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FIGURE 29. Relative wind velocities to leeward of models, 5-heights wide, of varying 

cross-sectional profile. Measured at 0.2 x the height of the models. 
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uniformity in their effect, whilst design 0 ranks third 
in order of effectiveness. 

1.011 0.6h 0.211 Ow!rall Average 

At O.2h the pattern is much the same al though 
beyond 20h the differences between the curves for 
models E and A are more marked. and particularly at 
25h. Extrapolation of the graphs beyond 25h would 
appear to be unreliable owing to the disparity 
between the course of the curves. 

The order of effectiveness of the different designs 
at the three elevat ions and the mean for the three 
elevations is as follows: 

E E A E 

D A E A 

A D D D 

B B B B 

C C C C 

Analysing these results, it would appear that the 
uniform model having a vertical windward margin is 
more effective at all three elevat ions on the average 
than the other des igns but at O.6h is approached very 
closely by the model A, having a 45 0 slope at the 
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windward margin and a 30° slope at the leeward 
edge; at O.2h this latter design is slightly more 
effective in distance protection. At all elevations 
design B is somewhat more efficient than c; both 
these models have a 30° windward slope and B has a 
45° leeward margin whilst c has a vertical edge. It 
would seem, therefore, that a leeward gradient may 
be slightly morc effective than a vertical edge. This 
could possibly be expla ined by the theory that, in the 
models with a leeward gradient, a small eddy is 
produced above the slope and acts as a "roller 
bearing". preventing the downward transfer of 
energy which occurs with vertical leeward edges in 
wide models. Further investigations employing a 
wider range of des igns and widths in the models 
would be necessary to establish this hypothesis. The 
main evidence to be obtained from these studies is 
that the designs investigated are not as efficient as the 
windbreaks having a uniform height throughout and, 
thus, vertical windward and leeward edges. General 
principles of fluid dynamics would seem to support 
this statement, since designs, which, on account of 
their inclined margins, approach the form of an 
aerofoil, must tend to cause the minimum disturb
ance to the air stream and, consequently. produce 
the minimum shelter effect. 
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(e) Profiles 3 Heights Wide 

Two designs of 3h wide cross-sectional profiles are 
compared with a 3h wide uniform model in Figs. 
30-32. The design with a 45 ° windward slope and a 
30° leeward slope (4A) is the reverse of the second 
design (48). The disturbed How pattern to leeward of 
the models with inclined margins extends as far as 
lOh and is illustrated by the scatter of the experi
mental values (Fig. 30). At the height of the model 
above the tunnel floor, neither of the designs is as 
effective as the uniform model (4c). At 0.6h (Fig. 31) 
positive velocity ratio values occur at the leeward 
margin due to the flow of a ir over the top of the 
models. In the 3h wide uniform model the curve 
shows a similar tendency but the start of the eddy 
zone causes the velocity ratio a t 0 to be negative in 
direction. A considerable variation in the extent of 
the eddy zone produced by designs A and B is to be 
observed, the former design being much more 
effective in this respect and exhibiting a more 
shallow gradient of velocity resumption beyond 20h 
from the model. At 0.2h (Fig 32) there is less diverg
ence between these two curves as far as 15h to 
leeward after which point the curve for design B 

rises much more steeply. Beyond 20h there is a 
tendency for design A to be more effective than the 
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Relative wind velocities to leeward of models, 3-heights wide, of varying 
cross-sectional profi le. Measured at the height of the models. 
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FIGURE 31. Relative wind velocities to leeward of models, 3-heights wide, of varying 
cross-sectional profile. Measured at 0.6 x the height of the models. 

uniform design c, particularly at O.2h elevation but 
to a lesser extent at O.6h also. However, for overall 
effectiveness the uniform model must be considered 
preferable. 

(d) Profiles 1 Height Wide 

In Figs. 33-35 a 1 h wide model with a gradient of 
45° to windward is compared with a Ih wide model 
of regular height throughout. 

It will be observed that at an elevation of 1.0h 
(Fig. 33) relative wind speeds to leeward of the 45° 
model are somewhat higher than in the case of the 
uniform model, although the curves converge at 30h 
distant from the model, where 73 % of the un
obstructed wind speed has been recorded in both 

instances. After leaving the leeward edge of the 
inclined model the wind has a relative velocity of 
80 %, falling very swiftly to 56 % at 5h. This phenom
enon indicates that, in the sloping design, a larger 
part of the air stream is deflected over the top of 
the model and a smaller proportion actually filters 
through it. 

Similarly, at 0.6h (Fig. 34), as far as 15h to leeward 
of the model considerably higher velocities obtain 
with the 45° design. After this point the unobstructed 
velocity is regained somewhat more slowly than in 
the case of the uniform model and distance protection 
afforded by the inclined model would appear to be 
greater. However, this does not compensate for the 
smaller degree of shelter provided over the first 15h 
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distance behind the model and, for general efficiency, 
the uniform design must rank first in order. 

At an elevation of O.2h (Fig. 35) it is interesting to 
note the dispersion of the experimental values for the 
first IOh distance to leeward of the 45° design. In this 
region the flow pattern is obviously very disturbed 
and there is an incipient tendency to formation of an 
eddy zone with reverse currents immediately behind 
the model. This zone does not become established 
definitely however, until 7-lOh from the leeward 
edge of the model. The fact that a negative depression 
of the horizontal velocity ratio values occurs at all 

100 -/0 

suggests that the slope of the model to windward acts 
in a manner similar to a reduction in the degree of 
penetrability, due to the deflection of the major part 
of the air stream over the top of the model. After the 
reverse flow zone, which extends as far as I5h 
down-wind, the velocity gradient is very shallow 
and between ISh and 30h the shelter effect provided 
by this model is considerably higher than for the lh 
wide uniform model. This implies greater distance 
protection near the ground to leeward of a 45 0 

windbreak than behind the conventional type with 
uniform height throughout but the quality of the 
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FIGURE 32. Relative wind velocities to leeward of models, 3-heights wide, of varying 
cross-sectional profile. Measured at 0.2 x the height of the models. 
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FIGURE 33. Relative wind velocities to leeward of models, 1- and 2-heights wide, of 
varying cross-sectional profile. Measured at the height of the models. 

shelter nearer the windbreak is more effective in the 
case of the latter design, owing to the zone of intense 
disturbance produced by the gradient in the former. 

For overall efficiency at all three elevations the Ih 
wide uniform model is therefore superior. 

(e) Profiles 2 Heights Wide 
A model with a windward slope extending over 2h, 

corresponding to a 30° gradient, is compared with a 
2h wide uniform model and also the 1 h profiles in 
Figs. 33-35. 

In the measurements recorded at the height of the 
model (Fig. 33) the relative velocities immediately to 
leeward of the sloping model are somewhat higher 
than in the case of the uniform model with its 
horizontal upper surface but the differences are less 
than betcen the corresponding Ih wide profiles. Both 
the 2h model curves follow the same general course. 
with a moderate gradient of velocity resumption. but 
the shelter effect throughout the leeward measure
ment line is much lower than in the case of the 30° 
design. 

At O.6h (Fig. 34) the wind speeds measured im
mediately behind the 30° model are very high. 
ranging from 99 % at the leeward edge to 3 % at 5h. 
due no doubt. as in the case of the lh 45° model, to 

the compression of the streamlines as the air stream 
is deflected over the model and the consequent 
.. jetting" of the air through the upper spaces 
of the . rearmost rows of nails used in the 
manufacture of the models. Because of this the eddy 
zone is not established until 6h leeward of the 
model, as compared with a corresponding zone 
extending from the leeward edge in the case of the 
uniform model. The magnitude of the negative 
depression of the velocity ratio values is also con
siderably smaller and the eddy zone is terminated 
somewhat earlier than with the 2h wide model. After 
this point the resumption of the unobstructed 
velocity occurs very quickly with the inclined 
model. 

Similar conditions obtain at 0.2h above the tunnel 
fioor (Fig. 35), although here the eddy zone becomes 
established at I h downwind from the 30° model. It 
extends only as far as 14h, compared with about 
18h in the case of the uniform model, and from 15h 
to 30h the unobstructed ' velocity is regained very 
rapidly. At all elevations, therefore, the model with a 
30° windward gradient is appreciably less effective 
than the 2h wide uniform design. It is also much less 
efficient as regards distance protection than the I h 
wide model with a 45° windward gradient. 
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(f) Model of the Gosford Shelterhelt 

Measurements of wind velocity condition down
wind from a 4h wide scale model of the Gosford 
Shelter belt were conducted for subsequent compari
son with data from field investigations. The different 
construction of this model in relation to that of the 
models used in the previous studies of cross-sectional 
profiles precludes accurate qualitative comparison of 
the windward slope in this particular model with the 
45° and 30° gradients of the earlier experiments. 
However, certain features of the results shown in 
Fig. 36 are of interest when assess ing the influences of 
different shelterbelt cross-sectional profiles on the 
sheltered areas in their vicinity. 

In this model, the gradient of the windward slope 

0O.·'" CAOSS'$ECTIONo\L MOFILU , -
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is too 18' but the even slope does not continue to 
ground level at the windward edge, owing to the 
presence of a stone wall in the natural belt; this has 
been represented by a vertical solid plate t .375 cm in 
height. The inclined surface rises uniformly from the 
top of this plate to a maximum height of 5 cm (I h) at 
the leeward edge. 

The horizontal velocity ratios recorded at the 
height of the model show that the wind speeds 
immediately to leeward of the model are considerably 
higher than in the case of the 15h wide profiles, 
which results they resemble most closely in the gen
eral trend of the curves. The restoration of the un
obstructed velocity field a lso occurs more rapidly and 
there is a smooth rise from 63 % at 7h to 91 % at 25h. 
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FIG URE 34 .. Relative w!nd velocities to leeward of models, 1- and 2-heights wide, of 
varying cross-sectional profile. Measured at 0.6 x the height of the models. 
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FIGURE 35. Relative wind velocities to leeward of models, ]- and 2-heights wide, of 
varying cross-sectional profile. Measured a t 0.2 x the height of the models. 

At an elevation of O.6h the results reveal a very 
restricted zone of reverse currents. extending from 
the leeward margin of the model to 5-6h. At 7h 
down-wind from the barrier the wind has a lready 
attained 48 % of its unobstructed velocity and the 
curve rises evenly from this point to 81 % at 25h. 

At O.2h the eddy zone extends to slightly morc than 
6h from the leeward edge but a relative wind speed of 
23 % is recorded a t 7h, after which the curve rises 
very steeply to 94 % at 25h. 

The relative velocity va lues recorded for the IO-25h 
horizonta l range down-wind from the model are 
somewhat higher at O.2h than at O.6h above the 
tunnel floor and, for two points, exceed the va lues a t 
an eleva tion of I.Oh. This does not imply that the 

absolute veloci ties at 0.2h are higher than at the other 
elevations; in fact , the reverse is the case. In the 
horizontal velocity ratios the observed va lue at a 
point along the test section of the tunnel is related to 
the unobstructed velocity at th is same point, i.e. at 
the same horizontal distance and the same height of 
measurement. The higher percentage velocity values 
constantly obtained towards the end of the measure
ment line at this elevation throughout the series of 
experiments may be attributed to the fact tha t. in the 
unobs tructed tunnel, wind speeds showed a less 
gradual d iminution at 0 .2h above the floor, pre
sumably due to the development of the boundary 
layer; the presence of a model in the tunnel may be 
supposed to have interfered with this boundary 
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layer development and lessened the gap between the 
observed and standard veloci ty readings. 

It is clear that the shelter effect exhibited by the 
model of the Gosford belt is therefore very slight at 
all elevations and considerably less than the shelter 
found behind the ISh wide models described earlier. 
Owing to the acuteness of the gradient and the almost 
impermeable construction of the model, this was to 
be expected from the results of the earlier studies. 
These particular results will be referred to later in 
connexion with the field invest igations of the natural 
belt. 
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Conclusions to be drawn from these wind-tunnel 
investigations of the effect of various cross-sectional 
profiles in windbreaks may be summarised as 
follows: 

(a) In effect, a gradient on the windward margin 
of a wide windbreak is similar to an increase 
in the width and restricts the extent of the 
sheltered zone accordingly to a degree 
dependen t upon the acuteness of the angle of 
this gradient. 

(b) An inclined windward edge causes deflection of 
the major part of the a ir stream over the top of 
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FIGURE 36. Relative wind velocities to leeward of the model of the Gosford shelterbelt, 
measured at 1.0,0.6 and 0.2 times the height of the model (see a lso Fig. 50). 
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FIGURE 37. Relative wind velocities in the vicinity of a series of two parallel model 
windbreaks, each 1 ~height in width and separated by a distance of 13 times the model

height. Measured at 1.0, 0.6 and 0.2 times the height of the model. 

the model, thus reducing the effective degree 
of penetrability of the windbreak; the more 
shallow the gradient, the more pronounced 
is this upward deflection of the stream. 

(c) Windbreaks with vertical windward and 
leeward edges arc generally morc effective in 
reducing wind velocity than designs with 
various combinations of windward and lee
ward gradients and particularly so at the 
height of the windbreak above ground. 

The Effect of a System of Two Parallel Windbreaks 
on the Sheltered Area 

For the purpose of this invest igation two similar 
models, each I h wide and of uniform nail height 
throughout , were erected parallel to one another and 
separated by a distance of 13h. This arrangement 
restricted the measurement range down-wind of the 
rearmost model to 14h (equal to 28h behind the 
first screen) but wind speeds were observed also 
between the two barriers. The results are compared 
with those obtained with a s ingle model, located a t 
the same position as the up-wind barrier, in Fig. 37. 

It will be observed that at the height of the models 
the minimum velocity occurs at 5h to leeward of the 
first model , after which there is a gradual increase in 

the wind speed as far as I h to windward of the second 
barrier. Between the two barriers higher velocities 
were recorded at this elevation than were found to 
occur behind the single screen; the s ignificance of 
this is not fully understood but is probably due to a 
difference in pressure developed between the two 
models, although the divergence between the curves 
for the multiple barrier and the single screen is quite 
diffe rent at the other elevations. Behind the second 
model there is a sligh t fall in the curve immediately 
to leeward but after 5h down-wind from this 
second barrier the curve corresponds very closely 
with that for the single barrier, indicating that , at 
this elevat ion, there is no cumulative shelter effect 
produced by the parallel screens and no extended 
distance protection. 

At 0.6h above the floor, the velocities measured 
behind the first model are si milar to those found 
behind the single model as far as 5h to leeward. 
After this point it would appear that the develop
ment of a high pressure area in front of the second 
barrier causes a depression in the curve. although a 
sharp rise in the curve occurs as the wind approaches 
the edge of the second screen. At 1 h behind the 
rea:most mo?el th,ere ~s a slight decrease in veloci ty. 
which a t thiS pOint IS 19 % compared with 36 % 
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when only the first screen is in position. From here 
the curve rises smoothly and its course is almost 
parallel to tha t of the single barrier. At 30h to lee
ward of the latter the recorded velocity was 65 %; at 
the same point with the two models in position, i.e. 
16h leeward of the second modeJ, the corresponding 
value obtained by extrapolation of the curve is 57 %. 
At this elevation a cumulative effect, though small , 
can be discerned. 

The measurements at O.2h show a depression of 
the curve to 14 % at 5h behind the up-wind model. 
the same as recorded behind the single barrier. The 
curve then rises more rapidly in this instance than 
with the single screen and there is no further decrease 

in velocity in front of the second model as found at 
0.6h. Leeward of the second barrier the curve falls to 
a minimum velocity of 10 % at 3-4h, compared with 
a speed of 30-32 % at the same points behind a 
single screen. After this point the curve rises steeply, 
following the same general pa ttern as the single 
model curve but attaining only 56 % at 16h down
wind of the rearmost model (i.e. 30h to leeward of 
the first barrier) corresponding to 69 % in the case of 
the single model. Thus, there is a pronounced 
cumulative effect of shelter near the ground with the 
two parallel screens although the gradual converg
ence of the curves illustrates that this would 
disappear further down-wind. 
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EXTENT OF EDDY ZONE IN MULTIPLES Of MODEL HEIGHT 

FIGURE 39. The relation between the width of the model windbreaks and the extent of 
the leeward eddy lone, from velocity measurements at 0.6 and 0.2 x the model-height 

above the tunnel floor. 

It may be concluded from these results that, at a 
spacing of 13 times their common height between a 
system of two parallel windbreaks, the shelter effect 
to leeward of the rearmost screen is somewhat 
greater than behind a single screen at 0.6h and 0.2h 
eleva tion a bove the datum and is more pronounced 
near the ground; a t the height of the windbreaks no 
cumula tive effect is to be detected. This cumulative 
effect near the ground extends to at least 16h down
wind from the rearmost barrier but shows a tendency 
to disappea r entirely further down-wind. 

The Effect of a Group Structure Windbreak 
on the Sheltered Area 

The results of wind ve locity observations to leeward 
of a 5h wide model comprising a spaced-group 
arrangement, instead of the conventional uniform 
spacing of na ils employed in the other models, are 
shown ill Fig. 38, together with a plan and elevation 
of the model design. A standard height of the 
groups was used throughout, so that the model 
resembled a series of" penetrable cylinders" arranged 
in three rows. 

The curve in respect of the measurements at an 
elevation of 1.0h shows higher velocit ies than 
obta ined behind a I h wide uniform model through
out the range of the observations with a character
istic, abrupt ri se between I -5h behind the model, due 
to the jetting of ai r between the groups. 

At 0.6h above the tunnel floor there is a marked 
improvement in the shelter effect, which is superior 
to that provided by the I h uniform model as far as 
7h down-wind of the model, after which the curves 
correspond fai rl y closely. 

At an elevation of 0.2h the shelter effect is no t as 
high as that obtained behind a Ih wide uniform 
model and re latively high velocit ies are found over 
the first 5h distance to leeward of the group model, 
probably attributable to draughts between groups. 
However, a minimum velocity of 20 % is observed a t 
10h down-wind of the barrier, corresponding to a 
minimum of 12 % at 7h, rising to 13 % at 10h, with 
the I h wide mode l. Beyond this poin t the curves for 
the two models follow the same general trend with 
somewha t higher relative velocities recorded with the 
group structure model. 
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These results demonstrate that the group model is 
slight ly inferior in protective efficiency to the I h 
wide uniform design, to which it must correspond 
most nearly in its degree of penetrability to the wind . 
It is a lso somewhat less effective, at an eleva tion of 
1.0h, than the 5h wide uniform model, to which it 
corresponds in overall wid th ; at 0.6h the average 
shelter effect of these two designs is similar between 
20 and 25h down-wind of the models, although the 
trend of the curve for the group design suggests that 
the unobstructed velocity of the wind wi ll be 
restored morc rapidly further leeward of the group 
structure: at 0.2h the group model is more effective 

as regards distance protection, than the 5h wide 
uniform model, comparing the respective wind 
speeds of 59 % and 74 % recorded at 25h down-wind. 
An important feature of the group model is that no 
reverse How conditions are produced a t any eleva
tion. Consequently, it may be more efficient with 
regard to the quality of the shelter than the uniform 
model of the same overall width and, for this reason, 
may warrant more detailed investigat ion in field 
studies. 

Conclusions to be drawn from the wind-tunnel 
studies of windbreaks will be discussed in relation to 
their practical app lication in a later chapter. 

Chapter 10 

FIELD INVESTIGATIONS OF MICROCLIMATE 
IN THE VICINITY OF SHEL TERBEL TS 

FIELD ST U DIES of microclimatic factors. partic
ularly wind veloci ty, were undertaken in the vicinity 
of selec ted shelterbelts during the period 1953-55 with 
the immediate purpose of assessing the efficiency of 
the particular belt structures involved and, 
ultimately, of deriving detailed prescriptions of the 
opt imum structures. In this connexion, the term 
"structure" as app lied to the shelterbelt comprises 
the composition not on ly by species but also by 
espacement of the trees and shrubs, their height , 
stage of development and genera l condition. 

The field investigations consisted of short-term 
comparative observations of microclimatic fact ors in 
the sheltered areas when general weather condit ions 
proved favourable fo r such studies. Continuous 
observation of any physical factor over longer 
periods was not attempted in this programme. 

Experimental work was restricted to some extent 
by meteorological and ground conditions. As far as 
poss ible, investigat ions were conducted only when a 
wind di rect ion more or less norma l to the axis of the 
shelterbelt under observa tion preva iled, i.e. when 
the belt was displaying maximum efficiency, and 
when the wind was reasonably constant so that 
strong gusts alternating with periods of ncar-calm 
were absent. The latter consideration was important 
in view o f the experimental procedure adopted. On 
several occasions observations had to be discon
tinued because of sudden changes in wind direction, 
calm periods and thunderstorms, the latter especially 
during the summer mon ths. Further limitations were 
imposed by the s ituation of many belts on irregular 
ground, where comparative data obtained could not 

be attributed entirely 10 the influence of the shelter
belts. With in certa in shelterbelt systems, as found on 
the Pentland Hills and elsewhere, it was frequently 
impossible to obta in standards for comparison with 
the microclimatic data of the sheltered area, e.g. a 
va lue of the wind velocity which could be expressed 
accurately as the "free" or "unobstructed" veloci ty 
for that region. In other cases, the presence of 
buildings and othcr obstacles up-wind of the 
shelterbelt prevented exact study of the belt influ
ences. Gaps caused by wind damage in some belts 
interfered with the laying-out o f a suitable measure
ment line. Similarly, field crops adjacent to belts 
curtailed observations in many instances during the 
growing season, when it would have been impractic
ab le or unreasonable to have carried out the 
investigations. Availability of equipment , transport 
and field ass istance contributed additional restric
tions in the execution of the field work. 

Procedure 
(i) lVind Conditions 

Owing to the trial o f difTerellttypes of anemometer 
and the frequent delay in obtaining delivery from the 
manufacturers, instrumentation a nd experimenta l 
techniquc regard ing field investiga tion of wind 
conditions in the vic inity of shelterbelts were not 
standardsied until April 1954. In early 1953 vane 
anemometers had been employed because of their 
a va ilabili ty a nd relative cheapness but these proved 
unreliab le in regions of disturbance in the ai r flow 
pattern, such as the eddy zones leeward o f dense 
belts. With the deli very of onc counter-type " Shep-
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pard" cup anemometer, now known as the Sensitive 
Type 'I V anemometer (Casella & Co., London ; 
Plate 2), in April 1953. va ne anemometers were used 
only in exposed situa tions as control instruments, 
other observations of wind velocity being carried out 
with the cup anemometer. Later, the use of the latter. 
as control, in conjunction with a hot-wire anemo
meter (Hastings Instrument Co., Virginia, U.S.A.: 
Plate 3) for the scattered measurement points was 
tested but was abandoned in 1954 in favour of 
s tandardisation of the instruments used, the 
Sensitive Type IV anemometer being selected as 
Illost suitable for the purpose. 

In June 1954 two of these anemometers were 
obtained on loan from the Meteorological Office and 
lWO further instruments were delivered by the 
manufacturers in August. after the inevi table 
waiting period. Thus. for the late r studies at least. 
fi ve anemometers of uniform type were available. 
Whils t falling sho rt of the ideal number required for 
the investigations, the fi ve instruments resulted in a 
considerable improvement in the execution of the 
field work and in the reliability of the data. 

Observa tions o f shelterbelt influence on wind 
velocity were cond ucted along a measurement line 
normal to the axis of the belt and extending from 10 
shelterbelt-heights windward to 30 heights leewa rd , 
the anemometers being exposed at an effective height 
of 1.5111 above ground. Approximately 20 observa
tion points were required usually to cover adequately 
the distance protection afforded by the shelterbelt. 
Since the avail;'lbility of anemometers precluded the 
si multaneo ll s measurement of wind speeds at all 
points, observations were distributed over 5 or more 
measurement periods. genera ll y of 30 min. duration. 
During the whole operation a control station was 
opera ted at a point beyond the influence of the 
shelterbelt: in practice it was found that the wind
ward limit of the measu rement line, i.e. 10h up-wind 
of the belt , was suitable. The control stat ion was 
equipped with an anemometer and a small , non
reco rd ing, wind direction vane. the latter being 
observed at the beginning and end of each half-hour 
period and more frequentl y when circumstances 
permitted. The rema ining 4 anemometers were 
dispersed along the measurement line and moved to 
new positions at the end of each period. The sma ll 
number of instruments and the narrow range in 
which they were erected at anyone time allowed one 
man to switch thcm off and on with the minimum 
time lag, a second observer operating the control 
instrument. This procedure and particularly the 
extension of the measurement period to 30 min. 
instead of the earlier 20 min . reduced the sources of 
possible error to a practical minimum. 

However, there were certain disadvantages to this 
method, nOl<lbly that the wind velocities recorded at 

all observation points were not simultaneous and, 
therefore, were liable to be complicated by changes in 
wind direction. Within limitations, these could be 
allowed for, by applying corrections according to the 
cffective distance of the observation points from the 
shelterbell. Such corrections have been based on the 
mean wind direction for the particular period, 
gener;'lily the ave rage of two readings. However, 
wind direction frequently exhibited marked fluctua
tions, which could not be taken into consideration 
ent irely, even if it had been possible to record the 
wind direction evcry two or three minutes. It must be 
accepted that this fact has limited the accuracy of 
the data obtained to some small extent , dependent 
011 the prevailing meteorological conditions. As far 
as poss ible, measurement periods when the wind 
direction showed too marked a deviat ion from the 
normal to the shclterbclt have been excluded from 
the data presented. The error could have been 
avoided only by having sufficient inst ruments to 
equip the whole range of mcasurement a t one time 
and an au tomatic direct ion-recording apparatus: 
the expenditure involved was unfortunately pro
hibitive. 

The wind ve locities recorded have becn expressed 
as percentages of the unobstructed wind speed at the 
same height of mcasu;-cment. 

(ii) Other Microclimatic Factors 

In addition to the investigations of wind conditions 
in the vici nity of shelterbeits, it was considered 
desirable to conduct simultaneous studies of evapora
tion rate in the sheltered areas, "thistle" cvapori
metcrs (Plate 5) being erectcd on the measurement 
line wit h the evaporating surface a t 1.5m <Ibove 
ground level. These instruments, based on the design 
of Dr. W. N~igeli of the Swiss Forest Resea rch 
Institute, were not available in their finali sed form 
until the summer of 1955, owing to difficulties 
experienced by the respect ive manufacturers in 
preparing the requisite porous discs and thc flat
ground, recurved flanges of the glass. thistle funnels. 
Because of the insufficient data obtained to date. the 
in ves tigmions of evaporation rate have no t been 
included in the results presented below. 

Detailed studies of factors othcr than wind 
velocity and evaporation rate were not attempted 
owing to thcir limitcd application in assessing the 
efficiency of sheltcrbelt structures. Similarly, in
ves tigations of snow drifting patterns were nOt 
practicablc. chieflly because of the fact that whilst 
the majority of isolated shelterbelts are orientated 
against the prevailing wind, south-westerly in South
Eas t Scotland, snowstorms are rarely accompanied 
by winds from this direction. In the 1954-55 winter, 
blizzards occurring some time after the initial falls of 
snow added further complexity to the drift patterns. 



TABLE I . WIND-T UNNEL STUDIES: VAL UES OF HORIZO NTAL VELO C ITY RATI OS , vIvo. DER IV ED EXP E RIME NTAL LY 

(All values are shown as percentages) 

Height of Measurement I.Oh (5 cm) 

Design Model Width Distances to Leeward of Model in Multiples of Model Height. h (5 cm) 

0 I 2 3 4 5 7 10 12 15 20 24 25 27 28 29 

Model.~ of Vary ing Width (Composition as shown in Fig. 20) 

IA Ih 43.1 8 45.48 44.10 45.00 44.00 45.86 46. 14 49.46 50.47 52.29 56.41 68.34 

18 2h 39.39 38.67 39.58 37.57 39.74 41.13 38.14 41.42 41.30 46. 17 51.92 68.23 73.67 

Ie 3h 37.50 35.57 33.32 29.88 31.42 31.91 31.76 32.00 35.20 37.00 48.70 ·63.92 73.96 

10 4h 35.40 34.43 34.08 35.26 32.38 33.42 34.79 33.97 36.33 42.82 64.36 72.41 74.64 

IE 5h 23.88 22.28 23.39 22.44 22.04 24.56 24.41 26.51 29.86 34.23 50.99 67.50 

IF 7h 33.39 30.69 27.10 26.81 28.54 31.35 34.55 42.60 57.36 71.71 76.43 

10 10h 39.77 38.21 37.29 38.82 36.26 37.49 38.64 50.46 53.26 64.48 73.10 

IJ 15h 36.21 32.54 31.62 35.23 35.35 36.34 46.43 62. 10 67.61 73.48 

Various Cross-sectional Profi les (Composition as shown in Fig. 20) 

2A 15h 36.21 32.54 31.62 35.23 35.35 36.34 46.43 62. 10 67.61 73.48 

28 15h 36.21 35.38 37.01 38.23 46.85 51.82 60.37 70.09 72.41 77.9 1 

2e 15h 41.27 39.56 44.41 44.87 49.72 54.69 63.92 70.96 74.92 79. 11 

3A 5h 42.61 43.42 44.86 39.45 40.29 43.82 45.72 49.45 63.57 74.09 79.45 

38 5h 49.05 49.97 48. 17 48.81 49.71 46.44 44.72 46.20 68.64 76.98 82.88 

3e 5h 52.90 54.48 51.5 1 53.36 50.66 51.30 51.67 52.64 73.00 79. 11 83.75 

30 

73.28 

~ 

'" 

." 
C 

'" '" '" 'i 

'" " (") 
C 
~ 
~ .... 
'" '" .... 
C 
:;,: 
to 

~ .... 
'" ::! :;,: 

'" '0 



TABLE ( (cont.) 

Design Model Width 

3D 5h 

3. 5h 

4A 3h 

48 3h 

4c 3h 

SA Ih 

58 Ih 

6A 2h 

68 2h 

7 4h 

8 5h 

9 

Height of Measurement I.Oh (5 cm) 

Distances to Leeward of Model in Multiples of Model Height, h (5 cm) 

0 I 2 3 4 5 7 10 12 IS 20 24 25 27 28 29 30 

42.16 44.87 40.49 40.30 43.25 38.29 41.50 44.20 59.60 75.77 83.07 

23.88 22.28 23.39 22.44 22.04 24.56 24.41 26.51 29.86 34.23 50.99 67.50 

63.75 59.75 62.52 52.58 62.01 58.69 54.70 58.98 59.65 64.25 73.96 

66.34 62.33 63.52 63.84 61.08 52.30 55.64 63.77 70.37 79.73 82.45 

37.50 35.57 33.32 29.88 31.42 31.91 31.76 32.00 35.20 37.00 48.70 63.92 73.96 

80.34 64.71 60.50 63.81 57.25 55.51 63.96 56.08 55.49 66.71 71.20 72.59 

43.18 45.48 44.10 45.00 44.00 45.86 46.14 49.46 50.47 52.29 56.41 68.34 73.28 

58.26 49.80 49.56 48.95 46.26 45.71 51.59 46.76 53.89 65.55 78.38 78.09 

39.39 38.67 39.58 37.57 39.74 41.13 38.14 41.42 41.30 46.17 51.92 68.23 73.67 

Mode/ of Gosford She/terhe!t (Construction as shown in Fig. 36) 

46.82 46.16 44. 15 46.40 42.94 62.62 74.71 79.27 84.65 88.72 90.78 

Mode! of Group Structure She/terbelt (Composition as shown in Fig 38) 

62.22 62.94 70.94 67.39 62.10 60.49 64.60 67.08 74.89 77.64 81.51 

Multiple Barrier, composed of two parallel models, each I h wide and separated by distance of I3h (Fig. 37) 

Distances to Leeward of First Barrier in Multiples of Model Height, h (5 cm) 

0 I 3 5 7 10 12 IS 17 19 21 25 28 

60.26 56.19 52.93 56.22 58.49 59.99 56.41 56.32 55.34 58.70 65.79 71.31 

'" :J: 
~ 
~ 
'" '" ~ 
~ 
:... 
<: 
t> 

~ .... 
r) 

'" C 

P .... 
~ 
:... 

~ 

00 .... 



TABLE 2. WIND-TUNNEL STUD IES: VALUES OF HOR IZONTA L VELOCITY RATIOS, v i vo, DERIVED EXPERIMENTAL LY 

(All values shown as percentages) 

Height or Measurement 0.6h (3 em) 

Design Model Width Distances to Leeward of Model in Multiples of Model Height, h (3 em) 

0 2 3 4 5 7 JO 12 15 20 24 25 27 28 29 

Models of Varying Width (Composition as shown in Fig. 20) 

IA Ih 39.46 37.03 32.73 34.84 34.64 28.78 28.54 35.58 47.02 59.21 

Is 2h 23.00 26.45 28.03 28.78 32.07 32.07 34.84 35.66 38.35 34.81 31.16 53.11 62.53 

Ie 3h 9.258 36.04 40.53 37.98 40.70 40.53 42.58 44.08 43.97 34.89 37.79 60.32 65.82 

ID 4h 39.27 39.27 38.35 39.99 39.09 41.06 44.72 45.82 43.08 33.42 43.78 61.67 64.42 
- --IE 5h 41.40 40.88 41.06 42.08 44.72 43.09 45.66 48.76 44.63 32.64 44.55 62.04 

IF 7h 39.39 40.53 42.26 43.59 44.72 46.90 46.76 45.42 33.88 23.00 52.97 63.72 
- -10 10h 45.20 46.44 45.35 45.98 47.5 1 46.97 43.31 25.05 19.17 40.92 60.20 

I J ISh 45.88 47.74 48.79 47.40 41.59 35.84 5.423 39.81 47.62 59.82 

Variolls Cross-sectional Profiles (Composition as shown in Fig. 20) 

2. ISh 45.88 47.74 48.79 47.40 41.59 35.84 5.423 39.81 47.62 59.82 

2. ISh 41.46 42.07 41.27 37.30 28.28 11.47 32.54 48.07 54.50 64.19 

2e ISh 37.84 37.74 33.47 25.54 12.65 25.63 40.58 52.49 57.81 65.24 

3. 5h 44.24 45.66 44.24 48. JO 47.36 48.40 50.58 50.06 13.77 46.67 59.44 

38 5h 41.92 43.41 45.04 43.75 46.44 47.06 48.99 41.46 41.68 57.86 67.50 

3e 5h 38.91 39.Q9 39.46 40.70 40.70 42.46 43.09 34.89 40.98 59.26 68.06 

(N.B. Barred Figures represent negative va lues. e.g. 23.00) 

30 

65.34 

00 
00 

~ 
'" o, 

'" ~ 
~ 

() 
o 

~ 
t;; 

'" ..... 
o 
'<: 

'" ~ 
t
o, 

~ 
'" '" 



Design I Model Width 

3D 5h 

3E 5h 

4A 3h 

48 3h 

4c 3h 

5A Ih 

58 Ih 

6A 2h 

68 2h 

7 4h 

8 5h 

9 

TABLE 2 (cont.) Height of Measurement O.6h (3 cm) 
, 

Distances to Leeward of Model in Multiples of Model Height, h (5 cm) 

0 I 2 3 4 5 7 to 12 15 20 24 25 27 28 29 30 

- - - - - - - -
38.73 38. 17 39.99 40. 18 41.75 42.42 44.87 43.32 27.82 53.19 65.69 
- - - - - - - - - -
41.40 40.88 41.06 42.08 44.72 43.09 45.66 48.76 44.63 32.64 44.55 62.04 

- - - - - - -
20.70 12.53 23.91 27.52 30.47 31.39 33.81 35.85 12.04 45.56 59.43 

-- --- - -
30.70 8.45 20.35 22.37 26.99 27.52 31.85 33.21 29.24 53.31 64.74 
- ------ ---
9.258 36.04 40.53 37.98 40.70 40.53 42.58 44.08 43.97 34.89 37.79 60.32 65.82 

97.83 72.59 61.41 54.51 49.57 44.40 39.99 36.45 37.55 43.79 53.96 59.82 

39.46 37.03 32.73 34.84 34.64 28.78 28.54 35.58 47.02 59.21 65.34 

- -
98.77 49.71 32.29 19.27 12.53 7.56 14.64 19.27 28.93 51.88 61.93 69.26 

- - - - - - - - -
23.00 26.45 28.03 28.78 32.07 32.07 34.84 35.66 38.35 34.81 31.16 53.11 62.53 

Model of Gosford Shelterbelt : (Construction as shown in Fig. 36) 
- - - -
49.27 37.22 41.40 38.35 16.90 48.25 62.79 68.06 74.01 77.57 81.16 

Model of Group Structure Shelterbelt: (Composition as shown in Fig. 38) 

26.45 25.64 26.18 25.64 26.73 25.35 27.77 30.98 39.88 46.59 58.42 

Multiple Barrier, composed of two parallel models, each lh wide and separated by distance of 13h (Fig. 37) 

Distances to Leeward of First Barrier in Multiples of Model Height, h (5 em) 

0 I 3 5 7 to 12 15 17 19 21 25 28 

42.92 35.26 32.51 32.51 22.37 27.77 18.96 21.32 29.09 37.58 48.91 54.43 

(N.B. Barred Figures represent negative values, e.g. 38.73) 
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