeams'|bedeht :(n) max hourly mean|column 4 re-| max hourly mean (5)8(6)
ydata Bats doric wind speed as |duced to 10m| wind speed at
5 alass recorded (m/sec) ab;{:ngero Kew at 10m(m/sec)
I 5 4(9) 13.4 16.2(13.7) HI 13.4 1.21(1.02)
II 10 7(13) 12.6 13.5(12.0) 12.7 1.06(0.95)
III o) 12 133 12.8 13.4 0.95
IV T 38 15.0 11> 12.5 0.92
Also shown are values at Kew for the mssme periods of record. It can be

seen that although the relationship between Kew and Central London seems

reasonably consistent for the two later periods III and IV, the two earlier

periods display no such consistency.

Thus it is evident that the same

conmiderations for allocation of effective height cannot be applied to sites I and

II as have been applied to sites III and IV.

Indeed, the correspondence between

the figures in columns (4) and (6) of Table A2 suggests that the effective

heights at I and II should be close to the 12 m allocated to site III.

Thus, it would appear reasonable to take the originally-estimated effective

heights of 9 m and 13 m at sites I and II (ie simply the heights of the

anemometers above the roofs upon which they were mounted) despite the fact that

this does not agree with the zero plane concept.

The bracketed figures in Table A2 show the results of taking different

effective heights at I and II,and it can be seen that a better consistency is

achieved in column (7).
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Ak, Conclusions

Due to difficulties in reconciling data from sites I and II with those from
sites III and IV, extreme value analyses have been performed both on the whole
period of record (data for sites I, II, III and IV - bracketed values in
Table A3) and on the later part of the record only (data for sites III and IV -
unbracketed values in Table A3).

It is recommended that, until a homogeneous record of 10 years becomes
available at State House, the larger values in Table A3 be used for design
purposes in Central London. These values should be assumed to apply at 10 m
above the gero plane. For extrﬁpolation to'heighta up to about 200 m, the
power law with exponents 0.20 (for hourly mean winds) and 0.085 (for gusts) may
be used, using as a reference level a zero plane which, according to currently-

available evidence, should be assumed to lie about 7 m above general rooftop

level.

Table A3
Average Return period (years)
annual

maximum 10 .20 50 100 120

Hourly mean wind speed (m/sec)| 12.0(12.3)|14(15) 15(16) 16(17) 16(18) 17(18)
Gust speed (m/sec) 26.5(26.2)|31(31) 33(34) 35(37) 36(39) 37(40)
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Figure 1  Annual maximum gust speeds at 119 metres. LERWICK
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Reduced variate y

Annual maximum gust speeds at 10 metres. KIRKWALL (1957-71)
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Figure 3

Reduced variote y

Annvol moximum gusts at 143 metres. CRANWELL (928.44, 1947-8,1950.71)
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Figure 4 Annual maximum hourly mean winds ond gusts ot 107 metres. SHEFFIELD (1959-71)
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Figure 6 2 "
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Figure 7 2
Once in 50-years
Hourly Mean Wind Speed p
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