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THE EFFECT OF SNOW PROPERTIES ON VEHICLE TRAFFICABILITY 

IN THE ARC TIC 

by 

A. C. Skinroorl 

INTROD:UCT.ION 

The problem of overland transportation has been subjected to extensive research, 
but efforts to solve the problem of transporting men and machines over snow have 
been limited. Increased polar exploration as well as military significance cause the 
problem to be of importance. 

Almost without exception, previous trafficability studies in snow have been 
carried out where the snow cover is both seasonal and of small depth, rather than 1n 
the Arctic where more severe conditions prevail. 

Gerdel, Parrott, Diamond, and Walsh ( 1954) measured the drawbar pull and 
hill-climbing potentials of three lightweight snow tractors and how they were affected 
by properties of snow. A direct relationship between d'rawbar pull and snow density 
was found when the density was less than 0. 4 g/cm3 , but at higher densities no 
relationship was indicated. The effect of meteorological phenomena on vehicular 
trafficability was also investigated. . . · 

In 1952 Weiss (1952) found that a Soil Truss, ·an instrument developed by the 
U. S. Naval Civil Engineering Research and Evaluation Laboratory to measure 
initial snow shear strength, was riot directly indicative of tractive effort. 

A program of vehicle trafficability tests has been. carried out by the Canadians, 
but the results have .thus far remained classified. 

This trafficability study was carried out in the summer of 1955 as a part of an 
1100-mile research expedition (known as Project Jello) in the interior portion of the 
Greenland Ice Cap. · 

The first consideration of the trafficability problem is the selection of a 
numerical index of vehicle pe rforinance. A logical choice is the maxi1num dra wbar 
pull, the l!laximum tractive effort that can be exerted just prior to tra,ck slippage 
when the vehicle begins to dig down into the snow. This is indicative of the relative 
ease with which a vehicle can travel. Also, the fact that cargo sleds are frequently 
pulled by the vehicles makes this a good index for our purposes. A second method 
of measuring traffic ability is to determine the horsepower requirement of a 
particular vehicle at a definite speed at various locations. However, horsepower 
input measurement requires rather elaborate equipment, so ma~imum drawbar pull 
was selected for this investigation. 

Four modified U. S. Army M29C amphibious cargo carriers commonly called 
weasels were used for testing. The low ground pressure of this fully tracked · 
vehicle (Fig·. 1) adapts it to snow use. As these vehicles also furnished 
transportation for the expedition, the tests were limited to those which would 
produce no excessive wear or damage. 

Some facts about the modified weasels used are as follows: 

Length 14 ft 5 11/ 16 in. 
Width 5 ft 7 1/4 in. 
Height 7 ft 9 in. 
Vi eight of vehicle empty 
Weight of vehicle loa~ed 
Track width 20 in. 

4900 lb (Estimated). 
6000 lb (Estimated). 

Length of track on ground 78 1/ 8 in. 
Ground contact area-0 in. penetration 3125 in2 • 



Ground contact area-5 in. penetration 37 50 in2 • 

Ground pressure, loaded-0 in. penetration l. 92 psi. 
GrouF.Ld pressure, loaded-5 in. penetration l. 60 psi. 

INSTRUMENTATION AND TECHNIQUE 

The restrictions 'placed upon ins trumeritation by doing t:rafficability studies on an 
expedition, though severe, are more than offset by the opportunity to make tests at 
widely separated locations. The six-man, four-vehicle party carried food and fuel, 
with resupply by air drop only once a month. Thus the instrumentation had to. be as 
nearly foolproof and indestructable as possible. 

The low temperatures, often averaging OF required much of the work to be 
carried out while wearing heavy arctic clothing. The task of traveling 25 miles 
every other day required all equipment to be readily portable. A 110-volt power 
supply was not available, so the use of electronic equipment was prohibited. 

A Dillon dynamometer (Fig. 2) capable of reading up to l 0, 000 lb of drawbar 
pull was used. The vehicle to be tested was attached by a cable to a, second vehicle 
and two loaded cargo sleds. Applying the brakes on the rear vehicle prevented any 
forward motion, and the test vehicle was able to pull until track slippage took place. 
Each test was. conducted in fresh snow undisturbed by any prior traffic. Maximum 
drawbar pull usually occurred just prior to slippage and was recorded by a set hand 
on the dynamometer. Each test was repeated until a given value of maximum draw
bar pull was obtained two or more times. The steady drawbar pull as the test· 
vehicle churned itself into deep ruts was also recorded. · 

T.he depth of the track made by a weasel traveling at 6 to 8 mph was measured. 
The lowest portion of the rut exclusive of the indentation made by the track cleat 
was considered to be the track depth. · 

Two techniques were used to determine the maximum depth to which snow 
properties were affected. Ram hardness profiles were measured (Fig. 3) in the 
snow immediately after the vehicle had passed over it and also in the -fresh snow 
adjacent to the track pattern. Ram hardness number is an empirical hardness 
determined by the number of blows required to drive a pointed metal tube 
(Rammsonde) into the snow a given distance (See App.· B). Plotting both profiles 
on one chart will show the depth to whic,h the -passage of the weasel increased the 
hardness number and hence the depth to which the snow was compacted. 

A new method was developed by the author to determiO:e the depth of distortion. 
Two pits were dug· in a region over which a weasel had traveled, leaving a section 
of snow 4 em thick between the pits (see Fig. 4). This section of snow was ·thinned 
to a thickness of 1 1/ 2 em with a saw, then brushed to remove loose snow crystals, 
and photographed when the sun was b.ehind it. Both the depth of maximum compaction 
and the distortion pattern were revealed (Figs. 5~8), and the distortion can be seen 
more clearly in good photographs than under field conditions where little contrast 
and much glare exists. 

It was decided to measure snow properties to a depth of 40 em, since layers of 
snow deeper than this apparently underwent no change. This depth of 40 em agrees 
closely with the maximum depth of distortion of 15-20 in. (38-51 em) found during 
temperate-zone trafficability tests (Gerdel et al, 1954). However, this total depth 
of distortion is not necessarily the depth which would be the dominating factor in 
determining maximum drawbar pull. Snow properties were measured at 4 to 7 em 
intervals from the surface to the 40 em depth. 

Snow density was measured by digging a pit and taking samples ( 500 crh3) of the 
snow in visually identifiable layers. The samples were then weighed and the density 
determined. 

Snow temperatures at depths of 5 and 10 em were measured by inserting Weston 
bimetallic thermometers into the pit wall. The effect of solar radiation on the pit 
wall was minimized by shading. 
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Figure l. U. S. Army M29C Cargo Carrier, the "weasel". 

Figure 2. Reading maximum drawbar 
pull with a Dillon d ynamome te r. 

3 

Figure 3. The Rammsonde. 



Figure 4. Example of pits in which distortion photographs were taken. 

(Points on the meter stick are l 0 em apart .. ) 

Average daily wind velocity, air temperature at the time of the test, and 
maximum and minimum daily air temperature were recorded. 

From 31 May to 17 August, 1955, tests were c.onducted at 28 locations on the 
Greenland Ice Cap. The distance between each trial was approximately 25 miles. 

DATA ANALYSIS 

One of the aims of the study was to determine experimentally whether one 
particular property of snow (hardness, density, etc. ) could be singled out and used 
to predict maximum drawbar pull or whether the number of existing random variables 
would make this impossible .. 

Plots of ram hardness number and density versus depth were made and integrated· 
for each test location. Drawbar pull was plotted versus integrated ram hardness 
number to depths of 10, 20, 30, and 40 em. Drawbar pulls were plotted against 
integrated density values divided by the depths; that is, versus the average densities 
to depths of 10, 20, 30, and 40 em. . 

Other plots were made to include track depth versus ram hardness number and 
snow temperature as well as drawbar pull versus snow temperature at 5· and 10 em 
depths and track depth. 

The experimental data are summarized in Appendix. A, and plotted in Figures 12-26. 

4 



Figure 5. Distortion of the snow caused by passage of a wease1, 13 June 1955. 
(Points on the meter stick are 10 em apart. ) 

Figure 6. Distortion of the snow caused by pas sage of a weasel, 17 June 1955. 
(Same scale as Fig. 5) 
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Figure 7. Distortion of the snow caused by pas sage of a weasel, 15 June 1955. 
(Points on the meter stick are 10 em apart. ) 

Figure 8. Distortion of the snow caused by passage of a weasel, 11 August 1955. 
(Same scale as Fig. 7) 
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DISCUSSION AND RESULTS 

The photographs of the snow distortion caused by the pas.sage of a weasel 
(Figs. S-8) reveal some rather unexpected results. The distortion pattern varies 
greatly as the depth of the track made by the weasel changes. The distortion 
pattern pictured in Figure 7 shows perfect shearing of the snow at either side of the 
track. The curved horizontal lines below the meter stick marking the surface of 
the snow are wind crusts which have been distorted to approximate the contour of a 
weasel track. Just below the track is a dark region which indicates a higher density 
than that in the surrounding snow. Besides this compaction, which would .be expected, 
shear cracks radiate outward from the high-density region. Figures 5 and 8 also 
show these fractures, but Figure 6 does not. The two rather thick wind crusts in 
Figure 6 se.em to stop these faults from forming. Notice that the track depth is 
much less in this illustration than that in any of the other photographs. 

These photographs give an indication that the depth to which snow properties 
determine maximum drawbar pull may vary from 15 to 40 em. Figure 9 shows that 
the passage of even a low-ground-pressure vehicle causes large increase in snow 
density directly beneath the snow surface. A typical density increase would be from 
0. 216 g/cm3 in fresh snow to 0. 328 g/cm3 after vehicle passage, ari increase of more 
than 50 o/o. 

Drawbar Pull Versus Density 

The plots of drawbar pull versus average density (Figs. 12..;15). show alack of 
correlation at any of the depths over which density was ave.raged. Three reasons for 
this are as follows: · 

1. The coefficient of variation (see App. C) of ave rage density of the snow 
on the central. portion of the Greenland Ice Cap decreases rapidly as the 
distance from the surface increases. 

2. IExtreme variation in snow profile properties exists over a distance of 
even a .few meters on the Greenland Ice Cap. 

3. The depth and contour of the distortion pattern caused by the passage of 
a vehicle is greatly influenced by wind crusts. 

Calculation of the coefficient of variation of the average snow density at the 
28 test locations in Greenland shows the following results: 

Depth (em) 

0 to 10 
0 to 20 
0 to 30 
0 to 40 

Coefficient of Variation C%) 
18.3 

9. 1 
7.2 
6.3 

Thus, even if the snow to a 40 -em depth was important in determining maximum 
drawbar pull in all tests, the coefficient of variation of ave rage density to this depth· 
is only 6. 3o/o. Correlation, therefore, would be quite difficult to detect unless 

SURFACE . 

--l---~t~---r---

8cm 

Location Depth (em) 

1 11. 0 
.2 10.0 
3 4. 5 
4 11. 5 
5 16. 0 
6 16. 0 
7 1.6. 5 
8 17. 0 
9 16. 0 

Density 
(g/cm3 ) 

0.346 
0.352 
0.242 
0.216 
0.328 
0. 423. 
0.418 
0.438 
0.344 

Figure 9. Density variation in the snow caused by passage of a weasel, 2 June 1955. 
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Figure 10. Rough surface caused by drifts of loose snow 
overlying a pockmarked wind slab. 

Figure 11. Typical snow surface of the Greenland 
Ice Cap showing the wind-etched type of drift pattern. 
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Figure 14. Maximum drawbar pull vs. 
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Figure 15. Maximum drawbar pull vs. 
average snow density to a depth of 40 em. 

density could be measured with a high degree of precision. This prec1s1on is not 
easily achieved, not- because of inaccuracies in the measuring equipment, but because 
many local variations in the snow only a meter or two apart often change the average 
density appreciably. It would seem that the correlation of drawbar pull with the · 
average density to a depth of 10 em offers the best possibility, since the coefficient 
of variation is 18. 3%. But density near the surface is extremely susceptible to 
changes due to wind and meteorological conditions and even gre~ter local variations 
exist in these top layers. 

Figure 10 illustrates an extreme surface condition which can be caused by wind 
action. To obtain a single value for maximum drawbar pull in a region such as this 
is nearly impossible. Although local variations are quite apparent in Figure·l1 also, 
this snow surface is probably more typical of the central portion of the Greenland 
Ice Cap. These wide variations an:d un.even wind crusts make the correlation of any 
mechanical snow property with maximum drawbar pull difficult if not impossible, 
since changes occur even within the length of the contact area of a weasel. 

·The difficulty of correlating density to a given depth with maximum drawbar pull 
is further hindered by the variation in the depth to which the snow is affected. 
Figure 5 shows compaction to a depth of 20 em with shear cracks to a depth of more 
than 33 em. By contrast, Figure 8 shows compaction to a depth of 10 em and no 
radial shear cracks; here wind crusts (the dark horizontal lines below the meter 
stick) at a depth of 10 em prevent the snow beneath them from having any effect on 
maximum drawbar pull. It would therefore be inaccurate to plot the maximum 
drawbar pull at this test location versus the average density of the top 20 em and 
expect a correlation. The density from 10' to 20 em could have been 0. 300 , 0. 400 , 
or 0. 500 g/cm3 and no change would have taken place in the maximum drawbar pull. 
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ram hardness to a depth of 40 em. 

Density to the depth of snow compaction probably offers the best possibility of 
correlation with maximum drawbar pull. 

Drawbar Pull Versus Ram Hardness Number 

Maximum drawbar pull and ram hardness number (Figs. 16-19) exhibit a lack 
of correlation for much the same reasons that cause lack of correlation of drawbar 
pull with density. An example of the wide local variation can be demonstrated by 
the ram hardness numbers recorded on 13 August on either side of a drawbar pull 
test. The integrated values of these two tests, 3 m apart, are as follows: 

Depth (em) 
Beside Beside Percent 

Right .Track Left Track Difference 

0 - 10 46 20 79 
0 - 20 148 68 74 
0 - 30 324. 177 59 
0 - 40 441 310 35 

'I,'his is an example of the order of magnitude of the local variation of the ram 
profile.· The formation of extrem·ely hard wind crusts, a condition not usqally 
en.counte red in tempe rate- zone trafficahility studies, caused this large local 
difference. A single wind crust can greatly increase the integrated value, even 
over a depth of 40 em. However, there would seer:n to. be little justification for 
omitting these high values of hardness from the integration because the crusts do 
profoundly affect the distortion pattern, as the contrast between Figures 5 and 8 
shows. · 
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As is the case with density, a 
correlation may exist between maximum 
drawbar pull and average ram hardness 
number if the proper depth is selected. 
This proper depth could be determined 
by the photographic method already 
described. 

D rawbar Pull Versus 
Temperatur-e 

Since the snow temperatures 
encountered in Greenland were always 
well below the freezing point (the 
warrne st being..,- 6C at a depth of 5 em), 
the free water content of the snow was 
negligible. Thus free water as an 

. important hindrance to trafficability is 
not a factor in central Greenland. 
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Figure 2 L. Maximum draw bar pull vs. 
snow temperature at a depth .of 10 .em. 
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Maximum drawbar pull vs. 
track depth . 

Figures 20 and 21 show no cor.relation between maximum drawbar pull and snow 
temperature. This is in agreement with previous low-temperature tests conducted at 
the Central Sierra Snow Laboratory (Gerdel ~ al., 1954.) · 

Drawbar Pull Versus Track Depth 

Despite the many wind crusts present in the snow found in Greenland, sufficient 
bearing capacity does not exist to support vehicles without some compaction. 
Figure 22 reveals an absence of correlation between drawbar pull and track depth. 
A relationship might be expected since loose,· low-density snow {s ordinarily thought 
to cause both large sinkage arid low drawbar pulL Bu~ values of maximum drawbar 
pull of 3200 lb were recorded even where track depth was as much as 15 em. 
Apparently the bearing capacity of a snow cover is governed by factors other than· those 
governing maximum drawbar pull. 

Track Depth Versus Density and Ram Hardness 
Number 

A tendency toward larger track depths at lower average densities is shown in 
Figures 23 and 24. However, the presence of a strong wind crust near the surface 
can greatly reduce the track depth despite a low average density, and this precludes 
the possibility of a high degree of correlation. · 

Figures 25 and 26 show that, at low values of integrated ram hardness number, 
track depthmay vary from 6 to 15 em. Higher values of integrated ram hardness 
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number generally were associated with a track depth less than the maximum found at 
lower numbers. This is to be expected since ram hardness number measures 
hardness~ and hence bearing capacity. The explanation for the widely divergent track 
depths at low hardness numbers is shown in Figure 8. An integrated ram hardness 
number of 100 for a depth of 20 em can be composed of a value of 5 for 20 em or a 
value .of 2 for 18 em plus a value of 32 for 2 em. A very hard wind crust just beneath 
the snow surface would decrease track depth more than ·a wind crust at a greater dep'th. 

CONCLUSIONS 

l. The presence of many hard wind crusts as well as irregular surface conditions 
in the Arctic alter trafficability problems from those found in the snow cover of 
tempe rate regions. 

2. Maximum drawbar pull of a Uni'ted States Army M29C cargo carrier (weasel) 
on the central zone of the Greenland Ice <=;;ap varies over the relatively narrow range of 
2800 to 3700 lb, and in 75o/o of the tests the pull was between 3000 and 3400 lb. 

3. The photographic technique developed on this expedition can be of assistance 
in determining the depth to which the passage ofa vehicle affects the snow. 

4. Maximum drawbar pull may correlate with density and ram hardness number, 
but further investigations are needed to determine the depth to which these properties 
are significant. 
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RECOMMENDATIONS 

1. Any future traffic.ability studies to be applied to arctic work should be 
conducted in the Arctic, where snow conditions are quite· different from those occur
ring in the Temperate Zone. 

2. The measurement of the horsepower required to propel a vehicle through 
different snow conditions also offers a good index of trafficability. If a method to 
measure driveshaft torque can be devised which does not require elaborate 
equipment, a future expedition could obtain a much larger number of readings with 
greater accuracy than is possible· by the time-consuming drawbar pull method. 

3. The photographic technique could be adapted to stress pattern studies in the 
snow. Once the stress pattern is known, the improvement of track design becomes 
possible. · · 

4. Since the passage of a low-ground-pressure vehicle such as the weasel affects 
the snow to a de·pth of only 40 em under the snow conditions found in Greenland, 
vertical snow samples should be ·taken to various depths rather than samples in 
horizontal layers. This would eliminate all error introduced by integrating a density 
versus depth curve. 
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APPENDIX A: SUMMARY OF THE EXPERIMENTAL DATA. 

Date Maximum Steady Average Snow Density (g/cm3) at Track Integrated Ram Hardness Number·at Snow Temp.(-C) Time Air Temp Min, Max. Avg. Da.ily Drawbar Slip Depth (em) of Depth Depth (em) of at :Oeptli (em) o£ of at· Test Daily Air Daily Air Wind Vel. Pull (lb) Drawbar 0-10 0-20 0-30 0-40 (em) 0-10 0-20' 0-30 0-40 5 10 Test Time(-C) 'Temp. Temp. (mph) 
Pull ( lb) (-C) (-C) 

May 31 3700 3000 o. 194 o. 254 o. 284 o. 297 12.0 12 52 233 345 11. 25 12. 5 1100 11. 3 16.4 10. 6 6. 5 

June 2 2900 2400 o. 209 o. 264 o: 289 0. 307 8. 7 32 101 194 349 14.5 15.0 1330 11.4 14.0 11. 3 10. 6 

June 7 3600 2800 o. 318 0. 330 o. 338 0. 332 10. 5 85 190 360 486 8. 25 10. 5 1300 10.0 13.5 8. 5 4. 8 

June 11 3000 2500 0, 294 0. 315 o. 319 0. 312 - 36 118 19B 34B 13.0 13. 25 1000 B. 6 17. 5 B. 5 5. 0 

June 12 3600 2700 o. 289 0. 308 0. 32B o. 336 9. 0 28 80 260 4B4 8. 5 11.0 1630 13. B 24.0 9. 0 4. 9 

June 15 3100 2700 6. 288 0, 310 o. 330 0. 329 10.0 29 85 234 417 12. 5 12.1 1030 13.4 22.0. 12. 5 6. B 

June 17 3200 2500 o. 344 0. 336 o. 335 0. 341 B. O(Est) 70 155 262 447 12·. 5 13. 25 1300 14.2 20. 5 12. 5 9. B 

June 19 3400 2900 0, 262 o. 296 0. 316 o. 340 7. 8 22 96 177 337 6. 0 8. 5 1300 4. 8 17.0 2. 5 4. 8 

June 21 3100 2550 o. 325 o. 331 o. 348 o. 349 7. 8 20 101 301 476 6. 1 9. 0 1200 13.0 20. 5 5. 0 5. 8 

June 23 3200 2700 0. 209 o. 280 0. 30B o. 324 14. 5 36 115 261 451 6. 25 7. 5 1300 7. 6 19. 5 6. 0 4.4 

June 26 3475 2700 0. 220 o. 270 0. 299 o. 317 7. 5 20 91 220 356 11.25 12.0 1100 13.9 26.0 12.0 8. 4 

June 27 3100 2500 0. 212 o. 272 0. 304 o. 321 11.0 - - - -'- 12.0 13. 5 1230 9. 6 20:0 8. 0 11.6 

June 30 3100 2500 o. 167 o. 248 0.286 o. 307 6. 0 20 58 170 304 7. 5 10.0 1130 8. 1 22.0 6. 5 9. 0 

July 2 3150 2600 o. 230 o. 278 o. 295 o. 306 6. 0 36 127 209 343 10.75 12. 5 1130 9. 6 22.0 8. 5 10.9 

July 6 3250 2700 0. 138 o. 239 0. 275 o. 295 - 29' 182 301 411 7. 75 u.s 1130 11. 1 23. 5 7. 0 3. 9 

July 8 3000 2BOO 0, 252 0. 286 o. 30B 0. 323 B. 5 3B 125 23.3 391 13.25 14. 25 1200 14.7 23. 5 13.0 10.4 

July 10 2850 2400 o. 286 o. 310 o. 323 o. 335 8. 0 50 109 209 3Bl 7. 75 13.0 1000 9. 0 16.0 8. 5 6. 7 

July 13 3375 3000 0, 281 o. 284 0. 304 o. 317 6. 0 32 107 1B4 277 B. 25 10.0 1030 9.4 15.0 7. 5 10.0 

July 14 3200 2500 o. 247 0. 286 o. 308 o. 325 6.0 20 70 166 331 8.0 . 9. 5 1030 8 •. 6 13.0 B. 5 11.4 

July 16 3000 2400 0. 292 o. 322 o. 330 o. 331 7. 0 20 74 172 269 6. 0 9 .. 0 1200 8. 1 13. 5 B. 0 13.4 

July 18 3100 '2600 0. 271 o. 2B4 0. 300 o. 319 - 43 85 145 281. B. 75 10.25 1200 12. 5 19.0 12.0 6. 6 

July 20 3100 2350 o. 255 o. 274 o. 301 0, 316 6. 0 26 96 167 282 12.0 13.0 1145 13.3 20. 5 12, 5 8. 8 

Aug. 7 2800 2300 o. 271 0. 273 0. 276 o. 285 12.0 20 65 135 235 6. 75 8. 5 1800 7. 2 11. 1 3. 1 6.4 

Aug. 9 3200 2650 0, 254 o. 267 0. 27B o. 293 r5. o 40 . 110 190 220 6. 0 6. 5 1500 5. 1 9. B 2. 7 12.2 

Aug. 11 3150 2400 o. 211 o. 253 0. 257 o. 260 15.0 20 142 212 307 10.0 8. 25 1430 13. 1 20.8 9. 8 8.1 
Aug. 13 3000 2500 0, 237 o. 252 o. 269 o·. 278 12. 5 33 107 260 375 7. 25 10.25 1200 5. 5 22. 5 5. 4 6. l 
Aug. 15 3000 25·oo o. 257 o. 286 o. 319 0. 310 8. 25 100 310 590 732 12. 5 13.0 1030 12.1 26, 3 12.0 6. 6 
Aug. 17 3400 3600 o. 250 0.-282 0. 303 o. 307 5. 5 95 296 484 596 11.5 13. 25 1330 14.9 20.7 ll. 1 9. 7 



APPENDIX B. CALCULATION OF RAM HARDNESS 
NUMBER 

The Rammsonde consists of a light metal tube closed at one end with a conical· 
tip having a 60-deg vertex angle and a base diameter of 4 em. The tip is placed in 
undisturbed snow and driven vertically downward with blows from either l or 3 kg 
weights dropped from heights of l 0 to 50 em. For theoretical backg:r,-ound of the 
Ramrrisohde, see Bader et al. , ( 1939). 

Ram Hardness Number R = ( qQ+P)+ Phn 
X 

R =hardness number 

Q ~ weight of one tube (kg) 

q = number of tube lengths 

P = weight of hammer (kg) 

h = height of fall (em) 

n = number of blows of hammer between readings of~ 

x = depth of point of penetrometer below snow surface (em) 

x = penetration resulting from i•n11 blows (em). This is the 
difference between two successive values of x. 

Arithmetic mean, 

APPENDIX C. CALCULATION OF THE 
COEFFICIENT OF VARIATION 

where N is the total number of measurements. 

Standard· deviation, 

Coefficient of variation, C. V. = ~ x l 00. 
X 


