
TABLE 3. WIND-TUNNEL STUDIES: VALUES OF HORIZONTAL VELOCITY RATIOS, vIvo, DERIVED EXPERIMENTALLY 

(All values shown as percentages) 

(Height of Measurement 0.2h (l em) 

Design Model Width Distances to Leeward of Model in Multiples of Model Height, b (5 em) 

0 1 2 3 4 5 7 10 12 15 20 24 25 27 28 29 

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

lA Ih 19.18 22.15 16.94 17.86 13.93 12.53 17.18 23.76 39.46 53.64 
- - - - - - - - -

IB 2h 27.38 31.54 31.99 34.95 35.52 38.20 43.20 43.18 39.Q4 24.60 58.Ql 65.70 
- - - - - - - - - -

Ie 3h 36.34 39.05 42.48 45.80 47.53 44.40 47.77 52.11 51.48 41.07 44.99 66.62 77.00 
- - - - - - - - - -

10 4h 40.41 43.35 45.58 47.58 49.08 49.87 51.78 57.73 52.16 24.54 47.37 71.57 75.39 
- - - - - - - - - -

IE 5h 42.08 45.66 48.77 49.43 51.09 55.21 55.77 59.26 53.62 29.86 47.62 73.91 
- - - - - - - - -

IF 7h 45.16 47.51 50.67 52.74 53.87 56.36 59.10 48.79 41.07 19.68 55.21 75.39 
- - - - - - - -

IG IOh 53.15 54.67 54.78 55.67 54.45 53.26 46.76 32.56 15.56 46.06 70.71 
-------

IJ ISh 52.16 53.79 53.73 50.30 48.09 38.33 22.01 40.71 55.21 63.81 

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

2A ISh 52.16 53.79 53.73 50.30 48.09 38.33 22.01 40.71 55.21 63.81 
- - - - - -

2B ISh 47.73 50.41 48.79 42.80 31.81 10.97 39.37 59.27 66.96 72.60 
- - - - -

2e ISh 40.63 42.01 39.94 32.94 21.96 25.51 41.16 56.52 65.13 71.06 

- - - - - - - -
3A 5h 49.43 52.50 50.98 56.06 53.51 55.95 59.62 59.26 25.03 44.72 65.51 

- - - - - - - -
3. 5h 48.08 49.07 46.04 49.01 53.31 52.74 54.76 45.74 45.78 68.08 73.74 

- - - - - - - -
Jc 5h 42.91 44.07 41.71 45.54 46.12 49.34 49.66 41.53 43.90 64.76 78.70 

- --- - ---
30 5h 43.78 42.72 45.82 45.08 47.45 44.95 47.61 46.25 27.33 67.35 74.23 

... 
(N.B. Barred Figures represent negative values, e.g. 27.38) 
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Desig:n Model Width 

3E 5h 

4A 3h 

48 3h 

4c 3h 

5A Ih 

58 Ih 

6A 2h 

68 2h 

- -

7 4h 

8 5h 

9 

TABLE 3 (cont.) Height of Measurement O.2h (I em) 

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

° I 2 3 4 5 7 10 12 15 20 24 25 27 28 29 30 

- - - - - - - - - -
42,08 45,66 48,77 49.43 51.09 55,21 55,77 59,26 53,62 29,86 47,62 73,91 

- - - - - - - -
29,86 25,07 31.85 37,64 32,56 37,37 39,56 43,07 25,51 46.59 64,39 
- - - - - - - -
26,19 36,20 34,68 35,52 34,06 40,27 39,83 43,33 17,70 53.42 70,01 
- - - - - - - - - -
36,34 39,05 42.48 45,80 47,53 44,40 47,77 52, II 51.48 41.07 44,99 66.62 77.00 

- - - - --
5,590 9,053 17.57 8.474 24,91 4,407 21.25 27,]3 4,85 1 38,25 56,96 

19,18 22,15 16,94 17,86 13,93 12,53 ,17.18 23,76 39.46 53,64 69.49 

- - - - - - -
"91 24,85 25,42 30,96 31.78 34,64 34,34 33,67 16,18 45,09 71.90 71.57 

- - - - - - - - -
27,38 31.54 31.99 34,95 35,52 38,20 43,20 43,18 39,04 24,60 58,01 65,70 

Model of Gosford Shelterbelt : (Construction as shown in Fig. 44) 
- - - -
45,82 47,88 51.00 50,79 47,67 23.44 62,15 75,77 81.85 92,79 94,08 

Model of Group Structure Shelterbelt: (~mposition as shown in Fig. 46) 

31.26 33,85 34,35 30,73 27,90 25,96 28,67 19,88 28,19 48,12 59,05 

Multiple Barrier, composed of two parallel models, each Ih wide and separated by distance of t3h (Fig. 45) 

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

° I 3 5 7 10 12 15 17 19 21 25 28 

30.57 16,94 13,9] 14,33 26,05 24,25 9,817 22,01 44,17 54,11 

. 
(I'/,B, !l;Irred fi~urcrl repre~~\ ~e~~tiye values, e,g, 42,08) 
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TABLE 4. WIND-TUNNEL ST UD I ES: SMOOTHED C URV E V A L UE S OF HORIZONTAL 

VELOCITY RATIOS, vIvo 

(Expressed as percentages) 

Height of Measurement 1.0h (5 em) 

Design Model Width Distances to Leeward of Model in Multiples of Model 
Height (5 em) 

Models of Varying Width: 0 I 2 3 4 5 7 10 12 15 20 2S 30 

IA Ih 45 45 44 44 44 45 46 49 50 52 56 68 73 
10 2h 40 39 39 38 38 38 38 40 41 44 52 68 75 
Ie 3h 37 35 33 32 31 31 31 32 35 37 49 64 76 
10 4h 35 34 34 34 33 33 33 34 36 43 64 72 76 
IE 5h 24 23 23 22 22 23 24 27 30 34 51 68 74 
If 7h 33 30 27 27 28 30 35 43 49 57 72 76 -
10 IOh 40 38 37 37 37 38 41 50 53 62 73 - -
IJ 15h 36 33 32 32 35 37 46 62 68 74 78 - -

Models of Various Cross- 2A 15h 36 33 32 32 35 37 46 62 68 74 78 - -
Sectional Profile : 20 15h 36 35 37 38 47 52 60 70 72 78 81 - -

2c 15h 41 40 41 45 50 55 64 71 75 79 82 - -
3. 5h 43 43 43 43 43 44 46 49 55 64 74 79 -
3. 5h 50 49 48 47 46 45 45 46 53 69 77 83 -
3e 5h 54 53 52 51 51 50 50 53 59 73 79 84 -
3D 5h 42 41 40 40 40 40 41 44 49 60 76 83 -
3E 5h 24 23 23 22 22 23 24 27 30 34 51 68 74 

4A 3h 64 62 61 60 59 59 57 56 57 58 64 74 (80) 
4. 3h 66 64 63 62 61 61 61 64 66 70 80 82 (83) 
4c 3h 37 35 33 32 31 31 31 32 35 37 49 64 76 

5A Ih 80 65 61 58 57 56 55 55 56 58 67 71 73 
58 Ih 45 45 44 44 44 45 46 49 50 52 56 68 73 

6A 2h 58 51 49 47 46 46 46 47 49 54 66 78 81 
68 2h 40 39 39 38 38 38 38 40 41 44 52 68 75 

Model of Go,ford Shelterbelt 7 4h 47 46 44 43 44 48 63 75 79 85 89 91 -

Model of Group Structure 8 5h 62 63 71 67 62 61 62 67 71 75 78 82 -
Shelterbelt 

Multiple Barrier 9 62 i;o 58 56 54 53 56 58 · 60 56 56 66 75 

(N.B. F igures in brackets denote values obta ined by extrapolation of curves) 
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TABLE 5. WIND-TUNNEL STUDIES: SMOOTHED CURVE VALUES OF HORIZONTAL 

VELOCITY RATIOS, v Ivo 

(Expressed as percentages) 

Height of Measurement O.6h (3 em) 

93 

Design Model Width D istances to Leeward of Model in Multiples of Model 
Height (5 em) 

0 I 2 3 4 5 7 10 12 15 20 25 30 

Models of Varying Width: lA Ih 44 39 37 35 33 31 29 29 30 36 47 59 65 
I. 2h -23 -26 -28 -30 -32 -32 -35 -38 -38 - 35 31 53 65 
Ie 3h -33 -36 -38 -39 -40 -41 -43 -44 -44 -35 38 60 67 
10 4h - 37 - 38 -40 -40 -41 -42 -45 -46 -43 -33 44 62 68 
IE 5h -39 -40 -41 -42 -43 -44 -46 -49 -45 -33 45 62 69 
IF 7h -39 -41 -42 -44 -45 -47 -47 -45 -34 23 53 65 -
IG IOh -45 -46 -46 -47 -48 -47 -43 -25 19 41 60 - -
1, 15h -46 -48 -49 -47 -42 -36 5 40 48 60 69 - -

Models of Various Cross- 2A 15h -46 -48 -49 -47 -42 -36 5 40 48 60 69 - -
Sectional Profile: 2. 15h -42 -42 -41 -37 -28 -11 33 48 55" 64 72 - -

2e 15h -38 -38 -33 -26 13 26 41 52 58 65 73 - -

3A 5h -43 -45 -46 -48 -49 -50 -51 -50 -42 -14 47 59 (64) 
3. 5h -42 -43 -45 -47 -48 -49 -49 -42 -8 42 58 68 (72) 
3e 5h -39 - 39 -40 -41 -42 -42 -43 - 35 -5 41 59 68 (72) 
30 5h -39 -39 -40 -41 -42 -43 -45 -43 -10 28 53 67 (70) 
3E 5h - 39 -40 -41 -42 -43 -44 -46 -49 -45 -33 45 62 (69) 

4A 3h 21 -13 -24 - 28 -30 -31 -34 -36 -32 - 12 46 59 (66) 
4. 3h 31 -8 -20 -24 -27 -29 -32 -33 -22 29 53 65 (69) 
4c 3h -9 -36 -38 -39 -40 -41 -43 -44 -44 -35 38 60 67 

5A Ih 98 73 61 55 50 44 40 36 36 38 44 54 60 
5. Ih 44 39 37 35 33 31 29 29 30 36 47 59 65 

6A 2h 99 50 32 19 11 3 -9 -19 -26 -29 52 62 69 
6. 2h -23 -26 -28 -30 -32 -32 -35 -38 -38 -35 31 53 65 

Model of Gosford Shelterbelt 7 4h -43 -42 -41 -38 -32 -17 48 63 68 74 78 81 -

Model of Group Structure 8 5h 26 26 26 26 26 25 27 31 34 40 47 58 -
Shelterbelt 

Multiple Barrier 9 46 43 38 35 33 33 33 22 28 19 33 49 57 

(N.B. Figures in brackets denote values obtained by extrapolation of curves) 
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TABLE 6. WIND-TUNNEL STUDIES: SMOOTHED CURVE VALUES OF HORIZONTAL 

VELOCITY RATIOS, v ivo 

(Expressed as percentages) 

Height of Measurement O.2h (1 em) 

Design I Model Width Distances to Leeward of Model in Multiples of Model 
Height (5 em) 

0 I 2 3 4 5 7 10 12 15 20 25 30 

Models of Varying Width: 1A 1h 25 22 19 17 15 14 12 13 17 24 39 54 69 
18 2h - 27 - 31 -32 -35 -37 -38 -41 -43 -43 - 39 25 58 70 
Ie 3h - 36 -39 -42 -46 -48 -49 -50 -52 -52 -41 45 67 81 
10 4h -40 -43 -46 -48 -49 -51 -54 -56 -52 -25 47 72 82 
IE 5h -42 -46 -49 -50 -52 - 55 -58 - 59 -54 - 30 48 74 83 
IF 7h -45 -48 - 51 -53 -55 - 56 -59 -49 -41 20 55 76 -
1G IOh - 53 -55 -56 -56 -55 -53 -47 -33 16 46 71 - -
1J 15h -52 -54 - 54 -51 -48 -41 -22 41 55 64 74 - -

Models of Various Cross- 2A 15h - 52 - 54 - 54 - 51 -48 -41 -22 41 55 64 74 - -
Sectional Profile: 28 15h -48 - 50 -49 -43 -32 -11 39 59 67 73 79 - -

2e 15h -41 -42 -40 -33 -22 26 41 57 65 71 78 - -

3A 5h -49 - 52 -53 - 55 -56 -58 - 60 -59 -51 - 25 45 66 (75) 
38 5h -48 -50 -51 - 52 -53 -54 -55 -46 -10 46 68 74 (77) 
3e 5h -42 -44 -45 -46 -47 -48 -49 -42 -8 44 65 79 (82) 
30 5h -42 -43 -45 -46 -47 -49 -49 -46 -24 27 67 74 (77) 
3E 5h -42 -46 -49 - 50 -52 -55 -58 -59 - 54 - 30 48 74 83 

4A 3h -30 -31 -32 -34 -35 -37 -40 -43 -27 26 47 64 (79) 
48 3h -34 -35 -35 -36 -38 -39 -40 -43 -34 18 53 70 (83) 
4c 3h -36 -39 -42 -46 -48 -49 -50 -52 - 52 -41 45 67 81 

5A 1h 3 -1 -5 -8 -12 -16 -21 -27 -22 5 21 38 57 
58 1h 25 22 19 17 15 14 12 13 17 24 39 54 69 

6A 2h 23 -25 -28 -31 -32 - 33 -34 -34 -23 16 45 72 74 
68 2h -27 -31 -32 - 35 -37 -38 -41 -43 -43 -39 25 58 70 

Model of Gosford Shelterbelt 7 4h -46 -49 -51 -51 -50 -48 23 62 75 83 93 94 -

Model of Group Structure 8 5h 31 34 34 31 28 26 22 20 22 28 48 59 -
Shelterbelt 

Multiple Barrier 9 34 31 22 17 15 14 14 20 26 24 15 44 56 

(N.B. Figures in brackets denote values obtained by ex.trapolation of curves) 



Shelterbelt 

Height Width 
Designation ft ft 

Dreghom .... .... 36 64 

Currieinn No. I .... 27 165 

Shothead No. I .... 40 107 

Shothead No.2 .... 35 70 

Langwhang .... . ... 26 78 

East Saltoun .... 23 50 

Average Values .... .... . ... 

Average Values for 
Swiss belts of Moder-
ate Penetrability .... .... .... 

-

TABLE 7. SUMMARY OF SHELTER EFFECT OF SIX SHELTERBELTS 

(Based on Smoothed Curve Values shown in Fig. 51) 

Wind Velocity Averages as % of Free Wind Velocity 

Windward Leeward (distances in multiples of height, h.) 
Density In 

O-IOh 5-lOh 0-5h belt 0-21h 21-5h 5-lOh 10-15h 15-20h 20-30h 0-5h 

Medium 89 96 82 69 54 45 54 72 88 98 49 

Dense 88 99 77 34 17 28 49 72 85 95 23 

Medium 86 94 77 59 41 28 41 65 83 95 35 

Open 90 97 82 65 55 51 65 83 91 97 53 

Open 98 99 96 96 91 77 71 72 80 93 84 

Medium 92 99 85 57 36 34 48 67 82 95 35 

. ... 90.5 97 83 63 49 43 55 72 85 95.5 46.5 

. ... 93 99 87 57 45 35 48 72 85 94 40 

O-IOh O-20h 

52 66 

36 58 

38 55 

59 73 

78 77 

42 59 

51 65 

44 61 

0-30h 

77 

70 

69 

81 

82 

71 

75 

72 
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FIGURE 40. Locality map for the Dreghorn shelterbelt. Scale: 6 inches ~ I mile. 
(Extract from Ordnance Survey Sheet VII NW., Midlothian.) 
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The consolidation of the drifts before the shelterbelt 
areas were readily accessible rendered delayed 
studies of doubtful value. 

Occasional instantaneous observations of relative 
humidity and atmospheric temperature were made 
in the course of the wind investigations. Relative 
hurniditywas calculated from thewet-bulbdepression 
of a whirling hygrometer (Plate 4); for the determina
tion of air temperature dry-bulb thermometers were 
used. In addition, the cooling power of the wind was 
measured with the Kala thermometer (Plate 4) 
during certain of the field studies but this method 
was used only to demonstrate the suitability or 
otherwise of the instrument for research of this 
nature. All observations were made at the standard 
height of 1.5m above ground except where stated 
otherwise. 

Experimental Results 

(a) Drcghorn Shelterbelt 

Situated to the south of Edinburgh, on the lower
most northern slopes of AIlermuir Hill at the extreme 
north end of the Pentland Hill range, the Dreghorn 
Shelterbelt (National Grid map reference NT 
230682), frequently referred to as the Long Planta
tion, occupies a roughly N-S direction, extending for 
approximately 800 yd between the Dreghorn Castle
Hunter's Tryst road and the 650 ft contour, the 
latter 250 yd below Shearie Knowe (916 ft). At this 
point the belt merges with a small plantation on its 
west side. From the southern end of the belt, 
proceeding northwards, the slope is moderate to 
550 ft , after which it becomes gentle with a slight rise 
at the northern end adjoining the road; beyond the 
road the ground falls away to the valley of the 
Braid Burn. South of the belt the gradient rises 
abruptly after Shearie Knowe to Allermuir Hill 
(1 ,617 ft). The aspect is consequently northerly and, 
owing to the general topography to the south and 
south and south-west, the prevailing wind is locally 
west in direction; this is evident from the deforma
tion of the trees in the shelterbelt. 

The belt lies on the boundary of Dreghorn Castle 
(War Department) property, adjoining Swanston 
Farm to the east, the latter benefiting from the 
shelter afforded. Arable ground to the north-east of 
the belt produced cereal crops during 1953 and 1954. 
At higher elevations the cultivated land gives way to 
enclosed pasture on this side of the belt. Rough 
grazing, presently used for military purposes, 
occupies the ground to the west of the belt. A certain 
amount of shelter to the belt itself is afforded against 
northerly winds by the wooded policies surrounding 
recently demolished Dreghorn Castle. 

About 280 yd from the northern end of the shelter
belt an electricity route, 20 yd wide, passes through 
the belt more or less at a right angle to the axis ; in 

this section only the marginal hedge and dyke 
remain. 

The belt is 64 ft in width, bounded on the east by a 
drystone dyke 4t ft high and on the west by a 
hawthorn hedge allowed to grow up to an average 
height of 12 ft , branches overhanging up to 10 ft 
westwards and absent below 1!- ft, evidently the 
height of earlier trimming. The hedge is relatively 
complete, with a few gaps of 3 ft or more between 
stems, although in the absence of a fence the belt is 
not stock-proof on this side. The area of the belt is 
approximately 3.5 acres, excluding the small planta
tion adjoining on the south-west. A stocking of 548 
stems per acre in the lower part comprised in 1954 
65.2 % Scots pine, 8.0 % sycamore, 7.5 % oak, 6.0 % 
elm, 5.5 % ash, 4.7 % rowan, 1.6 % birch and 1.5 % 
beech, holly and alder. Average quarter·girth 
measurements at breast height (B.H.Q.G.) were: 
Scots pine- 6 in., sycamore- 7 in., oak, elm, 
ash- 6 in., rowan- 4! in., birch- 6t in. 

]n height the belt varies from 27 ft on the exposed 
margin to 42 ft on the east, the average being 36 ft. 
In spite of height variation , there is one canopy only 
(Plate II), understorey and undergrowth being 
absent throughout. The ground cover is a soft grass 
association. In transverse section (Plate 12) the 
principal feature, apart from the windswept appear
ance of the conifers, is the central core of almost pure 
Scots pine, flanked on either side by leaf·tree species. 

Observations of wind velocity recorded in Fig. 41 
were made in October 1954, before the autumn leaf
fall was far advanced and when the geostrophic 
wind was south-westerly, as determined from cloud 
movement, although the fairly continuous ground 
wind never deviated more than 190 from the normal 
to the belt during the field experiments and averaged 
17 ft /sec in velocity. On an earlier occasion, with 
mild sunny conditions, the W wind suddenly 
changed to SSE, blowing down the slopes of 
Caerketton Hill to the east of Allermuir, and 
operations had to be abandoned. 

Relative velocities recorded at the various 
measurement points on either side of the shelterbelt 
and on a measurement line normal to the belt were 
as follows: 
Windward: 
Distance from belt: 
IOh 9h 7h 4h 3h 2h 1h Oh 
Relative Velocity, %: 
100 96.9 95.4 87.6 87.4 86.5 77.7 81.8 
Leeward: 
Distance from belt: 
0 Ih 2h 3h 5h 7h 15h 20h 28h 
Relative Velocity, %: 
37.7 39.0 49.0 43.6 49.6 52.3 80.4 96.5 100 
Interior of Belt,' 
Relative Velocity, % : 68.6 
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FIGURE 41. Relative wind velocities, in percentages of the free-wind speed, in the vicinity of the 
Dreghorn and Currieinn shelterbelts. Measured at 1.5m above ground. 
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These results show a gradual deceleration of the 
free wind as it approaches the shelterbelt with a 
slight increase in velocity as it filters through the 
windward margin. Within the shelterbelt the 
velocity decreases again until the minimum point of 
the curve is reached on the leeward side. A casual 
examination of the relative velocity values suggests 
that this minimum point occurs at the leeward 
margin of the belt . This is, in fact , due to the presence 
of the wall and not to the structure of the belt. 
However, at 2h, the shelterbelt again becomes the 
dominant influence and the true minimum of the 
curve is attained at 3h. From this point a gradual 
increase in velocity occurs until the unobstructed 
wind speed is restored at 28h. 

Measurements of atmospheric temperature made 
during the course of the wind studies on a mild, 
sunny afternoon were as follows: 
Windward: 
Distance from belt : 
10h 9h 8h 7h 6h 5h 3h 2h Ih Oh 
Air Temperature, of : 
55 55 55 55 55 55.5 55 55 55.5 56 
Leeward: 
Distance from belt : 
Oh Ih 2h 3h 4h 5h 6h 7h 8h 9h 10h 12-28h 
Air Temperature, OF: 
56.5 57 57 57 57 57 57 57 57 57 56.5 55 
IllIerior of Belr : 
Air Temperature, OF: 57 

Near the windward margin of the belt a tempera
ture increase occurred, due partly to the wind 
aba tement but also to radiation effect. On the lee
ward margin a slight fall in temperature may be 
attributed to shading but, further leeward, the 
influence of the shelterbelt is a pparent. It is interest
ing to note here that the 2°F increase in temperature 
corresponded very closely with a wind velocity less 
than 60 % of its unobstructed speed. 

Relative values of the cooling power of the wind, 
determined with a Kala thermometer, were: 
Windward: 
Distance from belt: 
IOh 9h 6h 5h 4h 3h 2h Ih Oh 
Cooling power, %: 
100 100 95 95 90 86 86 95 95 
Leeward: 
Distance from belt: 
Cooling power, %: 
Oh I h 2h 3h 4h 5h 6h-15h 20h 28h 
Cooling power, %: 

73 68 73 76 73 76 76 84 100 
Interior of Be/I: 
Cooling power, %: 83 

Although subject to the inaccuracies of the 
instrument these va lues indicate a distinct reduction 

in the wind's cooling power in the sheltered zone 
afforded by the belt. 

Measurements of relative humidity and saturation 
deficit carried out in conjunction with the above 
studies were rejected owing to the fact that, after a 
long period of heavy rainfall, the ground to the west 
of the belt was waterlogged ; consequently, a higher 
relative humidity was found on the windward side 
than on the leeward ground. the latter being bare 
stubble at that time and well-drained. 

(b) Currieinn Shelterbelts 

The Currieinn shelterbelt system of five contiguous 
belts (National Grid map reference NT 385590), in 
the parish of Borthwick, Midlo thian, stands on 
exposed ground originating from the northern 
extremity of the Moorfoot Hill range and falling 
away gradually to the Gore Water on the west and 
the Tyne Water on the north and north-east. The 
elevation of the belts approaches 850 ft above sea 
level, the ground to the south sloping very slightly 
to 821 ft on the main A-7 Edinburgh-Galashiels road 
at its junction with the Halflaw Kiln farm road, after 
which altitude increases slowly across Middleton 
Moor and then moderately to the Moorfoot Hills , a 
series of smoothly rounded hills frequently ex
ceeding 2,000 ft in elevation. The shelterbelts are 
exposed on all sides but the predominant aspect is 
slightly north-easterly. 

The belts extend over two adjacent farms, Nos. 
1-4 (Fig. 42) on Currieinn Farm and No.5 on 
Middleton Mains Farm, both formerly part of 
Borthwick Esta te and acquired by Lord Strathcona 
in 1952. A sixth belt , running south-westerly from 
the junction of belts 2 and 3, appears to have been 
cleared 20-30 years ago and has reverted to pasture, 
only the boundary beech and hawthorn hedgerow 
remaining. 

All belts in the system are 55-60 yd in width and 
are stocked with a mixture of Scots pine and Norway 
spruce, planted in alternate rows at a spacing 
between and within rows of 3-!- f1. At 25-30 years of 
age, the belts are unbrashed and unthinned, dense 
and impenetrable and the spruce has been sup
pressed a lmost entirely. The average height in 1954 
was 27 ft with few stems measuring more than 4 in. 
B.H.Q.G. Surrounding the belts a hedgerow of 
beech and hawthorn, their crowns forming an almost 
continuous screen from 5 ft to about 18 ft above 
ground, has preserved the crowded belts against 
wind damage. Within this protective margin a 
shallow ditch and narrow path occupy a distance of 
3-4 yd before the coniferous stand commences. It 
would appear that the hedgerows are remnants of an 
earlier rotation on this site; this suggestion is sup
ported by the old hedgerow surrounding the cleared 
belt. 
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FIOURE 42. Locality map for the Currieinn shelterbelts. Scale: 6 inches ~ I mile. 
(Extract from Ordnance Survey Sheet XV SW., Midlothian.) 
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Wind investigations were carried out in 1953 and 
1954 in the vicinity of belts I and 3 with NE and 
SW winds respectively (Fig. 41). In the case of the 
former winter conditions prevailed, the hedgerows 
being leafless at the time of the studies. The following 
relative wind speeds were observed: 
Windward: 
D istance from belt: 
10h 3h 2h Ih Oh 
Relative Velocity. %: 
100 95.7 77.0 75.0 55.0 
Leeward: 
Distance from belt: 
Oh Ih 2h 3h 4h 5h 
Relative Velocity. %: 
12.7 16.2 33.6 29.2 36.1 34.6 
Distance from belt: 

7h 10h 15h 20h 25h 30h 
Relative Velocity. %: 
44.2 63 .0 82.0 89.7 97.5 100 

These results show a gradual decrease of wind 
speed towards the windward margin and the mini
mum point of the curve actually at the leeward edge, 
as might be expected from the density of the belt . 
At this point the wind speed is reduced to 12.7% of 
its unobstructed value, which averaged 20 ft /sec 
throughout with very constant direction normal to 
the shelterbelt. Further leeward the resumption of 
velocity follows a smooth curve with a fairly steep 
gradient. Some irregularity in the readings at 2-4h 
may have been due to turbulence on the lee side of 
the belt. 

Measurements near belt 3 were carried out in 
summer conditions when the wind speed averaged 
12 ft /sec and the direction SW, again more or less 
normal to the belt but deviating occasionally towards 
the west. Recorded velocities were: 
Windward: 
Distance from belt: 
IOh 7h 5h 2h Oh 
Relative Velocity, % : 
100 97.4 94.3 88.5 54.0 
Leeward: 
Distance from belt: 
Oh Ih 5h 10h 15h 20h 25h 30h 
Relative Velocity, % : 
13.5 15.0 21.4 58.7 18.5 74.8 82.8 101.0 

No readings were utilised in the turbulent zone 
between 2h and 4h owing to the anemometer type 
available at that time. The curve for these results 
show, however, a similar course to that for belt I, 
although a greater shelter effect is apparent through
out and particularly up to IOh leeward of the belt . 
This may have been due to the additional shelter 
occasioned by the hedgerows being in leaf or the 
slightly d ifferent character of the two belts. It will be 
noticed that a second depression in the curve occurs 

after 15h; this is doubtless due to the distance 
protection afforded by belt 2, as would be expected if 
the wind veered to the west. Thus, between I5h and 
30h leeward of the belt, the sheltered zones of the 
two belts would overlap. Any further reduction in 
velocity found beyond 30h could be attributed 
entirely to belt 2. In this case, such a question did not 
arise, probably because the wind backed again. 

Turbulence to the lee of belt 3 was observed on a 
further occasion when the direction of the wind was 
approximately WSW and maintained a constant 
direction 60° from the normal to the belt and was 
moderate and gusty. Whereas the average velocity at 
Ih throughout was 15% of the free wind speed, the 
direction at this point changed rapidly through a 
wide range, frequently being parallel to the belt 
margin and at other times exhibiting a reverse 
current towards the belt. 

Air temperatures observed in the vic inity of belt I 
in conjunction with the wind studies were as follows: 
Windward: 
Distance from belt: 
IOh 7h 5h 3h 2h Ih Oh 
Air Temperature, of: 
42 42 42 42 42 43 43 
Leeward: 
Distance from belt: 

Oh I h 2h 3h 4h 5h 7h IOh 20h 25h 30h 
Air Temperature : 
43.5 44.5 44 43.5 43 43 42.542.5 42 42 42 

Under completely overcast, cold, weather condi
tions, the belt thus showed a small effect on air 
temperatures. Corresponding values for relative 
humidity were: 
Windward: 
D istance from belt: 
IOh 7h 5h 3h 2h Ih Oh 
Relative Humidity. % : 
92 92 92 92 92 92 92 

Leeward: 
Distance from belt: 
Oh Ih 2h 3h 4h 5h 7h 10h 20h 25h 30h 
Relative Humidity. % : 
96 96 93 92.5 92 92 92 92 92 92 92 

Observations of atmospheric temperature and 
relative humidity. conducted near belt 3 on a separate 
occasion, when the wind was SE in direction, light 
and variable and weather conditions warm and 
sunny, showed no influence which could be attributed 
to the belt except a temperature of 50.5°P and a 
relative humidity of 55.5 % within the belt compared 
with corresponding values on the windward margin 
of 50.5°F and 49.5 % and on the leeward margin of 
5rF and 46%. At this time the windward margin 
was shaded and the leeward margin experiencing 
direct insolation. 
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F,GURE 43. Locality map for the Shothead Farm shelterhelts. Scale: 6 inches ~ 1 mile. 
(Extract from Ordnance Survey Sheet VI SE., Midlothian.) 
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(c) Shothead Shelterbelts 

The Shot head Farm shelterbelts form the inner 
section of a comprehensive system of belts, formerly 
extending from the Cock Burn on the west to 
Balemo on the north-east, and si tuated on high 
ground to the north of the Pentland Hill range. A 
gentle slope towards the Water of Leith gives the 
area a general northerly aspect, elevation ranging 
from 900 ft above sea level at the south-west corner 
of the property to 664 ft at the junction of the farm 
roadway with the Balemo-Cockburn road on the 
north-west and 616 ft at the extreme north-east 
corner of the farm. To the south of the area marginal 
farmland falls gently to the Bavelaw Burn, thereafter 
rising in a moderate gradient to Bavelaw Castle, 
Hare Hill (I,472 ft) and Black Hill (1,636 ft) above 
Threipmuir Reservoir with higher peaks in the 
Pentland range further south. 

The area is particularly exposed to the south-west 
winds which are concentrated to some extent by the 
Pentland Hills. Many of the shelterbelts between the 
farm march and the Cock Burn are now cleared; the 
detrimental effect which this clear-felling has in
curred on such high-lying arable ground is apparent. 
On the property west of Shothead remnants only of 
the old shelter belts remain. 

Formerly owned by the University of Edinburgh, 
Shot head is now intensively managed as a dairy 
farm by the present owner, Mr. A. L. Buchanan
Smith. 

The shelterbelts are predominantly of coniferous 
species with an admixture of leaf-trees more con
centrated on the margins. Of the two studied, belt 
No. I (Nationa l Grid map reference NT 157644) 
occupies a roughly N-S direction on the eastern 
boundary of the farm. On the west margin of the 
belt is a shallow ditch with mound, the latter 
surmounted by a post and wire fence with scattered 
hawthorn bushes 6-8 ft high along the fence line and 
occasional edge-trees of beech. On the eastern border 
a deeper ditch separates the belt from arable ground, 
the level of which is about 2t ft below that of the 
shelter belt. A similar fence bounds the belt on this 
side but hawthorn bushes are sparse and beech rare. 
The belt is composed of almost pure Scots pine, 
averaging 610 stems per acre, 40 ft in height and 6 in. 
B.H.Q.G. at the time of the investigations, with 
occasional larch, birch and Norway spruce through
out. Ground vegetation is thin , mainly of grass and 
bracken; no underwood is present. The belt is 107 ft 
in width. 

The second belt, (National Grid map reference 
NT 153642) more or less pa raliel to the firs t but 350 
yd further west, is 88 ft in width although a wide 
ditch and bare strip on the eastern side reduce the 
effective width to 70 ft. The average height in 1954 

was 35 ft with a stocking of approximately 548 stems 
per acre comprising 90 % Scots pine and the re
mainder scattered larch, beech, Corsican pine, 
Norway spruce and rowan. Average B.H.Q.G. 
measurements were 5* in. and 4 in. in the case of 
pine and larch respectively. Towards the north end 
of this belt wind damage has caused a wide gap 
which has interfered with the efficiency of the belt. 

Measurements of wind velocity in the vicinity of 
the two belts (Fig. 44) were carried out on separate 
occasions with SW and NE winds respectively. In the 
case of belt I the free wind velocity was 17-18 ftlsec 
and approached the belt perpendicularly. Relative 
velocities recorded along the measurement line were 
as follows: 
Windward: 
Distance from belt: 
IOh 7h 5h 2h Ih Oh 
Relative Velocity, %: 
93.7 100.9 88.0 78.3 72.6 93.6 
Leeward: 
Distance from belt: 
Oh Ih 2h 3h 4h 5h 7h 10h 17th 26th 30h 
Relative Velocity, %: 
86.544.4 37.2 24.0 28.7 26.6 35.338.385.3 93.399.4 
Interior of belt: 
Relative Velocity, %: 100.6 

In these measurements, the cropping arrangement 
in the field leeward of the belt interfered to some 
extent with the laying out of a measurement line and 
observation points had to be selected to avoid undue 
trespass on growing crops. The tOh point leeward 
shows an unusually favourable shelter effect, con
sidering the penetrability of the belt ; since this point 
was situated amongst a cereal crop, which was 
about 18 in. high in this part although averaging 
12 in. over the rest of the a rea, it would seem that, in 
spite of compensation for the different roughness 
height , this reading was affected to a considerable 
degree by the crop. The 17!h point, situated between 
the cereal strip and a IIO-yd wide potato strip, and 
the 26! h pOint, between potatoes and a 80-yd wide 
strip of turnips, would appear to confirm the under
estimation of the IOh station. 

At IOh windward of the belt, where 93.7 % of the 
free wind speed was recorded, the influence of belt 
2, 230 yd windward of this point, is discernible, the 
unobstructed wind velocity not yet being resumed. 
However. at 7h the free wind is restored, a sharp 
abatement occurring to I h from the windward 
margin of the belt. Here a pronounced acceleration 
takes place, extending to the centre of the belt, after 
which the curve falls to a minimum at 3h leeward of 
the belt. The high wind speed within the belt 
illustrates the open nature of the structure. After 3h 
the curve ri ses smoothly to 85.3 % at 17!h and litt le 
shelter effect is noticeable beyond this distance. 



· · • 

• i 

104 FORESTR Y COMMISSION BULLETIN 29 

, 

V \ L .... k 
V V 

1./ 

." 

-j ... ),. k · . I >" I·· ' .' ~ " j ........ 
~.--- / ..... 

N .... 

.'/ / 

1/ ..-

1\ ./ 1/ .... 
/ \ 

V- I--
1\ 
V f'./ I· .. • , 

1 ". i~:::: ...... ~"" 
H'" ,. , 

"I . • .. ~~ .. u" M 

... "0 .. ,,,,0 ....... 
-... 

./' 
V 

\ V V 

'-
~ V V 

---

'" " T •• ' '" -, 
,'''''''' .. ~. "m 

, 

. . , , 
... n'.· ...... Ill,.."" 

FIGURE 44. Relative wind velocities, in percentages of the free-wind speed, in the vicinity of the 
Shothead and Langwhaog shelter belts. Measured at l.5rn above ground. 

M 

--



SHELTERBELTS AND MICROCLIMATE lOS 

In the wind studies near belt 2 the following 
relative velocities were observed : 
Windward: 
Dista nce from belt: 
10h 9h 7h 3h Ih Oh 
Relative Velocity. %: 
70.0 80.4 83.0 87.3 74.3 82.7 

Leeward: 
Dista nce from belt: 

Ih 3h 5h 7h 10h 20h 25h 
Relative Velocity, %: 
87.8 47.0 51.9 59.8 78.8 92.4 102.4 

IlIferior of be/I: 
Relative Velocity. % : 94.6 

These results show a marked distance effect of 
belr I with a NE wind, the unobstructed velocity not 
being restored at any point between the two belts. 
However, the curve of velocity reduction behind the 
second belt sugges ts no cumulative influence of the 
two belts. Again, a n acceleration occurs within the 
belt, the structure of which is morc open as well as 
narrower than belt 1, and the minimum on the lee
ward s ide is found at 3h. The depression of the curve 
a t this point is relatively shallow and rises again 
sharply. the shelter effect d isappearing entirely 
between 20 and 25h. This may have been due to 
some extent to the wind-blown gaps in the belt and 
not exclusively to the structure near the measurement 
line. However, the results portray the generally poor 
efficiency of the belt as a whol~. 

(d) Langwhang Shelterbelt 

The Langwhang Shelterbelt (National Grid map 
reference NS 075598), lies to the south-east of the A-70 
Edinburgh-Lanark road, commonly called the "Old 
Lanark" or"Langwhang" road, about I mi south-west 
of Harperrig Reservoi r. Theelevation of the belt at its 
south-east end is 950 ft above sea level, falling very 
slightly to about 930 ft at the north-west end. The 
general aspect is therefore north-westerly. Further to 
the north-west beyond the main road the ground 
slopes very gently to the Crosswood Burn. To the 
south-east of the belt there is a slight fall to one of the 
burns feeding Harperrig Reservoir and then a 
gradual r ise to the slopes of the Pentland Hills. 

This shelterbelt, typica l of many semi-derelict 
belts in this district, consists of an unfenced stand of 
Sco ts pine and Norway spruce, very open and 
severely deformed and checked by exposure to the 
prevailing SW wind. The width of the belt is 78 ft, 
potentially increased to 92 ft by the line of a new 
fence enclosing a small paddock of improved pasture 
on the south-west (windward) side of the belt. In 
1955 the height of the belt averaged 26 ft and the 
stocking approximately 228 stems per acre with 90 % 
Scots pine and 10% Norway spruce. Average 

B.H .Q.G. measurements were 5.t and 5 in. respec
tively. No underwood exists, the belt being open to 
grazing and ground vegetation comprising rough 
pasture and patches of JUIlCUS commullis as on the 
leeward side of the belt. The length of the belt is 
approximately 300 yd. 

Wind velocities measured in the vicinity of the 
belt when the free wind ranged between 18 and 21 
ft /sec showed the following relative values: 
Windward: 
Distance from belt: IOh 5h 3h I h Oh 
Rela tive Velocity, %: 100 98.1 96.7 92.8 93.8 
Leeward: 
Distance from belt: 
Oh Ih 2h 3h 5h 10h 15h 20h 25h 30h 

Relative Velocity, %: 
101.6 88.5 80.2 79.6 72.4 69. 1 74.086.097.0100 
IlIIerior 0/ belt: 
Relative Velocity. %: 95.6 

These figures show that, because of the very open 
structure of the belt, only a small velocity reduction 
takes place on the windward side of the belt. Within 
the belt the wind speed increases, due to jetting 
between the trees. and reaches a maximum at the 
leeward edge. From this point the curve falls gently 
(Fig. 44) to a minimum of 69.1 % of the free wind 
speed at IOh leeward of the belt a nd then the velocity 
is restored gradually. 

Observations of relative humidity made during the 
course of the wind studies were : 
Windward: 
Distance from belt: IOh 5h I h Oh 
Relative Humidity, %: 85 85 85 85 
Leeward: 
Distance from belt: Oh I h 2h 3h 5h 1O-30h 
Relative Humidity, %: 85 87 88.5 87 87 85 
Interior 0/ belt: 
Relative Humidity. % : 85 
Although not corresponding entirely with the wind 
abatement, these values indicate an effect due to the 
belt on relat ive humidity in the leeward sheltered 
area. No evidence was obtained of a corresponding 
effect on air temperature. 

(e) East Saltoun Shelterbelt 

The East Saltoun Shelterbelt (National Grid map 
reference NT 483681) is one of three similar types 
planted in the neighbourhood by the Saltoun Estate 
as game "rises" and not primarily for shelter. On 
agricultural land recently acquired by the Hamilton 
and Kineill Estates, this shelterbelt lies to the east of 
East Saltoun village, inclined to the B-6355 road to 
Gifford which passes the southern end of the belt . 
From the road and for 260 yd, the width of one field, 
the belt takes a roughly northern direction, after 
which the direction changes slightly to NNW for the 
extent of another field (240 yd), following the field 
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FIGURE 46. Locality map for the East Saltoun shelterbelt. Scale: 6 inches ~ I mile. 
(Extract from Ordnance Survey Sheet XV NW., East Lothian.) 
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boundaries existing at the time of planting. The belt is 
therefore 500 yd long and the width is 50 ft through
out. The elevation is 450 fl above sea level at the 
south end of the belt , with relatively level ground 
over the first fie ld from the road, falling gradually to 
400 ft through the second field. To the north the 
neighbouring land slopes gently to the Tyne Water, 1 
mi distant. To the south, beyond the road, the ground 
rises slightly for 21-3 mi, thereafter merging into the 
undulating range of the Lammermuir H ills. To· the 
east and west of the belt the land is fa irly level for 
somcdistancc. The aspect is predominantly northerly. 

The southern section of the belt is bounded on the 
east by an old hawthorn hedge sti ll relatively 
complete, with two or more heavy branches radiating 
from each stoo l. the latter approximately 3 ft apart. 
Since establishment of the belt the hedge has 
attained an average height of 12-15 ft but upper 
branches rarely overhang the arable land. Prior to 
the planting the hedge appears to have been topped 
regularly at 5 ft and there are now few branches 
below this level. The western boundary is a post and 
wire fence. On the northern section margins are 
reversed. the fence being on the east and the hedge 
on the west. The belt is stocked throughout with ash 
groups at 20-25 yd centres in a matrix of European 
larch and Scots pine planted at 41 ft spacing. Within 
the groups the original planting distance appears to 
have been 3+ ft : with groups 25-30 ft in diameter 
there are roughly 40 ash stems per group. The ash 
has been pruned naturally but no treatment appears 
to have been carried out. Without the marginal 
hedge the belt would appear modera tely penetrable 
to the wind. There is a light grass vegetation within 
the belt. Average B.H.Q.G. measurements in 1955 
were : ash-2* in., larch- J ;i in ., pine-3* in. The age 
is probably 20-25 years. In view of the development 
stage of the stand complete enumeration of species 
was impracticable during the time of wind investiga
tions. The height of the belt averages 23 ft . 

Measurements of wind velocity near the belt when 
the direction averaged ENE and occasionally 
deviated up to 55 0 from the normal to the belt showed 
the following relative values : 

Windward: 
Distance from belt : 
10h 7h 5h 3h Ih Oh 
Relative Velocity, % : 
100 100.4 99.3 97. 1 84. 1 71.2 

Leeward: 
Distance from belt: 
Oh Ih 2h 3h 4h 5h 

Relative Veloci ty, %: 
44.3 25.6 29.3 30.1 30.4 38.0 
Distance from belt : 

7h 10h 16h 20h 25h 30h 

Relative Velocity, % : 
49.0 58.4 77.0 90.0 97.0 100 

In this case, no increased ve locity occurs at the 
windward margin of the belt and the curve (Fig. 47) 
shows a gradual abatement of wind speed from 7h to 
\vindward to the minimum pOint at Ih to leeward. 
From here the gradient of velocity resumption is 
gradual and the shelter effect appreciable as far as 
20h. 

Observations of relat ive humidity made on a dry y 

sunny, spring afternoon showed some variation bUl 
averaged 60.5 % between Oh and 10h windward. 
63.5 % between Oh and 5h leeward, 61.5 % between 
7h and IOh and 61.0 % bet"'cen 10h and 20h. 
However, at the time of measurement, the newly 
sown and ro lled fie ld to windward of the belt was 
reflecting a considerable amount of heat and 
somewhat higher temperatures were recorded in this 
part than on the leeward side where the ground 
vegetation was a closely grazed grass sward. Thus the 
va lues of relative humidity may be an unreliable 
indication of the shelterbelt influence 011 this. 
factor. It may be noted here that, at 25 yd from the 
belt, I ft above the bare soil. relative humidity was 
7.7 % lower than at 5 ft (approximately · 1. 5m); 
corresponding differences above grass 25 yd on the 
leewa rd side and within the belt itself were 1.9 % 
higher a nd 1.6 % higher respectively. These figures 
denote a reverse o rder in the humidity gradient 
above the ground between the two types of soil 
cover. presumably due to the different thermal 
properties of the bare soi l and the grass sward. 

(f) Braidwood Shelterbelt 

Situated on a glacial drift mound, tapering to the 
north-east, at the foot of the south~east slopes of the 
Pentland Hills on the farm of Braidwood in Penicuik 
parish (National Grid map reference NT 194596), 
the elevation of the Braidwood Shelterbelt varies 
from approximately 975 ft to 1,050 ft above sea 
level. The direction of the belt is roughly NW-SE, 
fo llowing the general slope and extending for 
approximately 150 yd. Above the belt the ground 
first falls from the mound then rises moderately and 
afterwards abruptly to Scald Law (1,898 ft). 

The form of the mound gives the belt a slightly 
north-easterIy aspect. Immediately east of the belt 
the ground falls away in a sha llow trough, which 
emerges on the A-702 Edinburgh-Biggar road on the 
south. West of the belt a slight rise occurs for less 
than 100 yd, thereafter fallin g away very abruptly to 
Eight Mile Bum and presenting a fairly steep face 
to the prevailing SW wind. This area to the west of 
the belt, known as Camp Hi ll and the site of an 
ancient fort, occupies a commanding posi tion with 
respect to the main highway and to the land further 
south which slopes gently to the valleys of the River 
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Esk and the Lead Burn, rising again 5-9 mi distant 
to the Moorfoot Hills. 

The belt is 55 yd (2! chains) in width, 36 ft in 
height on the north-east side and 28 ft on the south
west margin (Plate 23), The mixture of larch and 
pine, the former predominating, has suffered to some 
extent from lack of timeous thinning but particularly 
to undermining of the root systems by rabbits. The 
original planting pattern is not clear but the margins 
appear to have consisted of alternate rows of larch 
and pine parallel to the axis of the belt at a spacing 
within and between rows of 3t ft. On the north-east 
side the Scots pine has been almost entirely sup
pressed and removed although this species becomes 
dominant on the south-west margin where occasional 
Sitka spruce occur. There is a scattering of spruce 
and pine in the centre of the belt, the former 
frequently wind-thrown. With several small gaps the 
stocking is approximately 1,100 stems per acre, 
B.H.Q.G. measurements in 1955 averaging 4* in. 
for pine, 4t in. for larch and 5t in. for spruce. On 
account of its width the belt is comparatively 
impenetrable to the wind. 

Measurements of wind conditions in the vicinity of 
the belt were carried out with SW and NE winds 
averaging 10 and 14 ft/sec in velocity respectively. In 
the case of the former, the free wind velocity was 
measured at 9h windward on account of the sudden 
fall of the ground beyond this point and the leeward 
measurement line was not extended beyond 20h 
leeward on account of the topography and the 
apparent predominance of the latter over the influ
ence of the belt on wind speeds beyond this point. 
Relative velocities recorded along the measurement 
line were: 
Windward: 
Distance from belt: 
9h 8h 6h 4h 3h I h Oh 

Relative Velocity, %: 
100 105.4 108.189.6 83.6 63.0 28.4 
Leeward: 
Distance from belt : 
Oh 2h 3h 4h 5h 7h IOh 15h 20h 
Relative Velocity, %: 
16.9 29.5 61.1 6 1.6 75.1 60.6 48.3 51.9 86.0 

These values show an increase in velocity after the 
windward control point, due to turbulence in the 
flow caused by the sharp fall of the ground further 
windward. A steady decrease in wind speed takes 
place after 6h from the belt but, owing to the slight 
incline down to the belt margin, this abatement of 
the wind may not be attributable entirely to the 
presence of the belt. After the minimum point of the 
curve (Fig. 47) at the leeward margin there is a rapid 
resumption of the unobstructed wind velocity unti l 
5h leeward of the belt , after which a second depres-

sion of the curve occurs and extends as far as 20h 
leeward. This phenomenon may be ascribed to the 
trough in the topography previously described and 
it is impossible to determine to what extent the shelter 
effect is attributable to the presence of the shelter
belt. However, the steep gradient of the curve 
immediately behind the shelterbelt suggests that, in 
such a si tuation, the belt is not efficient because the 
wind is inclined to roll over the top of the belt due to 
the fa ll of the ground parallel with the direction of 
flow. 

The measurements recorded when the wind was 
NE in direction were: 
Willdward: 
Distance from belt: 
10h 5h 3h 
Relative Velocity. %: 
100 113.5 117.4 
(85.2) (96.7) (100) 
Leeward: 
Distance from belt: 

Oh 2h 5h 
Relative Velocity, %: 

Ih Oh 

80.3 60.5 
(68.4) (51.6) 

IOh 

12.9 23.0 53.5 98.9 
(11.0) (19.6) (45.6) (84.0) 
The values shown in brackets are comparative 
percentages considering the value of the wind speed 
observed at 3h windward of the belt as 100 %, since 
this must be the true value of the wind which the 
belt encounters. This increase of velocity towards 
the belt from IOh to 3h windward illustrates the 
effect of the slope up to the belt from the hollow 
mentioned. However, in spite of the gradient, the 
curve (Fig. 47) shows that the free wind speed is 
attained very rapidly on the leeward side and at IOh 
the shelter effect of the belt has virtually disappeared 
although at this point the ground has already started 
to fall suddenly. This fact suggests that the general 
topography east of the belt causes a higher wind 
velocity from a higher air layer to strike the rising 
ground immediately to leeward (west) of the belt, in 
which case the situation renders the belt relatively 
ineffectual against NE winds. 

Observations of relative humidity made in the 
course of the latter wind studies show a similar 
trend: 
Windward: 
Distance from belt: 
IOh 5h 3h 2h Ih Oh 
Relative Humidity. %: 
76.0 76.0 71.5 69.0 72.0 72.5 
Leeward: 
Distance from belt: 

Oh Ih 2h 3h 5h IOh 
Relative Humidity, %: 
80.5 77.0 73.0 74.5 69.5 69.0 
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FIGURE 49. Locality map for the Gosford shelterbelt. Scale: 6 inches 
(Extract from O.S. Sheet IV S.E., Haddingtonshire.) 

I mile. 
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(g) Gosford Shelterbelt 

The Gosford Estate. owned by the Earl of 
Wemyss, lies on the southern shore of the Firth of 
Forth where the coast line, east of Port Seton, takes 
a sharp sweep to the north to form Gosford Bay. 
The wooded boundaries of the property. adjo ining 
the bay to the west and north·west of the estate are 
consequently severely exposed to the prevailing 
winds from the Firt h. The coasta l shelterbelt is 
formed by a narrow strip of woodland connecting 
larger pol icies to the north and south of the bay and 
provides shelter to Gosford Houseand surroundings. 

In 1796, the young Duke of Rutland, who visited 
the area, recorded in his privately printed journal : 
"We now proceeded (from Dirleton) to visit a house 
bui lding by Lord Wemyss, four mi les distant ; the 
road to which lay across an extensive rabbit warren 
(Gullane). The shell only of the house was com
pleted .... Its situation is objectionable in the 
highest degree; a barren rabbit warren, on a sandy 
shore st retching on all sides, and the country 
around being totally destitute of wood or fertili za
tion . We criticized severely the judgement of Lord 
Wemyss". 

Surveys of the estate made about 1807 indicate 
that practica lly all the present woodlands around 
Gosford House had by then been planted, but on ly a 
small part of the coastal shelter strip. An important 
item in the planting was the wall along the coast; 
built of stone, this was erected in 1800 to gi ve the 
essential shelter from the salt-laden winds to the 
firSt rows of trees, which in turn have sheltered 
those behind. The benefits which this practice has 
conferred on the agricultural land leeward of the 
belt and on the woodlands is readi ly apparent. 

The shclterbelt is thus bounded for the whole of 
its windward margin, in the form of an a re, by a stone 
wall . which is separated from the sandy shore by the 
main A-198 Edinburgh-North Berwick road which 
sk irts Gosford Bay and also, in the south, by a 
flat grass-covered area raised 4-5 ft above the beach 
and level with the road. The wa ll varies somewhat in 
height according to the slight gradient of the road 
towards the centre of the bay from its southern end. 
The trees immediately behind the wall have been 
wind-pruned to the height of the wall and there is a 
uniform increase in height inwards to a maximum 
height of about 40 ft at 150 ft distance from the wall. 
The width of the belt varies slightly, the leeward 
margin being irregular, but the average effective 
wid th is 150 ft. 

The composition of the belt varies. Towards the 
north of the st rip leaf-t ree species predominate, with 
approximately 725 trees per acre in the upper canopy, 
comprising 38% sycamore, 22 % elder. 18 % elm, 
8% Scots pine, 6 % ash and 8% lime, wi llow and 

beech. In addition there is a scattered underwood of 
small elder and elm, amounting to about 1,000 sterns 
per acre, usually in clumps from a common stool 
with occasional snowberry and sea buckthorn: 
Further south, the proportion of Scots and Austrian 
pines increases to about 40 %, in association with 
leaf-trees. Except on the leeward margin all trees are 
stunted and dwarfed, with small crowns and poor 
stem development. But for the outer wall and the 
continuous, sloping, crown surface, the belt would be 
classified as very open. Except where small gaps are 
fou nd in the canopy, no ground vegeta tion is present. 

Wind measurements were conducted to leeward 
of the belt when the prevai ling wind was approxi
mately WSW, with occasional deviations of up to 60° 
from the normal to the belt. A control station was 
erected 50 yd windward of the stone wall 011 rough 
grass above the beach. No other measurements were 
possible on the windward side on account of dis
turbance produced by the continual stream of 
traffic along the ma in road. Along the measurement 
line selected, the wall height was 7 ft above the road 
a lthough only 5-!- ft above the ground level under the 
trees'; the maximum height a t the leeward edge in 
this section was 35 f1. The measurement line selected 
previously and on which the wind-tunnel st udies 
described earlier were based provided a wall height 
9 ft above the road level and II ft above the shelter
belt floor; the maximum height of the trees on the 
leeward margin at this point was 40 ft. These figures 
show the effect of an increase in the wall he ight on 
development of the belt. The latter measurement line 
was not available during the early spring of 1955 
owing to cultivation of the sheltered ground. How
ever, the degree of slope in the canopy is similar in 
both cases. 

The following relative velocities were observed 
a long a line normal to the general direction of the 
belt , distances being expressed in mult iples of 35 ft: 
Windward: 
Distance from belt: 4-5h 
Relative Velocity, %: 100 
Leeward: 
Distance from belt: 
2h 4h 6h 8h IOh 12h 16h 22h 

Relative Velocity, %: 
34.2 58.5 76.2 85.4 88.3 91.8 94.0 98.0 
Interior of belt: 
Relative Velocity, %: 31.3 

At the time of measurement none of the leaf-trees 
h~d flushed, thus accounting for the comparatively 
hIgh velocity within the belt. From this observation 
point, which was situated IO yd from the inside of 
the .wall, the wind speed shows a rapid increase, 
partIcularly between 2h and 8h to leeward of the 
strip (Fig. 50). After 8h the curve flattens out con
siderably and the gradient of veloci ty resumption 
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becomes shallow. However, beyond 12h the shelter 
effect is small. disappearing almost entirely at 22h. 

These results of field observations show a similar 
trend to the curves (Fig. 36) in respect of wind
tunnel studies of a model of this shelterbelt, allowing 
for the extended distance protection recorded in 
wind-tunnel experiments in comparison with field 
studies, this being due to the different stage of 
boundary layer development (Blenk 1953). There is 
also a similarity between the Gosford results and the 
measurements recorded by Nageli (I953b) on the 
leeward side of a plantation 21.5 heights wide; in the 
latter investigations 50 % of the free wind speed was 
observed at Ih, 56% at 2h, 61 % at 3h, 68% at 5h, 

77 %at 8h, 82%at l2h, 89%at l7h, 90% at 23hand 
96 % at 30h. The Gosford studies show a less 
favourable shelter effect than behind the wide 
plantation, at least after 2h from the belt. It is 
apparent from these investigations that the close, 
sloping canopy of the Gosford coastal belt does not 
produce an extended zone of shelter in its lee, but 
rather the reverse, the gradient of resumed velocity 
being very steep. 

The studies of wind velocity conducted in the 
vicinity of these shelterbelts reveal characteristic 
effects on the wind regime produced by the different 
belt structures. The practical value of this evidence is 
discussed in the following chapter. 

GOSFORD SHELTERBELT 

W I NO V(I.OCITY ~(I.""ON1N"S 

IN TN( V ICINITY O~ 'N( .rl.T 

FIGURE 50. Relative wind velocities, in percentages of the free-wind speed. in the vicinity of the 
Gosford shelterbelt. Measured at l.5m above ground. 
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Chapter 11 

INTERPRETATION OF RESULTS IN RELATION TO 
THEIR PRACTICAL APPLICATION 

TH E EFFECT I VENESS of a shelterbelt is governed 
by its situation, dimensions, cross-wind shape and 
structural composit ion . Adequate consideration of 
these features is necessary when formulating a 
scheme of shelter planting. The design of a proposed 
belt provides for a definite situation and a specified 
length and width. As far as possible the design should 
allow a lso for an approximate final height of the 
shelterbelt and cross-sectional profile. Structural 
composition will require to be based on the width, 
height and cross-sectional shape needed and 
appropriate provision made in the selection of 
species, planting pattern and establishment for the 
gradual development of the optimum structure. 
Thereafter the belt structure wi ll require to be 
regulated from time to time in order to maintain its 
sheltering efficiency and, equally important, its 
continuity as a stand. Thus, shelterbelt technique 
may be divided into three stages: the initial design, 
development of the appropriate structure and its 
maintenance. 

The experimental work described in the foregoing 
chapters, in conjunction with the published evidence 
of earlier research, may be discussed under the 
headings of design, structure and maintenance of 
belts. 

Design of Shelterbelts 

In planning a shelter plantation the first considera
tion, after selection of the site, mus't be the dimen
sions. The ultimate height of the belt must be borne 
in mind at the outset since the area to be sheltered, 
the distance between parallel belts of a system and 
the optimum length of the belt are dependent on 
this dimens ion. 

It would appear that where parallel shelterbelts are 
planted sufficiently near together it is possible to 
ensure that at no point between the two belts is the 
free-wind velocity obtained, although no cumulative 
effect may be visible behind the second belt. The 
field studies of wind conditions in the vicinity of two 
parallel shelterbelts (p. 103) separated by a distance 
of 350 yd and 35 ft and 40 ft in height respectively 
revealed that, when the wind approached from the 
direction of the 3S ft belt , the open-ground wind 
veloci ty was resumed at 22h from this belt, i.e. 7h 
windward of the second belt. However, when the 
wind direction was reversed, the 35 ft belt became 
26h leeward of the 40 ft belt and the free-wind speed 
was not regained between the two belts. From these 
remits it would seem that, if two parallel belts are 

separated by a distance equal to 26 times the height 
of the more windward belt, the entire intervening 
area will be sheltered to some extent and the un
obstructed wind velocity will not occur between the 
belts. 

The wind-tunnel investigations (p. 8 1) suggest 
that a cumulative shelter effect may be found in 
nature behind a sys tem of two parallel screens but 
the close spacing of the two barriers necessary and 
the small degree of cumulative shelter obtained are 
likely to render such an arrangement impracticable. 
In the laboratory studies a cumulative shelter effect 
was discerned up to about 16h down-wind of the 
second screen, which was separa ted from the first 
screen by a distance of 13h. However, it would be 
inaccurate to transfer these quantitat ive va lues to 
field research. 

Earlier research has established that the minimum 
length of a shelterbelt should be approximately 12 
times the belt height (and 24 times the height to 
utilise the full possibilities of distance protection 
against winds varying in direction up to 45 " on 
either side of the normal to the belt). 1" arable districts it is customary for shelterbelts 
to fo llow existing fie ld boundaries and the width of 
such belts is dictated genera lly by the agricultural 
value of the land. In the interests of agricultural 
productivity the limit ing width should be that on 
which it is possible to establish and maintain a 
shelterbelt of suitable penetrability and structure. 
This must vary according to site factors and partic
ularly the degree of exposure encountered. On 
better-class arable land, such as at East Saltoun, at 
an elevation of 450 ft above sea level, a width of 50 
ft would appear to be adequate provided that 
suitable margins are maintained. On higher ground, 
900 ft above sea level, with a more severe degree of 
exposure, as at Shothead Farm, Balerno, a belt width 
of 64 ft suffices within a comprehensive system of 
sheiterbelts, although greater widths might be neces
sary for isolated belts in such an area. Where 
exposure is more severe, dwarfing and deformation 
of the trees may demand the employment of wider 
belts. 

On upland areas, the optimum width of shelter
belts may be complicated by the economics of 
establishment and the natural desire to combine the 
provision of shelter with some form of productive 
forestry. Increased belt width implies a decreased 
degree of penetrability to the wind and a conse
quently reduced zone of shelter to leeward of the 
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belt. The wind-tunnel investigations indicate that 
the width/height ratio in shelterbelts has a signifi
cant enecCin determining the extent and nature of 
the sheltered area in their vicinity, although this 
effect may not be apparent until the degree of 
penetrability falls below a critical value, estimated to 
be 20 %. The value of the width/height ratio, above 
which the width of the belt becomes the limiting 
factor in determining the shelter effect, must depend 
on the structure, i.e. the penetrability. of the shelter
belt. Further investigations are necessary to discover 
the critical widths for belts of varying composition 
and structure. Above these critical widths, the belts 
lead the wind-parallel to their upper surfaces with a 
resuhant rapid downward transfer of energy after 
the wind leaves the leewa rd margins, thereby 
restricting the extent of the leeward eddy zone and 
promoting the resumption of the unobstructed wind 
veloc ity comparatively close to the belts . 

It is obvious that the optimum width is dependent 
on the stage of development and height of the belt. 
In the case of wide sheltcrbelts the relative efficiency 
must increase with height growth, i.e. as the 
wid th /height ratio decreases, whilst at the same time 
the degree of penetrab ility will be increased usually by 
th inning operations. It may be expected, therefore, 
that wide belts will exhibit a low efficiency index in 
their early years and one much smaller than na rrow 
belts of similar age and height. It may be assumed 
that pure coniferous belts of more than 2t chains in 
width, planted at the conventional spacing, will be 
excess ively dense in their youth and fall below the 
critical degree of penetrability. This is evident from 
the general density exhibited by the Currie inn belts 
at 25-30 years, although subsequent thinnings may 
improve their efficiency. 

Regarding the external form of shelterbelts or their 
cross-sectional profiles, the wind-tunnel invest iga
tions, supported by the field studies of the Gosford 
coastal shelterbelt , suggest that belts with sloping 
crown surfaces should be avoided where practicable 
since they afford a restricted leeward zone of shelter 
near the ground. Gradients on windward ma rgins 
are particularly undesirable. This would appear 
to be confirmed by the fact that in exposed regions 
the natural effec t of the wind is to minimise any 
res istance to its norma l flow pattern. Thus, on 
exposed seaboards, as at Gosford, severe wind
pruning occurs until a more or less aerofoil su rface 
is produced and resistance reduced as far as possible. 
1n very exposed situations it is evident that the 
formation of a windward slope cannot be avoided 
entirely but it can be restricted by the use of 
artificial screens to promote establishment of the 
belt and by the careful selection of the most resistant 
tree and shrub species for the windward margin. It 
may be noted here that in the Gosford belt the 

variation in the height of the windward wall has not 
determined the degree of slope in the crown surface 
but merely the effective height of the canopy above 
ground level at both windward and leeward edges. 

1n effect a gradient on the windward margin of a 
shelterbelt is similar to an increase in overall width 
and restricts the extent of the sheltered zone to a 
degree dependent upon the acuteness of the angle of 
slope. The inclination of the windward edge causes 
deflection of the major part of the air stream over 
the top of the belt, thus reducing the effective degree 
of penetrability to the wind. The more shallow the 
gradient, the more complete is the deflection of the 
air stream over the belt. 

For this reason shelterbelts with vertical windward 
and leeward borders are generally more efficient in 
reducing wind velocity tha n designs wi th various 
combina tions of windward and leeward slopes. 
Except in very exposed dist ricts they will be more 
easily established and ma naged than belt types 
requiring specific slopes in the crown canopy. These 
findings are at variance with current American 
recommendations: Bates (1934) suggested the 
strea mlining of belts so that in cross-section they 
appear as a gabled roof with a wide sweep at the 
eaves, to be achieved by planting central rows of the 
main tree species, flanked on either side by smaller 
trees a nd shrubs. As a result of wind-tunnel studies 
of several des igns of windbreak, Woodruff and 
Zingg (1953) supported the conventional IO-row 
pattern for American conditions with maximum 
height attained in the 7th row (Fig. J I, C). However 
in their investigations, none of the designs studied 
has been compared with a 10-row model having 
vertical windward and leeward edges. 

Applying this evidence to practice, it would a ppear 
that every effort should be made to obtain the 
maximum belt height as near as possible to the 
margin, thus giving (Ln a brupt rise from ground level 
to the crown canopy and allowing the belt to act as a 
moderately penetrable barrier rather than an 
obstruction to be by-passed by the wind. This can 
best be obtained by the judicious use of shrubs and 
minor tree species occupying the space below the 
crowns of the main tree species and preventing 
overha nging of the latter into adjoining fields. The 
windward margin of the East Saltoun shelterbelt 
(Plate 19) illustrates the possibilities in this direction. 

Regarding the upper canopy surface in a shelter
belt, there is no evidence at the present time as to 
whether a smooth horizontal surface is desirable or 
an irregular canopy more suitable. It is possible that 
an irregular crown surface, causing a series of small 
eddies above the belt instead of immediately to 
leeward as found with the uniform design, may 
protect more efficiently the ground down-wind of 
the belt. Wind-tunnel investigations of a group 
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structure model (p. 83) show that no reverse flow 
conditions are produced at any elevation with 
groups extending over a width of five times the 
model height. It would seem that shelterbelts of 
group structure warrant more detailed investigation. 
From a practical point of view, economic considera
tions generally require that shelter be provided as 
quickly as possible after planting. ]n order to achieve 
this it may be necessary to use temporary species 
affording rapid height growth to give the desired 
height to the belt, allowing the permanent species to 
develop more slowly and provide protection at 
lower levels. Whether the temporary species should 
be planted in groups or scattered individually 
throughout the belt must depend on the species and 
locality factors but such a pattern promises a sound 
basis for the future management of the structure, 
and, therefore, merits attention. During the early life 
of such a shelterbelt an irregular canopy will be 
inevitable ; it requires to be demonstrated whether 
this is advantageous or otherwise from a protective 
aspect. 

Little information is available regarding the shape, 
in plan, of shelterbelt boundaries. Departures from 
the customary straight margins are likely to be 
considered only where shelter is required for stock 
on open hill grazings. The evidence from gale 
damage to forests suggests that re-entrants should be 
avoided on margins since they are particularly 
vulnerable at the apex of such "wedges" and 
consequently more difficult to manage. Straight 
margins appear to be more resistant to wind injury 
and it may be assumed that this would apply similarly 
to shelterbelts. Small shelter plantations on upland 
areas are not required usually to provide shelter 
except within their immediate vicinity. their main 
function being to shelter stock against occasional 
severe weather. Their design must cater therefore for 
periodic necessity rather than continuous use and be 
adapted accordingly to comply with local storm and 
topographical conditions. 1n this specialised sphere 
of shelter planting no general conclusions can be 
drawn regarding suitable plans for belt shapes. 

The initial design of a shelterbelt should form the 
basis for the establishment and development of the 
ideal belt structure for a particular set of climatic and 
edaphic conditions. Information regarding ideal belt 
structures, their establishment, development and 
maintenance, can be obtained from prolonged and 
detailed study of existing shelterbelts of varying 
width, general design and composition. 

Structure of Sheiterbelts 

The extent and nature of the sheltered area in the 
vicinity of a shelterbelt is mainly a function of the 
height of the belt and its degree of penetrability to the 
wind and, hence, its structural composition from the 

ground to crown level. Although prolonged and 
detailed study is necessary for the determination ot 
the ideal structures which will afford maximum 
protective efficiency, certain general indications are 
revealed in the results of the present field investiga-
tions. 

Relative wind velocities recorded in the neigh
bourhood of six belts of different structure are 
compared in Fig. 51 and Table 7. The Braidwood 
belt has been excluded because topography com
plicated study of the effect of belt structure on the 
wind flow pattern. Similarly. the rather specialised 
adaptation to environment portrayed by the 
Gosford belt prevents its considenttion from a 
structural aspect, the main feature of this belt 
being its external form. The characteristic effect of 
each of the remaining six belts on the local wind 
regime is apparent from the course of the respective 
smoothed curves of wind abatement. In these 
curves, irregularities in the observed values attribut
able to known influences other than the overall 
structure of the particular belt have been levelled 
out for simplification of the comparative assessment 
of their efficiency. Thus, in the case of the Dreghorn 
belt, the sheltering effect of the stone dyke on the 
leeward margin and, likewise, the acceleration of the 
wind observed within the Shothead belts have not 
been shown, although these minor features must be 
considered in the assessment of general effectiveness. 

From these results it can be confirmed that the 
more impenetrable the shelterbelt to the wind the 
nearer to the leeward margin of the belt is the 
minimum velocity obtained and as penetrability 
increases the minimum tends to move farther from 
the belt. The two extreme examples of this are the 
dense Currieinn No. I belt. where the minimum 
point of the curve is found at the leeward margin, 
and the very open Langwhang belt, where the 
minimum is not attained until IOh leeward of the ' 
belt. It is evident that the degree of penetrability of 
the six belts increases from dense to very open in the 
following order: 

I. Currieinn No. I belt 
2. East Saito un belt 
3. Shothead No.1 belt 
4. Dreghorn belt 
5. Shothead No.2 belt 
6. Langwhang belt 

ln spite of its density the Currieinn belt exhibits a 
remarkably favourable distance protection although 
turbulence in its lee must reduce the general 
efficiency of the structure and, accordingly, it should 
be classified as slightly too dense. The order of 
density suggests that the East Saltoun, Shot head 
No. 1 and Dreghorn belts approach most nearly to 
the desirable moderate penetrability. which has been 
shown in earlier research to be most effective in 
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providing shelter. When the penetrability exceeds 
the optimum degree, as in the case of the Shot head 
No. 2 and Langwhang belts, not only is the wind 
speed reduction less and the minimum wind speed 
further from the belt but also an acceleration of the 
wind is found within the shelterbelt itself or on the 
leeward margin. Such increased velocities, however, 
may be local in occurrence and may not determine 
the general course of the shelter effect, except in the 
very immediate vicinity of the belt margins, provided 
the belt is not too open throughout its height. This is 
evident in the case of the Shothead No. 1 belt, 
which, although registering a somewhat lower 
degree of overall penetrability to the wind than the 
Dreghorn belt, presumably on account of its greater 
width and higher density of stems per acre, neverthe
less causes pronounced acceleration of the wind 
within the belt, thus reducing its general efficiency. 
Yet the curve of relative wind velocity indicates a 
high degree of sheltering efficiency except within the 
belt and close to the margins. 

Analysing this evidence, it is clear that the 
acceleration of the wind in this case arises from the 
condition of the windward margin. The Dreghorn 
belt, with its less permeable windward margin 
formed by the hawthorn hedgerow but more open 
structure in the centre of the belt, shows no similar 
increase of wind velocity. The Shothead No. I belt, 
with only scattered hawthorn bushes on the exposed 
margin and no underwood to compensate for this 
deficiency, causes the wind to sweep through the 
belt near ground level. However, the leeward 
velocity reduction demonstrates also that the effect 
of an open margin near the ground can be quickly 
eliminated by, or at least subordinated to, the 
sheltering influence of the structure throughout the 
rest of the belt height. In the Shothead No. I belt 
side branches on the edge trees form a latticed screen 
within a few feet from the ground (Plate 16). 

On the other hand, the absence of a close wind
ward margin can have a pronounced effect on the 
leeward sheltered area if not counter-balanced by 
low branching in the trees or by undergrowth within 
the belt. This is revealed by comparison of wind 
abatement in the case of the Dreghom and Shothead 
No. 2 belts. With similar widths and stocking 
densities, the main difference between these two belts 
is the hedgerow along the windward border of the 
former (cf. Plates 10 and 17). 

From a practical point of view, a sudden accelera
tion of the wind close to and within the shelterbelt 
will have a detrimental effect on the stand micro
climate, its soil and vegetation, with consequent 
complications in management and silvicultural 
treatment. Apart from possible decrease in sheltering 
efficiency, an open windward margin is undesirable 
in shelter belts. 

Considering the three belts, East Saltoun, Dreg
horn and Shot head No. I, all exhibit a fairly high 
degree of effectiveness. However, the wind abatement 
achieved by the Dreghom belt is not as high as 
might be desirable since the velocity never falls below 
40% of its unobstructed value, discounting the effect 
of the leeward wall. Therefore, it may be assumed 
that this belt is somewhat more penetrable than the 
optimum. Had the belt been of ideal density it is 
doubtful whether the presence of the stone dyke on 
the leeward edge would have produced a noticeable 
effect on the wind speed. 

The East Saltoun belt, from the general trend of 
the respective curve, with its minimum at 1 h from 
the belt, would appear to act in the manner. of a 
rather dense belt. However, the degree of leeward 
shelter afforded is somewhat higher than the mean, 
not the ideal. wind reduction determined from the 
study of a series of moderately penetrable shelter
belts in Switzerland (Nageli 1946). The East Saltoun 
belt is at present in an early stage of development, 
no brashing or pruning having been conducted, and 
branches extend far down the stems. Coupled with 
the close, and relatively high. overgrown hedge on 
the eastern margin (the windward margin during the 
investigations), the branches form a screen of low 
penetrability. As the belt height increases it is 
anticipated that artificial pruning will be necessary 
and the belt will then become more permeable in the 
trunk space. In this event the minimum point of the 
curve will tend to move farther from the leeward 
edge. althou·gh its percentage value may be increased 
slightly. It is highly probable that wind abatement 
at that stage will correspond closely with Nageli's 
mean curve. 

I n the smoothed curve values of wind reduction, 
the Shothead No. I belt appears to afford the most 
efficient degree of shelter except for the increased 
wind speeds. on the edges and within the belt. The 
distance protection exhibited by this belt is high. 
Comparing the course of this curve with the average 
for the Swiss moderate penetrability class (Fig. 7), 
the Shothead No. I belt is potentially of ideal 
structure as regards sheltering effect. It corresponds 
very closely in sheltering effect with the Epinette 
shelter belt and the Riedthof old spruce belt (Fig. 19). 
as described by Nageli (1946). An improvement in 
the windward margin, designed to obviate accelera
tion of the wind within the belt, would incur a 
slight decrease in overall penetrability, thereby 
reducing distance protection. It is likely that the belt 
would still be nearer the ideal than the mean for this 
penetrability group. 

It is apparent that, of the belts studied, the East 
Saltoun belt must be ·adjudged to be presently and 
potentially the most effective in providing shelter. 
The results of the field studies demonstrate clearly 
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that certain belts may afford a high degree of shelter 
and yet be in a transitional stage as regards develop
ment and general silvicultural condition. This is 
evident especia lly in the case of the Currieinn belt. 
Here the gradient of wind velocity resumption is 
more gradual than might have been expected from 
the general density of the belt (cf. Fig. 7), although a 
turbulent zone occurs up to 5h on the leeward side. 
The minimum wind speed is now found at the 
leeward edge or possibly within the belt itself. From 
the unthinned state of the shelterbelt it is unlikely 
that the present efficiency can be maintained 
indefinitely without careful treatment aimed at 
preserving the stand. Similarly. the Dreghorn and 
Shot head belts have reached a stage when regenera
tion of the stands must be considered, being at the 
peak of their efficiency with present stocking. It 
follows that an important feature of any belt 
structure should be its elasticity. i.e. its abi lity to be 
regula ted periodically to preserve its efficiency and 
silviculturai condition. The field studies a lso indicate 
the importance of the windward margin in any belt 
structure. 

The field investigations provide a general guide to 
the ultimate select ion of ideal belt structures appro
priate for particular sites. The Dreghorn, Shothead 
No. I , East SaItoun and Currieinn belts are examples 
of the range in which such idea l structures may be 
found. Although exploratory, the present field 
investigations suggest a possible method for the 
determination of optimum structures, i.e. on.. the 
basis of their effect on wind velocity abatement in 
conjunction with considerat ion of their present and 
potential silvicultural condition . . Further micro
climatic investigations would require to concentrate 
attention on a wide variety of belt types wi thin the 
above-mentioned range with the object of obtaining 
detailed information on the establ ishment and 
maintenance of belt structures. 

Maintenance of Shelterbclts 

With the high cost of establishing shelterbelts, it is 
obviously desirable that they should afford the 
maximum sheltering efficiency. Much of the adverse 
c rit icism of shelterbelts in the pastmay be attributed 
(0- t"eir ineffecti\~ss in providing- the required 
protection from wind and weather, due frequently to 
unsurtabJe selection of tree and shrUbspecies in the 
first instance but more particularly to continued 
~gLect and gradual detenoratfOn. The proportion of 
poor and degraded belts throughout Britain is 
regrettably high and far in excess of the number 
which may be considered effective at the present 
time. In addition, many shel terbelts which now 
contribute reasonably adequate shelter to their 
adjacent areas show signs of approaching decline 
which should be checked by silvicultural inter· 

vention. Continuity of shelter is necessary from both 
economic and pract ical viewpoints and methods of 
treatment' and management must be devised 
accordingly. In order to improve the efficiency of 
present ly degraded belts and to maintain a high 
standard in serviceable belts a simple method of 
assessing the protective function of a shelterbelt is 
required. On the basis of such an assessment and a 
brief examination of site characteristics, stand 
structure and composition, appropriate silvicultural 
treatment could be decided with a view to regulating 
and contro ll ing the belt's efficiency. 

The fundamental purpose of a shelterbelt is the 
abatement... of. wind velocity and .J.!::!La~d 
influences which a belt exerts on microclimatic 
factors {nJ!Lyiciqity m~st be considered secondary. 
It would seem reasonable, therefore. to adopt wind 
velocity reduction as the criterion of usefulness ora 
shelterbelt. T~field investigations described ; arlier 
have shown the characteristic effect of different 
shelterbelts on the wind regime. As a result it has 
been possible to discuss the efficiency of the various 
structures in terms of wind abatement and to 
compare thei r effectiveness with that of agricultural 
belts in Switze~d. Until detailed studies of several 
belts in Britain become available it will be con
venient to adopt the mean values of wind velocity 
reduction, calculated by Nageli (1946) for Swiss 
shelterbelts of the medium penetrability class, as a 
standard or yardstick for measuring the efficiency of 
British shelterbelts (see Figs. 7 and 51). 

The application of a technique for assessment of 
the protectiv~ efficiency of a shelter belt requilJS the 
study of wind condi tions in the vicinity of each belt. 
Ideally, this implies wind·speed measurement over a 
distance of 40 times the height of the belt, a measure
ment line being laid out normal to the axis of the belt 
or parallel with the wind direction, whichever is 
more convenient, commencing at lOh windward and 
extending to 30h leeward of the belt. With the 
recorded velocity values obtained along this line 
expressed in relation to the unobstructed wind speed 
at the same height above ground and plotted 
graphically against a distance scale in multiples of 
shelterbelt height, the curve of velocity abatement 
can then be compared with the standard curve. The 
departure of observed velocity conditions from the 
stanaard can be interpreted in terms of silvicultural 
treatment needed. 
Tnethree important features of the curves shown 

in Figs. 7, 19 and 51 are the. point at which the 
minimum velocity occurs, the relative value of the 
minimum and the gradient of velocity resumption 
after the minimum point. When the minimum is in 
the region of 30 % or less and occurs within 2 heights 
from the belt, as with dense and very dense belts, 
the gradient ·of velocity resumption is steep. Such 
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belts require to be made more penetrable to the 
wind. Where the velocity minimum is more than 
40 %. the minimum point tends to move farther from 
the belt the more open the structure and the gradient 
is shallow. These belts require to be made less 
penetrable until the minimum velocity is 30AO % and 
occurs between 3 and 5 heights from the shelterbelt. 

JIIustrating with an example from the field 
investiga tions described, the penetrability of the 
Langwhang shelterbelt is much greater than 
des irable. The minimum velocity recorded is only 
69 % of the free wind and occurs at 10 heights from 
the leeward margin. The stocking of this belt should 
therefore be increased until a minimum point of 
30~40 % is obtained nearer the belt. 

Similarly, the curves of velocity reduction in 
respect of the Dreghorn and Shot head No. 2 belts 
demonstrate the extent to which their respective 
structu res should be rendered less penetrable, whilst 
the Shothead No. 1 belt could apparently afford to 
be thinned slightly in the upper canopy without 
suffering any significant decrease in sheltering 
efficiency. 

Further instances from the Swiss shelterbelts 
de"c ribed earl ier (p.39) may be mentioned. The 
Furlhlal leaf-tree belt is more penetrable in winter 
than the optimum (Fig. 19), the minimum velocity 
a tta ined exceeding 60 % of the open-ground wind. 
This implies that efficiency could be increased by the 
int roduction of a proportion of evergreen species, 
either leaf-tree or coniferous, into the belt or by 
establishing margins of such species. Examination of 
the belt on the spot must dictate the silvicultural 
measures to be adopted. 

The young spruce shelter belt at Riedthof appears 
somewhat dense in summer, with a correspondingly 
shorter extent of shelter effect ; its efficiency is higher 
in winter. This is due to the fact that a dense growth 
of na turally-sown shrub and sma IL tree species on the 
margins causes the belt to be virtually impenetrable 
near ground level during the summer. Examination 
of the belt reveals evidence of approaching deteriora
tion in the spruce and the immediate treatment 
decided upon and a lready commenced in 1954 has 
been the gradual replacement of the spruce by 
poplars in a series 'of small groups widely spaced, 
utilis ing the natura l growth to maintain the structure 
of the belt near the ground. As removal of the spruce 
proceeds, further periodic wind measurements 
should indicate whether more conifers are required 
on the windward margin for preservation of the 
optimum penetrability throughout the winter. 

Again, the graph for the Epinette shelterbelt shows 
that this wide bel t is more effective than the average 

for the medium class (Nageli 1943 , 1946). Thus, its 
penetrability can be reduced slightly without 
seriously affecting its efficiency. In this way regenera
tion technique can be applied gradually and frequent 
wind studies would suggest the desired intensity of 
regeneration fellings amongst the mature trees. In 
order to mainta in the shelter to adjoining fields, 
silvicultural methods must be adapted with that aim 
in view and therefore require to be somewhat 
elastic. Regenera tion operations will be rather 
specialised since microclimates and, probably more 
important, illumination conditions in shelterbelts are 
likely to differ considerably from those encountered 
in the forest. 

It would appear that the maintenance of shelter
belt structure requires co-ordination of micro
climatological study and silvicultural technique. 
Periodic investigations of wind conditions and 
sheltering efficiency are necessary to ensure that the 
maximum value is being obtained from the shelter
belts. 

Reducing the field procedure to practice, it may 
be possible only rarely to make deta iled velocity 
measurements at several points within the vicinity of 
a belt. In order to reduce the number of observation 
points and apparatus to a minimum, it may be 
sufficient to conduct wind speed measurements at 
five points only: 

(i) in the open, beyond the influence of the belt 
or other sheltering obstacle, so as to obtain a 
value for the free wind speed ; 

(ii) at the windward edge of the belt ; 
(iii) at the leeward margin of the belt ; 
(iv) at the minimum velocity point: in a strong 

wind this can be located fairly accurately by 
walking against the wind, otherwise it must 
be found by experimentation ; 

(v) at a point approximately 15 heights to lee
ward of the belt. These five points will give 
the genera l course of velocity abatement and 
further points may be interpolated within the 
limits of accuracy required. 

As further evidence is accumulated from the study 
of different shelterbelts more information will be 
forthcoming rega rding suitable structures for various 
localities and silvicultural treatment may be able to 
be prescribed in more detail. In the init ial stages of 
rehabilitation of degraded belts and the maintenance 
of presently efficient shelterbelts, however, it would 
seem that this simple index of shelterbelt efficiency, 
based on a few observations of wind velocity 
reduction, offers a "rule-of-thumb" method for 
enhancing the benefits and economic value of 
shelterbelts. 
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