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Summarx.

Lack of monthly averages of wind speeds at meteorological stations in Great
Britain for the 1880s led to an investigation into the relationship between
monthly average surface (2m) wind speed and adjusted geostrophic wind scale
measurements made from monthly average mean sea level pressure charts, Some
simple theoretical aspects of the relationship are discussed and empirical results
obtained from a pilot study are analysed, It is shown the application of a
simple multiplying function of adjusted geostrophic wind scale speed to such
scale speeds gives a surprisingly accurate estimate of measured wind speeds,
Seasonal and spatial variations in the multiplying function are discussed but

it is shown that the advantages from such refinements are likely to be small and
that their usefulness could be tested only by the analysis of much larger
quantities of data than = used in the pilot study.

x b Introduction,

This investigation arose from a need to assemble fairly rapidly and with a

strictly limited investment of labour, a data~set of monthly averages oi the

meteorological variables required to estimate potential evaporaticn, following

Penman (1948), for meteorological stations in Great Britain, from 1681 onwards,

- The variables are air temperature, vapour pressure, duration of bright sunshine
3 and the wind speed 2t 2 metres above the ground, The first three are
conveniently tabulated in the Monthly Weather Report but the fourth variable,
wind speed, is represented only by highly simplified wind-roses. Monthly
average mean sea level pressure charts are available,
A\

2. Theoretical aspects of the relationship between averages of measured wind
speeds and geostrophic wind scale measurements made from mean isobars for the
averaging period,

2.1 A very simple extreme case is that of a large stationary depression or
anticyclone maintaining one pressure pattern over Great Britain for & whole month,
Assuming neutral stability in the lowest Km of the iroposphere and no ageostrophic
motion, a good estimate of the monthly average wind speed at any level<l Xm above
& chosen point could be obitained by the use of a geostrophic wind scale and suit—
able adjustments for the effects of cyclonic or anticyclonic curvature of the
isobars and for the chosen level,

2.2 An extreme case in which the geostrophic wind speed would be meaningless
would be one in which, with straight isobars, a given pressure gradient prevailed
over the countr, for half the month and an equal and opposite pressure gradient
prevailed for the other half,

2.3 From 2,1 and 2.2 it is reasonable to propose that the representativeness
of the average pressure gradient (in terms of average wind speed) would be
expected to be high when the average pressure gradient is strong and could be
low when the average pressure gradient is weak,

2.4 It is further proposed that curvature corrections should not be made to
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geostrophic wind scale measurements from time-averaged pressure patterns., It

is suggested however, that if the average pressure pattern is highly representative
of daily patterns some degree of isobar curvature could appear in the monthly
average patterns and that this could result in geostrophic scale measurements
being over or under-estimates of gradient wind speeds depending- on the sense

of the curvature.

3. Data-processing and analyses.,

Monthly velues of mean hourly wind speed were extracted from the Monthly Weather
Report for 1968, 1969 and 1970 for Leuchars, Leeming and Mildenhall (Honington for
1970). These average speeds were adjusted to give V,, estimates of 2-metre wind
speedsy using the table on p.75 of the Meteorological Observer's Handbook v
(Meteorological Office, 1969).

foonl ST fr
A geostrophic wind scale was constructed for[the scale of the map used in the
MWR, for 550 latitude, and the scale values were multiplied by 0.4 (see insert
to Figure 1) to give estimates of surface (A2 2-metre) wind speeds following
Findlater et al (1966); these values will be referred to as Vo,e Bearing in
mind 2.2 and 2.3 an arbitrary lower limit of 3.5 Kt was imposed on Vooe
The 108 station-month values of Vo and V2g are plotted in Figure 1, The speeds
were rounded to thg nearest knot so groups of points coincide. The monthly
station values of Q/Vgg were calculated and are variously averaged in Table 1.
These averages show some suggestions of systematic spatial and seasonal variation
but not enough to justify the adoption of averages as monthly factors to ad just
Vog to estimate vo, If the 9 station-year average factor 1.46 is used to adjust
Vog to estimate Vo the results are as shown in Figure 2, 85% of the points lie
wi%hin +2 Kt of the 1:1 line but there appears to be a tendency to increase higher
values of V%; too much and not to increase lower values sufficiently.

Table 2 shows the distribution of V2/V2g for V2=%.f y——, 10 Knots, Although

the numbers of cases decrease with incréasing Vgg ere is an obvious pattern suggesting
that V2/V2 decreases with increasing Vo, reaching unity at Vo= 9 Kt. It is
probably wBrth mentioning that the 26 cases for Vo,=5 Kt are more closely packed

than the 17 for V,_=4 Xt and the 11 cases for V2g= Kt are also more closely

packed than the 11 for Vo =6 Kt, This evidence supports the apparent pattern

despite the reduction of number of cases with increasing V2g.

Average values of VQ/V at 1 Knot intervals are plotted in Figure 3 and a smooth
curve has been fitted intuitively by eye. An approximate conversion of Vo, to
V1gg'fwhere the latter is adjusted Vgg)is given a?ong the horizontal axis,

These rough values of the function were used to adjust Vo, from the 108 station-
month data~set, Vo is plotted against V12 in Figure 4 where the 1:1 line and
+2 Knot lines have been inserted. It can %e seen by comparing Figures 2 and 4
that V1o, is a better approximation to Vo than is 1.46 Vo,. The points lying
beyond tﬁe +2 Knot lines in Figure 4 have been labelled to indicate month of
occurrence, :

The adjus?ing'ﬁhctdrShmre next applied to Vo, values for 5 stations in 1972 and

1973, V'p, values are given to- the neares} 0.5 Kt and are plotted against V

in Figures § and 6, It is seen that most V o, are correct to +1 Kt and that ¥
nearly all are correct to +2Kt. As in Figure ﬁ the worst estimates are labelled

with abbreviated month names; in figures 5 and 6 the month names are given for

errors of > 1Kt.

A glance at this aspect of Figures 4 to 6 shows that there was a tendency for a
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a few warmer month winds to be under—estimated and for a few colder month winds
to be over—estimated by the processes described.

Se Conclusions and further work,

Until there is time to carry out an analysis of a very much larger quantity of
data it is suggested that the adjustments derived in Figure 3 must suffice
since they produce surprisingly accurate results,

» The process outlined in this memorandum might well find application in the
2-metre wind model which forms part of the system described by Wales-Smith,
Prior and Arnott (1977).
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Toble 1. \/z/
V.
23

Sktn | Leuchars L(vml-na T::f:;:;“ 3 Shns | 3gkns | Bghns Bshns
3yrs Jyrs Syrs 3yrs 196% 1969 1970

TRN 1-27 i-to 1-19 1-19 1-\s 1-13 1-27

FE@| 150 1-19 1-33 134 28 1-6} 147

mar| kS 1-19 1-18 1-27 13 -2 12§

APR 1-86 1-60 1-36 1-61 1-69 171 142

mAaY| 2-16 1-64¢ 1-66 -2 |-S§ 33 288 |

Jon| 1-83 - 7% )bl 16§ 17% 1-47 1-80

JoL 1-61 1-33 )-06 1-33 156 1-14 )28

poe| 222 2-00 131 1-§L, 1-86 1-67 2-00

Sep| V7 114 1-22 i-2§ 130 33 | 119

ocr] |20 {-10 1-06 12 1-06 -0 128

Nov| |-t6 13§ 1-3§ )-Led I-$9 -3 I-20

DEC| 1-63 I lets -89 1-68 1-So 185 1-91

Av

1968 1-59 1-59 126 47

1969{ 174 1-20 1-19 37

1970, |-S8 bl 1-56 1-83

3yr 1-6 g Lot 13k I-4+6

Table 2. Qisl'rlbuln'm f Vz/v23 6\ \/2583,‘&.““-‘0 (o8 cases)

\/23 jooo | i-20 | 1-%ko |1-Go | 1-80 | 2:00 | 220 | 2:40 | 2:60 |2-§0 |3-00 |3-20 Iny
we l1-19 | 139 | 1-59 | 179 1-99 | 215 | 239 | 269|279 12.59 [Z-19 |5-39
3l s | » 9 9 6 [ L Pase) 3
k|1 '8 3 2 4 i 49 17
Sl | ! i | 2 I-2¢ 26
6l ¥ | ]| 3 132
718 1 3 (N TAN Bl
& { ] 147 5
91 & 103 | &
10 I 100 v



