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ABSTRACT 

The shapes of equilibrium lee drifts formed by snow 
fences are scaled in propo rtion to height of snow fences 
independent of the snow and weather conditions, even in 
small -sca le models, but those of up-wind drifts are not. 

Field studies have been made of the snow-collect ion 
mechanisms of a snow fence. It has been observed that 
particles of sa ltated snow piled up to windward, and that it 
was the previously suspe nded particles that were heaped up 
in the lee drift . It can be show n that the shapes of 
up -wind drifts vary in different snow and weather 
co nditio ns because threshold shear stress and drift-snow 
saltation depend on the physical properties of the surface 
snow. 

Equilibrium lee drifts are scaled in proportion to fence 
height , because snow and weather conditions have less effect 
on thres hold wind speed for suspension, and the shelteri ng 
effect of a fence is sca led in proportion to the hei ght of 
the fence. 

The dimensions of the equilibrium drifts at snow 
fences were measured, and maximum snow-retention 
capacity and lee-drift length presented as a function of 
fence height , fence densi ty , and depth of snow cover. 
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INTRODUCTION 

The equilibrium lee drifts at snow fen ces having 
si milar structures are scaled in proportion to fence heights, 
even in outdoor I: 30 scale model experiments (Tabler, 
1980a; Nohara and Takeuchi , 1981), and in I : 100 sca le 
(A nno, 1987) and I: 44 scale (Iversen, 1980) wind-tunnel 
ex pe rime nts, using respectively activated clay and glass 
spheres to si mulate snow . Up-wind drift is not scaled to 
fe nce heig ht (Fig . I) . In warmer regions, up-wind drifts are 
la rge r, and their up-grade angles are stee per, than in colder 
reg io ns. The cross-sections of drifts, a nd the wind -velocity 
profiles around fences, were obse rved as a mea ns of 
in ves ti ga ting snow-collection mec hanisms. 

The maximum snow- retention capacities and lee-drift 
lengths have been studied in relation to the design and 
positioning of fences since the early experiments of Finnery 
( 1934 ). Fence length is proportional to height, and the 
max imum snow capacity of the fence is found to be 
proportional to the square of the height in 50% d e nsi ty 
fe nc ing and equilibrium lee dr if t in Wyoming, U.S.A . 
(Table r , 1980b). The snow-retention capacity and the length 
of lee d rift for a ny fence a re required to be shown as 
functions of depth of snow cover for each fence height and 
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Fig. I. Compar ison of drifts formed by I: 30 and I : 100 scale model fences with full-scale data. 
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snow density . Three equilibrium drifts were measured, at a 
horizontal-slat fence and two porous plate-type fences, in 
Hokkaido, Japan. 

CROSS-SECTIONS OF DRIFTS 

Trenches were dug perpedicular to equilibrium 
snowdrifts against fences to observe the drift-forming 
process. The cross-section of up-wind drift is found to 
have the form of a regular multi-layered structure, except 
in the region closest to a fence, as shown in Figure 2a. 
However, disordered snow structure is observed in lee-drift 
cross-sections (Fig . 2b) . 

WIND PROFILES OF SNOW FENCES 

The wind pattern around a snow fence can be observed 
by using smoke candles. The air stream made visible by 
smoke (Fig . 3) characteristically shows undisturbed flow to 
windward and diffused flow on the lee side of a fence . 

Anemometers were attached to a pole at five different 
levels, from 25 and 275 cm above ground and these 
measured wind speed periodically for distances 30 m 
windward and 30 m leeward of each fence. The I m levels 
of wind speed, measured at 30 m windward of the fence , 
were taken as standard for the wind profiles shown in 
Figure 4 . Gradual divergence of equal wind- speed curves 
for positions to windward within the drift area suggests that 
surface shear stress decreases as a fence is approached. 

The surface shear stress, T, is given by 

(I) 

where du / dz is the gradient of vertical wind velocity, r is 
the air density, and I is Prandtle's mixing length (Prandtle, 
1925). 

THRESHOLD WIND SPEED 

The threshold wind speed for relocation of deposited 
particles, i.e. the static threshold, is dependent upon the 
physical characteristics of the snow and on weather 
conditions. The threshold wind speed for saltation, known as 
the d ynamic threshold, also depends upon snow conditions 
in relation to air temperature, as indicated by curve I in 
Figure 5. However, the threshold for suspension of particles 
is less dependent upon snow and weather conditions . The 
intermittent threshold for suspension , observed in neutral 
atmospheric conditions in Hokkaido and indicated by curves 
Il and III in Figure 5, is continuous. 

To windward , saltating snow particles are deposited in 
front of a fence, where surface shear stresses fall below the 
dynamic threshold, and grow into a snowdrift. Because of 
the dependence of threshold surface-shear stress and drift­
snow transport (Takeuchi, 1980) on snow conditions, the 
shapes of up-wind drifts and their size relationship to lee 
drifts differ and therefore they are not scaled to fence 
height. Most saltating particles which pass through a fence 
bottom gap are transformed into suspended particles in 
turbulent eddies behind that fence . The snow wave patterns 
formed by the eddies behind lee drifts are shown . in 
Figure 2b. It can be seen that suspended snow particles 
tend to settle in a sheltered area behind a fence and form 
a lee drift. 

As the threshold wind speed for suspension is not 
dependent upon snow conditions, and a shelter pattern 
behind a fence is approximatel y scaled to fence height, lee 
drifts are consistently similar to each other and are scaled 
to fence height, even in small-scale models. 

DRIFT LENGTH AND SNOW-RETENTION CAPACITY OF 
EQUILIBRIUM LEE DRIFTS 

The lengths and snow-retention capacities of 
equilibrium lee drifts have been given as functions of fence 
height for 50% fence density by Tabler (I980b) . Both length 
and snow-retention capacities are required to be shown as 

Takeuchi: Snow-collection mechanisms and snow fences 
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Fig . 2. Cross - secti on of up-wind dr ift shows regular 
multi-layered structure. Cross-section of a lee drift 
showing disrupt io n of regular structure. 

Fig . 3. Air stream, made visible by smoke, shows 
und is turbed flow in the up-wind direct ion and d iffused 
fl ow on th e lee side of a fence. 

fun ctions of fen ce height, fence de nsi ty, and depth of snow 
cover. Hig h-density fences (60-80%) are used under deep 
snow-cover conditions. The lee-d r ift lengths shown in 
Figure 6 are from data measured in Hokka ido and Wyoming 
(Tabler, 1987). 

Lengths of lee dri f ts are approxi mated by 

L = (55 - 0.46D )(H - Hs) (2) 

where L is length of lee drift , D is densi ty of fe nce, H is 
fence height , and Hs is depth of snow cove r. 
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Fig. 4. Cu rves of equal wi nd -speed values around 2.75 m tall, porous 75% densi ty fen ce with a 15 cm 
bottom gap. 
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Fig . 5. Dynamic threshold wi nd speed for saltation related 
to te mperature = curve I. Intermittent threshold for 
suspe nsion = curve 11. Co ntinuous threshold = curve III 
(Takeuchi and others, 1985). 
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Fig. 6. Length of equilib rium lee drifts is represented both 
by th e height and densi ty of a fence, and by the depth 
of snow cover. 
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Maximum snow-retention capacity is represented by the 
cross-sectional area of equilibrium drifts. Cross-sectional 
areas of equilibrium lee drifts are shown in Figure 7, and 
have been derived using data from Figure 6 and from 
Tabler (1980). 

Areas of lee drifts above 50% are approximated by 

(3) 

Measured data yield relationships that agree well with 
Equations (2) and (3), in spite of differences in weather 
conditions, types of fence, and fence densities. Maximum 
snow-retention capacity of up-wind drift is found to be 
11 .5(H - HS)2 in Hok kaido and 3.6H2 in Wyoming. Half 
of the total snow volume is observed to pile up to 
windward of Hokkaido standard fences . For a tall fence , 
collecting a large quantity of snow on both the windward 
and lee sides, drift can be controlled to a small extent in 
the early stages of drifting. Sometimes, in Hokkaido, tall 
dense fences with a narrow bottom gap are used for 
shortening the length of the drift. 

CONCLUSION 

There are two different snow-collection mechanisms for 
a snow fence. To windward, saltating snow particles settle 
out of the air and suspended particles settle down in a 
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Fig. 7. Cross- sectional area of equilibrium lee drifts is 
represe nted by both the height and density of a fence, 
and by the depth of the snow cover. 

https://doi.org/10.3189/S0260305500007989 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500007989


sheltered area behind the fence. The lengths and cross­
sectional areas of equilibrium lee drifts are shown as a 
function of both the height and density of the fence, and 
of th e depth of snow cover. As threshold wind speed and 
drift-snow transport for saltation each depend on snow 
conditions, such a relationship cannot be obtained for 
up-wind drifts. 
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