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SURFACE AND GEOSTROPHIC WIND
COMPONENTS
AT
DEERNESS, HOLYHEAD, GREAT YARMOUTH
AND SCILLY

ABSTRACT

Hitherto, the Robinson anemometer records at Deerness, Holyhead, Great Yarmouth and Scilly
published in the Geophysical Journal have not been utilised for a discussion of surface winds. In this
paper an attempt is made to work out the available data for a preliminary study of the average surface
winds and also to investigate their relationship to the geostrophic winds derived from charts of the
average pressure distribution. As a result of the enquiry the following points are found to be of
outstanding importance in the neighbourhood of the British Isles :—

(1) In the winter the fofal movement of air along parallels of latitude is greater than that along

meridians except at Deerness, the northernmost station, where the opposite is the case.

(2) In the summer the nef movement of air along meridians and latitudes is almost negligible.

(3) The annual variation of wind components is more pronounced at Deerness and Scilly
than at Holyhead and Great Yarmouth. At the latter two stations the growth of the
convective winds tends to obliterate the seasonal fluctuation.

(4) In each month the geostrophic winds derived from charts of average pressure distribution are
found to be stronger than the net resultant movement of the surface air, which, in the majority
of cases, maintains the characteristic incurvature with respect to the geostrophic wind.

(5) The development of convective winds in summer is the most conspicuous at Great Yarmouth
on the east coast. It is found that here the sea breeze is often stronger than the land breeze.
At Holyhead there are signs of the growth of convective breezes, but no definite conclusions
could be arrived at regarding Deerness and Scilly, which are on small islands rather distant
from big land masses.

§ 1. INTRODUCTORY

THE records which are utilised in this paper cover a period of eight years, 1911-1918,
and refer to the chief anemograph stations, Deerness, Holyhead, Great Yarmouth
and Scilly. The data, which consist of wind components along the geographical
co-ordinates at 3h, 9h, 15h and 21h, G.M.T., and calms for each day of the month,
have been published in the Geophysical Journal, 1911-1918. The wind speed is
given in metres per second and occasions on which the speed averages less than
1-6 m/s are reckoned as calms. The monthly sums and differences of the south and
north components and also those for west and east components are set out at the
foot of Table 8 of the Journal. These sums and differences have been corrected for
minor errors and revised tables are published already in the Annual Supplement
to the Geophysical Journal for 1918. The present paper is mainly based on these
corrected data.

At all the four stations the Robinson cup anemometer is in use. Particulars
regarding this instrument will be found in the Geophysical Journal. It will be seen
from Figure 4 that the four stations are well distributed over the British Isles. An
account of the exposure at each station is given in a paper by Messrs. Lempfert and
Braby,* entitled ‘“ A method of summarising anemographs with wind roses for
Deerness, Scilly, Yarmouth and Holyhead.”

The subject matter of the paper is presented in the following order :—

(1) The annual variation of the frequency of the wind components and calms.

(2) The annual variation of the wind components with a brief reference to the

diurnal variation in the different seasons.

3) The diurnal variation of components and resultant drifts in summer.

4) The resultant drifts and geostrophic winds from monthly charts of pressure
distribution.

5) The development of convective winds with special reference to the diurnal
variation of the components and their {requencies in the summer months.

*Q.J. R. Meteor Soc., Vol. 38, 1912, p. 221.
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§ 2. FREQUENCY OF WIND COMPONENTS AND CALMS, ANNUAL VARIATION.

The frequencies of wind components and calms as counted from Tables 8 of
the Geophysical Journal are set out in Table Ia to D. With regard to these
frequencies, it is important to bear in mind that for each wind-direction there are
usually two entries in the columns for components except in the case of calms and
winds blowing from due south, west, north or east. For simplicity, the percentage
frequencies in Table II are based on the number of days on which records are available.
The number of such days corresponding with each hour is published in the Annual
Supplement already referred to, and the total number of observations in each month
for the eight years’ period is quoted in Table II. The following example illustrates
the method by which Table II has been derived from Table I.

At the rate of four observations per day, the total number in eight Januaries
would be 992, of which 983 are available. Counting all the hourly observations it
is found from Table 1A for Deerness that there are 643 south, 305 north, 517 west,
378 east components and 4 calms, giving a total of 1,847 entries. Thus the frequency
of the south component is 65-4 per cent. of 983 observations and similarly for other
components and calms. It should be added that percentage frequencies of the several
components and calms computed in this way do not add up to 100 as is ordinarily
the case. Nevertheless, Table II illustrates the annual variation of the frequencies
of the components and calms at the four stations.

The frequencies of the components are generally consistent with the prevailing
pressure gradient over the country, but, in the summer months, the abnormally
high frequencies of the east component at Great Yarmouth and the west component
at Holyhead are of special interest. The preponderance of the north component
in spring is also noteworthy. Asis to be expected, calms are more frequent in summer
and autumn than in winter or spring.

§ 3. MONTHLY AVERAGES OF WIND COMPONENTS.

It will be noticed that the sums of the components, such as S+N and W+E,
published in the Geophysical Journal may be regarded as representing the total
movement of air along meridians and parallels of latitude, whilst differences, such
as S—N and W—E, the net movement along those lines. SN is called the
“ meridional flow,” S—N the ‘“ meridional drift,” W-+E the ‘‘latitudinal flow ”
and W—E the “ latitudinal drift.” The vector obtained by plotting W—E against
S—N will be called the ‘ resultant drift.”

Monthly sums of the individual components can be easily found from the data
of the drift and flow. The monthly averages of the several components are then
obtained by dividing the monthly totals by the number of days on which observations
are available. For instance, it will be found from the Annual Supplement to the
Geophysical Journal, 1918, that, at Deerness, in eight Januaries X (S+4N)=1401-9 m/s
and 2 (S—N)=610-7 m/sat 3h G.M.T,, so that £S=1008-3 m/s and £ N=395-6 m/s.
During the period in question there are 246 observations at 3h G.M.T., and, therefore,
the average values of the south and north components are S=4-1 m/s and N=1-6 m/s,
respectively. It should be observed that monthly averages obtained in this way
mean that all the components are equally distributed to each day of the month.
'Ifl}ie monthly averages for 3h, 9h, 15h, 21h and for all hours are set out in Tables

A to D.

(a) Awmnual Variation—The nature of the diurnal variation of the several
components in each month can be easily gathered from the tables. As far as the
annual variations of the flow, the drift and the components are concerned we shall
restrict ourselves to monthly averages based on all the hourly observations.

Figure 1 depicts the annual variation of the meridional and latitudinal flows
at the four stations. The meridional and latitudinal flows are represented by con-
tmuous and broken lines, respectively. The fact that in winter the meridional
flow exceeds the latitudinal flow at Deerness only is to be attributed to the greater
frequency of the centres of cyclones in the Icelandic regions at this time of the year.
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Figure 2 illustrates the annual variation of the components and the meridional
and latitudinal drifts. The left-hand side of the figure pictures the annual variation
of the south and north components and meridional drifts whilst the right-hand side
shows the variation in the case of the east and west components and latitudinal
drifts. From a common base line the monthly averages of the south component
are plotted upwards and those for the north component downwards. The intercepts
on the ordinates between the continuous zig-zag lines on both sides of the base line
represent the meridional flows and the intercepts of the ordinates between the base
line and the broken zig-zag line, which bisects the strip, represent the meridional
drifts. Actually the latter intercepts, as seen in Figure 2, are equal to } (S—N).
Exactly the same scheme has been adopted for the west and east components and the
latitudinal drifts.

In the winter months the average strengths of the south and west components
are greater than the average strengths of the north and east components, respectively,
and, therefore, the average drift across the British Isles is from the south-west. In
the summer months, however, there is a general weakening of the components under
anticyclonic conditions and the net drift over the British Isles is very small.

Yearly averages based on all the hourly observations show that the south com-
ponent increases and the west component diminishes with latitude. The only exception
to this generalisation is Great Yarmouth, which is obviously at a disadvantage
compared with the other three stations as far as the exposure to winds in the
south-western quadrant is concerned.

(b) Seasonal Variation.——Means of wind components for the four seasons
which have been worked out from Tables IIIA to D are set out in Table IV.
These are also arithmetical means derived in exactly the same way as the monthly
means. Months utilised for computing the seasonal averages are noted in Table IV.
An examination of the data in this table will show the appropriate diurnal variation
in each season. It will be noticed that the maximum of the north component occurs
between Sh and 15h G.M.T. at all the four stations irrespective of the season.

§ 4. THE DIURNAL VARIATION OF WIND-COMPONENTS AND RESULTANT DRIFTS IN
SUMMER.

(a) Wind Components.—The summer months are characterised by light pressure
gradients over the British Isles. The diurnal variation of the components is therefore
expected to be the most marked at this time of the year. The summer data of the
components in Table IV are utilised in the construction of the left-hand side of
Figure 3. From a common base line the hourly values of the south component are
plotted upwards and the north downwards. The same scheme has been adopted for
the east and west components. As far as could be gathered from only four observa-
tions per day the maximum of the components occurs in the neighbourhood of 15h, and
the minimum between 3h and 21h G.M.T. The variation is, therefore, consistent with
the view that the wind speed increases as the turbulence increases with the progress
of the day.

(b) Resultant Drifts—The data for the resultant drifts are also taken from Table
IV. The variations of the resultant drifts at the four stations in summer are depicted
on the left-hand side of Figure 3 which is to be studied along with the right-hand side
of the diagram. The scales are shown on the diagram itself. A few more interesting
points in this connection will be noted in the concluding section of this paper.

§ 5. THE RESULTANT DRIFT AND THE GEOSTROPHIC WIND.

It is now proposed to investigate the relationship between the resultant drift
based on all the published observations and the geostrophic wind derived from
monthly charts of pressure distribution. The monthly averages of pressure for the

(15352) c



170 GEOPHYSICAL MEMOIRS, NO. 25

period 1911-1918 were computed for a number of telegraphic reporting stations
(about 30) from the lustrum sheets kept at the Meteorological Office, South
Kensington. The observations refer to 7h G.M.T.

The peculiar insular position of the British Isles renders the determination of the
geostrophic wind at such stations as Deerness and Scilly extremely difficult, especially
in the summer months, owing to the flatness of the pressure distribution. The
geostrophic wind was therefore only tabulated when it was possible to measure the
distance between consecutive isobars on each side of the station with at least some
degree of confidence. . .

Figures 4, 5 and 6 consist of a series of twelve charts. The isobars on these charts
are drawn in broken lines at intervals of a millibar. The geostrophic winds* over
each station were obtained in the usual way. The components of the geostrophic
wind, along with meridional and latitudinal drifts (see Tables IIIa to p), for all
hours are set out in Table V. The data in this table are utilised in the construction
of the vector diagrams in Figures 4, 5 and 6. The thick line G is the geostrophic
wind and the thin line R the resultant drift. When no geostrophic wind is available
only the resultant drift R is shown on the maps. A wind scale for use with these
vector diagrams is shown on each chart. As the geostrophic wind has very little
diurnal variation its comparison with the resultant drift based on all the hourly
observations is probably justified.

The chart for May practically has no pressure gradient, and so it has not been
possible to compute geostrophic winds for this month. The resultant drifts at the
four stations as shown on the charts, however, represent an anticyclonic circulation.
It will be noticed that most of the vector diagrams are consistent regarding the
relationship between the geostrophic wind and the surface drift. In a few instances
the geostrophic wind and tiwe surface drift coincide. In such cases the wind strengths
G and R are to be measured with the station as origin. The approach of the resultant
surface drift to the geostrophic wind is closest at Scilly, the greatest departure
being noted at Deerness. The peculiarity of some of the vector diagrams for Great
Yarmouth is to be attributed to the development of convective winds which are
discussed in the next section.

§ 6. THE GROWTH OF CONVECTIVE WINDS IN SUMMER.

(a) Percentage Frequency of Wind- Components and Calms. Diurnal Variation.—
Table VI gives the percentage frequency of the wind components and calms in May,
June, July and August. The following example illustrates the method of com-
putation. It will be seen from Table Ia that at Deerness during the four summer
months there are 466 south, 408 north, 443 west, 423 east components and 37 calms
at 3h G.M.T. For the period in question there are 981 days on which observations
are available at 3h G.M.T. Thus the frequency of the south component is 47-5
per cent of 981 observations and similarly for other components and calms. Fre-
quencies appropriate to other hours are obtained in exactly the same way. These
percentage frequencies do not add up to 100 as in the case of monthly frequencies.
From Table VI it is clear that there is very little diurnal variation of the frequency
of the components at Deerness and Scilly. It is also interesting to note that the
occurrence of the minimum frequency of calms at 15h G.M.T. is rather more sharp
and short-lived at Holyhead and Great Yarmouth than at Deerness and Scilly.

(b) The Convective Winds.—It should be pointed out that the land breeze at
Holyhead and the sea breeze at Great Yarmouth are opposed to the usual pressure
gradient over the British Isles. The phenomena are in evidence at these stations
only when the general gradient is light, as in the summer months. Deerness and Scilly,
however, are on small islands distant from big land masses. Of all the stations Great
Yarmouth is the most favourably situated for the growth of convective winds. The
average trend of the coast line is from north to south at this station, and the pressure

gradient is extremely light in the summer months (see Figure 5) so that the convective
winds are from east or west.

* The Computer's Handbook, Section II, § 3, p. 49.
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The following is a summary of the chief facts which suggest the growth of
convective winds at Holyhead and Great Yarmouth :

(1) Land Breeze

(i) At Great Yarmouth the falling off of the frequency of the west
component from 56-2 per cent at 3h to 48:7 per cent at 9h G.M.T.

.. 1s characteristic of the decaying land breeze. (See Table VI.)

(ii) At Holyhead the decrease of the frequency of the east component
from 26-3 per cent at 3h to 25-9 per cent at 9h and to 18-4 per cent
at 15h G.M.T. points to the decay of the land breeze and growth of
the sea breeze. (See Table VI.)

(2) Sea Breeze

(i) At Great Yarmouth the frequency of the east component increases
from 39-4 per cent at 9h to 48-8 per cent at 15h G.M.T. This
phenomenon is certainly due to the prevalence of the sea breeze in

_ summer afternoons and evenings. (See Table VI.)

(ii) The maximum frequency of the east component at Great Yarmouth
in May as shown in Table II is significant. The resultant drift at
Great Yarmouth in the chart for May (see Figure 4) is approximately
at right angles to the coast line. This shows that the sea breeze is
stronger than the land breeze at this time of year.

(iii) It will be noticed from Figure 3 that at Great Yarmouth there is a
simultaneous falling off of the west component and the growth of the
east component between 9h and 15h G.M.T., a feature which is not
present in the diagrams for other stations. The phenomenon is
certainly due to the growing easterly sea breeze.

(iv) The diurnal variation of the resultant drift at Great Yarmouth shown
on the right-hand side of Figure 3 is the most striking diagram of its
kind. The gradual veering of the resultant drift from 3h G.M.T. to
21h G.M.T. illustrates the transition from the land to the sea breeze.
At 21h the resultant drift is practically at right angles to the coast line.

(v) The peculiarity of some of the vector diagrams (Figures 4 and 5) for
Great Yarmouth is due to the sea breeze being stronger than the land
breeze.

(vi) At Holyhead the remarkable increase of the frequency of the west
component in the summer months as shown in Table II in comparison
with other stations may be regarded as evidence of the development
of the sea breeze.

(vii) From Table VI it will be noticed that at Holyhead the frequency
of the west component increases from 64-8 per cent at Sh to 72-9
per cent at 15h G.M.T. This phenomenon also points to the growth
of the sea breeze at Holyhead.

From the preceding remarks it is quite clear that of the four stations Great
Yarmouth and Holyhead show signs of the development of convective winds. At
Holyhead, however, the evidence obtainable is not so convincing as at Great
Yarmouth. The limitations of the Robinson cup anemometer, should be taken into
account in this study of convective winds.

(15352)
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TABLE IV.—MEANs oF WIND COMPONENTS FOR THE FOUR SEASONS, 1911-1918.
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