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Fig. Za. Examples of saltation at very low wind speeds 
during a light snowfall 

Row No. 2 :, 4 .5 (j 7 /\ 9 10 
1m wind :1./\ :,.4 :1.4 :\.2 :\.0 2.9 2.R 2 . .'5 2.4 1.9 speed (m(s) 
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Fig, 2b. Examples of saltation of typical shallow drift m 

absence of snowfall 

Row No. 11 12 U 14 15 Hi 17 
1 tn wind 4.6 5.0 4.8 :l.9 4.4 :l.8 :l.9 speed lm/s) 
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Fig. 6. Vertical clistributions of drifting snow particles 

a 
1 m wind speed (111/81 1.5 
numher o[ linH's o[ stroholight 
!lashillg [or each t'xposure 

b 
4.5 

10 

c 
i).1 

10 

9 

out that a saltating snow particle moved III such a curved path that its 
smoothness was in little likelihood of getting affected by a small turbulence 
of air. The trajectories of drifting snow particles are shown in Fig. 9 and 
an example of a result of analysis of the motion is shown in Fig. 10. The 
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Fig. 7. Vertical distrihution of numhers of snow particles 

on an area of 12:;0 cmz Counts were made in 2 mm 
vertical intervals on 4\ cinefilm frames 

Fig. 8. Sastrugi undercut by saltating snow particles 
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a 

Fig. 12. (;encral v]Cws of the observed field. 
a: flat plain (Experimental Farm of I-Iokkaido 

University, Sapporo) 
b: mountain slope (Experimental Forest of IIok­

kaido University, Teshio) 

the air temperature, the surface temperature of the snow cover, the wind 
speed at aim level, the amount of snowfall, the density and the hardness 
of the surface layer of the snow cover, and the shapes and sizes of drifted 

snow particles (see also Figs. 17 and 18). The wind speed was measured 
with a Biram's vane anemometer and an aerovane type anemometer for 
low wind speeds; a Canadian type hardness gauge was used for measuring 
the hardness of the snow cover. 

To measure the amount of snowfall during snow-drift is extremely 
difficult.. This time the amount of snowfall is estimated using the distribu­

tion of snow deposits in the row of boxes used as snow-drift collector. 
The amount of drifted deposits caught in the boxes decreases exponentially 
as it goes down leeward in the case of a drift without snowfall. But when 
it snows during snow-drift, the amount of drifted deposits is distributed in 
a different way from that for deposits without snowfall, i. e., the deposits 
in the boxes do not decrease exponentially especial1y at the leeward end of 
the row of boxes. 
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trench method and on the difference of drift rates will be described later 
in Chapter IV, where the relation between the drift rate and the wind speed 
is discussed. 

In Fig. 15, Line A Q shows the upper limit of the domain of the plots 
of observed drift rates; the drift rates given by Line A Q for a wind speed 
must be nearly equal to the maximum snow transport ability of the wind. 
A saturation drift rate can not be determined theoretically but the author 
considers that the drift rate represented by Line A Q may be in a saturated 
state. 

Line A Q in Fig. 15 is given by the empirical formula: 

Q = 0.03 (V -1.3)3 (Q: gjm·s, V: mjs), (III. 6) 

where Q is the total amount of snow-drift passing a fixed point in a lane 
of 1 m in width in a second and V is the mean wind speed at aIm level. 
The plots of Q show a considerable degree of scatter because of variations 
in snow surface conditions, but observed conditions of the snow surface 
such as snow temperature, density and hardness do not always determine 
the value of Q. 

Generally speaking, the magnitude of Q decreases as the hardness of 
the snow surface increases with the lapse of time even when the wind 
speed does not change in a run of snow-drift. After snow-drift ceases for 
more than half an hour, the hardening of the snow surface due to the 
sintering of snow particles increases extremely threshold wind speeds for 
beginning snow-drift and any drift does not occur again except when it 
begins snowing or wind speeds extremely increases. So there should be no 
minimum boundary of the domain of Q except Q = 0, if all kinds of surface 
conditions of snow are included in the observations. Line BQ in Fig. 15 
only means the unsaturated state which is nearly the lower limit of the 
domain of the observed values of Q and this line BQ is never the minimum 
boundary of the domain of the drift rate Q as mentioned above. Line Bil 
is related with Lines B(.; in Fig. 16 and BL in Fig. 19 by eq. (111.3), which 
are explained later. 

It is seen in Fig. 15 that the values of Q observed on a mountain 
slope are about 70% of those observed in a flat plain. But, as shown later 
in the next section, there is little difference between the values of G on 
a mountain slope and in a flat plain, therefore eq. (III. 3) suggests that the 
decrease of Q on the mountain slope may depend on the shortening of 
saltation paths as is seen in Fig. 19. 
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The upper limit envelope of the plots in Fig. 16 IS drawn and named 
Line A(f' Line Aa is given by the formula: 

G=3.0(V-2.1f (G: g/m2·s, V: m/s). (III. 7) 

Plotted points Nos. 41, 53 and 11 which are located near Line Aa are also 
located near Line A Q in Fig. 15. This means that drifting snow with 
a value of Q close to the saturation value also has a value of G close to 
the saturation value provided the wind speed is more than 7 m/s. The 
values of G observed on the mountain slope are found to be nearly equal 
to those in the flat level plain. Plots of the former case are indicated by 
the mark + and that of the latter by the mark 0 in Fig. 16. 

Line Be is drawn so as to envelope nearly the lower limit of the 
observed values of G. Points Nos. 72, 73, 43 and 32 which are located 
around Line B(t in Fig. 16 are also located near Line B'l in Fig. 15, though 
Line Ba has not a clear physical meaning except that Line Ba is far from 
the saturation values of G as mentioned in the previous section. 

The number of snow particles falling on a unit area in a unit time is 
tentatively estimated by assuming the mean weight of a snow particle to 
be 10- 6 g. Using the observed saturation value of G, 6 x 10- 3 g/cm2·s, at 
a wind speed of 7 mis, the number of snow particles rebounding on an area 
of 1 cm2 in a second in the saturated state is estimated to total about 6,000 
for this wind speed. 

The shapes and sizes of drifted snow particles caught in the drift gauge 
boxes are observed by the close-up photography. The rough mean size of 
snow particles are summarized on Tables 1 and 2. And a series of photo­
graphs of snow particles are shown in Figs. 17 and 18. These photographs 
show that in most cases newly fallen snow crystals are drifted and shat­
tered to fragments, but they undergo little metamorphosis and their shapes 
are irregular. 

III. 5. The mean length of saltation paths 

. The mean length L of saltation paths for various wind speeds are sum­
marized in Tables 1 and 2 and Fig. 19. The lengths L are calculated out 
by using the relation between Q, G and L represented by the eq. (111.3). 
Figure 19 shows that the plots L against the wind speed seems to increase 
as the wind speeds increase, but they are scattered as broad as the plots 
of G against the wind speeds in Fig. 16. The values of L vary from 6 cm 
to 12 cm at a wind speed of 5 mis, and from 11 cm to 30 cm at a wind 
speed of 10 mls in Fig. 19. 
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13 23 31 32 

33 41 42 43 

51 52 53 54 

61 64 71 72 73 
Fig. 17. Drifted snow particles in the flat plain. 

Photographs numbered as in Table 1 
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Fig. 22. a: A typical example of observed snow surface. 
b: Erosion surface with tiny sastrugi. 
c: Depositional surface with a scale like pattern 

its pattern IS of tiny sastrugi. Figure 22c shows a typical depositional 
surface; a scalelike pattern is seen. It was confirmed that this scalelike 
pattern was formed when drifted snow was actually deposited. 

In most data observed on the depositional surface, the lengths of sal­
tation paths I, are short and Line AI. in Fig. 19 represents the saltation 
path length under the depositional conditions. On the other hand, Fig. 16 
shows that the plotted points of the rebound mass G on the depositional 
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The value of G in the depositional 
surface is clearly larger than that 
in the erosion surface. The distri­
bution of deposited mass of snow 
suggests that the saltation length 
in the depositional area is shorter 
than that in the erosion area and 
that the drift rate in the former 
may be larger than that in the 
latter. 

To illustrate more physically 
the difference between the deposi­
tional and erosion states, the au­
thor shows a schematic represen­
tation of the distribution of wind 
speeds against heights in Fig. 24. 
When snow-drift is absent, it is 
said that there is a logarithmic 
relationship between the wind speed 
and the height, i. e., the wind speed 
and the log-height have a straight­
line relationship. This logarithmic 

l­
I 
<.9 
iii 
I 

WIND SPEED 

Fig. 24. Schematic wind profiles assumed 
to be modified by drifting snow 

relationship is shown in Fig. 24 with a bundle of straight lines which focus 
on a height called roughness parameter. 

When snow-drift takes place, the movement of snow particles will 
modify the state of wind at a low level in which snow particles are con­
centrated. These phenomena were confirmed in the case of sand storms by 
BAGNOLD (1954) and by KAWAMURA (1951) but in the case of snow storms 
the deviation of wind profile was observed only by L(lOHHH. The author 
has not yet measured the wind profile at a very low level below 2,-...3 cen­
timeters, but from the observation of the mechanisms of saltation the devia­
tion from the logarithmic profile like in Fig. 24 may be assumed to exist. 
It is estimated from the results both in Figs. 6 and 7 that a wind deviation 
layer has a thickness of only 1 or 2 cm and this thickness increases as the 
wind speed increases. The threshold wind speed profile is assumed to be 
a straight line as shown in Fig. 24. The deviated wind profile cannot exist 
at the left side of the threshold line of Fig. 24, that is, a snow-drift does 
not occur in the range of the wind profile lower than that line of the 
threshold wind speed. 
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In the case of heavy snow storm in the saturated state the deviation 
IS large and the wind profile comes near the threshold line or slightly ex­
ceeds that line to the lower speed domain at a lower level as represented 
by Line A. On the contrary, in the case of light snow-drift, i. e., in the 
unsaturated state, the deviation is not so large as Line A and the deviated 
wind profile may be like Line B. And these deviations of wind profiles will 
oscillate between LINES A and B according to the oscillation of drift rates 
as shown in Fig. 21. And in the case of Line A snow particles will deposit 
on the snow surface and in the case of the Line B the snow surface will 
be eroded . 

. The frictional force exerted on a unit area of snow surface, denoted 
by To, is divided into two drags, T10 and T." then 

(111.9) 

where the drag T". is caused by the wind friction and the drag T., is caused 
by the rebound of snow particles on the snow surface. If the snow parti­
cles strike the snow surface with the mean horizontal velocity ill, and 
rebound from the surface with the mean horizontal velocity il2 , the mo­
mentum loss due to the impact of snow particles on a unit area within 
a second will be 

where G is the mass of particles rebounded on a unit area within a second. 
And this momentum loss is equal to 'C'., then 

T8 = G'(il l -il2) 

= Gill ( 1- :: ). 

Assuming that the ratio il 2/il l IS constant as one of the horizontal restitution 
coefficients, 

(III. 10) 

The snow particle velocity ill will be proportional to v which is the 
wind speed at a low level with a height of 2,......3 mm above the snow sur­
face. This fact was ascertained by the observation with a high-speed cine­
camera at a low wind speed of about 5 m/s. From the field data on the 
saltation length of snow particles in Fig. 19, it may be estimated that the 
mean length t is directly proportional to the wind speed. Consequently 
the drag T8 is estimated to be proportional to the drift rate Q, so that eq. 
(III. 10) leads to 
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r.exG,u1 

exG·V 

ex G·r, 

r8 ex Q . (III. 11) 

The conditions of erosion of snow particles from the snow surface are 
as follows. The first condition is that impulsive force of a falling snow 
particle is great en.ough to break snow particles free from the snow surfaoe. 
The second condition is that the wind has the remainder of transport 
ability which is large enough to remove snow particles from the snow 
surface. 

If the wind speed is constant, the total drag ro is the same in the two 
states A and B shown in Fig. 24. Therefore, eq. (III. 9) leads to the relation 

(III. 12) 

where the subscripts A and B denote the states A and B in Fig. 24 re­
spectively. The drift rate QR is smaller than the drift rate QA at the same 
wind speed, so rsR is smaller than rsA by eq. (III. 9). Consequently r wR is 
larger than r",A by eq. (III. 12) and in the state B the wind has the remaining 
transport ability nearly equal to the drag difference (r"'R-rwt ), where rw' is 
the wind drag of the threshold wind profile. Comparing the state A with 
the state B the drag r?OR is relatively large, so the wind speed at the low 
level in the state B must be so large as to impel the drifting snow particles 
to have enough impulsive force to break snow particles free from the snow 
surface. This ejecting force may be also assumed to be proportional to the 
wind shear force kWH-r'"t). Thus the shear force (rlOu-r",,) may be called 
erosion force. This mechanism of erosion is not strictly confirmed, but, as 
described before, the author observed the fact that in the case of erosion 
the drift rate was small and the saltation length was long compared with 
those in the case of deposition. 

As a special case of the state of erosion, observations made in the ini­
tial state of generation and development of a snow-drift disclosed that the 
snow surface was being violently eroded over a wide area. Since the drift 
rate Q is very small in that initial state, the drag r", may be large and the 
length of saltation must be very long. 

The conditions of deposition are contrary to those of erosion. The 
first condition of deposition is that the snow transporting ability of the 
wind is saturated or supersaturated. The second condition is that the wind 
becomes too weak for a saltation motion to occur successively or for a sal-














































