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Chapter 12 

MODIFICATION OF WIND CONDITIONS IN RELATION 
TO THE SITING OF SHEL TERBEL TS 

THE STRATEGI C SITI N G of shelter belts in regions 
of irregular topography is of primary importance if 
maximum protective efficiency is to be obtained from 
the belts. Intensive study of air flow pattern near the 
ground in upland areas would be necessary for 
general conclusions applicable to the siting of belts. 
The diversity of meteorological and topographic 
conditions in such regions must inevita bly limit the 
practicability of detailed investigation of wind 
conditions, except where the findings are destined for 
local application. 

However, it would appear that meteorological 
evidence obtained in the course of research in con
nexion with aviation and lee-wave formation 
(Corby 1955) and the development of wind-power 
sites for electricity generation (Putnam 1948; 
Golding and Stodhart 1949, 1952) can contribute 
considerable information of practical value to the 
agriculturist and forester concerned with the flow of 
wind near the ground in hill and mountain regions. 

In the matter of siting shelterbelts, wind behaviour 
over ridges and isolated hills requires clarification, 
in order to appreciate the position at which a sheIter
belt might be expected to be most efficient. 

Local evidence and knowledge would seem to be 
the final basis of site selection for a proposed 
belt, in conjunction with theoretical considerations, 
as available. In hilly territory it is evident that the 
prevailing wind direction can change within short 
distances, due to deflection by the topography. In 
the case of the Dreghorn shelterbelt at the extreme 
north end of the Pentland Hill range, the prevailing 
wind has been observed to be locally westerly 
(p. (00) ; one mile to the north or west the prevailing 
wind is south-westerly. Similarly, a westerly wind 
has been found to prevail towards the mouth of 
Boghall Glen, formed in the Pentlands by Caerket
ton, Woodhouselee and Allermuir Hills (National 
Grid map reference NT 240653), whilst at the head 
of the glen wind direction is extremely varied and 
where the glen emerges on the south-east slopes of 
the Pentland range the prevailing direction from the 
Esk Valley is south-westerly. In exposed areas the 
prevailing wind can be ascertained frequently from 
the vegetation. The character of deformation in 
vegetation may also be used as a quantitative 
indication of local exposure to wind, although such 
evidence must be adjudged approximate owing to 
genetical variation in plant material and probable 
changes in soil conditions. 

Previous research has established that shelterbelts 

should follow local topographic changes such as 
spurs and ridges. Where the wind is funnelled along 
a valley it is customary for belts on the slopes to be 
orientated against the contour, taking advantage of 
any slight fold or ridge in the genera l direction of the 
gradient. The belts are generally situated on the 
crests of such folds or ridges. This practice is 
obviously desirable since it has been shown in the 
case of the Braidwood belt (p. 109), situated on a 
slight leeward slope produced hy a glacial drift 
mound (Plate 23), that the wind can overflow belts 
in such a situation. With a reversed wind direction, 
higher ground to leeward of a shelterbelt can also 
cause a restricted zone of shelter. The policy of 
siting belts on the crests of such small ridges is in 
agreement with the resea rch results of Blenk (1952), 
who suggested that sheiterbelts are more effective at 
the top of ridges or on the windward side. However, 
such a rule is of limited application and, although 
apparently suitable for minor spurs and ridges where 
the wind is flowing more or less horizontally a!ong 
the prevailing contour and no significant speeding
up of the stream is produced by this minor change in 
the topography, it is unlikely to obtain similarly in 
the case of larger ridges lying athwart the wind 
direction. 

Leeward slopes below 8° are assumed to be 
unprotected (Woelfle 1950) and it has been suggested 
also that the sheltered zone behind the summit of a 
hill is restricted to a short distance, according to the 
steepness of the slope, and is followed by a region 
with increased wind speeds (Woelfle 1937). Putnam 
(1948) found that the greater the height ofa ridge in 
relation to the width of the base of its cross·section. 
the greater was the speed-up factor of the wind over 
the crest. However, a sharp ridge caused considerable 
turbulence on the leeward s ide. It would appear, 
therefore, that belts should be situated beyond the 
disturbed area produced by the ridge and, thus, 
where normal direction is restored and the wind 
begins to resume velocity. The location of the belt 
must vary according to the height of the ridge and 
its horizontal extension parallel with the wind 
direction. 

With a long ridge normal to the wind direction, 
the increase in speed arises from compression of the 
streamlines over the crest ; a similar increase is also 
attained over an isolated hill because much of the 
flow at low levels passes around the hill and accord
ingly the crest-level flow is deri ved from a higher 
level (Corby 1955). From this it may be inferred that 



SHELTERBELTS AND MICROCLIMATE 123 

belts on windward slopes of isolated hills may suffer 
a restriction of their shelter effect due to the fact 
that the incident wind may not be parallel with the 
gradient. The steeper the slope the less effective must 
be a contour belt on the windward face. Belts on the 
flank s of isolated hills must allow for the consider
ably higher velocities to be found there. 

Some degree of natural protection close to the 
ground is to be observed on some of the typically 
rounded hills of the Southern Uplands. especially 
where the slope begins frequently to flatten out 
towa rds the summit. A very slight decrease in tbe 
degree of slope, not easily perceptible to the naked 
eye, may cause upward deflection of the wind o r the 
d irection of the latter may have been condit ioned by 
the slope lower down the hill , resulting in a small 
zone above ground, orten no more than 2-3 ft in 
height , becoming comparatively sheltered. This 
has been noticed particularly on the Sell Moor at 
Stow, Midlothian (Nat ional Grid map reference 
NT 478442), where sheep frequently congregate on 
the windward (south-western) slope above 1,250 fl. 

A further considerat ion in connexion with 
shelterbelt layout on upland a reas must be drirting of 
snow in win ter and possible danger to sheltering 
stock. It is suggested that the edges of naturally 
sheltered areas, such as hollows and corries, should 

be rejected as potential sites for belts. As far as 
possible shelterbelts should be placed on reasonably 
uniform ground a nd in exposed situations to prevent 
accumulation of snow in their lee. It would appear 
that belts which follow the gradient are preferable to
contour belts during severe winters. Genera l informa
tion concerning siting can be obtained frequent ly 
from the observation of old stone stells on sheep· 
grazings. Where such 'stells have been erected in 
valleys they are usually located on any small patch of 
ground above the general level of the va lley Hoar to
minimise the danger of being buried in snow drift s_ 

In conclusion, there is evident ly a need for further 
information designed for general guidance in the 
layout of shelterbelts in upland regions, although in 
the final stage of si te se lection each area must be 
assessed on its individual character. Exploratory 
investigations have indicated that measurement of 
wind velocities conducted in the field at l.5m above. 
gmund are liable to considerable error, introduced 
by very slight topographic changes, and allow 
insufficient information on the pattern of air flow 
over hills. It would seem also that knowledge oC 
stability conditions in the airstream would be 
desirable for comparative evaluation of any field 
data obtained from short-term observations. 

Chapter 13 

SHELTER BELT TECHNIQUE IN FORESTRY PRACTICE 

THE APPLICATION of shelterbelts to forestry 
practice must be considered from two fundamentally 
different aspects; firstly, provision of continuous 
shelter near the ground with a view to assisting 
cultural operations and, secondly, safeguarding the 
forest aga inst damage by occasional, severe winds. 
The first aspect concerns mainly the initial shelter 
desirable on exposed areas scheduled for afforesta
tion and wi th in regeneration coupes in the forest. The 
second objective comprises protective margins and 
internal wind-firm strips in the established forest to 
ensure stability of the stand. In addition to the latter 
function, margins should be so designed as to 
enhance stand microclimate and promote the 
general condition of the forest. 

Shelter belts designed to provide shelter near the 
ground and, consequently, an amelioration of the 
microclimate in their vicinity require to be moder
ately penetrable to the wind, acting as a filter to the 
wind rather than an obstruct ion and producing a 
series of minor eddies which form the basis of shelter 

effect. I n this respect the requirements of forest 
belts must be accepted as similar to those for agricul
tural shelterbelts. Layout, design and structure· 
should follow therefore the general pattern previously 
discussed (see Part Three, Chapter 11). . 

On the other hand belts intended to protect the 
established forest, especially against severe gales, 
must aim at deHecting the wind and minimising any 
disturbance in the general flow pattern. In this case 
shelter is required at all levels from the ground to , 
and even beyond, the crown surface. 

It is obvious that the two objectives cannot be 
separated entirely and that the belts established on 
open ground before afforestation is begun must be 
capable of forming the protective margins and inter
nal wind-firm strips necessary in a later stage of 
development of the forest. 

Regarding pre-afforestation shelterbelts, natura l 
development of a sloping windward margin may be 
unavoidable in very exposed regions, a somewhat 
restricted zone of leeward shelter being incurred 
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thereby, as shown in the investigations described 
earlier (p. 71 et seq.). This effect rna) .be curtailed 
by careful selection of resistant species and the use 
of artificial screens to furnish initial shelter to the 
belts and encourage the trees and shrubs to reach the 
greatest possible height. In this way, a smooth 
canopy slope extending right to the ground may be 
avoided; a vertical margin only a few feet in height 
will allow the wind to permeate the belt instead of 
being deflected entirely over it. Also, the maximum 
height of the belt will be reached more quickly, i.e. 
nearer the windward edge, if it is recognised that the 
degree of slope caused by the exposure will remain 
the same irrespective of the artificial barrier height, 
as indicated by examination of the Gosford coastal 
sheltcrbelt (p. I I 3). Where a gradcd cross-sectional 
profile in the belt is inevitabie, appropriate allow
ance for the shorter distance protect ion should be 
made in the espacement between belts. 

The spacing between belts on a new area scheduled 
for afforestation should take into account the 
eventual height of the belts, their height at the time 
when the rest of the planting will be carried out and 
the fact that they will ultimately perform the second 
function of protection against storm damage. 
Doubtless, economic considerat ions will determine 
the delay between planting of the belts and the 
afforestation programme. An important criterion 
should be that the shelterbelts have had reasonable 
opportunity to adapt themselves to the wind, in so 
far as this is possible in their early stages of develop
ment. 

It wou ld appear that the maximum distance 
between parallel belts normal to the wind direction 
should be 25 times their height. Height in this case 
must be regarded as the optimum height to have 
been attained before the general plant ing proceeds 
and not as the fina l belt height. Thus, if afforestation 
commences when the shelter belts are 15 ft high, it 
would be desirable to plant the belts not more than 
125 yd apart. Transverse belts, intended to provide 
protection against strong winds other than the pre
vailing wind and not usually required to yield 
shelter unti l the main stand has reached a critical 
s tage in height growth, could be planted at greater 
intervals. Experience has shown that little gale 
damage is to be expected in the first 25-30 years of 
the life of a coniferous stand (Andersen 1954); 
therefore, transverse belts parallel with the prevailing 
wind direction could be laid out at distances 
equi-valent to 25 times their estimated height at the 
time when the general planting is 25-30 years of age, 
bearing in mind the fact that earlier writers have 
suggested the desirability of dividing a forest area 
into small units of 5-10 acres by means of such 
internal wind-firm strips. 

Shelterbelts formed by severance fellings to protect 

regeneration areas within the forest should also be 
moderately penetrable to the wind, particularly 
since the greatest potential danger in the sheltered 
region is likely to be frost . Stagnation of the enclosed 
air must be avoided. A further consideration would 
appear to be that these narrow strips may not be 
adapted to withstand sudden exposure to wind. 

Protective margins are required to prevent 
mechanical injury to the stand and also the detd
mental, physiological effects of wind and sun. 
Since wind exerts a desiccating influence on plant 
materia l and affects adversely stand microclimate 
and soil conditions, whilst insolation hastens decom
position of organic matter, admits undesirable 
ground vegetation and renders conditions unfavour
able for natural seeding and regeneration, protective 
margins should be fairly impenetrable to wind and 
sun. From the aspect of shelter against storm and 
mechanical damage, the chief considerat ion must 
be the pattern of air flow over a forest . A vertical 
margin, giving rise to a sharp upward deflection of 
the wind st ream, may cause serious turbu lence and 
consequent wind-blow some distance behind the edge 
of the forest during · a gale. Fritzsche (1933) records 
that a gradual transition from field to forest , as 
provided by a sloping canopy, probably involves less 
turbulence and accordingly less danger of damage in 
the interior of the stand; an example where top
cutting of the edge-t rees has afforded protection to 
the stand behind is quoted. Wagner (1923) has 
st ressed also the fact that a vertical velocity compon
ent, together with the turbulent effect of the tree 
crowns, may increase danger to the forest down
wind of the margin. This evidence favours very 
strongly a sloping windward margin, which is 
confirmed by the results of the wind-tunnel investiga
tions described earlier (p. 71). 

In the present research a gradient on the windward 
margin has been found to deflect the major part of the 
air stream over the top of a belt or plantation, at the 
same time reducing the effective degree of penetra
bility of the margin. The more shallow the gradient , 
the more complete is the deflection of the stream over 
the belt. Models of such construction showed that, 
the more acute the angle of the windward edge, the 
smaller was the zone of disturbed flow to leeward and 
the shorter in extent the leeward sheltered area 
(Figs. 24-36). 

From this evidence it may be deduced that a 
sloping windward margin is desirable from the 
aspect of protection against storm damage. The 
width of such a graded margin must depend on the 
degree of exposure and resultant natural slope 
produced in the canopy. Where continuous exposure 
alone is unlikely to produce a natural gradient on 
the margin, this can be derived artificially by means of 
suitable selection of tree and shrub species of 
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different potential height growth and appropriate 
arrangement of the planting pattern. Even in very 
exposed situations protective margins should not 
require to occupy more than 150-200 ft in width; 
this is evident from the Gosford shelterbelt. 

The influence of the structure of the forest on 
wind damage is not clear. Woelfle (1936-7) has 
suggested that individua l trees, groups and stands 
(hat reach above an otherwise uniform canopy are 
apt to be damaged. On the other hand, it is probable 
that an irregular canopy. by producing a series of 
small whirls and eddies immediately above the 
crowns which act as "roller bearings", may maintain 
the force of the wind along a level some distance 
above the crowns and thereby reduce the danger to 
the stand. It would follow that there would be a 
critical size for such eddies and, consequently, an 
optimum size for circular clearings and diameters of 
groups, if such a scheme of management were 
employed. Further investigations in this connexion 
would appear to be desirable. 

Little information is available regarding the layout 
of plantation margins but it is apparent from earlier 
research evidence (Woelfle 1950) that margins should 
be kept fairly straight and re-entrants should be 
avoided since they form funnels for the wind, 
causing two denected streams which meet at the 
apex of the wedge with a resultant pressure approxi
mately equal to the square of the combined velocities. 
In upland areas forest boundaries should be laid out 
so as to exclude where possible natural channels 
which concentrate the wind streams; otherwise 
suitable allowance must be made in the selection of 
species for such situations. Irregularity of topography 
must complicate the layout of protective margins 
and few general conclusions can be drawn from 
observat ional evidence available. On steep windward 
slopes it would appear that the gradient itself offers a 
considerable amount of protection to a forest stand; 
damage to leeward slopes may a rise from turbulence 

caused by the crest of a hill or ridge. In this respect, 
the relation of the height of a ridge to its horizontal 
extension in the path of the wind. as mentioned 
earlier (Part Three, Chapter 12), must play an 
important part. 

The economic significance of forest protective 
margins and internal stabilising belts requires 
deta iled consideration. On exposed areas it is 
evident that margins designed specifically for shelter 

. could be contained within a smaller area than that 
frequently occupied by retarded and stunted growth 
when the main timber species is planted right to the 
edge of a forest block. Shelter would also permit the 
afforestation of areas considered at present to be too 
exposed fo'r productive forestry. The employment of 
shelterbelts would introduce two distinct objects of 
management with in the forest , which might be 
resolved by the provision of two working circles : 
protective and productive. 

To summarise, it would appear that sheiterbelts on 
a reas scheduled for afforestation should be 
penetrable to the wind and follow the general pattern 
of agricultura l belts, as far as is consistent wi th the 
prevailing degree of exposure. Protective margins of 
forests require to offer the minimum resistance to the 
normal flow pattern of the wind and, in this respect, a 
sloping crown surface to windward is desirable. lf 
an adequate gradient is provided, allowing the wind 
to be deflected over the forest , the margin wi1l be 
virtually impenetrable to the wind; this is desirable 
from the point of view of preserving a favourable 
microclimate within the stand. 

Further research would appear to be necessary on 
the si lvicultural implications of sheItcrbelts in 
forest ry practice, on the effect of an irregular forest 
structure on the pattern of air flow over the forest 
and its resistance against wind damage, particularly 
in districts liable to severe gales, and also on the 
economic aspects of providing shelter to the forest 
in the form of protective margins and internal strips. 

Chapter 14 

SUMMARY AND CONCLUSIONS 

I. Under terms of reference providing for study of 
the effects of shelter belts on microclimate, particu
larly their effect on wind conditions, the immediate 
aim of the research has been the augmentation and 
utilisation of existing data of shelterbelt influences. 
Emphasis has been laid on the practical forestry 
aspect of shelterbelt technique, i.e. the establishment 
and maintenance of tree belts appropriate to the 

requirements of agriculture and productive forestry. 
2. The research programme has been divided into 

laboratory and field investigations, Physical re
search on two fundamental problems of shclterbelt 
design, viz. the effects of windbreak width and 
cross-sectional profile on the formation of a leeward 
sheltered area, has been conducted, using model 
windbreaks in a wind-tunnel. Field research on the 
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influences of shelter belts on the microclimates of 
their adjacent areas has concentrated on the assess
ment of the efficiency of a few selected belts in the 
vicinity of Edinburgh on the basis of their effect on 
wind abatement and their general structural and 
silvicuhtlral condition. These studies have been 
exploratory investigat ions directed towards ultimate 
determination of optimum belt structures which are 
likely to afford maximllm sheltering efficiency. 

3. From wind-tunnel studies of shelterbelt width 
it has been concluded that the width/height ratio in 
windbreaks has a significant effect in determining the 
extent and nature of the sheltered zone down-wind, 
although this effect may not be apparent until the 
degree of penetrability of the windbreak falls below a 
critical value, estimated to be about 20 per cent. 
The value of this ratio, above which the width 
of windbreak becomes the limiting factor in 
determining shelter effect, has bt:cn round in these 
s tudies to be 5; this value may not be expected to be 
of general application in nature but must vary 
·according to the open-ness of the belt structure. 

Wide windbreaks tend to lead the wind paraliel to 
their upper surfaces with a resultant rapid downw:.trd 
transfer of energy after the wind leaves the leeward 
edge. The eddy zone to leeward of wide windbreaks 
is reduced by the air flow over the top of the barriers 
to an extent dependent on their width. In con
sequence a more rapid resumption of the 
unobst ructed wind velocity is possible and, 
accordingly, a decrease in distance protection 
results. 

Further field invest igations are desirable, jf 
suitable areas can be found, to substantiate this 
evidence and to consider the quantitative u::anslation 
of wind-tunnel studies to field rese.:1.rch. In the 
meantime it is obvious that there is a maximum 
width of belt which should not be exceeded if 
maximum sheltering efficiency is to be ensured in the 
mature belt. Optimum widths are likely to vary with 
species. planting density, subsequent treatment and 
consequent degree of penetrability to the wind but 
should be obtained within limits imposed by 
principles of good forestry practice, e.g. it would be 
undesirable to a llow a very open stocking in a 
shelterbclt, so as to maintain a moderate degree of 
permeability, jf a similar penetrability could be 
obtained by means of a more narrow, adequately 
stocked and well managed belt. It must be concluded 
that, since the width/height ratio of a belt will 
decrease with height development until the final 
height is attained, wide belts will exhibit a relatively 
lower efficiency index in their early years and one 
much smaller than narrow belts of similar age and 
height. 

4. Regarding cross-sectional profiles in shelter
beits, a gradient on the windward margin is similar 

in effect '10 an increase in width and restricts the 
extent of the leeward sheltered area to a degree 
dependent upon the acuteness of the angle of this 
gradient. An inclined windward edge causes deflec
tion of the major part of the air stream over the top 
of the windbreak, thus reducing the effective degree 
of penetrability. The more shallow the gradient, the 
more pronounced is this reduction. Since the 
fundamental effect of a windward sloping canopy is 
to minimise any resistance to the normal ftow 
pattern of the wind, this phenomenon is of advantage 
in !=onnexion with marginal protection of forests. 
On the other hand, where shelter is required near the 
ground, belts with vertical windward and leeward 
edges are generally more effective in reducing wind 
velocity than designs involving various combinations 
of windward and leeward gradients. This is due to 
the fact that the former belt type causes more 
disturbance in the air flow, producing a series of 
light eddies and turbulent flow, which form the 
ba~ is of shelter effect. 

Laboratory findings on this aspect have been 
conflrmed by field studies of a coastal sheiterbelt 
with a degree of slope in the crown surface of 
approximately 10°. The unobstructed wind velocity 
at 1.5m above ground was resumed relatively 
quickly to leeward of the belt. 

It may be concluded that shelterbelli..IDlh.more or 
less abrupt margins, which allow the wind to filter 
through the belt, are more suitable in providing 
shelter near the ground than belts with graded trcc
heights from ' \vindward to leeward and are more 
appropriate - toagricultural requirements and for 
forest areas destined for afforestat ion or regenera,. 
tion. However, for protection against wind damage 
in the established forest, margins inclined to wind
ward are evidently more suitable. 

5. Wind-tunnel experiments suggest that a cum
ulative shelter effect may be found behind a system of 
two parallel shelter belts but the close spacing of the 
two belts necessary, together with the small degree of 
additional shelter obtained, is likely to render such 
an arrangement in the field impracticable. The field 
studies indicate that it is possible to ensure that at no 
point between two parallel belts planted sufficiently 
close together is the free-wind velocity obtained, 
although no cumulative effect may be visible behind 
the second barrier. If such systems are separated by a 
distance equal to 26 times the height of the more 
windward belt, the entire intervening area is sheltered 
to some extent and the unobstructed wind velocity 
does not occur between the two belts. 

6. Preliminary investigations of a group structure 
shelter belt show that no reverse flow conditions are 
produced to leeward of such a fairly wide wind
tunnel model. Such structures may be more effective 
with regard to the quality of the shelter produced 
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than. uniform windbreaks of similar height and 
width but overall planting arrangement. Further 
investigation of such structures is desirable since it is 
possible ' that, with an irregular belt canopy, the 
formation of eddies above the belt, instead of 
immediately to leeward as with the conventional 
design of belt, may have a significant effect on the 
extent and degree of shelter produced to leeward. 1n 
connexion with the stability of forests during strong 
winds, morc evidence is required of the effect of an 
irregular crown surface on air flow since it is 
probable that a succession of small eddies formed 
within and around groups of trees and within 

. depressions in the canopy may act as "roller 
bearings" and cause the lifting of the concentrated 
flow above the crown level and thus prevent serious 
damage. Principles of group structure may be of 
major importance in regard to the establishment and 
maintenance of efficient shelterbelts. 

7. The sheltering efficiency of a shelterbelt may be 
determined by the study of its effect on microclimate, 
particularly wind velocity abatement and reduction 
of evaporation rate. A simple method of estimating 
efficiency. based on a few observations of wind 
ve locity at 1.5m above ground along a line normal 
to the axis of the shelterbelt and subsequent cor
relation with average values of wind reduction for 
belts of a particular penetrability class, has been 
outlined. Such a simple index of shelter belt effective
ness offers a "rule-of-thumb" method for gauging 
treatment necessary from time to time to preserve 
the optimum degree of penetrability to the wind. e.g. 
intensity of thinning. The treatment prescribed must 
allow for continuity of sheltering efficiency and 
general well-being of the belt. 

8. Continued study of the microclimat ic effects 
and etliciency of existing shelterbelts will further the 
ultimate determination of suitable belt st ructures for 
different localities and particular functions. The field 
invest igations of selected shelter belts, carried out 
between 1953 and 1955, give general guidance on the 
ultimate selection of optimum structures. It is 
apparent that belts which are effective at present in 
reducing wind velocity may be in poor si lvicultural 
condition and have reached the peak of their 
efficiency unless sui table treatment is applied 
promptly. The potential structure of a sheiterbelt, 
the flexibility of its structure and its ability to be 
regulated are factors to be considered in the classifica
tion of efficient belts. The importance of a close 
windward margin in shelterbelts has been demon
st rated. 

Of the belts examined, the East Saltoun shelterbelt, 
50 ft in width, composed of ash groups within a 
matdx of European larch and Scots pine and with a 
hawthorn hedge on the windward border, has been 
found to approach most nearJy the optimum 

structure, in view of its present and potential 
efficiency. 

9. Further information concerning the pattern of 
air flow in regions of irregular topography is 
desirable. Although wind conditions in such areas 
are extremely complex and their intensive study 
possibly ofIocal value only, it may be concluded that 
general principles related to the siting of shelterbelts 
in upland regions, so that they display their maxi
mum efficiency, can be forthcoming from investiga
tion of the behaviour of wind over ridges and on 
slopes. Exploratory invest igations suggest that 
occasional measurements of wind velocity at 1.5m 
above ground are liable to considerable error 
attributable to very small topographic changes and 
allow insufficient detail of wind relationships in 
these districts. Further study. at elevations somewhat 
greater than 1.5m, would be of more practical and 
scientific value. Knowledge of stability conditions in 
the air stream would appear desirable for compar
able evalua.tion of any field data obtained from short
term observations. The final selection of shelterbelt 
sites must be decided in the light of such evidence 
available and from local information of wind 
conditions; observations of vegetation and animal 
behaviour may contribute in this respect. 

10. Requirements of shelter belts in forestry 
practice will be similar to those of arable farming 
where shelter is required near the ground, such as on 
areas scheduled for afforestation or regeneration. 
Such belts must form at a later stage the protective 
margins and internal wind-firm strips required in 
the established forest, where shelter is essential at all 
levels from the ground to the crown surface. Since 
the two requirements differ fundamentally. further 
detailed study of this question must be considered 
desirable. The present investigations suggest that the 
moderately penetrable shelterbelt is most sui table 
for protection near the ground whilst the virtu
ally impenetrable, sloping, windward margin is 
most effective in minimising disturbance in the air 
flow and preventing wind damage behind the stand 
margin. 

1 t. It may be concluded that future research on 
shelter belts must, from the point of view of its 
practical application, be complementary to allied 
research, chiefly in agriculture. The requirements of 
shelterbelts, particularly in connexion with stock
rearing, have not yet been clearly defined by the 
agriculturist. A comprehensive scheme of research, 
embracing all interests, would seem desirable. 
Meteorology can contribute valuable information on 
the structure of the climate near the ground and, 
especially, on the pattern of air flow in regions of 
broken relief. It must be left to the agriculturist to 
pursue the question of the effects of microclimate on 
field crops and animal welfare in Great Britain and to 
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detail the requirements of shelterbelts for arable and 
stock-rearing areas. If, at the same tiroe, forestry 
circles continue to investigate the influences of 
particular shelterbelts and the relation of shelterbelts 
to forestry practice. detailing the requirements in 
forestry, the forester can cOntract for the different 

requirements, aided by the appropriate meteorologi
cal and climatological evidence available. Finally, 
agricultural and forestry interests may collaborate in 
furnishing evidence concerning the economic value of 
shelterbelts, which information is most deficient at 
the present time. 
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GLOSSARY OF TERMS, SYMBOLS AND ABBREVIATIONS 

(Abbreviations of lournal titles in accordance with World List 0/ Scientific Periodicals. 1900-1950, 3rd Edn., Butter
worth 's Scientific Publications, London, 1952.) 

J. TERMS: 

Hedge 

Hedgerow 

Latticed 

Slre/lerbe// 

Width 

Willdbreak 

"A row of bushes or low trees (e.g. hawthorn and privet) planted closely to form a boundary between 
pieces of land or at the sides ora road; the usual form offence in England. A barrier,limit, defence ; 
a means of protection or defence", (Oxford New English Dictionary.) 

"A row of bushes forming a hedge, with the trees etc. growing in it; a line of hedge", (O.E.D.) 
Used to describe the single-row Danish shelter-strips but not wider belts of trees. 

The nearest English equivalent of a term used frequently in Russian sheiterbelt literature to denote a 
shelterbelt of moderate penetrability throughout its height. 

"A belt of trees serving as a protection against inclement weather; specifically in Forestry". (O.E.D.) 
"A natural or planted barrier of trees or shrubs for protection from wind and storm". (Webster's New 
International Dictionary, 1934.) 

Syn. " depth" . Used exclusively herein to denote the horizontal dimension of a shelterbelt or model 
windbreak normal to its long axis, i.e. the distance through a belt or windbreak. 

"Something, especially a row of trees, used to break the force of the wind, or serving as a protection 
against it". (O.E.D.) 
"A clump of trees or shrubs serving to break the force of the wind; hence any protective shelter from 
the wind, as a fence or the like". (Webster.) 

2 . SYMBOLS AND ABBREVIATIONS: 

a radius 
diameter d 

h,H 
Hg 
p, Po 
q 
R 
T 
u, U 
v, y 
x, X 
y, Y 
z, Z 

e" 
j.l 
v 
p 
em 
ft 
in. 
m 
m/sec 
mi 
mi/hr 
min 
yd 
B.H.Q.G. 

height of screen, model windbreak or shelterbelt 
mercury 
pressure 
velocity component 
Rey~olds' number 
shear 
velocity 
velocity 
abscissa (distance in direction of wind) 
ordinate 
height above datum, i.e. height above ground 
roughness height 
temperature difference 
coefficient of viscosity 
kinematic viscosity 
density of air 
centimetres 
feet 
inches 
metres 
metres per second 
miles 
miles per hour 
minutes 
yards 
Breast-height quarter girth 
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