L THIS IS NOT AN OFFICIAL PUBLICATION, IT IS SUPPLIED
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Evaporation Memorandum NO.20#.

values of 7-day average, low-level wind speed for use in calculations of potentisl

gvapotranspiration by pPenman'!s formula,

B G weles-3mith

Abstract. fThe importance of reliable wind speed data for areal or point esiimates
of p.e. is demonstrated. It is suggested that reasonable estimaties of
v, (n-day average wind speed at 2 metres above ground) may be obtained
for Great Britain from routine anemometer measurements and from radsr-
wind measurements at 900 metres above sea level,
ponthly average wind speed patterns at 900m.; for a year chosen at randon,
are presented and it is shown that reasonuzble anzlyses can be produced by
simple interpolation, The relevance to the present problem of unpublisted
work by N C Felliwell, J J w Blackburn end O L Palirey is explained eand
reference is made tc similer work by A G Davenport, Comparisons between
2 metre wind measurements and estimates of wind at 2 metres (from measure~
nents made at other heights) made by A G Seatcn are quoted and the data he
used sre processed to provide some simple results, (Comparisons are nzae

betwesn measuremcnts of wind speed at 2 metres at adjacent stations and

stations in the same general area and it 1s shown”that good estimates of
monthly, average wind speeds at 2 m. may be obtainéd from 900 m. speeds.
Finally a system is proposed to produce good estimates cf 2n.,T-day
average wind speed for grid squares {40 X 40 km) covering Britain,



Introduction.

The rate of potential evapotranspiration (ﬁ;e.) may be required for a very
small area, such as an experimental site, or for a sizesble area of, say,

400 km2 or more,

For "point" estimates of p.e. we want the true, average wind speed at the
point, even though this may be much less than the average speed cver the
surrounding countryside, due to local friction and cbstructions to air flow

near the measuring point,

For the area-representative estimate of p.e., on the other hand, we want a
speed appropriate to the whole area and this may be a compromise between

speeds over sites having varying degrees of shelier and terrain roughness.

The purpose of the present work has been to find a wzy of ‘obtainming aregm -
representative, T-day average values of wind speed at 2 meires abcve the
ground immediately after the end of each 7-day period and using data avail-
able in the computer synoptic data bank and data sets,




THE SIGNIFICANCE OF WIND FLOW IN THE PENMAN METHOD OF ESTIMATING POTENTIAL

EVAPORATION IFROM MELHOROLOGLCAL, DATA

In the general formula E = AH + yE g
A+ y

the wind flow affects the estimate of evaporation (E) only through the
aerodynamic term _¥ I ., where
Dy

By = 0,35 (€ -2 ) (1 +_E’_g_ )3
G )

where (e, - eq) is the saturation deficit (measured in a Stevenson Screen) and

U2 is a measurcment (or estimate) of the run-of-wind at 2 metres above the ground.

It can be seen that if there is no horizontal air movement the expression
reduces to ot LR S SRy

Ea = 0.35 (€~ € ) which, pecomes zero if the input of heat is mot

sufficient to prevent e; from becoming equal to e
a
(

It can be seen, also, that if the air is very moist, so that (e = ey)-as

small, U, is not very important (of course, if the air is very moist there will
not be much evaporation anyhow as there will probably be a thick layer of cloud

excluding incoming solar radiation).

Seaton has shown that for a saturation deficit of 1.6 mb (in summer - June)
the estimate of PE changes by .0015 mm/day for a change of 1 mile/day in
wind flow. : -

Thus, for cxample, if the mean wind speed is 15 mph (wind run 360 miles /day)

and it is measured as only 7.5 mph (180 miles), the under-estimate of evaporation
(potential) would be 0.27 mm/day and if the rate of PE is, say 3.5 mm/day

this would represent an &% error.

rote: B L Penman used 2 metre wind speeds because these data were readily
aveilable for many agro-meteorological stations; they ate also representative

of flow over crops in the immediate vicinit&.

P is the net radiant energy availeble at the (earth and vegetation) surface

A is the slcpe of the saturation vapour pressure curve at the air temperature.

is the hygrometric constant (taken as 0,49 where temperaturc is expressed in

C and vapour pressure in millimetres of mercury). SR ¢

.
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1.2 AN FXAMPIE OF THE EFFECT ON MORTMLY P, I, OF ALTXRING THE WIND SPEED DATA.

A careful examination of monthly paticrns of aversge wind speed over horih-
ern Irclaend in 1971 suggested that the values of run-of-wind at 2 meires
above ground obtaincd at Lisnafillan were too small tc be representative
of a sizeable area and were, probably, applicable only to the observirng

sitee

wstimates of wind speed were made andimonthly totals of (Penman) P.&, were
re-calculated, using the same computer programme &s had been employea for

the original set of P,E, values.,

Fig.l. shows the two sets of monthly p,E, estimates in taoular form and &s
. cumulative curves, the two sets of monthly average wind speeas and the
monthly and accumulated totals of difference between ihe two sets of P,E.

estimates.

The differences are sigrificant throughout the year, totalling 65.7 mm.
Fven if only the summer half-year (April to September) is corsiaered,
vhen evaporation may be expected to exceed rainfell, there is still a
difference of 34.8 mn.

1,3, TRE NEED TO PROIUCE RFLIARLE N-DAY ESTIMATES OF ARcA-REPRESERTATIVE AVoRAGH
WIND SPERD FOR NATICNZL EVAPORATICN AND SOIL MOISTURE ADVISCRY SrrVICsS.

The exanple given in*}.2. and other ccmﬁérisons of data which cppear at later
stages in this repor% are held to be surricient evidexnce o1
the need to devise and implement a system for processing wind duta for the
purposes of estimating potential evaporation,

1.4, VIND MEASUREVMFNTS, SITES AKND FFFECTIVE HWIGHT,
nopies of advisory notes on these tcpics are attachsd &s Appendix y P

™ see Figs. 7 8 and 9
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DATA_AVAILABIE.

Wind speeds at 10 m. or thereabouts above ground,obtained

from anemograph traces are reported - . - oo in i e

to Bracknell at hourly or less frequent intervals, via telecomnunications

channels, from some 70 stations in the ynited Kingdom (3 are in Northern

Ireland), Speeds read from fixed anemometers are reporied, in the same way,
by some 49 stations s:: - 7. -
Upper-level winds are measured at €-hourly intervals frow 8 stations in the U,k
( one being in Northern Irelend) and frem one station in the Irish Republic, oy
means of radar and balloon reflectors.  — u=| iianis Ohs LSO PSS s Do i ure s
Daily values of run-of-wind at 2 metres above ground are obtained at some 11
stations and there are &lso some [N additional, anemograph snd fized anemometer
stations but these 155 (approx) stations do not make daily reports, Thcse fig-

ures are set out, with some additional information, in Appendixzi.

FFFECTS OF EXPCSURE CH _WIND SPEED MEASUREMENTS.

The fact that wind speed measurements are strongly sife-depehdent has long been
well known, NMeasurements made at levels as low as 2 metres are irfluenced by
the varying height of grass and crors and by the leaf-cycle of deciduous trees,
for example. Ruildings, hedges, treces (whether in leaf or not) and topogYaph~
ical features ere very important even when the measurements of wind speed are

nade at heights of 10 metres, or more, above ground.

out of some 119 anerograph and anemcmeter stations sending daily reports ( see
Appendix R) 60 are coastal sites, some being sirfields, 31 are inland eiriieclds

and only some 28 (approximately 237%) are inland sites whics are not airfielas.

Bearing in mind that airfiekds are flat, level areas we would expect their aver-
age wind speeds to be corsiderably greater than those of many other places in

their vicinities.,

SITRFACE WIND SPEEDS AKND TCPCGRAPEHY.

Average speeds near coasts are normally higher than average speeds at corxesponc-
ing heights (above sea level) inland, because of the low frictional resistance
to wind flow offered by the sea surfaecc and because of the well-known seu breezes

produced through the dificrential heating of land and water messes,

The content of this paragruph is very well

sunmarised in ¥ig,3.2.




’ . 4.1, FPROAD-SCALE WIND FLOW AT LOWER LIVILS IN THE FREE ATMOSPHERL,

The term "free atmosphere" is taken to mean those layers high enough (wvove
3 the earth's surface) to be uninfluenced by small-scale irrepularities and
other minor, place-to-place variations at ground level,
such layers are, of course, influenced by large-scale surface features even
at great heights. Figs. 2.1. to 2.12. show subjective isotach (eqyul speed
line) analyses 6f monthly averege vind speeds at 900 metres above sea level.
The plotted data are averages of speeds measured from Lerwick, stornoway,
Shanwell, Long ¥esh, aughton, Femsby, Crawley and valentia at Q6 and 18 hr,
GMT, deily, in 1969, The guiding principle of analysis was simple interpol-

‘ation,

T A A Y 7, ¥ T ———— o+ i :
——— sy SRS

P ; In general, ve would expect higher speeds near windward goasts than near lee-
ward coasts or»inland so, for the Rritish Isles, l¥ing in the path ot prevaillirg
westerlies, stronger in high latitudes, we would expect to find the annual dst-

e ribution actually shown by Fig.3.1.
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it l\ﬂonthly, average w1nd speed flelds at aoout 900 e (a.s.l ) can be age-
£ ~ quately represented by simple interpolaticn between & few points and "« . these
patterns, whilst irfluerced by large-scale topographical features, are doininated
by the varying patterns of atmospheric pressure. In other words, orce clear ol
the frictional and sheltering effects of local topogrepnical ene other minor

features, aversge wind speeds form smooth, ccherent patierns controlled Ly tae

broad-scale distribution of atmospheric pressure.

4.2, TPE 900 METRE LEVEL WIND AS A STANDARD.

- one vay of obtalnlng n-day estimates of area~represcniative average wind speca

at 2 metres might be to obtain a relationship between averages at 900m and, Say,
10 m above open, level terrain and then to produce estimates at 2 m by the use

of a "“roughness" factor,




The existence of a conveuient wreference level" also sugsests a possible meuns

of quulity-controlling average wind speeds measurcd at a given helght avove opek,
level terrain or corrected to represent such a peasurement, pxamination of instruu-

erits and sites from which nsuspect" data had been obtained might reveal mechanical

or observational errors and/or hitherto unsuspected site controls on wind flow,

4,%.RELATIONSHIPS RETWEEN 000 M. AND ANyMOMETER WIND SPEEDS. AT 10 V.

In Table I hourly average wind speeds are given for 8 stations which are either

upper wind scunding stations or places very close to them. The anemomeler winds
are expressed as decimsl frections of the corresponding 900 m winds,for euch month
of 1969, The averzges in the far right-hand coluxn are averages of the 12 moninly
fractions. Table II is an extension of Table I; the 900 mL speeds being laken
from the isotachs., The monthly decimal fractious Vlo/ V900 have beeh averaged
over the year and are shewn in Figj&. As would be expected, the coastal vaiues

are high and the inland ones are ’“\OS Hg 2 'Wel‘,i, e SR B D s R e e

The 900 metre pattern, already suggested as a reference for guality-conirol, mignt
be used to provide factors by means of vhich the effects of areally-unrepresentative
friction and Shelter could be removed from measured wind speecs.

(nce a reasonable, country-wice pattern of V. /V_ . has been producea it will be

1y 900

possible to estimete v, for areas where data are sparse,

10

5:1. USE CF TERRATN ROUGHTESS INDEX.
Thecretically speaking, if we know the extent to which the terrein in the viein-

ity of an enemometer interferes with the wind flow we can produce a good estiin-
ate of the speed vhich would héve been recorded,at a given time and place, haa
the interference been reduced by a known emount, To produce an area-represents
ative n-day average wind speed at Z metres (above Bround) we would first remcve
the effects of local interference tc a defined extent and then apply the effects
of aversge, areal interference, ke
In Appendix 3 is set out relevant work by Relliwell, Blackburn ana pPalireye 4
roughness index is sllotled to a site or area by rererence to a descriptive table,
This provides a possible means of cbtaining the erea-representative speeds as
suggested in the last paragraph.

In general, it scems that this method shculd be effective but a study ol the Vﬁ

values given in the right-hand colunn of Table 4 of pAppendix B suggests thatl a

a paper by A G Davenport "Rationale for determining design wind velocities"

1960 Proc Amer Soc¢ Civ Eng Vol 86 ST5 is also relevant,

7




few are too low even after roughness has been allowed for, The opinion hug
been expressed that this may be duc to busin effects resulting in a Lrequency ‘

_ ; genero |
of calms and light winds too high to be representative of thc[yrcu,

To obtain a country-wide sct of roughness estimates the cooperation of official
and cooperating observing staticns has been obtuined and the Index values are
givet\i in. F|8 . in _the ;ﬁr‘m c€ a Teauced version of the resulting
ereal rough-deSs index W P-

631 ESTIVATIFG 28 WIND SPEEDS FRGM_SPEEDS MEASURED BY ANMMCMETER ESADS AT GREATHR

EEIGHTS.

In ¥eteorological office (Met.0.8) Evaporation Nembrahdum 10.17 (June 1971)
A.G,Seaton analysed meacsurements of wind speed at 2 metres and at greater
heights at Kew, Cardinglcn and Rothamsted, Figls'shows the relative posit-
icns of these three stations and of others mentioned in the report, Fie.és

compares monihly average speeds measured at 2 m. and estimated from measurc-

ments made at greater heights using the reducticn factnra(2/z)0°l7 where 7 1s
the veffective height" (see gppendix fu:) of the station anemometer. Tae
data are for the 24 monthsAof 1969 and 1970 except that 2m data were not
available from Cardington until june 1969, The equations, in which suffix

“&'means measured at 2a ar.d.‘ b"means estimated or "reduced" from measurenents at
a greater heightywere preduced by using the averages of 24 or 19 menthly values
and estimates respasctively, The relationshi§ between measured and estimated
2m winds at Cardingtcr end Rothamsted are much the same but that at Kew is

gyite different from the other two,

The measvred average at 2m is not necessarily the lrue average speed eveh tncugh
it may be the averzge as influerced by some obstruction or other eftect, If the
run-of-wind anemcmetler is sheltered from winds from certain directions the meus~
vred average may conly represent one spot and not the whole site, The mewusured
wind, vith excessive shelter, will be much too low, (n the cther hund, the
modified, h}gher-level wind speed may be over-damped or under-demped by the

arbitrary reduction formwula,

Tt can be seen from Figs.2.1 1o 2,12, that there wes very little difference
between the monthly average wind speeds at 900 metres in 1969 over ihe stutions
in the cluste2 enclosed in the dotted line on Figé;:. It would be xeusonuble

therefore to expe 14 it avonces 4 '
“Apect that differences in wversge wind speeds el any gaven level

8



Tol.

at pairs of stations would depend only on site characteristics, Fig.fel
cempares Cardington and Kew. The correlation is not good for reduced, high-
lovel anemometer winds but is good for measured 2m winds. It must be remem-
bered that the cffective heights of the anemometers are Cardington 41 wetres
and ¥ew 15 metres. It is clear that the 2m anemoneter at Caxdington is for
more exposed to the wind than that at Xewe

FigsP.2. compares Kew and Rothamsted, The correlation is quite gooa for both
pairs of measurements. The estimated 2m winds suggest that Kew is the more
exposed site whereas the measured 2m winds suggest that Rothamsted is the more
exposedf It would be supprising if both were true !

¥igsy.3. compares Rothamsted and Cardington, The correlation is quite good
for both pairs of measurements and both comparisons suggest that Cardington
is the windier location, The slopes of the regression lines through zero

are very similar,

iNTER;STATION COVPARISONS OF 2K WIND SPEEDS,

It is important tec examine the eztent to which an average 2m wind speecc is
reproduced (cor not reproduced!) at er. adjacent or not far distant station.
Such compariscr;.s are made in Figs.8.1. to 8.4. It is seen that correlations
are generally good but in 7 out of the 8 comparisons the difference beiween

1:1 relationship and the slopes of the regression lines through zero is

" appreciable, This is, of course, the result of site characteristics ang,

perhaps, of instrument conditign, It is assumed that all the instruments

are of the same type and have the same, theoretical stetfing speed (i.e. speea
below vhich the cups do not rotate),

Table IYT contains monthly average 2m wind speeds for ¢ stations in 1969,

These data are plotted in Fig.® oand it can be seen that all stations have,

in general, the same pattern through the year,

ronthly 9-stetion averages arec plotied in the upper part of the figure, The
anmnual 9-station average speed is 4,1 kts and this has been divided by 19, the
average, anﬁual 9cC m speed for the whole area, obtained from Fige4ele

¥onthly 900 m speeds, multiylied by 4.1/19 = 0,21.57 are plotted for comp«risci.
It is obvious that a close relaticnship exists between the monthly average wind
speeds alt 900 and at 2 metres, The agrcement between the two graphs 1s not so

geod for Jonuary to March as for ihe rest of the yezr,

35, It 1s noticeible

(lower part of Pia.f?) that there is rather less agrecaent tetuwcen slualion gruphs

7




in the 20d*3rd months of 1969 than during the rest of the year,

Since the desired end-product is a 7-day cstimate of 2m averase wind speed
it is supgested that the sbove evidence justifies the usc of the 900 m speed

rattern as a starting point or datum,

8.1s PREPARATICN CF N-DAY , AREA-REPRESENTATIVE ESTIMATES OF AVERAGE wIND SPkiD AT
2¢ _ON A GRID-SQUARE BASIS,

The first modely which will almost cartainly vndorgo development in due
course, is based on work by A G Davenport and on unpublished work carried
out in the Climatologzical Divisicn of the Meteorologlcal Office,

T-day averages of wind spseds moasured by anemometers (at 10 m or more

above ground) are adjusted to provide estimates (Vs) of values which

'would have been attained at 10 metres, in the same geographical location

and with the seme major topographicel features but with few trees or other

obstructions. - Routine corrections are made to wind speeds measured at

effactive heights of other than 10 m before they are included in synoptic

weathor reports. In the model, these correcticns are reversed so ag8 to lezve
. averagas of ﬂpﬁads actually read from the anomonmstera. The corrsciion for

non=-standard height in the model is combined with a correction ror the

: frictional characteristics of the localiiy.

A field of YB ©° .. is produced and veluss ave stored veprecsnting the

B T e 54 8 2 s s

centre points of thenhé £A40 Yan squaéés ;seé iﬁ {he nodel. & field of 732y
averages 900 m wind (Vgoo) 55 is produsod and valuos ars etored fox the
seme pointe. -For each point there is stored a standerd valus of vs/v900 ané
these values are applied, as multiplying factors, to the point values of V900
to produce VB' ( & vorsion of Vs eatimated from VQOO)' %(Vg + Vs!) fa nas

worked for each point. The final step is to adjuat %(VB+ Vs')to obtain V2'
(estimated 4O x 4O km square T-dsy average 2 m wind speed) by introducing
the frictional effect of the average roughness of the terrain in the sguara.

Deteils of the calculations ars as followsi-
(1) Obtain 7-day average wind speed V) at ancmometor effoctive beight h

for cach station. (See Note)
(2) Adjust Vh to VB by the use of a power law formula 1nclu@ing a roughneus
exponent a and an empirical roughness divisor Q. (Sea Table )
v, = /g (') (20/0)°
- ~  (3) Produce & field of VB
(4) Store a value of V_ for each pquare (contre)

2
{
i

- (5) Obtain T-day average 900 m wind spesd (VOOO) at cach urps
7/

10
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|

P . g e st e <y T T o
(6) roduce a field of \900

for each square centre

(7) Store a value of V

900
(8) Multiply each V

goo Vélue by the corrosponding velue of _ | (Piz; 10)
; YN
to got VF'
(9) Calculate Q(Vg ¢ VB') for each point
(10) The formule in (2) relates VS and Vh’ putting h s 2 we have

v, = 1/q(V,)(5)% or V, = qV /5%

o Sy
So we evaluate ﬁ(vs + VB‘)q/S veing values of &, and g appropriate te¢
the average roughness index for the square (Table. and Pig, 1)

Notet The routine corrections applied to winds measured at non-giandazd

heights are removed as follows:

Effective helight Chanza
10 to 13 m none
1, to 22 m X 10/9 S
23 to 42 m . - X 5/4 to obtain V, fxcw v ‘
43 to 93 ' £0/7 ' whers V= reported spaed

et s 4 o g b5 A5 . - v b B T e S Sy S S Y+ et sh0

Terrain Rovohnees .- Tablg

=]

Index, Descrivticn
1 Very emooth terrain
: ‘ Open water :
Yud flats .
2 Open, 1éve1, gmooth country with few hedges or trees
e Open, level country with many hedges but few trees
Le Level, sparsely wooded countrye. '
| Outskirts of small towns. :
5e - Vﬁolling country with tree-hedges and small villages
6. ﬁolling country with emall towns.
Outer suburbs of cities.
¥  Inner suburbs.
8. City centres. :
Index ‘Bxponent Divisor _a/5®
2 4 oY .T | .
1 0.1} 1,05 0.8
2L 0.17 : 1.00 0.76
B - 020 0.95 0.69
L 0.23 0590 =i 0.62
5 0.26 STl 1 0.56
6 0,28 - 0.82 0.53
Y | 0.30 0.79 : 0.49 %
8 0.32 < 0.75 0.45

1
|
|
|
|

P




' The staffs of official and suxiliary meteorological stzlions and of

cooperating climatological atations assessed their staticns end surround-

ing areas (% nile and 5 miles around observipg point ) accerding to tha

upper part of the Table. Station values (% mile) are used to obiain V

]

.

4

e

from Vh. The 5 mile aversge index values wera plotted end averaged fo

LO x 4O ¥m squares (Fig.f|).

Acknowledgements Thanks are due to Mr H C Shellard who read the first draft of
this memorandum and made many helpful comments.
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ronthly Averages of wind

specds (knots) measured at 900 m. above ground

from radioscnde stations

in the pritish Isles - 1969.
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Fig.f?.l. Average wind speed (kts.) at 900 metres (above sea level) 1969.
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¥vig.3.2. Average wind speed (m.p.h.) at 33 1t, (10 m, ) above grounc in opeh
situations 1926 -~ 1940 (4,0, Climalojogicud ptlas).



AN @® 5
Sl ; watnall "t"lt-
I
(’_ : &_\V\/
",\
/
« !
<,
ol
¢ L]
'
p :
Cardinglon
/ vershore © é..
\‘ .k:7 o e
(
Brize rortion Rothams‘t'ed.
% 32
‘. “-{—b
¥eathrcw
® o ahd

%35 Kew

) stérno;aay 'S!f-

Stu Ifawg-,an bé

: '37 Gatwick,

B e S S

LR A ]

: ; e ’bG Leuchars
’\""’ 'j{ ‘\'.".'.

(u 7.9 e ot ,) \) 4

e e WS L |

o o6l Squirets Gate. A}Jaerg,rove 5 “, C% 38’ :

= e, : PR Leeming

2’/)'//\‘\7 7" Squirets Gatg‘l - L e

y ‘CA o ’.""%’* “", watnall ;

fope s l;ershere ‘f? I / — 4 7
i = CoJ.t:Luhall

> Brize r,ortor‘!‘b,g“} Rothansved

Gdtm.ck.

03

Coltishall

5
Fig K- 1969 averages of ;%hly values

o 0

of vlo/
KILOMETRES s \
i 20 40 60 80 100 o
— I A [ g T e
- 0020 30 40 50 bU Channel
| STATUTEMILES e
I i UTM. GRlJ
4‘ ‘? /H/Of\ BAy
Met. OIC.M.\.IDO/!)“!A 9 L



@ Squirds Gake

|
4 5

‘W\J‘?

o L(V‘“;“j

o Watwall

~
o jershare

'okc\réi“b}'cm
Webarm 2 -
o oSilsce

6 fotheoested
o Bz Nerborn

Hurle‘l
s Hecthroww
° f\\fu-"“‘i e OKEW
6 Shonf izt
.Wlsltb
Secth
Farnh. revgh o g‘-w s

o roovy le
9 Jorten ¢ 3

KILOMETRES
g 20 a0 .60 80" 100

L e R B “”‘z.._q
Bl 20030 40 50 60

STATUTE MILES i

Channel

lolunds
| UTM. GRID
o 7”4 ZONE 30U

Fla.S

Met.O/Carto/D.0./1297A

54-




ﬁFfa-Q ? 1 o Lol il e
; | ! i g
WTS

G . 3~ STATION COMPARISON OF | ., |
MONTHLY AVERAGE WIND SPEEDS i //i |
AT 2M RABOVE GROUND (1969 -70) ‘ ‘
9 (@) AS MERSURED (5
() RS ESTIMATED FROM . 5 |
8 ANEMOGRAPH RECORDS £ !
. ‘ : N |
7 CARDINGTON - o , /<
* § / )
o N KEW X oY
al ’ ROTHAMSTED ®© ! o
Woj
Y S0 7
L o> .
o .‘.
2z e
5 e e
3 i B xRy
g 82
X
'&b i b O ol G
¢ 5 ok w2 L
s At = 68S C,
e e alges
0 i a2 ko= o8 I
o a s Kok = O
s 2 . S0 © b
e 2 ; =
. Rz %;?«-Rb-‘ osg Ry
ek
l e
7/
4

\ B 8 b ) 6 7 & 9 1o KTS.

Z M ESTIMATED WIND SPEED
FROM R NEMOGRAPH RECOADS .




&
0
L
)
<
o
(<4
a
W
Z
0
I
©)
Z
0
o
a
V)

1o

5
6

i

W

PaY)

(75 N

i

- l i
Aveener (MonmrmHer) \Winp

SPEEDS AT 2M  FROM
ANEMOGRAPHS  (1969~70)
i |
| l M
l | . L
; /
2 °®
| By
5 i :
{ °
| e b
|
! o A0 °
$ .

i e

: iaﬁ" z

‘ N l

° 2 [
i h ;

SR ;

b,/ b |

Pk |

A
1/
' R 3 7S 5/‘3 é Z s 9 j0 I<TS,
A ‘<E—W
N
AVERH-GE CMONTHL:Q oo /Q/’\
WIND SPEEDS AT ST %
2m (1969 -70) e
L AN
- P
e ‘o v
."
0, s
° ’.0
/
//
/

e o S 18 S 1 Wb S S

W3 8 9 Jo KT

N S S S P IR L L R——



KT3

~N

(RN

‘ | ! & ' !
Avernee (mMmonminy ) \Winbp
SPEEDS AT 2 M, FROM ?
ANEMOGRAPNS  (1969-70)

|

]
|
’ i r i w‘
! ‘ T i W
| .
: ’ { i N
| i - .
| °
| '
: °
’
| 7 oo
t 0 e
| 'Y
| -
‘. y
L4 /7
| v
0 ae
e e
Je o
PR
/,"-. ) 2
: o
© ., o
! °
p
o
»'/
o

| 2 S & .6 g
RoTHAMSTED

AverAce (Menmrey ) WinD
SPEEDS AT 2m. (1969-70)

| :
! } i °
] 1 :.
i i’ v
i o
! -
! |
|
:o ®e .
2t |
.‘ :. ° l
. |
!

}5‘
\L;j

e b

3

£

l

. KTs

9

g

¥

6

b
fl

Mo

3

Z

é |

ROTHAMETED: i

g

10 TS,




CARDINGTON

CARDINGTON

s
\O

! ; I ' ‘

gt ] o('%; ]
Avernse (MonTHWY) I ./ b | I
WIND SPEEDPS AT 2M on g |
FROM RANEMOGRAPHS 4o | |
(196$-720) | /| iy NS |

, . |
e |
l

|
Z |
| ]
. e A | |
/ : @
| , | |
L4 | 1
2 ] H i
o ® € 1
[ ] ' l
° o | i
7 | | |
/- i i
% l H l

: & S Y ) 6 7."\ 8 b 1O KTS

RomAamMmaTED
I i I/ IQ—
Avernce é\/lomn(w) “ \/l;\
WIND SPEEDS AT 2M s
2 ai i N
(1969 -70) D
s °
° e
3 o
=y o.
L :

; 2 X1 I o6 7 & -9 jo \Kts
RoeTHRAMSTED :



| |
Averpce (monTiy)

|
WIND  SPE£DS

AT 2m (1969-70)

™~

)

NOLONI QY CU

e M od AT

10 \<TS

-3

S e it it S ittt
v
4 =
O
{ <
.
3
e s 3o PESEESE
»*
.
.

o n i <

 NOLONIAVED

M o e

10 TS

9

SiscE.

Fia. 3.1,



I<Ew :

I(EQ

B e o N

~
-
A\l

3

!

|

\

AVErAGE (MonTHLY)
WIND SPEEDS AT 2M

1965 ~-70

{
!

)
A
|
{
}
|
|
i
i
i
: .
;
' °

e
o

! >
L]

o, s

.

S

10 KTS.

2

10 1475,




|
|
|
|
|
|
|
|

!

Averace (M ornmrN)
Winp SPEEDS AT 2M

I969~?o

io k1§,

=z

'SR

b

7]

20

=+ h

: -SHINFIEL-D

-

(75
-
4
- . 4. 0
_
N
SO0 SR A R S o
; N

&
Repping

9 e
N,
~
-
® °
..... v See e
i M
-
L - >
-
4 B 1
ol
.

o

Fig.83.



RovHA msTED

RoTHAamsTED

\O

| l ] 1 [
\ { ! {
AVERAGE  (MoNTHLN) WinD
' | i ‘
SPEEDS AT 2m. (1965-70)! '
| | At ' i ’v?A
| | N
| e /\ ;
| | e
| | l ' %
| bl o o0s
f I/ N/
. NN
! 3T
5 /1 <
! boga smiatn)
| 2 : '
, e .;
(8 A ot
Sl !
e 5
. 4 : . ; ;
7 i !
Tl . :
. 7 |
I
f i
i

1 2 T S 6 e
Wogurn

4 " 1o KTS

A
.’ Z
8 S
"\f$4f?\
S e
Wy
s ® o ¢
.
. .
.
’ .
o,
e
/s
Weli® D
TR
.
. ¢
. i
> 2
,~/ [
! 3 R Y 308 7 &

Sikso e

9 to TS




iF.a(_} MONTHLY {:\V[‘;\RGCLE \/\/IND SPF—ED A
: : AT 2 METRES AND AT 900

METRES (X 0:2157). /
1969

/
[

ﬂVERﬁGé
OF O

STATIONS |

SILSOE

RoTHAMSTED d
WOBURN

Humc\’://:_

) s‘ Y
Kew s °} N

SHINFIELD

(READING




Y “ ~ o o~
(= «© _ N -
o N~ W “ _ ~ _ %
| ” B e oo R
| wo n* [T\ b LN
| : . . .mv . m b ..m/ =
: 5 HEEEPTA L o e B
1 e |} e | <
I~ | Pes i oM
gy , — 0|9 | T | BppaelV S
- ¢ ! < —= £ e s -lm..M' e
ivel 8 _ n [0 [g 19 a8 o g 8]
il PG EIEIEIE IR A
; | | b AR s | R S ’
& u > | P < e | @ i O
. ﬁ» . ~ 65 s Q -, 2 o ox,r = : Y .
_ - e OUM/AD/ w i \/PM.W\A .ﬂ. ! _-M Q&O 5 .nww “ Lﬁt pluuk ’.Mrh i J.Mw 2
i ~ i 57 N ALY \ K - ¥ \ ) 2 3 S
i ‘ “v ﬂM WV g . v : \.A- . =] -
oy @ L : : T 3+ & [ = * | O | LT :
LS = ! - An/ (&) - s A e | } -
i ~I|“ ntv % 4 7 i \Mw ...c &MMM .. n%.i ..@ ».mv . s N _ 5= .n-lw i
A 8 PR e T g e SR R R T AR TR B !
. A |F|F 2| 2|90 9] F |20 =
e —— . . : . 4 S |
= i . B A § oo
@) e v IS e | o o~ | O .0 M oy, o M &
et & TIR|F|F|F| 2| 22199992 |97
.'.l. { - / \ ; W il OA 2 “ O ...w.
: 0 | - Oy < NG i N =
o % B Ve g m% ) ,m% oo m/ 2 | Iy W,/.,,b " 4) : oo /'
‘...‘.l.. 0-’ S Iy o ~ - o < ..Jt\« -~ - o i m - 'i‘.
RN A \ N NI X = £ T ( t
e e - RREATOO A | O 00 Fimlan] QT | O
-7 TG | Q O N O =180 tAa-] B BT LY £y <1
S A gy Y > R & b - o T N oNS)
> A it g&. | M s F‘V .ﬂ h‘V IV w N hu ~ - (N ' h.ﬁ\ 3 M' $ /.
LA 2 | . S PPl B . ‘ o - ov 5
— v...olIJ, T A", e W O i mﬂv :s.m\ O m..7.. i h.d. / l.l.. . O ( “np.\l:
15 1R % AR 9D |B | FIT |0 (B2 93
Lot T s Silee e e
P e = N \ 1 ’ e | DS A ) SDE
e B /% o 0 ?NW« H I..D.u : mdli)@/v _/f.w _, AANAT BOYEN L5y |
s i SR e (o < U —— B v
o ; S ! - 5 = P Ou | 8
R e o t 73,0 BN SN ) A
&t m/m\)srﬁ ,Nww .%.ﬂo;\«..% e ﬂ/”hrwk m I....u L .ﬁw 5
Banl . AN . A - N : T iy
n g e (N 5 ' B e
i 3 i .(\M 83 G ] i SO
s v g | & Gis
s 7 3
\ f..v!_)) ¥ > <
e o ; .
i ﬁwm.wu % ./»U. \ = . W
| AN |
oEE vq .(wl.w\n i
i
! i !
! : :
) | | |
< | p) . \¢ %) NE 2z o » &
= £ @ P | | { i Sl : -




20 40 ¢ 80 100

Siloineties G

.Jf,,.c‘\. ﬁ..

.w,”,.,r).:\/ﬁ“

ct =p | m
< . {5




TQP}O Te

pourly average wind spced (kts) at or reduced to 1o m. effective height. Lower figures

are V

station(s)

/
10" V900

wvhere Vv

e

Jsn Y¥eb NMar

is 900 m. wind specd,

1969

ApY

is 10 m wind speed and V9OO

ray

Jun Jul Aug Sep Oct

Nov

nec

AVEY G, €

1 erwick

11

Stornoway

L

Leuchars

e

Aldergrove

!

Squire's Gtel(.8

pughton

st.rawgan,

Camborne

catwick

Cravley

coltishall

Hemsby

59
17.0
)
9.8
e46
9.6
4>

248
12,3
S oL
o)

«33

36

station

« 60
14,6 10,8

1%.1 1.9
«59
10,0 9.2
W42
¥0.2°12,6

10.7
52

¢33
8.5 105
47 56

15:7 12,1 16.3 14.4

. 60
10.0
046
10.7
«58
9.1
<47
11,7
62
12,0
«56
8.3

40

« 65
N
268
47
168

9.9
52

"

o
Ce 7

«45

Effective Bt (m)

9.7
.65
7.0
)]
10.0
i
8.1
D4
3o.4
o710
10.7
008
T2
W41
Ted
o45

10.5 12.5
0 %50
1000 1043
258 443
9.3 10.8
66 454
8.0 9.8
v D - k]
10,5 11,6
67 <65
9.3 8,6
o5l 461
7.0 5.4
JA4 43
6.9

«45

«46 .63

.48 .49

¢S54 055

«50 45
67
10.5
64
6.0
040

« 71

295

o 04
6.0

2.0
(=

.44

£ Q
Je/

44 45

correction to

reduce to 10 m,

8+4 12,1 11,0

9.4 8.4 10.0

13,5 32 1o

7.9 10.2

5¢4 4.6

95 54

»
8.4 12,0 12,0 12,8 12.0

002
12.4
+48
9.4
37
15.1
o 6L
1445
)
8.7
o283l

58

o453

38

58

59

6.3 10.6

36 W37

sin. gt.

a. Sa l.

9,8 15,0 15.9 13.7 16.6

059
ﬂ.
¢20
9¢5
048

9¢3 |

39
10.9
48
12.4
02
T
o 54
7.7
A

1 erwick
stornoway
1. euchars

Aldergrove

Squire's Tatg

st.Mravgan
catwick
coltishall

ic
11
12
1o
11
12
10
10

X 984
X «968
X 984
X «968

site at 06 and 18 hr GMT daily.

82
P
10
68
10
103
59

17

04
«96

45

056

>

43

*fepeeds ere based on surface wind reports from the storncway radar-wind



Table YT

Fourly average wind speed (kts) at or reduced to 10 m. effective height, 1,

ower figures

gzg_vlo/v9oo where V9OO is interpolated from Figs.2.1 to 2,12. 1969

Sstation Jan Feb PMar Apr May Jun Jul Aug Sep Cct Nov Dec )Avexage
Rothamsted Be3 1o 105 669 5.4 5.4 40 4,6 5,245 7.9.6.:9
128 T TR R e SR L .32
watnall .6 10,0 10:8 942 744 T.7 T4 6.5 6.6 6.7 9.6 7.9
117 m, o371 o84 1063 1048 4T B 50 W40 43 34T it s
Rrize Norton| 8.1 9.8 10.3 9.9 8.0 8s0 1,0 T3 164 5.9 16:2. 8.8
84 m, 623 (o dD Dl A9 4d8 053 453 A8 463 Bkl e
pershore %4 8.9 8.8.:9.9.8.9 B3 1.8 1.5 8.0 7.7 11:6 9.6
34 m. o1 407 DL WBO. W53 W51 456 47 .50 M a5 sl 8y
Leeming Delt Bod 509 7.9 64 6.7 6.8 6.4 6,6 7.559.7 6.9
32 m, «I0 50T o535 uld A A4 R0 38 .40 ¢33 3T 433 038
Xew Ot T L BB ) 6.9 4.6 4.5 47 £pbE 7.6
5 m. vel o35 50 233 80 W45 336 .30 +29. w25 51 (36 03D
Cardington el Bol B 9.1 7.5 7.3 6,3 6.5 7.2 6,8 10,6 7.6
28 m, s2l 30 A5 4D A 46,49 A3 .46 40 39 L36 o42
veathrow 74 959 10,2 10,2 9,0 9.7 19 B.0 8.3 6.710:6 9.l
25 m, R4l 450,56 49 51 461 .60 .53 e3¢ 40 39 ds «49
S.Farnberet 9385 1.7 8.4
€9 m, 240 358 42 4}
Porton 11,5 10.7 11,2 11,86 10,3 10.3 7.8 7.9 8.6 8.1 12,6 11.1
111 m, a89 550 .61 57 357 .64 6L 5% .55 .48 47 51 ) osa

Staticn lEffective Et, ()

Coerrection to

reduce to 10 m,

vew

Cardington

15
41

% <933
X 4787

all other stations have effective height 10 m,



Table TT7.

Average (monthly) wind specds measured at 2 metres above ground,in 1969,

(cardington values for Jun - May arc estimates

based on the 41 m, ancwosraph

dsta,) (Station heights are given in metres).
gtation | Jan Feb Far Apr: Muy Jun i Jul - AU Sep oct Nov DeC Average
Kew % S Vi T Y T T R 2,00 5.0 562249 T £ 450 3.9
5m. :
cardingtﬁn6.6 6.6 5.2 6.9 5.7 5T 41 50 Dl 5.0 8.7 5.6 | 6.0
28 m.
Rothamsted4,8 6.0 6.1 6.1 4.4 4.5 5.1 3.4 5.9 35 6.2 :5:4 1449
128 m, ‘
Shinfield 3.5 4.1 5.2 45 3.7 3.7 25 2.7 D55 Xe9: 45 3ol ) 96
61 m, j
Reading | 3.0 3.9 3.7 4.0 S Big. BB 18,6 20 AT Del L e g )
€9 m,

etey e 5.4 5] 38 2.7 2,6:1,9 2.1 L6 10 onf O
35 ms :

woburn i e TS e 8 N e e B TR P .1 3.4 35 5t 42 4.1
89 n., ‘

Siace. |50 6.0 5.7 6.0 46 41 304 3.8 42 3.8 631923 fAh
59 me
rurley A4 8,6 46 5:T 4% Sl 002 ?.6 3.6 249 6.1 4¢3 [ide2
4% m,
AVEPACE | 4.4 4.9 4.9 5.2 4.C 3.8 2.1 5.3 395729 5.5 43 [dal




Appendix b

Guidence notes on wind measurement compiled in the peteorological office,



B. Ancmometors

To mako good, represontative wind measurcments anemomecters must be sited
and their mast heights calculated with great care (Scc note on run-of-vind) .

The objoct is to obtain wind measurements truly representing the flow over
tho arca. ; ;

This means that we must reject positions and heights iwhere topographical
foaturcs or man-made structurcs may significantly affect the air flowy S° 83 to
Male it unrepresentakive off the genersl Sirflow in the focam‘d.

If we require the "true wind" at a height of 2 metres or 10 metres it is,
of coursc, most convenicnt if the rcadings of instruments corrcctly cxposed at
those heights can be usecd. L

If we are unable to adopt a site which will allow us to mount the anemomcter

at o desired height we increase the height until a positioncan be found where
accoptable measurcments can pe made. ;

A note in this section deals with'suitableusites for."2 metre
ancmoneters". General remarks are as follows:

structions arc not especially large say up to

1. 1In a site whorc the obp
6 metros and they are distributed fairly uniformly eround the instrument, to
obtain a good 10 metre (32 fooct) oxposurs, we add the approximete height of the
obstacles C and exposc the instrument at 10 + C metres above the ground.

2. \ith one or more large obstructions, say 12 metres or morc in both
height end width, within 200-300 metres of the instrument, Diagram 1 shows the
sort of height to which the enemometer will have to be reised to measure feirly
undisturbed Tlow from all directions. If, however, therc is only one such
obstruction (perheps consisting of one or two trees fairly closc togdther) and &
study of wind rccords from a ncarby anemograph station shows that only a small

roportion of the overall flow comcs from that direction, the site should be

acceptable.

. Yhon the anemomcter has to be mounted on an isolated building, the
building itsclf %dll disturb the wind flow to an oxtent deponding, omong other
things, on its sizo and shgpo. As & rough guidc the mast or tower erected on
the roof nccds to be % to & of the hoight of the building (assuming the building
covers a Tairly large area and is nov a towoer)., In this sort of casc the
"offective height" of the ancmometer may be taken as about the height of the mast
plus half the height of the building.

s

Thosc notes give a practical account of the business of' wind measurcment.

Tho appraisal of a site is a complicated matter end can only bo carricd out
properly by an cxpert. :

. 0 . . o 4 . .

Sito. sclection is best mado with tho help oxz:%élnch: 1 mile map and
professional adviée is availeblo from the Mctcorological Gffice, Mot 0 3 in
response to written requests accompanied by such maps.

When the sito has been sclocted from the 6 inch map, final positioning can
bo dceided and the offcctivo hoight caleculated from a plan on & scala of 1:2500
(25 inches to the mile, approx.). 8izos, positions and hoights of all objects
within 300 motres of tho ancmomctor site should bs shown on the plan. If

-

/ot 0 3

P. 24278N/1/70/ .
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5

Met O 3 advico is requested, it will bo important to §t§to vhether thc_wind
measurcnents are required for reduction to 2-metre hoight for evaporation
calculations. - :

Rffoctive heicht is defined as the height over open, lovel torrain in the
vicinity vhich, it is estimated, would have the same mean wind specds as those
actually reccorded by the encmomctcer (as sitod). Z

Without effective height it is impossible to make valid comparisons with
other wind measurements made elsewhere and impossible to reduce the measurements
to true equivalent speeds at other heights. ;

Reduction to two metres may be made vith Diagram 2.

Detailed instructions for the daily use and manegement of these instruments
are normally provided by the suppliers.

Advice in respect of individual types of instruments can be obtained
through the ileteorological Office, ifet 0 16.

An estimate of charges for vrofessional advice by post for positioning an
anemonever and for advising a value to be adopted as its effective height vill
be given, on request, by let 0 3. Charges for such advice are modest.

A copy of the notes for the observer on cup counter anemometers is attached.

Run-of wind measuremerts and exposure of instruments

To measure properly run-of-wind at 2 metres the anemomever must be sited
s0 that no object is nezrer to the instrument than an absolute minimum of ten
(better 20) +imes the instrument's heignt. Thus, for a 2 m anqgometer the ground
for at least 20 metres in all directions must be clear of a%iibog%?ﬁgtion,

Outside this "clear circle" there should be no more than a gradual increase
in "obstruction" and, in fact, the only really good exposure would be in the

middle of a large tract of level, open ground.

The inmportance of good exposurs of anemometers can not be over-emphasised;
experiments have shown, conclusively, that the valucs obtained from badly
exposed instruments are useless and misleading. .

Tiven small structures czn be most effective wind-breaks as anyone who has
sunbathed protected from the wind by a small canvas screen knows.

A 2 metre ancmometer sited necar buildings, tall trees, etc., may be preventod
from measuring the "true" wind over the neighbourihood. The wind flow from some
directions may never influcnce the instrument at all vhilst when the wind blows
from other dircctions it may be constraincd to “"funnel" between wind-breaks,
causing the instrument to over-read or rather ‘to over-measura the general force
over the neighbourhood.

The most likely ovorall result is a scriously low total of run—of-wind
resulting in a low and thercfore uscless estimate of cvaporation.

P. 27880 /1/10/




OBSERVERS NOTIE ¢

" not hesitate to get your authority to contact the Meteorological Office

WIND ME:SUREMENTS

1. General

The instrument normally used at climatological stations sct up for
evaporation work is the cup counter ancmometor. This anemometer is a flow meter
and measurcs "run of wind" as miles of wind flow. If two readings are made at
the beginning and end of a 24 hour period and the first subtracted from the
second the result, divided by 24 is the mean hourly wind speed.

24 Time of observation

You have probably been asked to take a daily reading and this should be
done as close to the normal observation time (usually 1000 hours British
Sumimed Tine — 0900 hours Greenwich Mean Time) as pessible.

B Condition of the instrument

Please report at once if you suspect that something is wrong with the
instrument or if it has been damaged.

Ideelly servicing is carried out every 3 months and is a workshop job.
The responsibly authority will either replace the instrument or remove it
from use for a day for overhaul, If your instrument has not had any attention
for over 4 months you could help to maintain the quality of the measurements
by reminding the authority that an inspection is duc.

L. The area around the instrument

The ground for a distance of 10 times the height of the anemcmeter (211
around) should be kept clear of all obstructions ard be just short grass, bare
soil, etc. If the care of the ground is in your hends, please ensure that the
"oclear circle" is kept clear, if not, please report to the authority vhen
grass cutting, weed clearing etc., is necessary.

5. Other wind measuring instruments

Most of the remarks above apply to other wind instruments but pleasc do
at
Bracknell if you feel you need any advicc.

P, 14235 /NT/1/70/
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. Appendix Z-

anemometers and anemographs in the ynited Kingdom (Jan lglg).
L

pnemograph stations (Synopt;gl

pirfields Inland 23
Coastal 22
others Inland 1l
Coastal 14

anemograrh stations (Non-syncptic)

Airfields Inland 2
: coastal 2
others Inland 2l
- coastal 14

anemometer stations (synoptic)

- pirfields Inland ]
Coastal 0

Others Inland 17

coastal 24

There are about 6, known, non-synoptic
enemcneter stations

pun-of-wind stations.

synoptic 4
non-syncptic 110 Coastal 14
Inland 96

Total 70

Total 39

Total 49

motel 6

motal 4

motal 11Q
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i
:
¥
§




60 coastal reports including some airrields
31 inland reports from airfields (1 also measures run-ol=-wind)
28 inland reports not from sirficlds (3 also messure rur-or-wind)

——

119

—_—

wind data nct aveileble by synoptic (communications) channels

16 coastal rerorts including some airfields
2 inland reperts from eirfields

27 inland reports not from airfields,

gy
run-of-wind data not available by synoptic (communications) channels

14 coastal reports

96 inland reports




Appendix 3B
Extracks {%Own:;h Wt b mns el nlok MU L B0 B 0L SR ke T
MOMR PRRCENTILES OF FOURLY MEAN WIND SPEEDS OVER THE UNITED KINGDON"

e

N.C.Felliwell, J.J,V,Plackburn and 0,L.Palfrey. ( unpublithed )

1. In their Intrcduction the authors state that annual, average, nourly meuan windg
speeds and annual, average wind speeds oblained from hourly syncptic weuther reports

at the same station are roughly equal. .

2. Tc prepare a map of annual, average wind speed the authors require a method of
standerdising exposure characterisiics. They adopted &8s standard a wind measured
et & .. v height of 10 metres above "smooth, open, level country with few
trees". They designed a roughness index scale from 1 to 8. Two of the asuthors,
workirg independently, allotied values on this scale to a selecticn of stations,
They agreed on the index figure for all except three stations for which their sep-
erate estimates differed by one point on the scale; these differences were readily

resolved in discussicn,

3. To each point on the roughness index scale they alloived a power law exponent
{by interpclation from published date) end, finding that the power law ireatment,
alone, did not take account of all the speed loss due 1o roughness they inirovuced

a divisor to improve the %aod, estisnales.

vValues of roughness index c
exponent a
divisor Q

are )isted in their Table 3 (attached) together with corfcsponding terrzsin aescripi-

ions, - The modified correction formula, using roughness, becomes

N s\
8 b \( 10/11)a
S
where Wi speed at standard height
Vi = speed at effective height h Cie. ctual ;measured S'P“J>

Roughriess indices, altitudes (m), efiective heights (m), 1965-196y arnual averape
hourly mean wind speed (m/s) V), and corrected speed vV ore listed in their fable 4

(attached) for 77 stations.
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Table 3 Roughiness Index

Roughness Indax  Exponent Divisor

c : a q

1 0.14 1.05
i 017 1.00
3 0.20 0.95
b 0.23 0.90
5 0.26 0.85
6 0.28 0.82
? 0.30 0.79
8 0.32 0.75

Description

Very smooth terrain - open water, mud flats.
Smooth - open level country with few trees.

Open level country with many hedges, fow trees.
Level eparnely wooded country, outekirts of small
townn.

Rolling country with tree hedges and emnll
villages.

Rolling country, small towns, outer suburbs of

‘citiee, open forests.

Inner suburbs, dense forests.

City centres.




Table fs
l STATIONS FOR @ 71 ANNUAL AVERAGE HCURLY Mo AN WIND SPEED DATA WERE AYAILABLE
3 FCX_1262-69 : STATION CHARACTEZISTICS AND WIND SFERDS
Station Nama Altitude Roughness Effective ht Annual avers s correcten
m Index o hourly mean | speed v
&speed Vh =
n/s /&
Lorwick 93 2 10 7.0 7.0
Stornoway Coastguiars 37 2 11 7.0 6.2
Dyce : "o 3 10 5.1 5,4
Bell Rock , 39 1 33 A €.5
Leuchars . ' 25 3 12 5.6 5.7
Tiree 2l 1 13 3.0 7.3
Kinloss : 18 2 13 S 5.4
Lossiemouth : 31 2 18 Sel S
Duirinish 33 5 1?7 5.0 5.2
Benbecula | 16 2 10 8,2 8.2
+ ForthAugustus 6 16 p P 3.3
Kirkwall ' Wi 3 10 g s,
® Dounresy (low-lave:) : h 2 9 2.5 7.6
Shin 2k 6 10 3.6 4.4
Rannoch ? 3 17 5e¢3 540
Turro]l 161 6 16 ' ioif e
Turnhouss 43 2 10 . ) 5.0
Yect Freugh 25 2 10 Sekt Dl
Prestvick 21 3 10 _ 4,8 %3
Egkdalomuir 259 3 10 b.e b2
South Shields 22 3 13 4.5 4.6
Cranwvell 77 4 13 Lo 4,8
Mildenhall 30 b 18 8 3.6
Cardington 6a 3 Lo 58 L.6
Rothansted 141 2 10 3.t 4,6
Shosburynoecs 36 2 28 0,9 P L
. Elmdon 105 3 10 L,S 51
" Edgbaston SR 194 7 22 b1 b,
Kecle 215 O 10 2Ll hot s
London Weathor Centsw 93 8 38 be X k.o
® Hoathrov 3h 3 10 h,§ 5.0
. Gatwick 69 (% 10 L P 3.9
Haapton E ) € L o 3.9 Y O
Eew i 28 7 15 3. W %
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Table 2 (contd)

Roughness I Effective ht i Ann'.a

5

Station na=eo Altitude 1 average | Corrscted
m Index : m i nvurly'mean Spced VG
' epeed Vh

e : n/o /s
Dyt 119 | 4 : 10 ? 4,1 1.6
Eedford 9k ' 3 9 ; Sel 55
Garston Gl l 6 i 10 i 3.1 3.8
Fershore 47 2 3 i 10 : 5.0 503
Avonmouth 28 e ! 10 i 5e2 5e2
Thorney Island 16 ! b i 10 i 4,8 5,3
Hurn 23 ! 2 ; 10 i b b b4
Calshot 15 i 2 } 10 i 503 5¢3
Larkhill 145 i L i 10 i L,7 5e2
Porton 120 : L | 10 ; L8 5¢3
Boscoxbe Down 130 ' b : 16 i SeD 549
Abingdon 90 | 5 12 : 4.0 k.5
Sellafieta (1. 25 i L 1 % L. 5.0
Fleetwood o 2 @ 9 ; k.6 b6
Speke e 10 i 5.1 547
Ringvay o - 3 10 : b6 k.9
Valley w0 12 : 2.2 6.9
Aborrorth shiy oo 4 1 | 6.5 6.7
Lizard % . 2 18 70 6.4
Scilly 70 2 17 68 602
Paisley 57 7 .9 Be b.b
Huntarston (1.L.) 13 W 10 4.8 5.3
Jorsey 98 4 12 740 7ehs
Squires iate 26 2 11 6.6 665
Southport 19 & 11 4.2 b2
Miiford Faven 47 l 10 58 6ot
Brawdy 130 3 14 6.9 6.9
Port Talbot 28 3 1 Se1 53
Rhooce 77 2 10 SeH 5.5
Plymouth Mt Ratten Gl 6 13 5.6 63
Ballykelly : 13 2 10 4.8 Iy 8
Kilkeel 35 2 14 569 5.6
Carricuna 129 5 10 L4 4.8
Castle Archdale 80 5 13 k.6 k.9
lele of urain 1% % 10 b0 L,2
cariiele Ly 3 9 4,7 5.0
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Table & (contd)

I
i

Station name Altitude Roughness |[Effective nt Annmual average Correctar
©n Index n ! hourly moean Spoad ¥
e
' Bpsod Vh
‘l' w/n 2/u
i |
Cpadeadam 292 | 6 15 : he9 S5¢3
Sreat Dun Fell 8571 b 10 : 9.5 10,6
Moor Houae el 14 ' 7.3 95
South Farnborough 74 I 4 11 : k.6 5.0
i
Rcnaldsway 25 | 2 10 : 5¢5 53
| :
Foint of Ayre 20 | 2 10 : 741 Tet
Aldergrove & 4 10 j k.9 55




