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ANNOTATBD BIBLIOGRAPHY 

ON 

SNOW DRIFTING AND ITS COXTROL 

compiled by 
ANALYZED 

L, w, Gold 

Head, Snow and Ice Section 
Division of Building Research 

Drifting snow and its deposition is a familiar character- 
istic of the Canadian terrain. Its occurrence must be con- 
sidered in the design, construction, and operation of many 
structures and transportation leerviees. Although nUme~ous 
s tudies  have been made on dr i f t ing  snow and its control, few 
of these have been of the nature that give directly to the 
engineer the information that he requires, There is a growing 
need for this information, much of which can be obtained 
th~ough a review of the resulta of past investigations corn- 
plemented, when necessary, with appropriate field and labora- 
tory studies. This bibliography has been compiled as a step in 
this task and with the hope that it will aid and encourage the 
investigations that are required, 

The refe~enrres available up to June 1964 have been used in 
compiling this bibliography. Acknowledgement and appreciation 
must be expressed to the main source of references and abstracts, 
the Bibliography on Snow and Ice compiled by the Library of ,/ 

Congress for the Cold Regions Research and hgineering 
Laboratory, U,S.  A m y  Materiel Command. 

Ottawa, December 1960 
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1, SNOW 1% TMi: AIR - 

Arai, Hideo, Masao Shiotani, and Taizo Ogasawara. On Blowing Snow. 
SeppyB, May 1953, Vol, 15, No, 1:l-5. 

The r e s u l t s  of studies i n  Japan from Jan,-Feb. 2952 on 
the ve r t i ca l  d i s t r ibut ion  of blowing snow a re  reported 
and the method and device used for  collecting the snow 
are  described. An experimental equation i s  presented 
re la t ing the amount of blowing snow caught i n  the 
collecting device and the height of the device above 
ground. Data are tabulated and raphed on the amount 
of snow blown a t  heights from 5- 8 00 cm., air tempera- 
t w e s  at the time of observation, aad the v e r t i c a l  
wind dis t r ibut ion,  

( In  Japans se ) 

Bontr~hkovsky, V. Snowst arms and Blowing Snow According t o  Observa- 
t ions  a t  the Observatory of Moscow University i n  1905-1913, 
Bull, I n s t ,  Physique Cosmique de Moscou, 1923, Fasc, 1:68-91, 

The ckaracter is t ios  of snowstorms and blowing snow a re  
described and correleted with - ind id  dual meteorological 
elements, The frequency of snowstoms and blowing 
snow a t  t h e  observatory ranges from 7-32/yr. and 
averages 16. The max, number of snowstopms during the 
season i s  observed i n  Jan.-Feb., the min. in April and 
Oct,, whfle blowfag snow occurs most frequently i n  Feb, 
and not a t  all i n  April and Oct. The optimum conditions 
f o r  the occurrence of snowstorms and blowPng snow 
include a i r  temperature fram'-40 t o  -60C f o r  snowstorms 
and -7" to  -90C for blowing snow, SE. winds a t  7-8 m./ 
sec., a r e l a t i v e  humidity of 98% a t  temperatures down 
t o  -10% and 88% a t  lower temperatures, and negative 
pressure variat ions,  Data are  tabulated and graphed on 
snowstorms and blowing snow i n  individual years and 
accompanying meteorological conditltons, the monthly and 
annual frequencies of snowstorms and blowtng snow, 
t h e i r  r e l a t  f on t o  temperature, wind direct ion and speed, 
and gressure variat ions.  and re l a t ive  and absolute h m i -  
d i tg -a t  various temperatures. 

( In  Bench)  

Bucher, E. Mass Transport by Wind, Referate und Diskussionen der 
Hydrologi schen Tagung der Eidg . Konnnission f b Schnee- und Law- 
inenforschung vom 9, und 10, Oktober 1947, Interner Ber. No, 92, 
Eidg. Inst. f. Schnee- und Lawinenforsch, Davos, Switz., Nov. 
1947, 4-7. 

The movement of snow by wind is analyzed br ie f ly .  Wind- 
speed gradient s and the  amount of suspended snow per 
uni t  volume determine the amount of anew accumulation. 



Snow accumulation is uniform with cons t a n t  wind speed bu t  
decreases i n  areas  where wind speed i s  grea te r  and 
increases where wind speed i s  l e ss .  The more snow the  
a i r  contains,  the g rea te r  the  e f f e c t s  of var ia t ions  i n  
wind speed. Results of laboratory and f i e l d  invest i -  
gat ions by K, Croce on the  e f f e c t  of snow fences on 
snow accwnulation a r e  summarized, 

( I n  German) 

~ f i n f  n, A.K. Mechanics of Snow Ero sion. Trudy Transportno-Energe- 
ticheskogo Ins t , ,  1954, ~yp. 4:59-69. Ens. Trans., TT-1101, 
National Research Council, Ottawa, Can,, 1963. 

The erosion o f  dry snow is shown t o  be a specia l  case, 
of t h e  erosion of granular  mater ia ls  i n  water and a i r  
and depends on the  same parameters. Erosion was cal- 
culated f o r  various combinations of water, a i r ,  sand, 
s o i l  p a r t i c l e s  and snow pa r t i c l e s ,  A formula i s  
derived on the bas i s  of dimensional ana lys i s  fo r  
determining t h e  c r i t i c a l  wind speed preceding snow 
erosion, This c r i t i c a l  wind speed increases w i t h  
increasing p a r t i c l e  s i ze ,  roughness of the snow 
surface, and cohe si on of the  pa r t i c l e s ,  Theref ore,  
i n  any program f o r  prevention of snow erosion, 
provision should be made fo r  increasing these t h r e e  
fac tors ,  

~ i ' h i n ,  A.K. The Solid Flux of a Snow-Wind Flow. Trudy Trans- 
portno-Energeticheskogo Ins t .  , 1954, Vyp* 4: 71-88. Eng, Tmns., 
TT-1102, Nat Zonal Research Council, OLtawa, Can., 1963. 

A general  formula f o r  t h e  so l id  flow of a f l u i d  p lus  
granular-mate~iaf  mixture i s  derived by dfmensional 
ana lys i s  and i s  applied t o  the spec i f ic  case of a 
snow-wind flow, Solid flow i s  defined a s  t he  weight 
of the snow t ranspor ted per u n f t  area c ros s  sec t ion  
of wind flow per u n i t  time and '  i s  measured i n  gin./ 
sa.m.sec. The t r anspo r t  of snow i n  an a f r  stream 
obeys the general  laws of t ranspor t  of h e a v  granular  
materfal  i n  a f l u i d  medium whose spec i f i c  gravi ty  i s  
l e s s  than t h a t  of t h e  transported pa r t i c l e s ,  The 
general formula i s  checked agains t  f i e l d  measurements 
and i s  found t o  be s a t i s f ac to ry ,  Variants  of the  
general  formula can be used t o  ca lcu la te  the  magni- 
tudes of wind t ranspor t  OF deposition of snow f o r  a 
s e r i e s  of storms o r  for  the  whole winter  and f o r  d f f -  
fe ren t  measuring devices. Generally, t h e  flow of 
snow I n  a given sec tor  and snowstorm i s  a funct ion not 
only of t h e  t r a n s l a t i o n  v e l o c i t i e s  of t h e  wind flow, 
but of the  s t a t e  of the  snow surface (densi ty,  f reez-  
ing, roughness) , stream turbulence, s i ze  and densi ty 
of the  p a r t i c l e s ,  and a i r  temperature. Some of these  
f a c t o r s  can be control led  and thereby t h e  snow d r i f t -  
ing of roads can be control led  or  modified t o  a 
ce r t a in  extent ,  



~ h i n ,  A.K. V e r t i c a l  D i s t r i b u t i o n  of Sol id  Flux i n  a Snow-Wind 
Flow. Trudy Transportno-Energeti che skogo I n s t  ,, 1954, Vyp. 4: 
49-58. Eng. Trans., TT-999, Nat ional  Research Council, Ottawa, 
Can., 1961. 

Theore t i ca l  ca lcu la t ions  of t h e  he igh t  d i s t l ' i bu t ion  of 
the  s ~ l i d  f l u x  i n  a snow-wind f low a r e  presented. The 
t h e o r e t i c a l  a n a l y s i s  i s  compared with f i e l d  observa- 
t i o n s  of t h e  wind t r a n s p o r t  of snow. Formulas a r e  
o f fe red  which g i v e  the  dependence of the  amount of 
snow t ranspor ted  i n  a given time on t h e  wind speed and 
h e i g h t  above the ground. The following conclusfons a r e  
drawn: (1) the v e r t i c a l  df s t r i b u t i o n  of  the s o l i d  f l u x  
of a snow-wind flow depends on the p r o f i l e  of t h e  
averaged t r a n s l a t i o n a l  v e l o c i t i e s  and the  l i n e a f  
c h a r a c t e r i s t i c s  of the  wind-flow turbulence,  (2)  the  
der ived  formula f o r  expressing t h e  t o t a l  s o l i d  f l u x  
agrees  s a t i  s f a c t o r i l y  w i t h  experimental d a t a  obtained 
under f i e l d  conclltions, and ( 3 )  when the derived f o r -  
mulas a r e  used, most of t h e  d r i f t i n g  snow measurements 
can be m d e  w j t t h  d r i f t i n g  snow gages and t h e s e  da ta  
can be used t o  determine t h e  t o t a l  s o l i d  f l u x  of a 
snow-wind flow more prec ise ly .  

~ n n i n ,  A.K. Fundamentals of the Theory of Snowdrifting. Izves t .  
Sibirskogo O t d e l e n i n  Akad. Nauk SSSR, 1959, No. 12: 11-24, . Trans. , TT-952, Nat iona l  Re search Council, Ottawa, Can., 
"151. 

This  paper i s  t h e o r e t i c a l  treatment of  t h e  problem of  
s n o w d ~ i f t i n g .  Equations a r e  developed 'baihich descrfbe 
the  movement of snow by wind. Theore t i ca l  expressf ons 
f o r  t h e  dependence of t h e  mean v e l o c i t y  of the snow 
p a r t i c l e s  and t h e  t o t a l  r a t e  sf snow t r a n s p o r t ,  upon 
t h e  a f r  f low v e l o c i t y  a t  t h e  5 cm, l e v e l ,  a r e  compared 
t o  wind tunnel  observat ions w i t h  snow. 

GerdeP, R.W. The Sirnulati on of a Blowing Snow Enviroment  1x1 a 
Wind Tunnel. Proc, Western Snow Conf',, Spokme, Wash., A P ~ .  
1961, 106-114. 

A research program h a s  been undertaken a t  New York 
U n i v e ~ s  it y t o  der ive t h e  e s s e n t i a l  s c a l e  parameters 
f o r  a model snow and t o  s e l e c t  a m a t e r i a l  which would 
p r o p e ~ l y  s imulate  snow when used w i t h  small  s c a l e  
models of s t r u c t u r e s  and f a c i l i t y  layouts ,  The prob- 
lems assoc ta ted  with wind tunne l  s tud ies  a r e  discusse.d 
b r i e f l y ,  t h e  c r i t e r i a  f o r  a snow simulator  a r e  l i s t e d ,  
and t h e  wind t u n n e l  opera t ion  and model t e s t s  a r e  des- 
cr ibed.  Some of the  r e s u l t s  are indicated.  



GerrdeP, ROW, and Gordon H. Strom, Scale Model Simulation of a Blow- 
ing Snow Environment. I n s t i t u t e  of Environmental Scienaes, 1961 
Proceedings, M t  . Prospect, Ill., 1961, 53-63. 

Scale f ac to r s  for  the simulation of d r i f t i n g  snow 
were determined i n  connection w i t h  wind tunnel  studies 
of snow d r i f t  f omation on the Greenland Ice Cap. 
Hodel s t ructures  on a scale of 1:10 were used and the 
IpaFmeters of the  faaterial f o r  simulating snow were 
devised accordingly. The following fac tors  were con- 
sidered: diameter and velocity of the snow par t ic le ,  
i t s  f ree  f a l l  velocity, the  ambient a i r  velocity at 
the par t ic le ,  t he  acceleration due t o  gravfty, and 
the coefficient  of r e s t i t u t i o n  ( r a t i  o of ve loc i ty  of 
rebound t o  the, velocity of impact). The diameter of 
blowing snow par t i c l e s  on polar ice  sheets may vary 
fsom 0.4 - 0.1 mm., but the pa r t i c l e  s i ze  dis t r ibut ion 
of snow p a i n s  i n  a specific w e a  frequently does nab 
vary mope than - +Is$ from the mean. The f r e e  f a l l  vel- 
oc i ty  of 0.l-m. snow par t i c l e s  was measured and found 
t o  be 200 cnr./sec. The coefficient  of r e s t i t u t i o n  was 
found t o  be 0.555. Prelimfnary calculatf  ons showed 
t h a t  the  simulating mater ia l  must have a density of' 2 
gm./cu,cm, o r  more t o  give the  required f a l l  veloci ty  
of 63 a, a t  a diameters s i ze  of 0.1 m. Of the various 
materials tested,  commercial borax was found to  be the 
most pmmising and has been used successfully i n  scale 
model tes t s .  Remarkable correlat ion was Pound between 
d r i f t  accumulation around one of the 'Dye" s i t e  build- 
ings on the S. Gfeenland Ice Cap and around a model of 
the same building i n  the wind tunnel. Wind tunnel 
t e s t s  las t ing  a few hours can provide information on 
d r i f t  character is t ics  tha t  could not be acquired i n  
l e s s  than 3-5 y ~ s .  under natural f i e l d  conditions. 

Gerdel, ROW, and Gordon H. Strom, Wind Tunnel s tudies  w i t h  Scale 
Model Simulated Snow. General Assembly of Helsinki, 1960, Btbl, 
No. 44, Intern. Assoc. Sci. Hydrol. Gentbmtgge, Belgium, 1961, 
80-08. 

I n  P o h r  regions where l i t t l e  o r  no summer melting 
occurs, Improperly designed s t ructures  m q  be quickly 
and permanently buried by dr i f t ing  snow, I n  most wind 
tunnel atudies on d r i f t ing  snow no consideration i s  
given t a the relratiornsh8p between the  velocity of a i r  
i n  the tunnel and t h e  physfcal and aeroc%ymamic proper- 
t i e s  of the reaterial selected to  represent snow nor t o  
the extent sf satupat 5. on of t h e  wind w i t h  t h e  synthetic 
snow. Reoogniz ing the deficiencies i n  knowledge on 
mow drf f t ing  and the advantages inherent i n  wind 
tunnel studfes, the  U.S. Amy Snow Ice and Permafrost 
Research Establishment (now U. S. Amy Cold Regions 
Research and Engineesrimg Laboratory) has supported a 
research program leading t o  the select ion and use of 



mater ia ls  which might be used to  su i tab ly  simulate snow 
i n  control led  invest igat ions  on scale  models of s t ruc-  
t u r e s  within the range of 1/10 eo 1/50 prototype s ize .  
Some of the r e s u l t s  of the wind tunnel s tud ies  w i t h  a 
sealed, simulated snow a r e  presented, 

Godshall, Freder ic  A. The Mechanics of Snowdrf f t i ng*  Thesis (M. S,), 
College of Engineering, New York University, W.Y., Hay 1958. 

Mode l ing c r i t e r i a  f o r  simulat ing d r i f t i n g  snow with 
ground cork were developed on the  bas i s  of 'aerodynamic 
analyses and data co l lec ted  during wind tunnel  experi-  
ments on the  e f f ic iency  of snow fences, The f omat ion  
of snowdrifts around models of various types of fences 
was measured, and curves of  accumulation a t  various 
sa tura t ions  a r e  graphed. From data on the percentage 
of snow blown past  the  fence and deposited i n  the  eddy 
region of t h e  fence a t  various s tages  of d r i f t  u n t i l  
f u l l  sa tu ra t ion  is  reached, an equation was developed 
f o r  quant if'ying co l l ec t  ion. e f f i c f  ency. O f  the 4 models 
tes ted ,  t he  ef f ic iency-col lec t ion capacity of the 50% 
dense s l a t t e d  fence was grea tes t .  The Swedish s l a t  
fence, however, was more e f f i c i e n t  a t  c e r t a i n  d r i f t  
s tages than the o the r  models tested,  and i n  ac tua l  use, 
this  type of fence i s  removed a f t e r  the  l a t t e r  s tages  
of d ~ i f t i n g  have been reached and is placed a t  the n e w  
snow l e v e l  where the  e f f i c i e n t  co l lec t ion  character is- 
t i c s  may again function,  plieasurements were a l so  made 
of the  v e r t i c a l  d i s t r i b u t i o n  of wind-blown p a r t i c l e s  
and a Boltzmann equation was applied t o  these  data. 
Final ly ,  a b r i e f  suggestion i s  offered fo r  improving 
snow fence design by adding a forward def lec tor  t o  
s trengthen the  vortex movement of the  wind on the l e e  
side of the fence. 

Higuchi, K ,  Experimental Studies on D r i f t  and Turbulent Diffusion of 
Paperlets  Emitted f r o m  Aircra f t  a s  a Model of Snowflakes, J O W ~  
Meteorological Soc, Japan, June 1962, Ser. 2, Vol. 40, No. 3 :  
170-180, 

Field experiments were ca r r ied  out  Feb, 1, 28 and March 
16, 1961 on d r i f t  and turbulent  d i f fus ion of paper le ts  
(2  x 2 cm.) emitted from a i r c r a f t ,  as a model of t he  
d r i f t  of snow c rys t a l s  and f lakes .  Fa l len  paper le ts  
were col lec ted by Sapporo c i t i zens ,  and returned t o  our 
laboratory. The isople th  s of the  col lec ted paper le ts  
emitted a t  456 m. and 1800 m. respect ively  a r e  shown, 
The hor izon ta l  d i f fus ion  coef f ic  ent was estimated a s  6 the order of magnitude of 105cm. /set., according t o  
Sakagamif s f omnula f o r  an instantaneous point  source. 



Birada, Tokutara. Snow Storm. Seppga, Mar. 1951, Vol. 12: 165-167. 

Three s e t s  of data  on the  v e r t i c a l  d i s t r i bu t ion  of 
blowing snow 0.1 - 11 m. above the ground are analyzed 
mathemtical ly  with regard t o  the  r e l a t i v e  quant i ty  of 
snow a t  each l eve l  up t o  1 m., p a r t i c l e  s ize ,  and 
t o t a l  quanti ty of blowing snow. 

( I n  Japanese 1 

~hodakov,  V.G. The Transport of Snow by Dr i f t ing  in t h e  Polar  Urala. 
Akad, Nauk SSSR, Mezhduved, Komit . Proved, IrqGG, GlTaCsi ologich- 
eskie  Issledovanifh, Sbornik S t a t e r  I X  Razdel Programmy MGG 
( ~ l ~ t ' s i o l o g i S ) ,  1961, No. 6: 136-162. 

Dri f t ing snow plays a large  ro l e  i n  t h e  nature  and 
economics of the Polar  Urals, a s  has been demonstra- 
t e d  by various invest igat ions,  and i s  an important 
considerat ion f o r  road building and construction. 
The wind t ranspor t  of so l id  mate r ia l  (snow) along 
the  surface i n  the Polar Urals i n  the middle sec t ion  
of the  Boll shaya Khadata r i v e r  val ley  was measured 
by the IGY expedition of 1957-58, The f a c t o r s  con- 
t r ibu t ing  t o  the  wlnd d r i f t  of snow a r e  discussed 
and four empfrical equations a r e  derived f o r  deter- 
mining the  transport  of so l id  mater ia l  i n  the  1-m. 
surface layer  of air  a s  a funct ion of s p e c i f i c  con- 
d i t i ons  of tlhe snow surface,  the  wind force ,  and the  
general  meteorological s i tua t ion .  

( I n  Russian) 

L i s t e r ,  H. Glaciology. 1. Sol id  Precipf ta t ion a d  WifL Snow. Trans- 
Antarct ic  Expedition 1955-1958, Sci. Rept. Hoe 5,  1960, 1-51, 

Three aspects  of t he  glaciological s tud ies  of the 
Trans-Antarct i c  Expedition a t  Shackleton and Southice 
a re  t rea ted :  sol id  p rec ip i ta t ion ,  d r i f t  snow, and 
snow accumulation. The data a r e  tabula ted and graphed, 
and t h e  r e s u l t s  of o ther  expeditions a r e  included i n  
the  discussion of accumulation. The instruments em- 
ployed for measuring snow p rec ip i t a t i on  proved unsat- 
f sfactory,  s o  p recfp i ta t ion  was measured by observing 
both drifts ng snow and d r i f t i n g  snow plus so l id  preci-  
p i t a t ion .  A logarfthmic r e l a t i onsh ip  i s  given *ich 
b e s t  expresses the va r i a t i on  of d r i f t  densi ty with 
wind speed. The s t a t e  of the surface proved t o  be 
about P/S a s  important a s  wind speed. The mean par- 
t f c l e  approaches a rounded form (dominant s i ze  apps?ox. 
0.07 mm. dim.) and the  s i z e  decreases slowly w i t h  
height  i n  the range 0.2-6.0 m. Pla te  and columnar 
snowflake fragments a r e  common, and composite g ra in s  
produced by surface f i r n i f i c a t i o n  a r e  frequent  i n  
d r i f t .  Deflation i s  <1 gm./sg. cm./yr. over Antarothe8 
and the net  annual accumulation of snow is - 1 3  ,p./sq. 
am., ranging from )30 gm./sq.cm. near  t h e  coas t  t o  
7 gm./sq.cm. near the  center  of the  high plateau,  A t  



Southice, accumulation was -10 gm./sg.cm. around 1900, 
reached a peak of 17 about 1929, and decreased to  10 
gm,/sq.cm. i n  the l950V s. 

Lord, Roddee Edward. Forecasting Vis ib t l i ty  i n  Blowing Snow. # a s t e r v s  
Thesis. Seatt le,  Washington Univ., 1960, 

Results from th is  study indicate tha t  the problem of 
forecasting spec i f ic  values of v i s i b f l i t y  during blow- 
ing snow stomns is s t i l l  unsolved. Although formulas 
were determined which wduld give mean values f o r  s i s i  - 
b i l i t i e  s a t  various wind speeds, f luctuations i n  vis i -  
b i l i t i e s  a re  so great  a s  t o  make the formulas useful  
only as  a guide. F a r e c a s t i q  v i s i b i l i t y  values during 
blowing snow i s  a highly complex problem, and the 
observed fluctuations are probably dependent upon many 
parameters, of which wind speed is  only one. 

Pe l lor ,  M. , and U. Radok. Some Properties of Drifting Snow. Ant- 
a r c t i c  Heteorology; Proc, Symposium held i n  Melbourne, Feb. 1959, 
New York, Pergamon, 1960, 333-346. 

Five s e t s  of snow-drift measurements with new snow-traps 
were used fo r  estimates, of drift-snow density a s  a funo- 
t i o n  of height. The expected d r i f l  densi t ies  a t  4 and 
200 cm. were computed from those sb served a t  100 and 400 
a. and compared w i t h  observations, The theore t ica l  
estimates and ac tua l  observations a t  the 200 cm: level  
were in reasonable agreement. A t  4 cm., however, t he  
obhertted values were substant ia l ly  larger,  indicating a 
different  snow drift mecheurism near the ground, s imilar  
t o  the "sal ta t ionn described for  sand. The sa l t a t ion  
d r i f t  t ransport  i s  estimated a t  10% of the to ta l .  

Odar, Furrt, Scale Factors f o r  Simulation of Drifting Snow. Proc. 
: Am. Soc. Ci,vilEngrs. Jour. Eng. MechanicsDiv., April1962, 

Val. 88, No. EM2:l-16, 

Theoretical scale factors  f o r  simulating d r i f t ing  snow 
i n  a wind tunnel were derived by us- the equation of 
ver t ical  transport and the threshold charac ter i s t ics ,  
The sca le  f ac to r s  derived from the squation of motion 
of the  pa r t i c l e s  can be substitueed f o r  the scale fac- 
t o r  obtained from the vert ical-transport  equation 
which involves the  mass t ransfer  coeff ic ients  t h a t  can- 
not be solved readily, These scale factors  were derived 
for  small spherical p a r t i c l e s  which determined rela t ion-  
ships between t h e  s i z e  and the  density of the  pa r t i c l e s  
of simulating material. The vert ical- t ranspmt equation 
also provided another scale fac tor  t h a t  determined the 
amount of accumu$ation o r  change i n  elevation of the 
snow surface i n  the model. The simulation of change i n  



elevat ion of a snow surface during a long period of 
time is  examined b r i e f l y .  Since t h e  simulating mat- 
e r i a l  i n  the  model does not compact o r  s e t t l e  a s  does 
natura l  snow, t h i s  scale f a c t o r  was modified accord- 

I 1- l y  * 

Rusin I?. P, Horizontal Transport of Snow i n  Antarctica. Trudy 
~ f a v n o i  Geof f zicheakoi Observatorii ,  Vyp. 96, 1959, 31-37. 

Observations at Nirny i n  1956-57 on 400 cases  of snow 
dr i f t fng  during ka taba t ic  winds (SE, and SSE.) a r e  
ana1;gzed. Data a r e  tabulal3ed and graphed on the mean 
wind speed a t  various he igh ts  (0.5-10 m.) and the 
magnitude of t he  turbulence coef f ic fen t  a t  w h i c h  hori-  
zontal  d r i f t i n g  begins ; mean surface roughness a t  
various wind speeds; t h e  r e l a t  109 between t he  i n t ens i ty  
of dr i f t iak;  and saind speed; wind speed, ttwbulence, and 
surface roughness f o r  varioys d r i f t  i n t e n s i t i e s ;  the 
amount of snow transported hor izon ta l ly  a t  s a ~ l o u s  
heights  (0-300 cm. ) ; va r i a t i ons  w i t h  height  of the 
amount of mow transported during medium-atroag d r i f t -  
.I=; and t h e  amount of snow transported d u r i w  d r i f t i n g  
of various i n t e n s i t i e s  a t  various heights ,  Snow d r i f t -  
ing out t o  sea  averages BOO running me a t  a 
height  of 0-4 m., and 140 kg. . running m. at  0-1.5 
m., w h i c h  i s  equivalent  t o  a  l o s s  i n  water of 3-5 m i l -  
l f o n  tons a year f o r  each km. of shoreline. 

( In  Russiar#J 

Shiotani,  Masao, On the Snow Storhe Researches on Snow and Ice, 
Nov. 1953, No. 1:29-33, 

Dri f t in4 snow i s  shown t o  be an Austausch phenomenon 
due t o  add$ dtffusion.  A modified eddy v i scos i ty  co- 
e f f i c  9ent i s  i n t~oduced ,  taking in to  consideration 
the  motion of the  snowflake. i t s e l f .  

( In  ~apanesp )  
\ 

Shiotani,  Masao, T h e  Ver t ica l  Density Dis t r ibu t ion  of Blowing Snow, I 

, Seppy5, Mag 1953, Vol. 15, No. 1:6-9, 

The v e r t i c a l  densi ty  d i s t r i bu t ion  of d r i f t i n g  snow is 
analyzed mathematically taking i n t o  account snow d i  f; 
fus ion a s  a  funct ion of t h e  s p a t i a l  d i s t r i bu t ion  of 
snow, afr densi ty,  the  turbulent  d i f fus ion  coe f f i c i en t  
of wind, and t h e  f a l l i n g  speed of snowflakes. Theore- 
t i c a l  r e s u l t s  a r e  compared w i t h  those obtained experi- 
mentally, and data on the  dim,, mass, and f a l l i n g  
speed of snowflakes, and snow-cry s ta l  types a r e  tabu- 
l a t ed  and graphed, 

( I n  Japanese ) 



Strom, C.H. and others. Scale Model Studies on Snow Drift ing,  Res, 
Rept. 73 a. S. Army Cold Regions Research & Engineering Lab., 
Sept, 19b2. 

Scale model t e s t s  were conducted t o  study experimental 
and theore t ica l  aspects of snow dr i f t ing  phenomena. 
Hodeling c r i t e r i a  for  d r i f t ing  snow were developed and 
a number of materials  were tes ted  f o r  use as geometri- 
cally and physically scaled synthetic snow. Crystal- 
l i n e  borax 0.01. cm. i n  d i m *  was found satfsfactory 
fop a 1/10 model scale. The f e a s i b i l i t y  of using 
scaled materials  t o  simulate dr i f t ing  snow was demon- 
s t ra ted  by the sfmilari ty of d r i f t  patterns obtained 
2n the wind tunnel t e s t s  and those observed around 
full*scale s t ~ u c t w e s  on the Greenbnd Ice  Cap, Fur- 
ther ,  several years of Arctic snow d r i f t  can be stmu- 
lated i n  the wind tunnel i n  a matter of hours, Quali- 
t a t i v e  analyses are offered of d r i f t  accmulation 
charac ter i s t ics  around various scale  model structures,  
The following experimental kesult  s were obtained. (1) 
Close s p a c i q  of buildings w i l l  r e s u l t  i n  caalescence 
of d r i f t s ,  (2)  If rectangular buildings mst be 
grouped together, they should be erected with t h e i r  
long axis  pa ra l l e l  t o  the dominant wind direction. 
(3) Erosion of the snow surface may occwr beneath 
buildings erected on columns, (4) V-shaped snow 
fences produce a c lear  area downwind for  a distance 
of approximately 25 times the height of the fence, 

Tanifu ji, Shozo and Tetsuo Ogawa. Experimental Researches on Snow 
Dri f t  Control (I) ,  Jour. Res. Public Works Res, Inst, (~apan),  
July 1954, V O ~ .  1:129-242. 

The s imilar i ty  of  a i r  flow i n  the f i e l d  and i n  a wind I 

tunnel 1s established theoretf cal ly  as a basis  f o r  
future studies of the aerodynamics of snow fences. 
This strai lari ty depends on the equivalence of two 
values i n  the  flows: the  eddy Reynolds number and the 
intensi ty  of turbulence, These values are  shown t o  
be equal i n  the two s i tuat ions  by inductive s t a t i s t i c s  
using the Navier-Stokes equation and the equation of 
cent f nuf ty fo r  laminar-flow and turbulent-flow f i e lds ,  
The r e s u l t s  are summarized graph1 cally. 

Walsh, K v J ,  Occurrence of Blowfng Snow on the Greenland Ice Cap 
During 1953-1954, Snow Ice and Permafrost Res. E s t , ,  Special 
Rept. 13, 1954. 

The r e s u l t s  of an investigation on the  frequency of 
blowing snow a t  two s i t e s  and i t s  r e l a t ion  t o  wfnd 
speed, a i r  temperature, and snowfall are  tabulated 
and graphed, A t  Site  I., blqPJing snow occurred frm 
12-15 days (83-153 hr,) out of each month from Bug,- 



Nov. 1953, increasin t o  20 days (172 hr. ) i n  Dec. 
and 26 days (295 b. f i n  Jan, 1954. The phenomenon 
was noted a t  S i t e  2 on 11 days i n  July, 4 days i n  
Aug . , 12 days i n  Sept . , and 24 days i n  Oct . 1953, 
o r  53-68 h.~. Ln July-Sept. bnd 210 hr. i n  Oct. 
Blowing snow was generally accom nied by winds of ff" 15; m.p.h. or  m r e .  I n  a t  l eas t  5% of the cases, 
blowfng snow occwred with winds greater  than 20 
m.p.h., and on 50% of the  cases with winds 15-20 
nf.p.h., and only 15% of the  time w i t h  winds less 
than 15 m.p.h. Blowing snow was independent of a i r  
temperature and the presence of f a l l i n g  o r  newly 
f a l l e n  mow. More blowing and dr i f t ing  occurred 
a f t e r  the  major) accumulation period than during the 
months of grea tes t  snowfall. 

Zelenox, I .K. Quali ta t ive Characderistics of Snowstorms. Neteoro- 
l o g i n  i ( i i d r o l o g i ~ ,  1940, Vol. 6, No. 1-2:124-125. 

Snowdrifts were studied a t  the Yuspor s t a t ion  (900 
m. elevation i n  the Khibiny M ~ S $  during 1936-1938. 
The in tens i ty  of snowstorms w a s  determined i n  terms 
of wind velocity and amount of snowdrifts. Snow- 
d r i f t  measurements i n  r e l a t i o n  to snow covep depthe 
and wind velocity are presented i n  3 graphs. Max. 
snowdrifting of 25.8 grn./sq.cm./mtn. occurred a t  a 
wind velocity of 25 m./sec. 

( In  Russian) 



l . ( a )  SNOW I N  T E ~ E  A I R  - MEASUREMENT - 

Bastazuov, S. L. Laboratory Study of Snowdrifting a t  the  Geophysical 
Observatory a t  KucPlino. ~ r u d y  Nauchno-I ssledovatel  f skogo Uprav- 
l e n i a  Narodnogo Kamissariata ~ u t e f  ~ o o b s h c h e n i n ,  1930, Vol. 
109: 75-76. 

Research conducted from 1918 is  b r i e f l y  reviewed. 
A r t  ificrial snowstorms were produoed i n  the labopa- 
t o r y  t o  study the  aerodynamic proper t i es  of various 
snow fences used by r a i l roads  f o r  snowdrift preven- 
tion. An instrument suggested by Kuznetsov f o r  
measuring snowdrifting in tens i ty  can be used t o  
improve the  constmot ion design of  Sabinin. An 
instrument was developed by P.A. Gusev t o  determine 
snow-cover mobility.  

( In  Russian) 

Cherepanov, Measurement of Amount of Snow Drif ted by Snowstorms. 
Vestnik  dino of ~ i d r o m e t e o r o l o ~ i c h e s k o ~  Sluzhby, 1933, Vol. 3, 
No, ?:Is-16. 

A n  instmment f o r  measuring the  mount of d r i f t i n g  
or  blowling snow a t  various he igh ts  i s  described. 
The streamlined body of t he  instrument i s  30 em, 
long and made of sheet  iron. Dr i f t ing  snow en te rs  
t he  instrument through a 25-cm. opening. Baffle  I 

p la t e s  r e t a i n  the  snow in the instrument a s  the  a i r  
passes through, The instrument i s  painted white 
and placed on a mast a t  the  des i red  level. 

( In  Russian.) 

Qovorukha, L.S. and E.F. Kirpichev. F i r s t  Results of  b i f t i n g  Snow 
Observations with t h e  Drif t ing Snow Meter   yol lone". Inform. 
B f i l l .  Sov. Antarkticheskor Ekspsd. 1961, No. 26:22-25. 

The adaptat ion i s  reported of a cen t r i fuga l  dust- 
catching mechanism such as  i s  employed i n  many fac- 
t o r i e s ,  t o  the  measurement of d r i f t i n g  snow, and a 
de ta i l ed  descrf pt ion i s  included. F ie ld  experiments 
a t  Mirnyy have shown the  instrument t o  be almost 
100% ef fec t ive  inasmuch a s  t h e  proper t ies  of snow 
such as granular  composition, spec i f i c  gravity,  
p a r t i c l e  form, adhesive and abras ive  q u a l i t i e s  are  
so similar  t o  those of dust and ash. Observations 
have been ca r r i ed  out w i t h  equipment i n s t a l l e d  a t  
l eve l s  of 3, 6, 12, 25, 50, 100, and 240 cm., and 
r e s u l t s  show tha t  the  densi ty of d r i f t i n g  snow i n  
the  a i r  decreases logari thmical ly with increasing 
height. The sole drawback t o  the  widespread use of  
the mechanism for  the  measurement of d r i f t i n g  snow 
i s  t he  l a rge  amount of labor  required f o r  operation. 
This d i f f i c u l t y  can be overcome, however, by the  



I n s t a l l a t i o n  of  a s ingle regula t ing device which 
may be operated by remote control.  

(In Russian) 

~ z f b ~ o v ,  N.N. Instruments f o r  Measuring the  Amount of Dri f ted  Snow. 
Trudy Nauchno-Issledovatelr skogo ~ p r a v l e n i f h  Barodnogo Komis- 
s a r i a t a  putel ~oobshcheni f i ,  1930, Vol. 109286-91. 

Snowdrifts pmduced by winds were measured from 1927- 
1929 a t  t he  Vodenyapino Experimental S ta t ion  of the 
Hazan Railroad, The data ind ica te  t h a t  86090% of the 
snow was d r i f t e d  i n  t he  10-an. a i r  layer next t o  the 
snow surface. About 5.6% was d r i f t e d  i n  the layer  
from 10-20 cm. high. The remaining 4.9% was d r i f t e d  
i n  t h e  Payer from 20-200 cm, high. Data obtained by 
the Kuenetsov meter indicated that the  snow t r a n s f e r  
i n  the 2-m. l aye r  above the  snow surface reached 2.67 
gm./sq. cm.mfn. i n  l i g h t  snowstorms and increased t o  
18.97 gm./sq, cm.min. i n  heavy snowstorms. The Kuznet- 
sov meter co l lec ted  an average of about 45-505 of 
d r i f t e d  mow. These experiments aided i n  the  construc- 
t ion of new i n s t ~ m e n t  s. 

( I n  Russltan) 

I 
~ e d r o l i v a n s k i f  , V e N o  and M.S. Sternzat  . Blowing-Snow Meters. Meteor- 

ologiche skie  pribory, Gidrometeorologiche skoe Izda te l t  s tvo , Lenin- 
grad, 1953, 165-167. 

Instruments used i n  t he  US& f o r  measuring d r i f t i n g  
snow i n  t h e  air l a y e r s  near the ground a r e  described 
i n  d e t a i l .  The Kuznetsov meter constructed near the  
beginning of t h e  20th century was modified and i s  
now known as the  VO-type meter. T h i s  modified ins t ru-  
ment cons i s t s  of a cylinder with an egg-shaped t o p  
and an open pipe measuring 2 x 12.5 cm. i n  f ront  and 
3.5 x 18 cm, i n  back. The meter is  equipped with a 
wind vane and turns  about a v e r t i c a l  axis .  Three dta- 
phragms a re  placed ins ide  which t r a p  the  blowing snow. 
The streamlined rece iver  and larger  r e a r  opening 
r e s u l t  i n  a smooth aPr flow by the apparatus. 

(In Russian) 

Kooznetsov, V. On Measurements of the  Amount o f  Snow Carried Ho~izon- 
t a l l y  by the  Wind. 1900. Transl. by 1.1. Schell ,  Blue H i l l  
Observatory, 1946, 

An instrument i s  described and i l l u s t r a t e d  f o r  measur- 
fng the  hor izon ta l  mow tpansport during a given tW 
i n t e r v a l  through a f ixed  cross-section i n  a v e r t i c a l  
plane. A cy l indr ica l  box with an a t tached wind vane 
is  mounted so t h a t  the  box can t u r n  about the  v e r t i c a l  
axis.  The air en te r s  an openfng i n  t he  s ide  of the 
cylinder and passes out through the  top; the snow 
drops t o  the  bottom of the box. Preliminary measure- 
ments during the  winter  of 1896-97 indicated tihat t h e  



I . 4  

tvmsgort  fncreasees a t  a r a t e  approximat e3;g propor- 
t i o n a l  to the square of the wind speed; a t  a wihd 
speed of 10 m./sec., the traneport w i l l  be 30 bims 
a s  great a s  the mc~unt of snow fa l l ing  on a h o r i m n t a l  
~UPfcl08~ 

Madigan, COT,  Snowfall and Snowdrift, Aus t ra l a~fan  Antarceic Expe- 
di t ion,  1911-a, Sci. Rep*&., June 1929, Ser. B, Vole 4~49-51. 

An iraprsvised snow gage from stove pfping is-described.  
The t o t a l  annual snowfall beginning March 14, 1912 was 
51.82 in .  water equivalent and 60.98 in ,  ~ 1 t e r  equiva- 
lent  beginning; Dee, 15, 1912. Drift ing snow was syste- 

' maticaXly measured with a specially designed drif t  
gage. A wooden box, 3 x 2.5 x 3 f t ,  equipggd w i t h  a 
tfn cone a t  one end and a smaller wooden box wlth 
b d f  l e s  a t ,  the sther,  was fixed f i m l y  on the  i ce  with 
the zkceivbng cone Pacing south, l%e snow was removed 
pbriod'fcally f o r  weighing Z lb, of snow representing 
5,213 ft., water egtlivalent. The t o t a l  &ift for 1 yc. 
b e g i ~ i n g  March 4, 1912 amounted t o  6246 f t .  water 
e&2%egPsn* r I 

Two ty$as of snow-traps designed t o  measure d~if ' t l l rg  
snow density a t  various heights above the  ground tare 
described. These t r aps  have !rocket and a i r f o i l  shapes, 
maspeoltively, and remove the snow f ~ o m  an airstream 
by expandiag the stream's cross-section and thus 
 educing f t a  velocity approx. 9%. The t r a p s  or ient  
themselves into %he d w e c t i ~ ?  of the wind and contain, 
no impediments t o  the assage of the a i r ,  TILEI t raps  
oan be set st heights (-400 om. above the snow surfaae. 
The rocket-type t r a p  was found t o  co l lea t  w i t h  complete I .  

effiaiency, whereas the a b f o i l  type allowed some 
&$ft&ng snow to  pass through, 

, 
Boloohnikav, AeV,  Measuremnt a of Blowing Snow a% Yukspar. k%&eoP 

o l o g i f i  i ~idrologi-fh,  June 3.939, Vol. 5, No. 6:137-138. 

Special measurements of blowfng snow were i n i t i a t e d  at 
r 

the Yukspor avalanche st a t  ion i n  1936. Observat ional  
data for 1937-38 are tabulated, Spe cia1 instrument a 
constmeted la t the Vodenyapino Experimen%aL Statf on 
were used f o r  the measurement s, Obse~vat l  ons indi  aated 
tha t  the h o ~ i z o n t a l  t r ans fe r  of snow begins a t  wind 
speeds of 3 rn./seo. The maximum amount of blowing snow 
a t  wind speeds ot 3 m./seo.. w a s  0.1 gr./sqecm.xuin.; a t  
10 ./set. the t ransfer  r ea  hed a a imm f about 7.3 
gr.7aq.cm.min. end a t  18 m.gseo., &.% gr.,?w.~.mino 

( In  Rueeian) 



Orlov, N.I. Mew Method of Measuring Blowing Snow. ~ l t a d m i f i  Bat& 
SSSR I n s t i t u t  Geograf ii, Roll snezhnogo pobova v prirodnykh 
prodessakh,  Woscow, 1961, 258-2664. 

The Soviet snow gage cur ren t ly  used f o r  masurfng 
d r i f t  iq snow, the  VO-2, i s  deemed bath cumbersome 
and inaccurate and a new type of recordeli is  proposed, 
The new instrument cons i s t s  of a photocell ,  a l i g h t  
source w i t h  a system insuring p a r a l l e l  posi t ion of 
the rays, a device f o r  l imi t ing the  area  cross sect ion 
of the snow-wind flow, an anemometer, a galvanometer, 
and a b a t t e r y  w i t h  a rheosta t .  Snow p a r t i c l e s  ca r r ied  
by t h e  wind ins ide  the l i m i t e r  of the area c ross  sec- 
t i o n  of the inst'rument ca s t  a shadow upon the ac t ive  
surface of the photocel l  i l luminated by the  p a r a l l e l  
rays  of a steady l i g h t  source. The photo-current 
value va r i e s  a s  the  i n t ens i ty  of t h e  shading, The 
light source i s  chosen such t h a t  t h e  p a r t i c l e s  of 
t ransported snow fill become p rac t i ca l ly  opaque. Two 
s e r i e s  of experiments were conducted. I n t h e  first 
se r i e s ,  blown snow was s i f t e d  through a s ieve 5-10 
times, a homogeneous, loose, granular  mass was obtaiaed 
and then blown through the e l ec t ron ic  instrument a t  
varying ra tes .  The data obtained on t h e  concentration 
of snow p a r t i c l e s  vs. t he  va r i a t i on  of the photocurrent 
and time a r e  graphed and tabulated. The second s e r i e s  
of expe~iments  was conducted i n  the open i n  ac tua l  
blowing snow. Theoret ical  ca lcula t ions  agree with 
recorded r e s u l t s  and it is  concluded t h a t  the  described 
method increases t h e  accuracy of recording the  amount 
of blowing snow. 

( I n  Russian9 
t 

Shliakhov, V. I, Methods of Making Drifting-Snow Measureme n t a  i n  t he  
Antarceic, Inform. Biull .  Sov. Antarkticheskoi Eksped, , 1960, 
No, 20:26-28. 

Standard Soviet d r i f t  ing-snow gages proved inadequate 
under Ant a r c t i  c conditions , where snow d r i f t s  almost 
con ti nu all^ across  the coas t a l  strig t o  the  ocean. so  
a new gage-was designed by the  author and b u i l t  b i  the  
workshop of t h e  4th Continental Expedition, It cons i s t s  
i n  t h e  f 0x1 owing: a sheet -alumin& cylinder 50 cm. i n  
diam, and 350 cx. l o w ,  w i t h  a receiving s l o t  0.5 cm. 
w i d e  along the e n t i r e  length of the cylinder,  a shaft 
through the  cylinder t o  a cross  piece fastened t o  a 
she& roof (roof a t  snow l eve l ) .  Bearings allow the 
gage t o  r o t a t e  and a vane keeps it  facing the wind. 
Snow i s  col lec ted i n  a si lk bag a t  the base and i s  
weighed 4 times da i ly .  A grad ien t  snow gage is used 
i n  conjunction with th i s  low-level gage; it cons i s t s  
of a cylinder 10 cm. i n  diam. and If; crn, long, enclosed 
i n  a 1-me-long s i l k  casing, and a rod passes from t h e  
cyllnder in to  a block of wood at tached t o  the i n s t ru -  
ment m a s t  t o  keep t h e  col lec t ing bag facing the  wfnd. 



The height of the blowing-snow layep i s  determined by 
the ceil ing l i g h t  technique, and the  amount o f  unrecorded 
drift ing snow i s  estimated from the gradient measurements, 
The upper lfmtt of dr i f t ing  snow turbulence varies 
greatly with wfnd speed and wfnd structure: it is 1-5 me 
w i t h  a wind speed of 6-10 m./sec., 12-16 la. w i t h  winds 
of 15-18 m./sec., and 25-28 me with wind speeds of 19-22 
m,/sec. I n  gusts and very strong winds it. can vary from 
1-90 m, a d  more, In  28 days of June 1959, 380,199 kg. 
of enow drif ted across a 1-m, s t r f p  of coast t o  the 
Quean a t  an average wind speed of 11.8 m,/sec, 

( I n  Russian) 
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2, DEPOSITION OF BLOWING SNOW - 

Bates, G.H, Obsepvations on Snowdrift Formation and Methods of 
Control. Surveyor, May 7, May 14, 1948, Vol, 107:23l-232, 247- 
248. 

Observations on d r i f t i n g  snow during b l f  zzards a r e  
presented. A survey of the  loca t ion  of the d r i f t s  
was made and the  reasons f o r  t h e i r  occurrence a r e  
discussed, Drif t ing sand and snow are  compmed. 
The snow forming dr i f t s  t r a v e l s  only a few in ,  from 
the  surface of the  ground. Dryness f s  e s s e n t i a l  t o  
d r i f t  fng snow which i s  i n  the  form of granules. The 
d r i f t  f omning on t h e  lee-side of a hedge is due t o  
snow whfch has f i l t e r e d  through, The formation of 
d r i f t s  on the windward s ide  of impenetrable wal ls  is 
discussed, The fnf h e n c e  of ground surface and wind 
ve1ocit-y a r e  analyzed. D r i f t s  f o m d  by right-angle 
fences and downwind from aper tu res  between obstacles  
were studied. Discarded t a r  ba r r e l s  o r  6 f t ,  lengths  
of chestnut paling wired together t o  form cylinders,  
placed a t  6-ft .  i n t e rva l s  are recommended a s  snow 
fences. 

Chernigov, V.A. Nature of Snow Dr i f t ing  a t  Mirnyy. ~ o o e t s k a r a  Ant- 
a rk t icheskaf i  ~ k s p e d i a i p a ,  No. 13, vtorafh  ~ o n t i n e n t a l t  n a f i  
~ k s p d i a i f h  1956-1958 gg., g l Z 8 ~ i o l o g i c h e s k i e  i s s l e d o v a n i n ,  
by ~ r k t i  cheskir i l intarktiche skif  Nauchno-Issledovatelf sk i% 
I n s t i t u t ,  Leningrad, 1960, 180-181, 

I n  1958, t h e  Mfrnyg base consisted of 22 buildings, 
12 of which were b u i l t  on rock and were no% subject  
t o  snow d r i f t s .  The posi t ion of t he  remaining, 10 i s  
shown, and t h e  nature  and causes of d r i f t s  t ha t  fomned 
about and over them are  examined. The d r i f t s  varied 
consf derably f n depth and configuration, but were 
r e l a t i v e l y  s t a b l e  a f t e r  April ,  t h e  f f r s t  month of the 
Antarct ic  winter, 

( I n  Russian) 

~h i rvfnsk i f l ,  P.N. The Formation ard Metamorphism of a Snow Cover 
under the Influence of Wind, ~ n i v e r  s i t e t s k i f h  1 z v Q s t i f i  (Kiev) 
Sept, 1909. Vol. 49, No. 9:l-72 (1.e. 117-189). 

The influence of wind veloci ty  and the  aerodynamic 
proper t ies  sf obstruct ions and depressions on the 
uneven accumulation of snow is analyzed, Various 
wavelike formations on the  snow surface (sas t rugi ,  
snow-barchans, r ipp l ing ,  e tc ,  ) a r e  described, ch ie f ly  
on t h e  basis of Cornisho s observations i n  Canada 
during 1900-1901. The r o l e  s of wfnd and ,temperature 
i n  mow meQamorphism and the  abrasive act ion of wind 
a re  discussed, The meteor010 y of snowsto~ms and blow- 
ing snow in  h w p e a n  ~ u s s i q + i g  described. 

,.G ( I n  Russian) 



Cornish, Vaughan. On Snow-Waves and Snow-Drifts i n  Canada, w i t h  
'Motes on the "snow-Nushrooms' of the  Selki rk  Mountains, Geo- 
physical Jaur,  Aug, 1902, Vol, 20:137-17s. 

Observatiom of snow-waves and d r i f t s  were made on a 
t r i p  from St. John t o  Vancouver, (Can,). The snow 
types ~ariged from wet and s t icky t o  dry s l ippery  snow, 
Snow-musbooms and other  bosses were studied and an 
account of the growth process is given. Normal waves 
of d r i f t i n g  snow, formed i n  'dry snow only, and normal 
r i pp l e s  of granular  d r i f t i n g  snow are  discussed w i t h  
respect t o  t h e i r  physical cha rac t e r i s t i c s ,  mode of 
formation and motion, Scarped wave-surfaces, and 
long i t u d i n a l  erosion f o m s  i n  c onsolidated snow a r e  
analyzed, A study i s  mads of snowdrifts caused by 
ground i r r e g u l a r i t i e s  or other  f ixed obstructions, 
and the character of s ta t ionary  snowdrifts and t h e i r  
r e l a t i o n  t o  t rave l ing  snowdrifts. Appended i s  a dis-  
cussion of snow r ipp les  i n  Scotland and sun p i l l a r s ,  

Cornish, Vaughan, Wind-Waves i n  Water, Sand, Snow, and Cloud. Quart, 
Jour, Roy, Meteorological Soc, , July 1909, Vol, 35:149-160. 

Fresh, dry snow f a l l s  a t  once in to  t r a i n s  of  t r ave l ing  
waves when d r i f t e d  by wind, usually a t  temperatures 
near OOC o r  lower. The process i s  bes t  observed on 
l e v e l  ground and with g r e a t  uniformity of exposure, 
%he waves a r e  uwippled due to  the  f r i a b i l i t y  of t he  
snow, Icy  snow with sand-sized granules forms r i p p l e s  
a few inches from c r e s t  t o  c r e s t ,  The r a t i o  of length/ 
hefght  i n  t rave l ing  snow waves may be a s  g rea t  a s  S O ,  

Cornish, Vaughan. Waves i n  D r i f t i  Snow. OceanWavesby V. Cornish 
and A. Jeffreys,  Cambridge, 1 9 3 ,  65-74. 

Various snow-wave formations observed a t  sub-zero tem- 
peraGmss i n  Canada a r e  described, Included a re  t rave l -  
ing waves, r i pp l e s  i n  granular snow, c rescen t r ic  dunes, 
and undulating surfaces. A comparison of each formation 
i s  made w i t h  those formed i n  sand. 

Dingle, W , R , J ,  and Uwe Radok. Antarct ie  Snow D r i f t  and Mass Trans- 
por t ,  Extract  of Pub. No. 55 of I.A,S,H. Symposium on Antarctic 
Glaciology, 77-87. 

Relations f o r  the  density of d r i f t i n g  snow as  function 
of height and wind veloci ty  a re  es tabl ished theore t i -  
ca l ly  and t e s t ed  by means of observations made a t  the  
Austral ian National Antarct ic  Research Expedf t i o n s  
base a t  Wilkes during 3.959, The measurements comprise 
26 sets of d r i f t  snow c ~ l l e ~ c t i o n s  wi th  8 Mellor type 
t r a p s  a t  l eve l s  ranging from 3 an, t o  400 cm, and 3 ane- 
mometers i n  winds from 1 2  m./sec. t o  30 m,/sec. a t  the  



10 m, level ,  The wind observations conform t o  logari th- 
nf c profi lea with very small roughness parameters, The 
d r i f t  dens i t ies  reveal  a discontinuity i n  the pa r t i c l e  
f a l l  velocity; this occurs between the 25 cm. and 50 cm, 
levels  and may be connected w i t h  the sa l t a t ion  mode of 
progression prevalent a t  the lowest levels.  The d r i f t  
density a t  a given height f s an exponential function of 
the  reciprocal of the wind velocity a t  t h a t  height. 
This gives the appearance of rli power law when a r e s t r i c -  
ted velocity range is explored and explains why the 
exponent i n  such a law increases with height frsm l e s s  
than 0.5 f o r  the 3 cm. level  t o  over 5 a t  400 cm. The 
observed d r i f t  snow transport i n  dif ferent  lagers m e  
exponential functions of the wind velocity a t  the 10 m. 
level.  The t o ta l  transports  between 1 mu. and 300 me 
confirm the very large preliminary estimate previously 
made f o r  Mawson, However, more than ha l f  the t o t a l  
transport  i s  contributed by lhyers below and above that  
containing the present measurement s, T h i s  underline s 
the tised fo r  more i d o m a t  ion regarding the v e r t i c a l  
prof i le  of the katabatic wind. 

~ o n s ,  Carl. Concerning Snowdrifts. Naturen, 1919, Vole 43: 137-lh-2. 

Characterist ics of snowdrift. f  o rmt  ions around a 
cyl indrical  wooden stack and a house were observed 
i n  ~ romsb  during a steady wind. Airflow on the wind- 
ward and leeward sides of cyl indr ical  and ~ e c t a n g u l a r  
obstacle s i s  br ie f ly  discussed and presented graphi- 
cally i n  ve r t i ca l  and horizontal  projection. 

( In  ~ o m e g i  an) 

F i r  s t  Engineer Arctic Task Force, After Operations Report, Research 
and Development Pro ram, Greenland, 1955, Annex N, Prelinrfn-y 
Report Project 23 Snow Drift and White-Out Studies),  1955, 
132-lib. f 

The reeul t s  of investigations i n  1955 on snow d r i f t i q  
and d r i f t  control,  v i s i b i l i t y  during dr i f t ing  and white- 
out,  heat balance, and meteorological conditions on 
the Greenland Ice  Cap are reported. Tests were made 
on the effectiveness of wood-slat fences of 40% density 
and of a snow wall 4 f t .  hi& and 50 f t .  long as means 
for protecting i n s t a l l a t  tons. Three pa ra l l e l  rows of 
fences 200 f t ,  long, (two 6 f t ,  high and one 3 f t ,  high) 
were erected a t  200-ft. in te rva ls  n ~ r m a l  t o  prevailing 
winds, Bamboo poles were set  up between 2 of the fences 
to  measure mow accumulation, and t h e  amount of snow 
moving i n  the a i r  pa ra l l e l  t o  the surface was recorded 
by a special instrument designed t o  catch and r e t a i n  
the snow. The effectiveness of the fence was 20%. Snow 
moving past a sector of the: 3-ft. fence was about 88 1bJ 
min. during moderate d r i Z t i B  and 1500 lb./min. during 
a storm period, while accunnulation during the, l a t t e r  



period around the  6-f.t, fence was 145 tons, Net 
r ad i a t i on  balance over snow was close  t o  zero  and 
was re f lec ted  i n  the small  change i n  cold content of 
the  upper 100 cm, of snow, which was 160 cal./sq.cm, 
on July  8 and 196 cal,/sq.cm, on Aug. 6, The l a r g e s t  
values of incoming r a d i a t i  on occurred nearest  the  snow 
surf  ace, probably due t o  a r e f l e c t  ion phenomenon pro- 
duced by blowing snow, Rest r ic ted  v i s i b i l i t y  was 
caused by ice -c rys ta l  or  water-droplet fog and f a l l i n g  
of dr i f t i r ig  snow, Tests  indicated t h a t  the  allgle of 
i n t e r n a l  f r i c t i o n  for  new snow va r i e s  from 30° - 3S0. 

~ e o r ~ i e v s k i Y ,  N. Snowdrift Control i n  the  Arctic. ~ o v e t s k a a  Ark- 
t i k a ,  1938, No. 6~103-104. 

The problem of snowdrift control  i n  the Arct ic  i s  
discussed and snowdrift conditions observed a t  Cape 
Sckmidt from 1934-1937 are described. D r i f t s  f o m d  
around obstacles  t o  depths of 4-5 me Max. snow depo- 
s i t s  were observed near  the N walls  of s t ructures ,  
while the  ground near wal ls  remai ned f r e e  of d r i f t s ,  
The d i se r ibu t ion  of snowbanks around the  s t a t i on  i n  
Dec, 1934 i s  diagrammed, 

( I n  Russian) 

Holzapfel, Rupert and Gerhard Kirsch, The Surface Wave8 of t he  Green- 
land Inland Ice, Meteorolog ische 2. , Ju ly  1934, Vol. 51: 262-264. 

Three d i f fe r ing  inland i c e  surface forms a r e  d i s t i n -  
guished: sas t rugi ,  a large and i r regu la r  undulation 
which decreases towards t h e  center,  and p a r a l l e l  
waves. The length of the  waves var ies  from 5-7 km,, 
the  amplitude decreases towards the center from about 
15-20 m, t o  about 5 h., and t h e  d i rec t ion  is  normal 
t o  the  prevailing wind d i rec t ion ,  The waves a r e  
a t t r i bu t ed  t o  the f i n a l  deposition of  snow a t  high 
wind speeds during frequent d r i f t s ,  The i n t e n s i t y  
regular ly  changes w i t h  wind d i r ec t ion  due t o  a dia- 
turbence w i t h  a spec i f i c  c r i t i c a l  wave length, The 
waves a re  explained mathematically a s  a function of 
Reynold's number, a disturbance parameter, flow velo- 
c i t y ,  and a kinematic coe f f i c i en t  of visoosi ty.  

( In  German) 

Karrer,  Enoch. The Shape ~ s s - d  by a Deformable Body Immersed I n  a 
Moving Fluid,  Jour. Franklin Inst. ,  Dec. 1921, Vole 192:73?-756. 

I 

A general discussion of  the problem i s  presented with 
spec i f ic  reference t o  shapes of snowdrifts among other  
examples from geology, meteorology, physics and biology. 
It i s  suggested t h a t  t he  deformable body w i l l  assume a 
shape tha t  i s  a s  near ly  a s  possible "stream-linew. 



Kimura, ICaichiro, and Takamas& Yoshisaka. Sca le  Model Experiments on 
Snow-Drift s Around Buildings,  Report No. 1. Seppya, March 1942, 
Vol, 4: 96-99. 

Wind-tunnel experiments with s c a l e  models of bu i ld ings  
of varying o u t l i n e s  a r e  descr ibed i n  d e t a i l .  MgCoj 
powder ( screened through 0.533-mm. me sh) , used t o  
s imulate  snow, was subjec ted  t o  winds averaging 1.8 xu./ 
sec. f o r  5 min,, and i t s  a c c m u l a t i o n  around the models 
was observed. ?he models t e s t e d  included: a square 
s t r u c t u r e  w i t h  a 30° shed roof ,  a r ec tangu la r  s t r u c t u r e  
with a hipped roof ,  a similar model w i t h  t h e  roof  
hipped on one end only, a r ec tangu la r  model with a shed 
roof ,  a rec tangu la r  s t r u c t u r e  w i t h  a hipped roof f ac ing  
the  wind l ong i tud ina l ly ,  and a similar s t r u c t u ~ e  w t t h  a 
gable  roof.  Snow accumulated i n  r i d g e s  on t h e  s i d e s  o f  
each model t e s t ed ,  w i t h  varying amounts of snow on t h e  
windward side,  and p r a c t i c a l l y  none on t h e  l e e  s ide ,  
R e s u l t s  a r e  diagrammed i n  d e t a i l .  

( In  Japane se ) 

Kotliakov, V,M. Dynamics of the  Snow Cover Surface i n  t h e  Anta rc t i c  
L i t t o r a l .  Akad. Nauk SSSR. Mezhduved, Komit. Proved. MW. Sbor- 
nik  S t a t e i ,  I X  Razdel &ogrammy MGG ( ~ l i a t s i o l o g i i a ) ,  1960, No. 
5:72-87, 

Resu l t s  a r e  analysed of s t u d i e s  made from Feb, 1957- 
Fsb . 1958 a t  MLrnyy on t h e  formati  on o f  snow cover and 
t h e  f a c t o r s  involved i n  t h e  cons tan t  c h a n g i n ~  of I t s  
surface  r e l i e f .  Eight meteorological  condi t ions are 
d i s t ingu i shed  and t h e  type of snow cover produced under 
each i s  described, Snow depos i t ion  forms such a s t a t i o n -  
a ry  &if t  s and moving barchans a r e  c r e a t e d  during per- 
iods  when cyclonic  winds p r e v a i l ,  while a b l a t i o n  f o ~ r n s  
l i k e  s a a t r u g i  and depressions a r e  r e l a t e d  t o  pe r iods  
when k a t a b a t i c  winds are dominant, Fea tu res  of a 
g iven  sur face  once formed e r e  f r e q u e n t l y  preserved 
through the e n t i r e  cold season under the  p r o t e c t i o n  
of  wind-, r ad ia t ion- ,  o r  glaze-produced c ~ m s t s ,  though 
falls  of f r e s h  snow may subsequently o b l i t e r a t e  them. 
Snow dens i ty  i s  discussed i n  t e r n s  ~f the v e l o c i t y  o f  
the wind necessary t o  depos i t  it and that necessary t o  
blow it away. The problem of determining t h e  age  of  
sur face  snow is touched on and some es t ima tes  are 
presented of the length  o f  time a g i v e n  p a r t i c l e  of 
snow w f l l  remain on t h e  surface under varying condi- 
t ions. 

( I n  Russian) 

~ u z n e a o v ,  M.A. Barkhan Movement of Snow i n  the Wind B e l t  of Eas te rn  
Antarct ica.  ~ o v e t s k a f h  ~ n t a r k t i c h e s k a s  ~ k s p e d i f ; B i a ,  No. 10, 
~ t o r a f h  ~ o n t  f n e n t a l t n a f i  ~ k s ~ e d i 6 i G  1956-1958 gg., g l f i f i i o l o -  
g icheskie  i s s 2 e d o v a n i ~ ,  by ~ r k t l c h e s k i r  i Antarkt icheski i  Rauch- 
no-I s s l edova te l  f s k i 1  Ins  t i t u t ,  Leningrad, 1960, 175-179. 



Invest igat ions  of snow barkhans by a g laciologf c a l  
party i n  1957 a re  reported. The formation, shape, 
motion, and d i s s ipa t ion  of t he  barkhans a s  r e l a t e d  t o  
the e f f e c t  of wind veloci ty,  season, snowfall, snow 
composition, and geographic zone a r e  described, 
Emphasis is  on t h e  &ape and motion 6f b a r k b n s  a t  
wind ve loc i t i e s  from 5-7 m,/sec. up t o  20 m./sec, 
Within t h i s  range, wldth of barkhans i s  from 5-8 m,, 
length 10-15 m,, and height  of t h e  c r e s t  3 - 5 0  cm. 
Near t h e  upper f i s u r e  of wind veloci ty,  the  barkhans 
a r e  dissipated. The nature  of snow c rys t a l s  i n  this 
phenotlrezaon i s  a l s o  mentioned, 

( I n  Russian) 

Lawrence, EON, Eddies Unusually Defined by Snow, Neteorological 
Mag , June 1954, Vole 83:185-186. 

A small snowdrift formation near t h e  Meteorological 
Office a t  Rarrow (England) is i l l u s t r a t e d ,  The snow 
took the form of 2 o r  possibly 3 p a r a l l e l  waves, The 
number of waves a7pears t o  be a function of t h e  length 
of the  eddy-flow path, s t reng th  of the  general  a i r  
flow and the  height of the  obstructfon, 

toewe, F, The Importance of Snowdrifting POP the  Mass Economy of 
Inland Ice ,  Meteorologi sche 2, , Nov. 1933, Vol, 50 :434-436, 

Wegener and Holzapfel estimated the Greenland inland 
ioe  lsustained an accumulation l o s s  due t o  snowdrift- 
ing of 1 mm./yr, equal t o  . O 1  wn, of the  annual accu- 
mulation. Higher values were measured by other  
invest igators .  It i s  believed t h a t  the  number of' 
snow-drift hours assumed by Wegener and Holzapfel i s  
too  low. The experiments conducted a r e  c r i t i c a l l y  
discussed. It i s  concluded t h a t  precise  values could 
be obtained by th i s  method only if the  quanti ty of 
d r i f t e d  snow were calcula ted a s  a function of the 4th 
power of t he  e f f e c t i v e  wind speed, The magnitude of 
snow los se s  due t o  d r i f t i n g  i s  believed t o  be g r e a t e r  
by 1-2 times the 10th power, 

( In  German) 

Mather, K.B. Further  Observations on Sastrugi ,  Snow Dunes and the 
Pattern of Surface WSnds i n  Antarctica, Polar Record, Hay 1962, 
Vole 11, NO,  71:158-171* 

Observations of aastrugf and snow dunes i n  t he  area 
around Mawson (Antarct ica)  a re  repor ted and discussed. 
Their magnitude v a ~ i e d  f ~ o m  year  t o  year,  but they 
were more severe a t  g rea te r  distanoes from the  coas t ,  
reaching a max. height  near 70°S. l a t . ,  then diminish- 
ing; f a r the r  inland. The e levat ion of t he  i c e  plateau 
a lso  increases away from the coast ,  reachipg a m x ,  
elevat ion of 87(10 f t .  near 70' 181 S, l a t ,  and then  



dipping s teeply  t o  t h e  S. I n  addit ion,  the  sas t rug i  
were s i a i l a r l y  or iented a t  t h e  same locat ions  i n  sub- 
sequent years. Direct ~ f n d ~ o b s e r v a t i o n s  a re  always 
consistent  with prevai l ing sa s t rug i  or ienta t fons ,  and 
there  i s  l i t t l e  doubt t ha t  ka taba t ic  winds a r e  the 
primary cause of sas t rugi .  More extensive da t a  on 
the  o r ien ta t ion  of snow dunis a r e  avai lable  from 
a e r i a l  photographs. Althou%h dunes a r e  l e s s  consis- 
t e n t  i n  d i r ec t ion  than s a s t m g i ,  the two f ea tu re s  
tend t o  be oriented s imi lar ly ,  This supports  the  
observation t h a t  continent a1  slope e f f e c t s  b l izzard  
wfnds a s  wel l  a s  simple ka t aba t i c  flow. Both f e a t u r e s  
conf'lrm the extensive drainage of wind onto the  Lambert 
Glacier,  indicatfng t h a t  the g l a c i e r  is  an  important 
f ac to r  i n  determining the  c h a r a c t e r i s t i c s  of bl izzard  
winds a s  w e l l  as  the  more moderate katabat ic  winds, 
Data included from Wilkes a l s o  indicate  the  co r r e l a t i on  
between i c e  slope, wind di rect ions ,  and o r i en t a t i on  of 
snow surface fea tures ,  

Moroskrkin, A. I. The Role of Eddies i n  the Fomat ion of  Snowdrifts. 
Sbornik Nauachno-I ssledovatel l  skogo I n s t i t u t a  Put t  NEPS (Babu- 
shkin) ,  1934, Vol. 33: 128-130. 

An e a r l i e r  laboratory inves t iga t ion  (c. 1911) on the 
formation o f  eddies behind f l a t  and e l l i p t i c a l  bodies 
i s  discussed b r i e f l y  and soma t yp i ca l  eddy forms i l l u s -  
t ra ted .  I t , f s  concluded t h a t  t he  formation of snow- 
d r i f t s  mag depend on the Reynolds number characterizing 
the obstacle causing t h e  d r i f t .  

( I n  Russian) 

Oe t t l i ,  Max. Horseshoe Snow Dunes. Naturw, Wochenschrift, Oct, 21, 
1917, \tole 32~593-594. 

Barkhan-like snow accumulations observed i n  1917 on the  
i c e  cover of Lake Constance ( ~ e r m n y )  and t h e i r  develop- 
ment a re  descrfbed. The barkhans were 10 m, long, 2 m. 
wide and 30 cm, high on the concave side,  while the  
side exposed t o  the wind w a s  tapered. Snow w a s  removed 
by the  wind from the d~tme sector  behind the center of 
the convex forward slope, so t h a t  a h o r s e h o e  shape was 
maintained. 

( In  German) 

Rikhter,  G.D. Some Conditions Concerning the Formation and D i s t r i -  
b u t i  on of Snowdrifts and P r i  nciple s of Preventive Measures. 
I z v e s t i i a  Akademii EJatlk SSB, Ser i i a  Geograf icheskaia,  1953, No, 
1: 15-22. 

Transfer of snow is usually observed f n  the l aye r s  near  
the ground a t  wind speeds of 4 m./sec. end more. The 
most frequent snowstorms i n  USSR occur a t  wind speeds 
of 6-9 m./sec. Greater wind speeds do not a f f e c t  t he  



r i s e  of snowdrifts ,  which i s  explained by t h e  small 
turbulence of a i r  flow and by the heavy compressive 
a c t i o n  of s t rong  winds. Rough su r faces  covered by 
g r a s s  and t h e  surface of wet or  c rus ted  snow do not 
con t r ibu te  t o  snow t r a n s f e r .  Retent ion o f  snow, 
but  not p ro tec t ion  agains t  snowdrifts ,  i s  an e f f e c -  
t i v e  prevent ive measure. The western pa r t  of USSR 
h a s  a deep snow cover, but few snowdrif ts  because of 
frequent thawing weather. Small snowdrif ts  a r e  a l s o  
observed i n  Eastern S i b e r i a  and i n  Central  Asia. 
Strong winds and low temperatures cause in tens ive  
snowstorms i n  t h e  a r c t i c ,  the steppe of Western 
Siber ia ,  and the southeas tern  p a r t  of USSR. The 5 
regions  of varying snowdrift  i n t e n s i t y  a re  indica ted .  

$In Russian) 

Sapozhnikova, S. A. Things t h a t  Occur Near t h e  Ground. Atmosfera 
, Zemli, Gosodarstvennoe I z d a t e l '  s tvo  ~ u l ~ ~ u r n o ~ r o s v e t i t e l ~ n o ~  

Li te ra tu ry ,  Moscow, 1953, 215-240. 

The microclimate near t h e  ground as  it v a r i e s  accord- 
ing t o  l a t i t u d e ,  13elief and su r face  cover i s  described 
i n  popular farm, <and t h e  importance of mow covers 
f o r  a g r i c u l t u r e  and t r a n s p o r t a t i o n  i s  d l  scussed. 
Snowdrifts and snow accumulation a t  f o r e s t s ,  fences  
and other  obs tac les  and f n  depressions a re  discussed 
i n  d e t a i l .  I 

(In Russia@) 

S t a f f ,  Hans von. Wind and Snow. 2.  Deut. u. 8 s t e r r .  Alpenver, 1906, 
Val. 37 :45-56. 

Various rnodif i c a t i o n s  of snow covers under t h e  i n f  lu-  
ence of wind a re  inves t iga ted .  Three types  of conf i -  
gura t ion ,  including snow r i p p l e s ,  snow dunes and 
obs t ruc t ion  dunes, a r e  considered and t h e i r  formation 
discussed. Snow r i p p l e s  reach a he ight  of 24 cm. and 
a r e  spaced up t o  86 cm. a p a r t ;  they a re  due t o  the 
d i f fe rences  i r i  the temperature and moisture content  
of t h e  a i r  i n  and a t  the  su r face  of t h e  snow cover. 
Dunes a r e  the r e s u l t  of t h e  uneven accumulation of  
wind-driven snow near e l eva t fons  and depressions i n  
t h e  snow surface rmd may be c l a s s i f i e d  i n t o  4 types: 
snow-barchans, wind troughs,  snow cornices  and mound 
dune s . 

~ I R  ~ema~klmF 

Stepanov, K.V. S owdrif t  Control. Planirovka i z a s t r o i k a  naselen- 
nykh mest Kra 9 nego Severa by Leningradskil  F i l i a l ,  mad .  S t r o i t e l f  
s tva  i Arkhitektury SSSR, Leningrad, 1959, 46-58. 

The d i f f i c u l t i e s  caused by snow i n  s e t t l e d  a r e a s  i n  
the Soviet  Far  North, where winter  i s  8-10 months 
long and snowdr i f t s  of 30 m. o r  more a r e  recorded, 
a r e  described, sncl t h e  planning of c i t i e s  f o r  max. 
pro tec t  ion  aga ins t  snow is discussed. E f f e c t i v e  



c o n t r o l  i s  achieved by proper s i t e  s e l e c t i o n  and plan- 
ning, the e r e c t i o n  of r e t e n t i o n  devices ,  and t h e  use 
of mechanical snow-removal eauipment . Houses a t  t h e  
per iphery of a set t lement  should f a c e  30° i h t o  t h e  
preva'L1ing wind. Stwill s e t t l ement s  should be  b u i l t  
a s  n row, w i t h  s t r e e t s  p a r a l l e l  t o  the  p reva i l ing  
wind and c lea r .  "Joss s t r e e t s  must be short .  Build- 
ings  must be t a l l  with smooth wa l l s  and a min. pe r i -  
meter. Roads ou t s ide  t h e  se t t l ement s  a r e  b e s t ' b u i l t  
on embankments. Snow-retaining s t r u c t u r e s  bo th  in-  
s ide  and outs ide  the  se t t l ement s  should be designed 
i n  the  l i g h t  of t h e  f a c t  t h a t  t h e  bulk of t h e  snow 
(95%) moves i n  the 50 cm. neares t  t h e  grouad. The 
c h a r a c t e r i s t i c s  of var ious  permanent and temporary 
snow-retainfng s t r u c t u r e s  a re  ou t l ined  add d l  agrammed, 
and methods of ca lcu la t ing  t h e  most e f f e c t i v e  type of 
s t r u c t u r e  under gLven condit  ions a re  described. 

( I n  ~ u s s i a n )  

Theakston, F.9. Snow Accumulation About F a m  S t ruc tu res ,  Agr. 
Eng., Parch 1962, Vol. 43, No, 3:139-141, 

E f f o r t s  t o  con t ro l  t h e  e f f e c t s  of snow and wind were 
s tudied w i t h  the  a i d  of two devices  f o r  simulating 
n a t u r a l  condi t ions,  (1) a wind tunnel ,  f n  which wind 
ve loc i t  i e  s could be var ied  from 8-70 mph. and i n  
which l i g h t  sawdust was used t o  simulate snow, and 
(2)  an open water channel, i n  which l i g h t  sand w i t h  
aluminum f l a k e s  wa,s immersed t o  s imula te  d r i f t i n g  
snow. Special  a t t e n t i o n  was devoted t o  snow accumu- 
l a t i o n  around bui ld ings ,  c h a r a c t e r f s t i c s  of t h e  butlld- 
ings  which aggravate wfnd and snow conditions,  and 
the design ~ n d  placement of  windbreaks. It i s  noted 
t h a t  (1) open-front bu i ld ings  tend t o  c r e a t e  suc t ion  
pressures  which cause snow t o  s w i r l  t o  t h e  i n t e r i o r ,  
except f o r  bui ld ings  more than  50 f t ,  long, where 
snow accumulates i n  t h e  corners  of the s t r u c t u r e ,  and 
( 2 )  wind tunnel and water-flume devices  provide a 
u s e f u l  means of studying c e r t a i n  snow and wind pheno- 
mena. 

CR Kg L 
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Troffmov, S.V. New Methods of Plar;lniw and Constructing Set t lements  
with Improved Microclimate ,'ih\. Tezis i plany dokladov. . .k sovesh- 

/' chan im 1956 g. po mer z l o t  o v e d e n i d ,  I n s t .  ~ e r  z l o t o v e d e n i a  AN 
SSSR, l~oscow, 1956, Vyp. 3:  27-23. 

The d i f f i c u l t i e s  of l i f e  i n  se t t l ement s  i n  a r e a s  of 
severe cl imate a r e  ou t l ined ,  and modern c i t y  planning 
f o r  N. a r e a s  i s  discussed. The de fec t s  of e x i s t i n g  
se t t lements  include : t h e  o r i  e n t a t i o n  of s t r e e t s  i n  
kre d i r e c t i o n  of the  wind and t h e  wide spacing o f  
small  bui ldings.  The construbt  ion of t a l l  buf ld ings  
i n - t h e  c e n t e r  of se t t lements  and s m a l l  ones a t  t h e  
per iphery without providing ' f o r  snow-control measures 



i s  R poor so lu t ion  t o  the  problem, An increase  o r  
decrease i n  wind speed of 1 m,/sec. a t  negative a i r  
temperatures i s  equivalent  t o  an i nc rease  or  decrease 
i n  temperature of ~ O C ,  so t h a t  microclimate may be 
improved by cons t ruc t ing  t h e  f i r s t  row of bui ld ings  
t o  a c t  a s  a wind b a r r i e r  and t h e  following rows I n  
such a manner RS t o  f u r t h e r  reduce the  wind. Mind- 
tunnel  experiments i n d i c a t e  t h a t  the  wind may be 
reduced 50-75'g by t h i s  means. Uneven snow accumula- 
t i o n  i s  reduced by t h f  s means and by means o f  s p e c i a l  
i n s t a l l a t i o n s ,  Reducing the  a rea  of the  se t t lement  
b y  e r e c t i n g  t a l l e r  bu i ld ings  c l o s e r  toge the r  simpli-  
f i e  s cons t ruc t  ion and expenditures  f o r  s a n i t a r y  i n s t a l -  
l a t i o n s ,  

( I n  Russian) 

Wegener, Kurt. A Defense. Meteorologische Z., Wov. 1933, Vol. 50: 
436-437 

The accuracy of t h e  snow q u a n t i t y  assumed by K. 
Wegener and Holzapfel  t o  be removed by wind from 
t h e  Greenland inland i c e  surface i s  defended, The 
data quoted by Loewe a r e  based on loca t ions  of vio- 
l e n t  fa l l -winds not r e p r e s e n t a t i v e  of genera l  inland 
i c e  condi t ions;  t h e  values f o r  stream flow and wind 
t r a n s p o r t a t i o n  a r e  not compsrable due t o  the  d i f f e r -  
ence i n  dens i ty  and descending speed of t h e  m a t e r i a l s  
t ranspor ted;  the  r e s u l t s  prbsented were obtained by 
e s t i m a t i w  t h e  f i r n  q u a n t i t i e s  suspended i n  t h e  a i r  
and by measuring the depos i t s  a t  obs tac les ,  Obser- 
va t  ions of snow-dune growth i n d i c a t e  t h a t  the measure- 
ment s nre r e p r e s e n t a t i v e  and accura te ,  Snow-gage 
observat ions ind ica te  the  i r r e l evancy  of  wind s t r e n g t h  
f o r  t h e  snowdri.ft depths which, however, m i g h t  be 
r e l a t e d  t o  the migra t ion  of snow dunes. 

( I n  German) 

Zhukov, V.F. Snowstorm Roses. ~ z v e s t i f i  Atademii Nauk SSSR, ~ e r i n  
~ e o g r a f  icheskafh i ~ e o f  i z i c h e  s k a s ,  1944, Vole 8 : 128-1320 

The quant i ty  of snow deposited by snowstorms depends 
on t h e  aerodyn~mic c h a r a c t e r i s t i c s  of roads,  bu i ld -  
Eng s, f o r e s t  s ~ n d  wind ve loc i ty ,  Observati ons made 
by t h e  Vorkuta Permafrostology S t a t i o n  showed t h a t  
the  conf igura t ions  of snow depos i t s  around a bui ld-  
ing remain cona t an t  f o r  several  s i n t  ers. Snowdrift- 
ing occurs i n  the Vorkuta r eg ion  during t h e  f i r s t  
h a l f  of winter w i t h  wind speeds of 7 m./sec. and higher.  
During t h e  second h a l f  of winter, d r i f t i n g  occurs  with 
vind speeds a s  low a s  6 m./sec. These va lues  may be 
appl ied t o  othek regions o f  the  European tundra zone 
but not  t o  o t h e r  p a r t s  of USSR due t o  varying physical  
p roper t i e s  of the snow. 

( I n  Russian) 



~ h u k o v s k i r  , N.E. Snowdrifts. Trudy 0 ~ y t n o - ~ e l i o r a t i v n o ~  Chast f 
Narodnogo Komissariata ~emlede l i f ? l ,  1923, Vol. 30 : 5-12. 

The dynnmics of processes a s soc ia ted  with t h e  motion 
and deposft  of snow c r y s t a l s  around obs tac les  a r e  
mathemat,ically ~ n a l g z e d .  S tudies  on t h e  motion of 
s o l i d  p a r t i c l e s  i n  a stream of water were used i n  
evaluat ing t h e  prcblem. Models of t h e  a i r  flow I n  
depressions a s  well  a s  i n  f r o n t  of and behind obsta- 
c l e s  a r e  constructed on the b a s i s  of a i r  speeds and 
eddies r i s i n g  around obs tac le  s. These t h e o r e t i c a l  
models were found t o  agree with p r o f i l e s  of snow- 
d r i f t s  around t h i n  c y l i n d r i c a l  obstacles .  

( I n   uss sf an) 

~hukovsk ix ,  N.R . Snowdrifts and River  S i l t i n g .  Trudy Opytno- 
~ e l i o r a t i v n o ~  Chasti  Narodnoeo KomissaPi a t a  ~ e m l e d e l i f h ,  1923, 
Vol. 33: 13-29. 

The problems of snow-crystal t r a n s f e r  along the  sur-  
face  and i n  the  a i r  near  t h e  ground a s  wel l  a s  s i l t  
s e t t l i n g  from wrl t e r  a re  ma t hemat ica l ly  analyzed on 
the b a s i s  of hydrodynamic theory  and experiments i n  
wind tunnels .  D i f f e r e n t i a l  equations a r e  g iven  f o r  
ca lcu la t ing  t h e  e f f e c t s  of wind and eddies  on the  
hydraul ic  speed of snow c r y s t a l s .  Hydraulic speed 
i s  defined a s  t h e  speed of f a l l  of snow c r y s t a l s  i n  
calm a i r  or of' s i l t  p a r t i c l e s  i n  stagnant water. A 
spec ia l  s e r i e s  of  equatf  ons f s derived f o r  analyzing 
cases of snowdrifts  i n  a s t eady  flow around a r a i l -  
road bed, with t h e  motion of the snow c r y s t a l s  along 
2 e l l i p t i c  t r a j e c t o r i e s  determined by wind speed and 
t h e  s i z e  of t h e  snow c r y s t a l s .  

( I n  Russian) 

A i r  Flow Around Buildings.  .k rchi tec tura l  Forum, July-Dee. 
1957, Vol. 107:166-168. 



Bagnold, R.A. Tie-ontraLnment of i e t t l e d  Dust. I n t .  30ur. A i r  Pollu- 
t i o n ,  June 1960, Vol. 2,  No. 4~357-363.  

Owing t o  lack  of understanding of nature and magnitude 
of cohesive f o r c e s  between. f i n e  p a r t i c l e s  a u a n t i t a t i v e  
knowledge t 2 confined l a r g e l y  t o  ent rninment of p a r t i c l e s  
l ~ r g e r  than ROp by steady p a r a l l e l  f l u i d  flow; depos i t s  
of fine powders can however ba r e a d i l y  dispersed by 
b a l l i s t i c  impacts o f  dust  p a r t i c l e s  l a r g e r  than 1 0 9  
l o c a l l y  by previous mechanical dis turbances which have 
caused sharp edges of  depogit  t o  protrude i n t o  wind 
stream. 

Chepil, W.S. Th6 Use of Evenly-Spaced Hemispheres t o  Evaluate  Aero- 
dynsmic Forces on S o i l  Surface. Am. Geophys. Union Transac., 
June 1958, Vol. 39, No. 3: 397-404. 

Direct and i n d i r e c t  measurements showed s u b s t a n t i a l  l i f t  
f o r c e  on s u r r r ~ c e  roughness. element s  (such a s  s o i l  g r a i n s  
r e s t i n g  on sur face)  i n  windstream; l i f t  was approxi- 
mately f o u r - f i f t h s  o f  drRg on hemispherical  roughness 
olsments ransing from 0.16 t.o 5.08 crn i n  he ight ;  s tudy 
throws new l i g h t  on eaui l ibr ium condi t ions  e x i s t i n g  
between s o i l  ,?reins  and moving f l u i d  a t  threshold  of  
movement of g ra ins .  

Chepil ,  W.S. Equilibrium of S o i l  Grains a t  t h e  Threshold of Nove- 
merit by Vind. Proc. S o i l  Science SOC. 1959, Vole 23:422-428. 

This paper, based on wind tunnel s tudies ,  p resen t s  an 
a n a l y s i s  of the na ture  nnd magnitude of f o r c e s  on s o i l  
g ra ins  a t  the tkreskold  of t h e i r  movement by wind. 
Forces o f  drag, l i f t ,  a n d  g r a v i t y  were analyzed in 
r e l a t i o n  t o  each other .  The equi l ibr ium between these  
fo rces  and the s o i l  g ra ins  was found t o  be inf luenced 
by the  diameter, shape, and irmnersed dens i ty  of t h e  
g r a i n s ,  t h e  ang2.e of r eposs  #r of the g ra ins  w i t h  r e s -  
pect t o  the  moan drag l e v e l  of the  f l u i d ,  t h e  closeness  
of packing ? of t op  g r a i n s  on t h e  sediment bed, and 
the  inlpulses o f  f l u i d  turbulence TD and TL assocfa ted  
with drag and It-ft, r e spec t ive ly .  A l l  those f a c t o r s  
w e T e  measured 8rld rele. ted wi th  actua.1 and t h e o r e t i c a l  
fo rces  involved, New n ~ p r o a c h e s  t o  measurement of 9, 
,dT , TD and TL atbe presented. Analyses indf ca te  t ha t  
the magnitude 0': pressure impulses o f  both TD and T 
is s ts t i  s t i c l l l y  d i s t r i b u t e d  according t o  t h e  somedat  
akowed normal e,!-rop law. The r a t  l o  of mean p r e s s w e  
t o  standard dev',ation u was constant f o r  any s i z e  of 
g r a i n s  o r  f l u i d  ve loc i ty  and could be expressed by _ -/ aouat ion  a = cT i n  which i? i s  t h e  mean pressure  of  l i f t  
o r  drag and c  i : 3  a. constant which was found t o  have a 
mean value of 0.49. 



Chepil ,  W. S.. and R.A. Nilne,  Comparative Study of S o i l  Dr i f t ing  
i n  t h e  F i e l d  nnd i n  t i  dind Tunnel. S c i e n t i f i c  Agric., January 

rr 1939, Vol. 19, No. ~:2.!+9-257. 

One of t h e  main problems undertaken a t  tlie S o i l  
He search I , a b o r a t ~ ~ r y ,  Swift  Current,  Saskatchewan, i s  
a  study of the  f a c t o r s  pe r t a in ing  t o  s o i l  d r i f t i n g .  
Since many aspec t s  of t h f s  problem cannot be i n v e s t i -  
ga ted  so le ly  from f i e l d  experiments, two wind tunnels  
were constructed i n  which the  condi t ions  of t h e  wind, 
such as  ve loc i ty ,  temperature, r e l a t i v e  humidity and 
turbulence,  can be cont ro l led .  Equipped with wind 
tunnels ,  the  s t u d i e s  on s o i l  d r i f t i n g  can be continued 
un in te r rup ted ly  sven during years  when s o i l  d r i f t i n g  
i s  not  experienced. The present  paper i s  a r e p o r t  of 
t h e  s t u d i e s  conducted f o r  the  purpose of comparing 
s o i l  d r i f t i n g  a s  it occurs  i n  t h e  open f i e l d  and i n  a  
wind tunnel.  

Dawes, JOG. and A. Slack. Deposit ion of Airborne Dust i n  Wind 
Tunnel. Great B r i t a i n  Safety i n  Mines Res. E s t  ., Rept . No. 
105, Sept . 1954, 41. 

7 x p e r i m e n t ~ l  work on depos i t ion  of a l rborne  dust on 
,smn11 s c a l e  wind tunnel ;  d a t a  on depos i t f  on obtained 
on r o o f ,  s ides ,  and f l o o r  of underground roadway, and 
a l s o  on v e r t i c a l  su r faces  of f r e e  standing roof support .  

Ford, Edwin F. The Transport  of Sand by Wind. Transac., & f ' ~  G e o ~ h ; ~ s .  
Union, Vol, 38, No. 2:171-174, A p r i l  1957. 

The problem of t he  motion of an ind iv idua l  sand g r a i n  
i n  wind i s  subjected t o  a  physical-mathematical 
anc7lysis. An empir ical  equat ion  f s obtained f o r  obser- 
ved wind-velocity p r o f i l e s  near t h e  ground. The 
b e h ~ v i o u r  of n sand g r a i n  i n  such a wind v e l o c i t y  
g rad ien t  i s  a::,sumed t o  be the r e s u l t  o f  th ree  p r i n c i p a l  
fo rces :  the viscous drag  of t h e  a i r ,  t h e  f o r c e  of 
g rpv i ty ,  and t h e  aerodynamic l i f t .  D l  f f e r e n t i a l  equa- 
t i o n s  are s e t  up on t h i s  b a ~ i s .  Idhen solved by appro- 
ximate methods f o r  an average ss.md g r a i n  and f o r  the  
p r o f i l e  obtained i n  R small  wind tunnel ,  t hese  equat ions 
give sand g r a l n  t r a j e c t o r i e s  t h a t  ag ree  f a i r l y  w e l l  
with t h e  t r a j e c t o r i a s  observed and photographed i n  the  
w i n d  tunnel ,  

H i l s t ,  Glenn R. and Paul Rickola,  On the Vind Erosion of small  
P a r t i c l e s .  Am. Tleteor, Soc. Bul l , ,  Feb. 1959, Vol. 40, NO, 2: 
73-77. 

The importance of wind eros ion  w i t h  r e s p e c t  t o  s o i l  
conservat ion znd t o  the  spreading of noxious p a r t i c l e s  



subsequent t o  depos i t  on a  s o i l  sur face  i s  indica ted .  
The processes of wf nd e ros ion  and t r a n s p o r t  a r e  
reviewed and a r e  then  i l l u s t r a t e d  by some measurements 
mds a t  Ha.nford, P a r t i c l e ,  sur face ,  and meteorologica l  
f a c t o r s  which inf luence  e ros ion  by wind a re  l i s t e d  and 
discussed b r i e f l y ,  

Kalinske,  A . A ,  Turbulence and the  Transport of Sand and S i l t  b  
Wind. Annals of New York Academy of Scim'mes, 1943, Val. d, 
A r t .  1~41-54. 

Kef f e r ,  J.F. and W.D. Fainas. Pfeasurement s  of Pressure F luc tua t ion  
on a  Cube i n  Constant and Boundary-Layer Velocity F ie lds .  Univ. 
of Toronto, Dept. of Me&. Eng. Technical Publ ica t ion  S e r i e s  No, 
6204, October 1962. 

Pocock, P. J, Plon-aeronaut i c a l  Applicat ions of Low-Speed Wfnd Tume h 
Techniques. N.R. C .  of Canada, Mech. Eng, Rent. No. MA-243, Sept.  
1960, (ITRG 6066 ) . 

Shafer, H. Jerome, A Model Study of  the Reduction o f  Wind Transport  
of F i n s  P a r t i c l e  e by Aerodynamic B a r r i e r s .  Proc. 5 th  I s r a e l  
Annual Conf. on Rvist ion & Cistronautics, T e l  Aviv & Haifa, 27-28 
Feb. 1963, 57-63. 

Mater ial  s tored  behind an a r t i f  i c i a l  "horseshoe" shaped 
embankment was subjec ted  t o  winds of varying i n t e n s i t y  
and d i rec t ion .  These wfnds cause l o s s  of s tored  
m a t e r i a l  nnd mate r i a l  during " f i l l i n g "  and t ruck  load- 
fng operat ions A 1 ~ 5 0 0  model of the  s torage  area h a s  
been s tudied  i n  a 60 x 90 cm closed r e t u r n  wind tunne l  
and a two dimensional model a t  a  s c a l e  of  1: 100 i n  a  
s p e c i a l  "sand blowingt1 tunnel ,  Various "aerodynmic 
b a r r i e r s "  have been t e s t e d  t o  determine t h e i r  e f f e c t i v e -  
ness i n  reducing wind l o s s e s  under t h e  s e v e r a l  above- 
mentioned condit ions. I t  i s  found t h a t  the  wind l o s s  
v a r i e s  a s  t h e  9 t h  power of t h e  wind ve loc i ty .  

Sutton, 0.G. The Application t o  Micrometeorology of the  Theom of 
Turbulent Flow over Rough Surfaces. Quart. Jour. Roy* Meteor* 
Soc,, Oct, 1949, Vol. 75, NO. 326:335-350. 

Tt i s  now well  e s t ab l i shed  t h a t  t u r b u l e n t  flow near  
the surface of t,b e a r t h  i s  usua l ly  of t h e  type known 
as  "aerodynamically rough", and the present  paper 
d iscusses  t h e  impl ica t ions  of t h i s  f o r  d i f fus ion .  The 
varfous tfneories o f  rough flow a r e  discussed and the  
conclusion renchod t h a t  the formulation obe t o  Rossby 
and Montgomery, i n  which the inf luence  of the sur face  
i r r e g u l a r i t i e s  d i e s  out wi th  he ight ,  i s  t h e  treatment 



most a n p r o p r i ~  t e  f o r  meteorology, .because of t h e  r e l a -  
t i v e l y  great depth of t h e  l a y e r s  d e a l t  wi th  a s  compared 
with wind tunnel  boundary-layer jnves t iga t  ions. It i s  
shown t h ~ t  t h e  in t roduc t ion  of a c h e r a c t e r i s t i c  para- 
meter termed by the author  t h e  macroviscositg,  def ined  
a s  the product of t h e  f r i c t i o n  v e l o c i t y  and t h e  rough- 
ness  length ,  enables  a  s i n p l e  logari thmic p r o f i l e  t o  
be defined f o r  both rough and smooth flow. F i n a l l y ,  
t h e  theory o f  atmospheric d i f f u s i o n  previously advanced 
by t h e  w r f t e r  f o r  smooth flow i s  extended t o  rough flow 
i n  condi t ions  of n e u t r a l  equi l ibr ium, and shown t o  be 
i n  good agreement with observation. 

Vanoni, Vito A. A Summary of Sediment Transportat  ion  Mechanics. 
Proc. Thi rd  Midwestern Conf, on Flufd F7echanics, Univ. of Nime-  

C 

sota., March 1953, 129-160. 

Ynmashita, I. Experiment on Sand-Grains Accumulated Around Obstacles,  
Jour. Meteor. Reg., J u l y  1955, Val. 7:295-304@ 

Snow and sand nccumulation around a  r ec tangu la r  b a f f l e  
waF analyzed i n  a  wind t u n n e l  with var ious  wind speeds 
~ n d  b a f f l e  he ights .  Resul t s  showed t h a t  sand accumu- 
l a t e d  abundantly not only a t  poin ts  where wind speed 
was low and t h e  f low of s i rborne  sand high, but  a l so  
a t  some poin t3  cf high wind speed and low sand flow. 
Accumulatfons under t h e  l a t t e r  condi t ions were due t o  
g r a v i t y  s h i f t s  of sand a l ready  deposi ted,  Contour 
diagrams of s ~ n d  accumulations obtained and t h e  d i s t r i - .  
bu t ton  of sand flow i n  t h e  air a r e  diagrammed. 

Zingg, A.W. and W.S. Chepil, Aerodynamics of Wind Erosion. Agric. 
Eng,, June 1950, V o l .  31, No. 6:279-282. 

Basfc nature of problems common t o  dynamic a c t i o n  of 
f l u i d s  on l and  sur face ;  studLes of phenomenon of s o i l  
erosion by wind i n i t i a t e d  a t  Manhattan, Kans,, Head- 
q,uarters;  experiences wi th  s o i l  blowing tunnel ;  aero- 
dynamic c h a r a c t e r i s t i c s  of tunnel ;  formulas applfed t o  
d e s c r i p t i o n  of sur face  w i n d  ,movement ; problems common 
t o  a p p l i c a t i o n  of  r e l a t i o n s h i p s  t o  phenomenon of wlnd 
movement above f i e l d  surfaces,  



1. :;Noh' DSIFTING OW rlIql-IldAYS AND RAILIdAYS - 

American R ~ i l w a y  Engineering and Yaintenance of hray Assoc., Cormittee 
on Signs,  Fences, Crossings and Cattle-Guards. Report on Snow 
Fences, Snow Sheds, m d  Other Means t o  Prevent Snow Accumulating, 
Proc. hm. ~ y .  Fng. PTsintsnance Way Assoc,, 1909, Vol. 10:881-897. 

Various desiens Of snow fences,  Snowplows and snow 
sheds employed by TT.S. and Canadian r a i l r o a d s  a r e  
described and i l l u s t r a t e d .  Result a o f  l imi ted  exper- 
ience with snow hedges a r e  promising, Closed board 
fences  of s u f f i c i e n t  he ight  c o l l e c t  snow on t h e  wind- 
ward s ide  and should be loca ted  30-40 f t ,  from t h e  
t r acks ,  Open fencing accumulates snow on t h e  leeward 
s i d e  and fencing 150% open should be loca ted  100 f t .  
from the t r acks .  The d i s t ance  between fence and 
d r i f t  depends an the f ence  he ight ,  width of openings, 
bjind v e l o c i t y  and cha rac te r  of the snow. 

American Railway Engineering Assoc,, Committee on Roadway and B a l l a s t .  
Fences. C r i t i c a l  Review of  A l l  Methods of Preventing Snow Dr i f t s .  
P t s ,  1-3. Bull .  Am. Railway Eng. Assoc., Feb. 1954, Vole 55:655- 
663 .  t 

A preliminary r e p o r t  i s  presented which d i s  cusses 
p ro tec t ion  a g a i n s t  d r i f t i n g  snow, opening snow 
blockades, s p e c i f i c a t i o n s  f o r  wood-slat portable  
fences and methods of p ro tec t ion  a g a i n s t  d r i f t i n g  
sand. P ro tec t ion  from d r i f t i n g  snow i n  shallow 
c u t s  may be obtained by reducing s lopes on both s i d e s  
t o  a h : l  slope of f l a t t e r .  Flangers  should be used 
f o r  snow removal f o r  depths l e s s  than  6 in. above 
the t o p  of t h e  r a i l ,  wedge or push plows on t h e  loco- 
motive p i l o t  f o r  l i g h t  d r i f t s  2-3 f t .  above the  t o p  
of t h e  r a t 1  s n d  the l a r g e r  wedge or  push plows f o r  
s ~ o w  up t o  6-8 f t .  deep. 

Antonov, F. I. Snowdrift Pro tec t  ion f o r  R ~ i l r o a d s .  Text i n  Russian. 
Peredovye metody t r u d a  v gutevom k h o z n f s t v e ,  ed. by M.A. Cherny- 
shev, Gosudarstvennoe Transportnoe Zheleznodorozhnoe I z d a t e l '  s tvo  
Moscow, 1952, 102-107. 

Methods of increas ing  the e f fec t iveness  o f  snow 
fences  a r e  described. I n s t a l l a t i o n  of the snow fence 
25 cm. from the ground prevents  f reez ing  of the 
fences  t o  the s o i l  sur face .  The use of h igh  poles  
al lows the f ences  t o  be r a i s e d  without replacement 
when snowdrif ts  reach considerable  he igh t s  . Removal 
of g r a s s  and o ther  m a t e r i a l  around t h e  roadbed pre- 
vents  snow accumulation. Operatf onal  experience on 
the l4oscow-Kiev r a i l r o a d  ind ica ted  t h a t  considerable  



sav ivs  r e su l t ed  from t h e  use of double l i h e s  o f  snow 
fences.  

Eabkov, V.F. Effec t  tveile ws of Snowdrift Preventive Devices Yade 
From 1,ocal Goods. Text i n  Russian. S t r o i t e l f  s tvo  Dorog, 1943, 
Vol, 6, No. 8-9:3-6. 

Stems of sunflowers, weeds, a.nd straw were used during 
the wartime f o r  t h e  prevention of snowdrifts .  The 
e f fec t iveness  of t h e s e  m a t e r i a l s  i n  r e l a t i o n  t o  t h e i r  
supports,  meteorological  condi t ions  and r e l i e f  was 
i nves t iga ted .  Deagrams show t h e  preventive e f f e c t  of 
d i f f e r e n t  supports. The most e f f e c t i v e  devices  were 
fences,  1.5-2 m. high,  with s t r i p s  spaced about 5-10 
cm. apa r t .  Snow fences  of weeds and s t raw were s a t i s -  
f ac to ry .  Optimurl d i s t ance  from t h e  road depends on 
the fence s t r u c t u r e  and r e l i e f  c h a r a c t e r i s t i c s ,  and 
can be ca lcu la ted  from t h e  suggested formulas. Rear- 
rangement of snow fences  dur ing winter  inc reases  t h e i r  
e f fec t iveness .  V e r t i c a l  i n s e r t 1  on of sunflower s t a l k s  
in to  snowbanks prevented snowdrift  formation under 
moderate storm ccndi t  ions.  

Dasov, Y.Y. Correct ion Fac to r  f o r  the Formula Determining Distance 
Between Snow Fence and Road. Text i n  Russian. S t r o i t e l l  s tvo  
Dorog, 1943, Vol. 6, Yo. 8-9:20-21. 

The d i ~ t ~ n c e  of  now fences from t h e  road i s  u s u a l l y  
determined as a value e g u a l ' t o  12-18 t imes t h e  height  
of t h e  fence. Observntflons showed t h i s  r u l e  t o  be 
incor rec t  s ince  the depos i t ion  of snow i s  not only 
a func t ion  of he igh t ,  but a l s o  of wind speed and type  
of snow fence. A formula i s  given i n  which t h e  d i s -  
tance of snow fences  from the  road i s  determined a s  
the  prod~zct of the  wfnd speed c o e f f i c i e n t ,  a r e l a t i v e  
value of the spacing, and t h e  fence he ight .  The co- 
e f f i c i e n t  of wind speed var ied  from 18 f o r  s t rong 
winds t o  10 f o r  l i g h t  winds, and the c o e f f i c i e n t  of 
r e s i l i e n c y  i n  snow fences var ied from 0.6 f o r  snow- 
banks to  1.5 f o r  brushwood fences,  

Bates ,  C.G. and Stoeckel13r, J .H .  Planting t o  Control Drifts on 
Highways. Eng. News Record, Ju ly  16, 1942, 92-96. 

Aecker, A.  Natural  Snow Fences Along Roads. Eautechnik, 194-4, V 0 l .  
22, No. 37-42: 161-166, 



Benterud, 0,  Report from the Nordic Road Technical  Union's Meeting 
i n  Finland f o r  Discussion of Winter Maintenance, Text i n  >Torwe- 
gian.  Medd. ~ e ~ d i r e k t d r e n ,  March 1949, No. 3:32-37. 

Snow fences,  winter road mnintenance and snowplows 
were discussed a t  t h e  meeting of Feb, 1948, Stud ies  
on snowdrifts  and various k inds  of snow fences  and 
hedges i n d i c a t e  t h e  s u p e r i o r i t y  of snoM hedges. A 
winter road should not be covered by more than 3-4 
cm. of ice .  Sanding cos t s  a r e  reduced i n  Sweden by 
us ing  i ce  r akes  with s t e e l  t e e t h  t o  groove the  i c e  
cover, Sand 2-7 mm. i n  diam. mixed w i t h  s a l t  was 
considered most m i t a b l e  f o r  sandfng roads. A 
t a b l e  i n d i c a t e s  the  percentages of  C a C l  and NaCl t o  
be used -12 t o  - 2 9 ' ~  wid a t  -12 t o  -20. 5 OC respec- 
t . ively.  Dif ferent  types of' snowplows were t e s t e d  t o  
determine discharge i n  r e l a t i o n  t o  speed and snow 
condit iohs,  angle  of t r a j e c t o r y  and d i s t r i b u t  ion  of 
t h e  discharged snow i n  t h e  d i r e c t  ion of movement. 
The r e s i s t a n c e  of t h e  plow a t  var ious  speeds was 
checked and i t s  n e t  e f f e c t  was determined mathema- 
t i c a l l y .  The graph i n d i c a t 0 s  t h a t  t h e  discharge 
e f f e c t  r i s e s  s t e a d i l y  up t o  45 km./hr, when it i s  
increas ingly  inf luenced by a i r  r e s i s t ance .  Light  
and heavy snow was thrown about t h e  same dis tance.  

~ f i l o b z h e s k i f ,  ~ r i ~ o r i f  Valerianovich, and Rikhard Andreevich Ambros. 
Developments i n  Snow Fietention and Control S t ruc tures .  Text i n  
Russian. Moscow, Nauchno-Tekhnf cheskoe I a d a t e l '  s tvo Avtotrans- 
portno? L i t e r a t u q ,  1956. 

The development of  methods kor road pro tec t ion  from 
snowdrif ts  i n  the USSR i s  out l ined,  and t e c h n i c a l  
da ta  on Soviet  snow fences ;are given. Resul t s  of 
s t u d i e s  on t h e  aerodynamic p r o p e r t i e s  of  snow f e n c e s  
and t h e i r  e f f i c i e n c y  under var ious physiographical  
condi t ions a r e  described i n  d e t a i l  on t h e  b a s i s  of 
l abora to ry  and f i e l d  i n v e s t i g a t i o n s  by the Research 
I n s t i t u t e  of Road Transpor ta t ion  during 1947-1953. 
Nwnerous data an snow d i s t r i b u t i o n  around snow fences 
used r e c e n t l y  on highways and r a i l r o a d s  i n  the  USSR 
a r e  t abu la ted  and graphed, including cha rac te r  i s t i  c s  
f o r  new t y p e s  designed during t h e  l a s t  decade. The 
use of the  var ious types  under d i f f e r e n t  condi t ions 
i s  discussed toge the r  with improvements needed i n  
snow-retention s t r u c t u r e s .  

B i r u l i a ,  A.K. ~ e c u l i a r i t f  e s  of Snowdrift Control on Southern Roads. 
Text i n  Russian. S t r o i t e l t s t v o  Dorog, 1942, Vole 5 ,  No. 2-3: 
14-15 . 

The southern reg ion  o f  European USSR i s  charac ter ized  
by frequent  heavy snowstorms, massive snowdrifts ,  



scant  snow cover, and frequent  thaws. Snowstorms 
l a s t i n g  5 days occur a s  o f t e n  a s  7 t i m e s  durlng Dee,- 
Feb. Frequent and r a p i d  melting of the snow cover 
g r e a t l y  reduces the  t r a f f  i c a b i l i t y  of d i r t  roads. 
Prevention of  snowdrif ts  i s  more important than 
removal w i t h  plows. Snow fences a r e  not recommended 
because strong winds f l a t t e n  them and because wood 
i s  a scarce commodity i n  t h e  southern s teppe  area.  
S t a l k s  of corn and sunflowers a r e  e f f e c t i v e  i n  d r i f t  
prevent ion. Hedges of corn and sunflowers p lanted  
20-30 m. wide along roads provide s a t i s f a c t o r y  pro- 
t ec t ion .  

Burton, V. R. Snow D r i f t  Prevention and Control on Highway s. Eng. 
News-Record, IJov. 5 ,  1925, Vol. 95 : 752-754. 

The theory  of d r i f t  formation and the  e f f e c t s  of snow 
fences  a r e  discussed. D r i f t  formations a t  a s o l i d  
board and B t  a s l a t t e d  fence a re  descr ibed and i l l u s -  
t r a t e d .  The d is tance  behind the fence a t  which snow 
w i l l  p i l e  up depends on the  wind v e l o c i t y ,  the  he ight  
and openness of t ~ e  fence,  and t h e  sp. gr. and t e x t u r e  
of the  snow. 

Chicago, Rock I s l a n d  8. P a c i f i c  R.R. Co. Snow Fenoes, P l a c i w  Them 
t o  Get Maximum Protect ion.  Railway Eng. & Malnt. of Way, Dee* 
195'0. 

Cole, C.J. Notes on D r i f t  Sand and D r i f t  Snow. Tech. Paper No. 159, 
Ind ia  Railway Board, 1904. 

Methods of snow c o n t r o l  used on r a i l r o a d s  i n  Hungary, 
Scotland and NM. Ind ia  a r e  discussed, includfng snow- 
plows and snow feaces,  hedges, wal l s  and screens.  Two 
types of wind-accelerating screens  f o r  use a t  c u t s  a r e  
descr ibed f n  d e t a i l  md diagrammed: t h e  V-shaped s lop-  
ing screen of Rudniczki which d e f l e c t s  sur face  wfnd 
upward, and the  e levated  and t i l t e d  screen of W.L. 
Howie which channals a s t rong stream of wind down 
across  the  t rack .  

Dashkevich, F.D. The Height of Coniferous Redges and Their Distance 
from the  Road. Text i n  Russian. Doroga i .4vtomobilt, 1936, 
Vol* 7, ?lo. 1 :12-a .  

The amount of snow re ta ined  by a snow fence is a func- 
t i o n  o f  t h e  a r e a  and h e i g h t  of t h e  fence. If a fence 
1 sq.m. i n  a rea  and 1 rn. high r e t a i n s  7 cu.n. of snow, 
a fence 7 m. high w i l l  r e t a i n  49 cu.m./sq.m. Reloca- 
t i o n  of snow fences  during wtnter inc reases  the  e f fec -  
t iveness  of the  fence. A fence  r e t a i n e d  21  cu.m. of 



snow a f t e r  1 r e l o c a t i o n ;  127 cu.m, a f t e r  5 r e loca t ions .  
Two p a r n l l e l  rows of hedges, 7 m. apar t ,  have t h e  same 
e f f e c t  a s  a  snow fence moved severa l  times. The f i r s t  
row of t h e  hedge should be about 27 m. from the  road. 
Hedges a re  recom,ended f o r  a r e a s  suscept ib le  t o  deep 
snohdrif  t s. 

Finney, E.A. Snow Control on the  Highways. Bull ,  No, 57, Mich. 
Em. Exp. Stn., May 1934. 

Dif ferent  models of fences  were s e t  up i n  a  wind tunne l  
i n  which wind v e l o c i t i e s  up t o  145 mph, were obta inable ,  
Flake mica of dens i ty  of 0.2-0.22 and sawdust of den- 
s i t y  of 0.03-3.1s were used a s  a r t i f i c i a l  snow. The 
fol lowing conclusions were obtained a s  a r e s u l t  of t h e  
t e s t s .  The eddy s r e a  remains constant regardless  of  
wind vePocfty. I t s  length  v a r i e s  with t h e  he ight  of 
t h e  fence i n  t h e  r a t i o  of about l5:l f o r  h o r i z o n t a l  
and v e r t i c a l  s l ~ t  fences and about 1 0 : l  f o r  t h e  s o l i d  
fence ,  The maxi~um l e n g t h  of eddy occurs when t h e  
r a t i o  of s l a t  t o  s l a t  openings i s  between 1:O.S 
and 1:l. Fence i n c l i n a t i o n s  from the  v e r t i c a l  shorten 
t h e  length of t,he eddy, The s i z e  and shape of the  
eddy c o n t r o l  t h e  eize and s h ~ p e  o f  the snowdrift.  The 
h o r i z o n t ~ l  s l a t  fence  produces a shor te r  d r i f t  than  
the  o e r t f c a l  s l a t  fence. D r i f t s  form on each s i d e  of 
s o l i d  fences.  The end point  of  the d r i f t  i s  uneffected 
by wind ve loc i ty  i n  open s l a t  fences but  g e t s  c l o s e r  
t o  t h e  fence with Increasing wind ve loc i ty  i n  s o l i d  
fences,  The poin t  of maximum depth g e t s  c l o s e r  t o  t h e  
end poin t  with increas ing  wind ve loc i ty  wi th  a l l  fences.  
D r i f t s  a re  bes t  con t ro l l ed  with s l a t  fences,  50% open, 
s e t  6  in .  above the  ground. Snowdrifting on highways 
i s  described. D r i f t i n g  can be con t ro l l ed  by c l e a r i n g  
d r i f t  producing elements from the r i g h t  of way. Propep 
highway design i s  e s s e n t i a l  f o r  e f f e c t i v e  snow con t ro l ,  

Finney, E,A. Snowdrift Control by Highway Design. Mich, Eng. Expo 
Stn. Bull.  No. 75, Yich. S t a t e  Coll . ,  July 1937, Vole 13, No* 1. 

Foedtsch, F. Snow Removal from Roads. Text i n  German. Verkehrstech 
1934, Vol. 15:476-478. 

Construction fea- tures  and app l i ca t ions  of blade,  V- 
and r o t a r y  snorrplows c u r r e n t l y  used i n  the U.S. and 
Europe a re  b r i e f l y  discussed;  and t h e  e f f e c t i v e n e s s  
of snow hedges, mow fences  and proper road l o c a t i o n  
i n  preventing snow accumulntion on roads nre described 
and i l l u s t r a t e d .  Snow f e n c e s  o r  snow hedges should be 
moved a shor t  dis tance toward the  road a f t e r  each s i z e -  
able a ccurnulation. 



F'orschungs~ese l l schaf t  f i b  das  Strnssenwesen J3.V. Provis ional  Speci- 
fication!: f o r  t h e  Erec t ion  of %ow Fences, Text i n  German. 
S t rasce ,  Y ~ r o h  1942, Vol. 9:55-57. 

A comprehensive scheme of wintep road maintenance 
b ~ s e d  on the work of Paulcke i s  presented. The i n f l u -  
ence of road design on t h e  formation of snowdrif ts  i s  
shown f o r  ronds l e v e l  with t h e  surrounding f l a t  country, 
on low embankments having a g e n t l e  s lope,  with snow 
p i l e d  alone the  s i d e s ,  on s t e e p  embankments o r  i n  cu t s ,  
on h i l l s i d e s ,  and with p r o t e c t i v e  wal ls ,  hedges and 
p lan t ings ,  Types of p ro tec t ive  cons t ruc t  ion descr ibed 
include snow walls ,  emergency fences u t i l i z i n g  t r e e  
branches and permanent l a t h  fences including Russian 
and Danlsh types. Open-type fences  a r e  preferable  t o  
s o l i d  ones. Fences should be about 6.5 f t .  high and 
should c l e a r  the  ground by 8 in .  The a r e a  of wood 
should be approximately equal  t o  t h a t  of t h e  a i r  
spaces. Coconut matting wi th  R mesh of 2 in .  has  
proved good m d  h a s  a  s e r v i c e  l i f e  o f  15 y r s  . 

F r a s e r ,  C. Experiments with Elevated, Inc l ined  Snow Fence on Ontario 
Roads. Roads and Construct ion,  Apr i l  1950, 88-90, 115-117. 

~ a l i m s k i Y ,  V. Snow Control on Roads of t h e  Far  North, Text i n  
Russian, S t r o i t e l l  etvo Dorog, 1943, Vol. 6,  No. 8-9:9-11. 

Experience of m i l i t a r y  road opera t ions  during t h e  
winters  of 1941-/~2 and 1942-43 showed some p e c u l i s r i  - 
t i e s  of  snot?i removal procedure caused by i n t ens ive  
nnd l o n g - 1 ~  s t i n g  snowstorns. Snowdrifts were observed 
61 t imes  durin:? Jan.-May 19112 and 54  time^ during 
winter of' 1942-14 3. The wind ve loc i ty  accompanying 
s?ow,storms r e ~ c h e d  10-15 m./sec. and t h e  usual  s t r i p  
snov fences were t o r n  down. Re t t e r  snow prevent ion 

7 ~ 1 ~ ~  obtained with s t r f p  snow fences,  1.5-2.0 m. high, 
located a t  n dist.ance from the  road equal  t o  20-40 
t imes the he igh t  of the snow fence,  The second l i n e  
of snow fences  WP.S plnced 15-2'3 m. from t h e  f i r s t  
l i n e  i n  regions of  heavy snowdrif ts .  Rearrangement 
of snow fences increased t h e i r  e f fec t iveness .  Snow- 
banks and snow t renches  were f n e f f e c t  ive f o r  snowdrift 
prevention. Roads were kept  open continuously with 
r o t a r y  snowplows l i k e  t h e  PJiagara or  Snogo. 

Gavrilov, S,E. Pro tec t ion  of Rai l roads from Snowdrifts,  Text i n  
Russian. Snexhnys zanosy i borcba s  nimi,  Koscow, Transzheld- 
o r i z d a t ,  1945, 26-105. 

Three degrees of snowdrift  s u s c e p t i b i l i t y  f o r  r a t  1- 
roads nre give.1. The most dangerous regions a r e  i n  
deep va l leys ,  s t r ~ t i o n  areas and along slopes.  



Railroads e l e v ~ t e d  up t o  0.65 m e  i n  l e v e l  a r e a s  and 
t o  1.0 rn. on s lopes m e  l e a s t  suscep t ib le  t o  d r i f t s .  
The e f fec t iveness  of var ious p ro tec t ive  xeasures  i s  
presented, 

Gundorov, D.M. An Increase i n  the Ef f i c i ency  o f  Snow Pro tec t ion  
T%ena on t h e  goads  of TCoscow Division. S t r o i t e l ' s t v o  Dorog, 
1944, Vol. 7, No. 10-ll:l7-19. 

The e f f i c i e n c y  of vnr i  ous snow p r o t e c t  ion measures 
were observed under i d e n t i c a l  topographic and meteor- 
o log ica l  condi t ions during 19113-h4. The ds ta ,  i n  
cfraph a n d  t a b u l a r  form, i n d i c a t e  t h e  mount ,  dens i ty ,  r- 

and t-he form of snow r e t a i n e d  by snow fences, t h e  
number of changes i n  the  loca t fon  o f  fences,  t h e  
amount of l abor  and mater ia l  requi red  f o r  construc-  
t i o n ,  t h e  d u r a b i l i t y  of each type of snow fence, and 
tha  cos t  of snow removal from roads pro tec ted  by 
var ious  types  of fences.  

Hallvik,  C.C.  Cure and Control of  Winter Maintenance Problems by 
Natural  Yather them Kechanf ca1 Methods. Proc. Northwest T r a f f i c  
Eng. Conf. 8 th ,  and Road Builderst  C l i n i c  6 th ,  March 16-18, 1955, 
132-136, 

P'fethods of r ed~ ic lng  o r  e l iminat ing  i c ing  and snow- 
d r i f t s  on roads  Fre discussed,  and major causes of 
these  condi t ions nre reviewed. A proper c o r r e l a t i o n  
of highway loc8t ion ,  design, end cons t ruc t ion  (or  
r econs t ruc t ion)  i s  recommended. New l o c a t f  ons should 
be studied with r e s p e c t  t o  exposure and snowdrift  
po ten t i a l .  ' iors t  d ~ i f t  condi t igns gccur when a% l e  
of wind t o  a l i ~ n n ~ e n t  i s  from 60 -90 . Leeward s i d e s  
of n ~ t u r a l  s lopes  and sha rp  curvatures  slhould be 
~ v o i d e d ,  2nd a d v ~ ~ n t a g e  should be taken  of s h e l t e r e d  
a r e a s  with xoods on the windward s ide .  Other means 
of minfmfzing dpf f t  a r e  f l a t t e n i n g  back s lopes ,  
widening cuts ,  providing f l a t t e r  fo res lopes  and df tches ,  
f a l l  r e m o v ~ l  oo rondsi de weeds, low brush, ~ n d  debrfs ,  
c leaning fence lines of brush, limbing t r e e s ,  and when 
possible  n l f r l n a t . i n g  guard r a f l s  i n  favor  of f l a t  
,*lopes nnd w i d  %r shoulders. The cor rec t ion  of poor 
c l r a f n a ~ e  and t h e  e l imina t ion  of shade and poor expo- 
sure  condi t ions  trill. improve road s a f e t y  and reduce 
mechanical maintenance. Shoulders with more of s lope 
t.hsin the  t r a f f i c  l a n e s  a r e  e f f e c t i v e  i n  a c c e l e r a t i n g  
run-off and minimizing i c e  condi t ions.  A reasonably 
g r i t t y  t o  medium pavement t ex tu re  i s  des i rab le  i n  snow 
and i c e  a reas .  S a l t  mixed i n t o  the  g rave l  o r  rock 
surface i s  a vsry e f f e c t i v e  s t a b i l i z i n g  medium on 
unt sented and -2nder o i l e d  surfaces.  



Hay, Alan W. Snow Control and qemcval on Vint e r  Maintained Highways. 
Fng. and Contract  Record, Oct. 2, 1935, Vol. 49:851-852. 

'I'he e r e c t f o n  of' po r t ab le  la th- type  fencing on s t e e l  
p o ~ t s  o r  p icke t s  I n  recommended f o r  open country 
where d r i f t i n g  occurs.  It i s  sug,;ested t h a t  the  
f i r s t  opening of a road a f t e r  a  snowstorm be  per for -  
med using R truck-plow of t h e  V and wing-type o r  by 
FI one-way b lade  plow w i t h  or without wings. 

Hut chewon, W.R, Winter Yaintenance of Northern Roads. Roads and 
Bridges, Oct. 1940, Vol. 78, No. 10:34-35. 

Snow fences a r e  the most e f f e c t i v e  means of cont ro l -  
l i n g  snow i n  nor thern  Ontario. The r e g u l a t i o n  s l a t  
type,  and brush f s n c e s  y ie lded  s ~ t i s f a c t o r y  r e s u l t  S,  

The plowing of l anes  i n  the f  i e l d s  p a r a l l e l  t o  t h e  
ronds c r e a t e s  depressions f o r  catching t h e  d r i f t i n g  
snow. Snowplowing methods nnd equipment a r e  discus-  
sed. Pomr mafntafner  blades were found t o  be mme 
e f f  i c i s n t  than V-plows alone. 

?Cayper, .Tosef. The Sconorny of Snow Fences i n  R i l l  Country. Rautech- 
nfk ,  A p r i l  23,  1943, V o l .  21: 1)~s-146, Text i n  German, 

The cos t  groups d i f f e r e n t i a t e d  i n  snow removal a r e  
t h e  opera t ion  of snow plows, snow fences,  and person- 
nel.  The cost  of snow shoveling can be  saved by t h e  
t imely e r e c t i o n  of snow fences  where d r i f t s  h ~ v e  been 
observed over a period of years .  4 cos t  comparison 
i s  made f o r  R t y p i c a l  road. 'The annual cos t  of snow 
fences proved t o  be about 2.5 times g r e a t e r  than  the 
c o s t  of shoveling. Therefore,  c a r e  must be exe rc i sed  
i n  the  l o c a t i o n  and extent  of fences. 

Kohler, Hellmut . The Prevention of Snowdrifts. Die ~ t r a s s e ,  Sept . 
1937, Vol. 4:526-532, Text i n  German, 

Snowdrifts may be prevented by adopting t h e  design of 
new highways t o  the t e r r n i n .  The road surface i n  
f l a t  country should be about 9.5 m. above the  t e r r a i n  
o r  above t h e  maximum snow depth. The l e e  s i d e  of 
h i l l s  and rond cuts ,  0.5 t o  2 m. deep and v e r t i c a l  
t o  t h e  d i r e c t i o n  of snow-bearing wind, should be 
svoided. S ides  or  s l o p e s  w i t h  a n  angle of  inc l ina -  
t i o n  of 1:6 t o  1:19 z r e  s a t i s f a c t o r y  road design. 
S ta t ionary ,  semi-stat ionary and movable i n s t a l l a t i o n s  
t o  prevent  snowdrifts a r e  recommended f o r  reg ions  of 
obundant snowfall.  S t a t  i o n ~ r y  i n s t  a l l  a t  ions comprise 
e a r t h  rmlls ,  fences,  hedges, snd f o r e s t  segments. 
Semi-stationary i r i s t a l l a t i o n s  cons i s t  of f i rmly  anchored 
i r o n  or wooden pos t s  with s l n t s ,  wire  n e t t i n g  or  woven 



m ~ t e r i a l .  P!ov~blz i n s t a l l a t  ions a re  usua l ly  l i g h t -  
weight s l a t t e d  sec t ions  that can be e rec ted  a s  tem- 
porary snow fences.  

I 

gomarov, A ,  A .  Methods of Improving Snow Control f o r  Transpor ta t  ion. 
Text in Iius s i an .  Voprosy i spo l '  zovani ia  snega. . . , by I n s t i t u t  
Geograf if Akademii Wauk SSSR. Mbscow, I z d a t e l '  s tvo Akademii Nauk 
SSSR, 1956, 120-133. 

The prot  ac t ive  e f f e c t s  of var ious snow-fence and 
s h e l t e r b e l t  designs f o r  r a i l r o a d s  and t h e  aerodynamics 
of a i r  flow around o b s t a c l e s  nre  examined i n  d e t a i l  
on t h e  b a s i s  of inves t iga t ions  a t  the I n s t i t u t e  of 
Transport  a t  ion nnd Power Engineering (Novosibirsk) 
from 1953-1154. The s tudy included t h e o r e t i c a l  work, 
observatf  ons under n a t u r a l  condi t ions  i n  t h e  Tomsk 
Railroad d l  s t , r i c t ,  cons t ruc t ion  of varf ous models f o r  
mowdrif t  con t ro l ,  and t e s t s  of the  models i n  a wind 
tunnel.  The d n t ~  were used t o  der ive formulas 
cha rac te r i z ing  ( f o r  I$. Siber i an  condit  ions)  t h e  inten-  
s i t y  of snowdrif ts  a s  a funct ion  of wind speed, t h e  
e f f e c t s  of dec7-s~sed rrfntl speed on diminishing snow 
t r a n s f e r ,  and +.he e f f e c t s  of d i f fe rences  i n  windward 
~ n d  leeward speeds of wind on the d i s t r i b u t i o n  of snow 
depos i t s  around Fnow fences.  Data on the  e f f i c i e n c y  
of var ious sno7,7-fence designs a s  wel l  a s  on snow-cover 
d i s t r i b u t i o n  near s h e l t e r b e l t s  of d i f f e r e n t  d e n s i t i e s  
and widths a r e  graphed ~ n d  d l  scussed. 

 oro on ski, George :d. ?'in:bered Fiight-Of-l~ray Reduces Plowing G o ~ ~ s .  
Bet te r  Roads, Nov. 1936, Val. 6, No. 11:13-16* 

The annual average 3nowf a l l  i n  Gogebic County (Mich. ) 
.<as 12 f t .  fro!:: 1927-1932. Roads t o t a l l i n g  487 m i .  
were kept open during the season. Roads were plowed 
i n  she l t e red  t-ineps &ere  timber forms n a t u r a l  snow 
fences,  semi-sheltered a r e a s  p ~ r t i a l l y  pro tec ted  by 
snow fence,  an 3 protected and unprotected windswept 
areas .  Tt I s  3stimated t h a t  n a t u r a l  timber fences  
-nust be a t  l e ~ g t  230 f t .  wide on each s i d e  o f  t h e  
road t o  ,arrvivf.s winds. The averRge a n n u ~ l  maintenance 
cos t s  per  m i .  tn  Gogebic County a r e  t abu la ted  f o r  
'trind~wept and she l t e red  roads,  ind ica t ing  n net  ~ n n u a l  
saving of $233.1;0/mi. vrhen roads a r e  ~ h e l t e r e d .  The 
snow removal equipment and plowing find sanding methods 
are descs.i.bed rrnd c o s t s  of opera t ions  a r e  itemized, 

Kozachenko, $.S. s n d  T.::. ~ a s h e n k o .  Performance of Standard Snow 
Fences. Text i n  Su:?sian. Shornik Nauchno-Issledovatel' skogo 
Tns t f tu ta  Put i  NKPS (Rabushkin), 1934, Vol. 33: 133-204. 

Horizontal  end v e r t i c a l  s l a t  fences  were t e s t e d  a t  



se lec ted  point R on t h e  Kiev-Kursk r a i l r o a d .  Wind, 
temperature and snow measurement s  tbere made under 
var ious  condi t ions  a t  d i f f e r e n t  d i s t a n c e s  from the  
roadbed. Fence dimensions, dons i ty  r a t f o s  and o ther  
cons t ruc t ion  d e t a i l s  and anowdrift p r o f i l e s  a r e  des- 
cr ibed and i l l u s t r a t e d .  An increase  i n  t h e  width of  
the fence  late r e s u l t e d  i n  an increase  i n  t h e  amount 
of snow re ta ined  st and i n  f r o n t  of t h e  fence.  An 
increase  i n  t h e  d i s t ance  between s l a t s  r e s u l t e d  i n  
increased .mow depos i t ion  behind t h e  fence and longer  
d r i f t s .  

~ u d r n v a e v ,  M.N. Winter Eaintennnce of Roads, Text I n  Russian. 
Avtomobi 1' nye dorog i, Xoscow, I z d a t e l '  s t v o  ~ o r o z h n o - ~ e k n i c h e s k o l  
L i t e r a t u r y  Gushosdora MVD SSSR, 1950, P a r t  2, 43-60. 

Winter condi t ions  on Soviet  highways a r e  descr ibed 
with emphasis cn snowdrffts and t h e i r  control .  The 
var ious   effect^ of snow cover on road t r a f f i c a b i l i t y  
Eire discussed,  ~ n d  t h e o r i e s  on snow movement near  the 
ground and on the  formation of snowdrif ts  with v a r i -  
ous forms of  r e l i g f  a r e  given. Eethods of snowdrift  
con t ro l  and machinery f o r  snow removal from roads are 
described. Tho problems of c o n t r o l l i n g  road s l i p p e r i -  
ness  and road r ~ r o t e c t i o n  from sandstorms a r e  b r i e f l y  
discussed. 

~ u n ~ u r f ? s e v ,  h..4. Pl~r -n ing  t h e  Snow Protec t ion  of Roads. Text i n  
Russian. Moscow, Avtotransizdat  , 1961. 

A g e n e r a l  p l ~ n  f o r  removnl of snow from highways i s  
proposed and d a t a  Rre presented on t h e  v a r f a t i o n  of 
snowdrtft  I n  the USSR by region and by year.  Laws 
of the d i s t r i b u t i o n  o f  amounts of d r i f t i n g  snow on 
highways a re  s t a t e d ,  and the  p o s s i b i l i t i e s  o f  f o r e -  
cas t ing  amounts of snowdrift  a r e  discussed. Two 
fundamental problems a re  considered, (1) t h e  deriva- 
t ' lon of an index f o r  c a l c u l a t i n g  snow amounts and 
planning p r o t e c t i v e  measures, and ( 2 )  the a p p l i c a t i  on 
of t h i s  index t o  s p e c i f i c  cases .  C r i t e r i a  a r e  g iven  
f o r  planning roads i n  a r e a s  of heavy snowdrift ,  and 
t h e  r e l a t i v e  vr~lue  of d i f f e r e n t  types  of snow fences 
and b a r r i e r s  a re  pondered. I n s t r u c t i o n s  a r e  gfven and 
spec i f i ca t ions  s t a t e d  f o r  dea l ing  with d r f f t e d  snow 
under spec l f  i c  circumstances and f o r  reducing t h e  
amount of d r i f t .  I n t e n s i f i c a t i  on of t h e  highway 
snow removal e f f o r t  has  been d i c t a t e d  both by t h e  
enormous cos t  of t h e  current  program f 1 b i l l i o n  r u b l e s  
i n  1959) nnd by t h e  proejected 3-fold expansion of t h e  
kighwsy system under the  cu r ren t  7-yr. p l a n  (1959-1965). 



Kuztrnin, L.A.  Performance of Permaaent Snow Fences Along t h e  Omsk 
R a i l r o ~ d  i n  the  Tnlinter of 1932-33. Text i n  Russian,  Sbornik 
PJnuchno-Issledovatel~ skogo I n s t i t u b a  Put i VKPS ( ~ a b u s h k i n )  , 1934, 
Vol. 3 3: 268-288. 

Snowdrift pro tec t ion  c710ng 3 sec t ions  o f  t h e  Omsk 
Sallroa d wa3 i n v e s t i g ~ t e d d t o  t e s t  t h e  performance 
nnd economy of d i f f e r e n t  types of snow fences.  
Horizontnl find louvered s l a t  fences  of d i f f e r e n t  
h e i g h t s  cire described ~ n d  t h e i r  performance analyzed, 
Snow p r o f i l e s  nnd wind d ~ t ~  a re  graphed. Good r e s u l t s  
were obtained with fences  hqving openings between 
s l a t s  of 25-35? of the  t o t a l  a rea .  The louversd-type 
fence was no more e f f e c t i v e  than  the  standard type. 

Lewis, E.RI Snow Fences and Snow Sheds. Winter Track Work, Chicago, 
Raf lway ?ducat ional  Press ,  1917, 89-104. 

Types and l o c a t i o n  of snow fences  f o r  rai lway pro tec-  
t i o n  a r e  discussed. Open fences  t r a p  snow on t h e  
l ees ide  where snow d r i f t s  with a slope of about 15 t o  
1, Solid fences t r a p  snow on the windward s i d e  where 
t h e  snow d r i f t s  with a s lope  of 3-5 t o  1, depending 
on the wind. Track l o c a t i o n  t o   void t he  n e c e s s i t y  
for  snow fences i s  discussed b r i e f l y .  

k ide r s ,  G.V. Snow Control. Text i n  Russian.  he leznodorozhny~ 
Put', Yoscow, Transzheldorizdat ,  1950, 297-310. 

Snowdrift l i a b i l i t i e s  on rsf l road l i n e s  i n  t h e  USSR 
e r e  c l a s s i f i e d  i c t o  3 ca tegor ies  dependfng on t h e  
he ight  of the railwny cuts .  Cuts 0.1~-8.5 m, high 
a re  most l i a b l e  t o  snowdrift ing; c u t s  over 8.5 m. 
high a r e  not subjected t o  snowdrifts .  Single and 
double t r a c k  plows, r a m  snowplows, Mosorog', r o t a r y ,  
qnd blower typo  nowp plows, a r e  described. The rm 
t ype  snowplow r a i s e s  the  mow s l i g h t l y  before pushing 
i t  t o  t h e  s ides  and i s  used f o r  s n o w d ~ i f t s  over 1.5 rn. 
high. The o p e r ~ t i o n  of a r o t a r y  snowplow i s  explained 
~ c h e m a t i c a l l y .  ;now fence u t i l i z a t i o n  i s  i l l u s t r a t e d .  
Mov~ble fences, ;' x 1.5 m. or  2 x 2 me, made of wooden 
boards na i led  t a  wooden poles ,  Are described. Idhen 
snowdrifts  reach two-thirds of t h e  snow fence he igh t ,  
the fences  Rre moved t o  the tops  of  the  snowdrifts .  
Evergreen t r e e s  pre p lanted  i n  2 rows 10-15 m. apar t  
a t  l e a s t  30 rn. frdom t h e  roadl ine .  Deciduous t r e e s  
provide snow p r o t e c t i o n  when planted i n  s i n g l e  rows 
37-89 m. wide ~ n d  23-25 m. from t h e  l i n e .  Other 
types  of snow ferl.ces a re  described. Railway plows of 
the  Gsvrichenko type which t r a n s f e r  the removed snow 
i n t o  f r e i g h t  c a r s  ~ n d  snow-melting p i t s  i n  r a t  l road  
yards s r e  b r i e f l y  described. 



Lyons, P;.:$. Snow Fence rind Permanent IIedges are Manitoba's Most 
Ef fec t  i.ve Means of Vinter  Road M R ~  ntenance. Roads and R r i  ages,  
Oct, 1943, Vol, 81, Ro. 10:43, 82. 

Snow fences  nre e f f e c t i v e  i n  Eanitoba because t h e  topo- 
gra.phy f a v o r s  dri:?ting mow. Snow fences a re  e rec ted  
on the  s i d e  of khe road to!qard t h e  p reva i l ing  wind, 
occas ional ly  on b o t h  s ides ,  125 t o  150 f t ,  from the  
rizht-of-way. The r e g u l a r  s l a t  fences  with s t e e l  
pos ts  Rre cornonl ;~ employed. The snow cont ro l  program 
includes 753,903 Lineal f t .  of hedges, p r i n c i p n l l y  of 
caragnna. Snow removal coa t s  flpproximately 6 t o  7Z of 
t h e  -mnun 1 road n t  enance expenditure.  

Farks,  G.W. Some Autumn and :firinter Problems, Be t t e r  Roads, Sept. 
1934, Vole 4, NO, 9~15-16 ,  21. 

D r i f t  con t ro l  c o n t r i b u t e s  t o  the  economy of winter road 
maintenance i n  t h e  Rocky N t .  region. Snow removal, 
though important, r e p r e s e n t s  a minor pa r t  of the winter  
program. D r i f t  i s  con t ro l l ed  by highway loca t ion ,  con- 
s t r u c t i o n  design, t r e e  and shrub p lant ing ,  and snow 
fences. Proper l ~ c a t i o n  i s  b e s t  secured by ignoring 
r i g h t  -of -way cons idera t ions .  High grade l i n e  construc- 
t i o n  design w i l l  reduce d r i f t  t roub le ,  Trees  and shrubs 
syould be planted t o  t h e  leewnrd of road s e c t i o n s  &ere  
d r i f t i n g  prevails. The Tglyo. S t a t e  Highway r e l i e s  
c h i e f l y  on 3 kinds of snow fences:  t h e  r a i l r o a d ,  woven 
p i c k e t ,  ~ n d  sec, t ional  types.  The r a i l r o a d  type i s  
used where roar's ~ f f  e r  s l ~ r g e  a r e a  i n  the d i r e c t 1  on 
of t h e  p reva i l ing  wind. The woven p icket  type i s  used 
where fences mist be removed f o r  sp r ing- to - fa l l  farming 
opera t ions ,  T1.e sec t iona l  type i s  mostly an emergency 
fence. Small t r u c k s  and l i g h t  6 - f t .  speed plows are 
commonly used f o r  snow removal. 

IJordling, Fesns for Preventing Snow Accumulations on Rai lroads,  
T e x t  In French, pants  e t  chauss6es, 4th Ser., 1865, Vol. 
2: 1-17. 

The r e s u l t  s of  i nves t iga t ions  of snow-control measures 
used on Alpine r ~ i l r o a d s  i n  Germany a r e  repor ted ,  The 
e f f e c t s  of n a t l ~ r n l  snow cover, snowdrif ts ,  and avalanches 
on r a i l r o a d s  nre  out l ined,  nnd the  genera l  design pr in-  
c i p l e s  n nd eff  nct  iveness  of  the  var ious p ro tec t  fve s t ruc -  
t u r e s  a r e  discussed. The con t ro l  measures s tudied inc lu-  
ded: t r e n c h e ~ ,  onbankments, hedges, snow fences,  r e t a i  ning 
walls ,  and g a l l e r i e s .  The use of snowplows i s  a l s o  con- 
s  idered, 



Potapov, M.G. E f f e c t i v e  Snow Prot oct ion.  Text i n  Russian. Tekhnika 
Zheleznykh Dorog, 191~7, Vol. 6, No. 7:25-27. 

Frot s c t t o n  from snowdrif ts  w ~ s  accomplighed aero- 
d y n ~ r n i c a l l y  by 1 ';o 5-m. bride wooden snow fences  
buf lt up t.o 2 m. rrbove t h e  ground on poles  and 
inc l ined  7'3-iCSO. T h e  wind i s  forced down, p r o t e c t -  
 if^^ s surface 6-12 m. wide, depending on t h e  wind 
ve loc i ty .  The mogt sff'ect-lve angle and dimensions 
of t h e  fence f o r  3 r i f t i n g  snow i n  c u t s  i s  f l l u s t r a t e d .  
Inc l ined  fences a.Fe s n t  i s f a c t o r y  f o r  low d r i f t s ,  

Potapov, K.C. Experimenzs t o  Protec t  Roads from Snow ~ r i f t s .  S t r o i -  
t e l f s t v o  Dorog, 1956, Vol. 9, No8 8-9:14-16. 

Snow fences  were s r e c t e d  along the roads  of t h e  
Norilsk i n d u s t r i a l  e n t e r p r i s e  following a study 
on p r e c i p i t a t i o n ,  topography, wind v e l o c i t i e s ,  and 
a i r  temperatures. Experimentation ind ica ted  t h a t  
the  2-row fence, capable of h n l t  fng 700 cu.m. of 
d r ~ i f t i n g  snow per meter of fence ,  w a s  most advan- 
tageous. One fence was placed about 80 rn. from t h e  
area  t o  be pro tec ted;  t h e  other  fence a t  a ca lcu la -  
t e d  d is tance  f ~ o m  it. The d is tance  between fences 
i s  determined by the h e i g h t  of t h e  fence mul t ip l i ed  
by 23, plus 30 m. 

Rrice, '+.I. J, How t o  Use Fences t o  Prevent Roads Being Blocked by 
Snow. X o ~ d s  ~ n d  T:ond Construction, Jan. 1954, Vol, 32:7-10. 

The mechanics of snowdriftfng were s tud ied  t o  improve 
the c o n s t r i ~ c t i o n  and l o c ~ t i o n  of  collect9ng-type snow 
fences,  Snow fences may be charac ter ized  by he igh t ,  
gap between fence and ground, and t h e  5 r a t i o  of 
m a t e r i a l  nFea t o  tk~e  t o t a l  fence a rea  (dens i ty  r a t i o ) .  
Snow fences 4-6 f t .  high with gap widths 6-9 in .  
above t h e  vege ta t ion  a r e  recommended. Density r a t i o s  
of 39-1005 o f f e r  s i m i l a r  p ro tec t f  on. Varf ous mater- 
i a l s  f o r  snow fence cons t ruc t ion  a r e  discussed and 
b a s i c  fence arrargernent s i l l u s t r a t e d .  

Pr ice ,  W . I .  J. Winter Conditions i n  Great B r i t a i n  and t h e  Highway 
Engineer. Jour.  Ins t .  Munic. Engr., Apri l  1953, Vol. 79:485- 
493 

The c o n t r o l  of d r i f t f n g  snow and the  removal of snow 
and i c e  by mechanicel, chemical, and thermal methods 
a re  discussed. ?he  height  of t h e  road embankment 
should exceed the depth of the  heavies t  snowfal l  and 
the s lopes  shoulcl not be s t eeper  t h a n  1 i n  4. The 
road should be l ocs ted  beyond t h e  leeward l i m i t  o f  
the  eddy reg ion  through cuts .  Col lec t ing  fences  



deposit  the windborne mow before it  cnn r e ~ c h  t h e  
road and. t h e i r  e f f i c i e n c y  i s  governed by the form of 
the eddy region  t o  t h e  leeward of t h e  fence. Blower 
fences  p l ~ c e d  15-25 f t .  t o  windward of t h e  road de- 
f l e c t  the wind on t o  t h e  road and prevent depos i t ion  
of snow on t h e  h i g h b ~ ~ y .  Blade plows ~ n d  ro ta ry  plows 
a re  used t o  rernovs shallow an3 deep snow respec t ive ly .  
The c r i t i c a l  throwing d ls tance  nnd ve loc i ty  of projec-  
t i o n  ~t which 2 r o t a r y  plow o f f e r s  maximum o v e r - a l l  
e f f i c i ency  Rre discussed. The auan t i t  i e s  of s a l t  
required t o  melt  porous s e t t l i n g  snow, hard impervi- 
ous snow or  i c e ,  t h i n  f i l m s  of i c e  and h o a r f r o s t  and 
t h e  damage by chernicnls t o  roads and veh ic les  a r e  
evaluated.  The use of thermal methods i s  considered 
imprac t i ca l  and too c o s t l y .  

Rocca. Feasures A a.inst Snow. Text i n  French. I n t e r n a t l .  Railway 8 Congress 2d, 1 87, Froc,,  1888, Vol, 1, Sect.  2:Vl-VS7. 

Problems associa ted  w i t h  snow accumulation on r a i  l- 
roads  a r e  ou t l ined ,  and cont ro l  measures used i n  
various c o u n t r i e ~  a r e  discussed. The e f f e c t s  of 
n a t u r a l  snow-cover, snowdrif ts ,  and avalanches on 
r a i l r o a d s  are examined ind iv idua l ly ,  and p ro tec t fve  
measures agains t  each a re  described and evaluated.  
The measures considered include g n l l e r i e  s ,  embank- 
ments, snow hedges, t renches ,  r e t a i n i n g  wal l s ,  slope 
a l t e r a t i o n ,  windtreaks,  snow fences,  and avalanche- 
d e f l e c t  2n.g s t r u c t u r e s ,  Snow removal i s  discussed, 
and var ious  snow plow types  and t h e i r  a p p l i c a t i o n s  
a r e  described. The use of chemical agents  is a l s o  
considered, 

Snrsatskikh,  P. T, For a Ra t iona l  Snow Control. S t r o i t e l t  s tvo  Dorog, 
191+7, Val. 10, ?To, 2:20-22. 

I 

The length, h e i : ~ h t ,  and the clearance between i n d i -  
vidunl s l o t s  of' mow fences pre  discussed,  Various 
formations of SnctfcJ d r i f t s  i n  r e l a t i o n  t o  the  conff -  
gura t ion  of t h e  snow fence ~ n d  i t s  d i s t ance  from t h e  
rond a re  described. l!eteorolo,gfcal f a c t o r s  such a s  
p r a c i p i t  a t i o n  nnd prevai  l i n g  winds a re  considered as 
important as  t o p o g r ~ p h i c a l  f e a t u r e s .  Txper fments 
with s d  j u s t ab le  fence  s l o t s  a r e  b r i e f l y  reviewed. 

Schaible,  Lothar,  The 1)evelopment of Snow-Protect ive St ruc tures .  
Text i n  German. dautechnik, Jan.  22, 1943, Val. 21:17-21. 

Various types  of n a t u r a l  and a r t i f i c i a l  snow protec-  
t i v e  s t r u c t u r e s  such a s  f o r e s t  covers, hedges, s tone  
wal l s ,  reenforced concrete  fences ,  and wooden fences  
a re  discussed. Applications of t heae s t r u c t u r e s  f o r  



the  p ro tec t ion  o f  rai lways and roads  with spec i f i ca -  
t i o n  d e t a i l s  a r e  presented, The advantages and d i s -  
advantages of open and closed fences,  ~ n d  t h e  theory 
of snow depos i t ion  behfnd the fence  a r e  given. 

Schneider, T. 3, ~nowdr i  f t  and 7dinter I c e  on Roads. Eidgen6ssisches 
I n s t i t u t  f b  Schnec- und Lawinenfor schurg , I n t e r n e s  Rericht  N r .  
332, 1959, Trans. by P.A. S i n c l a i r ,  NRC TT-1038. 

The f i r s t  s ec t ion  of t h i s  pnper contains R discuss ion  
on the  mechanics 3f snow d r i f t i n g ,  snow d r i f t i n g  and 
highway design, t h e  design and cons t ruc t ion  of snow 
fences,  t h e  inf lusnce  of wind speed and d i r e c t f o n  and 
t h e  inf luence of Fence densi ty ,  he ight ,  o r i en t  a t i o n  
and arrangement, Available information on f i e l d  and 
wind t u n n e l  t e s t s  of snow fences  are c r i t i c a l l y  d i s -  
cussed. The second sec t ion  i s  a d i scuss ion  of i c e  
formation on roads ,  i t s  causes,  c l a s s i f i c a t i o n  and 
methods f o r  combattirg. The use of' mlt,  and or a  
combination of t h s  two i s  discussed under headings 
such a s  q u a n t i t i e s  requi red ,  types avaj. l ab le ,  s torage ,  
methods of loadiq? ,  r e s u l t s  nnd damage t o  road sur-  
faces ,  c lo th ing ,  plant s, animals. The various types  
of road hea t ing  i n s t n l l a t i o n s  a r e  descr ibed and d i s -  
c l~ssed  under t h e  headings, q u a n t i t y  of hea t  requi red ,  
cont ro l ,  methods o f  operat ion,  cost .  F i n a l l y ,  t h e  
author g i v e s  his opinf on ns t o  the requirements and 
o r g a n i z ~ t i o n  of a  s s l t  and sanding s e r v i c e  and pre- 
sen t s  a b r i e f  Pummary of the  present  s i t u a t i o n  i n  
Switzerland c o n c e ~ n i n g  the use of these  technfques. 

Lchubert, E. Snow Fences. Text i n  German. Centr. R a u v e r w a l t u ~ ,  
Jan. 1, 1887, Vol. 7:s-7. 

New r a l  l r o a d  fence arrangements which have proved 
s a t i s f a c t o r y  i n  N. Germany a r e  described i n  d e t a i l .  
One arrangement c o n s i s t s  of 2 p a r a l l e l  rows, t h e  
ou te r  row an open work fence,  t h e  inner  a  dense 
fence constructed of r a i l s .  The fences  a r e  e rec ted  
on embankments 3.5 rn. high with a depression between, 
Snow accumulates between the fences and d r i f t i n g  f s  
stopped by the  inner  fence.  Another arrangement pro- 
v ides  f o r  p ro tec t ion  aga ins t  ~ h i f t i n g  winds i n  t h a t  
the outs ide  fence i s  e rec ted  i n  R c i r c l e  leading  
from a 15.93 m. d i ~ t a n c e  t o  the t r a c k .  The he ight  
of the  fences,  t h e i r  d i s t ance  from t h e  t r a c k s ,  and 
the i n t e r v a l  between fence rows can be adapted t o  
varyfng t e r r a i n  condi t ions.  

Shestakov, P.N, Kaintenznce and Repair idork on Roads. Text i n  
Russian. Kurs avtomobilf nykk doro , 3d ed., I z d a t e l f  s t v o  ii Xarkomkhoza RSFSR, Moscow, 1939, 5.9-611. 



Seqqonnl road MR intenance i s  described I n  d e t a i l  
vi th  emphasis on snowdrfft  con t ro l ,  snow removal and 
fro3-h heaving. Snow accumulation on roads  and around 
o b ~ t a c l e s  i s  analyzed as wel l  as  t h e  c o n t r o l l i n g  
e f f e c t  a of s h e l t e r b e l t  s and var ious  snow-fence con- 
s t r u c t i o n s .  Several  devices  used f o r  snow removal 
a re  descr ibed and performance da ta  given,  Various 
types of f r o s t  heaving a r e  c l a s s i f i e d  nnd counter- 
measures l i s t e d  with r e fe rence  t o  d i f f e r e n c e s  i n  
ground composition, s o i l  moisture and depth of 
seasonal s o i l  f reez ing .  

Shio tani ,  F., and H. Arai. Records on Snow-Protection Planta t ion ,  
Snow F'ence and Snow-Storm. Text i n  Japanese. Bull. Railway 
Technicnl Lab. Tokyo, Jan. 1950, Vole 7, No. 1:23-270 

D a t a  colt.3 cted by t h e  TJiigata and Sendai Divis ions 
of the J ~ p f l n e s ~  National  Railway from s t u d i e s  on snow 
con t ro l  with s k ~ e l t e r b e l t s  and fences A S  well  a s  from 
i n v e s t  i ga t f  ons on snow storms a r e  summarized. The 
r e ~ u l t . . :  of' f i e l d  experiments on the r e l a t i o n  between 
s n o ~ ~ d r i  f t  F nnd t h e  height  qnd width of c o n t r o l  s t ruc -  
t u r e s  and t h a t  between snow accumulation and eddy 
c u r r e n t s  qrs n l so  reported.  

s l a v u n k i f ,  A.K. The "Caintenance of  Roads and Associated St ruc tures .  
Text i n  Russian. Dorogi i Mosty, ed. by ".V. ~rutef ; ' sk i f ,  I z d a t e l l  
stvo Frinist ,erstva Kcmuna l~nogo  K h o z ~ Y s t v a  RSFSR, Moscow, 1952, 
567-610. 

Methods of winter road maintenance and br idge  protec-  
t i o n  a re  described. Snow fences may have h o r i z o n t a l  
o r  v e r t f c a l  s l a t s  with a ground c learance  of 20-25 
cm. I ior izontal ly  s l a t t e d  snow fences a r e  more e f f i -  
c i e n t  when t h e  s l a t s  e r e  spaced more widely i n  t h e  
lower s e c t i o n  C J ~  the fence.  New snow fences  should 
be added a s  snc~wdrif ts  grow. Trees planted i n  2-20 
rows a t  d i s t a n c e s  from 13-35 m. from the  roadbed 
w i l l  give good p ro tec t ion  i n  a reae  where snow tends 
t o  accumulate Ln d r i f t s  up t o  2 m. high. Rotary 
and V-type  snowplow^ wf 11 remove snow 1.5-2 m. deep. 
Ice-cont ro l  techniques f o r  br idges  a r e  described. 

Sobolev, I.N. Contro3. of Snowdrift on Roads TTsed f o r  Lumber Trans- 
por ta t ion .  Text S.n R U R ~ ~ R I Z .  ~ e s n a B  Promyshlennost , 1949, 
Vol. 9,  No. l l : ? ,  

Snornr fences,  i n  2 x 2-rn. sec t ions ,  o r d i n a r i l y  used 
f o r  r a i l r o a d s  ?re recommended. The bes t  r e s u l t s  a r e  
obtained when the  snow fences aye l oca ted  25-30 m. 
from the road rlxis. A dense hedge of spruce p lanted  
neRr roads  i s  k h 8  most e f f e c t i v e ,  long-term measure. 



Sorokin, P , I ,  Yinter ,'la-intenarrce of Automobile Roads. Text i n  
Russian, Moxcow, D o ~ i z d a t ,  1942, 

The e f f e c t s  of road p r o f i l e  and near-by o b s t a c l e s  on 
snow d r i f t i n g  a r e  analyzed, and countermeasures a re  
d e ~ c r i b e d .  Maximum d r i f t i n g  occurs i n  cu t s  up t o  6 
rr,. deep m d  nlong embankments up t o  0.6 m. high. 
Least  d r i f t i n g  i s  observed i n  c u t s  below 8.5 m. o r  
along embankments above 1 m. The cons t ruc t f  on of 
snow fences and s h e l t e r b e l t s  i s  described i n  d e t a i l ,  
and t h e i r  e f f e c t  on d r i f t i n g  is analyzed. Equipment 
f o r  snow removal, p ro tec t ion  of small  bridges,  and 
the cons t ruc t ion  and maintenance of i c e  c ross ings  
are  a l so  discussed. 

?tepanov, N.W. F l ~ n t i n g  rind Iq~kntenance of Snow Hedges, Fores t  Bel t s ,  
and Tree-Nurseries for Railroads. Text i n  Russian. Moscow, Trans- 
pechnt'  , 1928, 

4 h i s t o r y  of snowdrift  prevent ion through the  use of 
snow hedges and f o r e s t  b e l t s  along r a i l r o a d s  i n  pre- 
sented, Spectes  of bushes and t r e e s  according t o  
c l imate  end s o i l  condi t ions  a re  described and methods 
of improved maintenance a re  discussed. Wind flow 
v a r i a t i o n s  around ob s t a c l e s  a r e  analyzed and r e s u l t s  
of i n v e s t i g a t i o n  of snow depos i t  forms a r e  reviewed. 
Construction of snow hedges and f o r e s t  s h e l t e r  b e l t s ,  
l o c a t i o n  and width f o r  var ious  forms of r e l i e f  i n  
steppe regions a r e  descr ibed i n  d e t a i l .  

Stephenson, Geo. E. Tsn Rules f o r  Winter Road Naintenance. Eng, and 
Contract Record, Oct, 30, 1935, Val. 49:946-947- 

Experience derivecl from 1 season's work i n  Fruce 
County, O n t ~ r i o  i n d i c a t e s  t h a t  snow fences should be 
used l i b e r a l l y ,  kapt o f f  t h e  ground a s  high a s  p o s s i  - 
ble ,  and well  braced every 100 ft. It i s  suggested 
t h a t  the  wing of r i  plow be close t o  the  plow t o  pre- 
vent humps of' snag from f a 1 1 i q  i n  f ron t  of the  r e a r  
wheels of t h e  t ruck.  

Sund, Jakob. Snow Pence3 Along t h e  Yoads i n  Vestfold. Text i n  Norwe- 
gian.  Jiledd. ~ e g d i r e l r t d r e n ,  Apr i l  1929, No. 4:5849. 

Rorizonta l  wooden fences ,  1.5 rn. high md 5 rn. long, 
cons i s t ing  of 1 x 5-in. boards spaced 5 cm. a p a r t ,  
a r e  described. The fences  ape placed from 15-30 m. 
fronl the  road, with t h e  g r e a t e r  d i s t ance  f o r  more 
exposed loca t ions .  The fences  proved very e f f e c t i v e  
i n  some ins tances .  



Tolstov,  V. TJind Control i n  t h e  Segula t ion  of Snowdrifting. Text i n  
Fi'ussian. Zhe leznodorozhnoe Delo, Put f , Feb. -Narch 1926, Vol. 3,  
710. 2 - 3 : p - 9 .  

The inf luence of wind speed and d i r e c t i o n  on snow 
accumulation around o b s t a c l e s  i s  qnalyzed. Experi- 
ments  long the Tomsk Railroad showed t h a t  snowdrif ts  
can be b e t t e r  c o c t r o l l e d  i f  wind eddies  caused by snow 
fences  a r e  taken i n t o  account. V e r t f c a l  planks form- 
ing an angle  of 50' wi th  t h e  h o r i z o n t a l  a x i s  of the  
fence inc rease  t h e  depos i t ion  of snow along the fence.  
Fences with the  f r e e  edges of the s l a t s  d i r ec ted  up- 
ward c o l l e c t  more snow n e a r  the  fence than  those  with 
h o r i z o n t a l l y  or ien ted  s l a t s ,  while fences  with s l a t s  
d i r ec ted  downward produce an even d i s t r i b u t i o n  of 
snow i n  the area  w i t h  no max. near t h e  fence. 

USSR. Glavnoe Upravlenl e  Put i i ~oobshchen i fa .  I n s t r u c t i o n  on Snow 
Control f o r  the  Rai l roads of t h e  USSR. Text i n  Russian, Mascow, 
Gosud. T r ~ n s p o r t n o e  Zheleznodorozhnoe Izdat . ,  19.58. 

Tnstruct ions a r e  g iven  fo r  snow-clearing operat ions,  
snowdrf f t contro 1, snow-removal procedures,  and the  
opertnt ion  nnd maintenance of varf ous types of snow- 
plows nnd snow fences. The design and performance 
c h a r s c t e r i s t i c  3 of blade plows, V-plows, %ring plows, 
conveyor-type snc~w loader  s ,  snow brushes,  and r o t a r y  
plows R r e  descrfbed; each device i s  i l l u s t r a t e d  and 
diagrammed; and t e c h n i c a l  da ta  a r e  tabulated.  Dia- 
grams of snow fences  used i n  var ious s i t u a t i o n s  a r e  
included, %nd design d a t a  a r e  given.  The s e l e c t i o n  
of c o n t r o l  measures should be based on t h e  type  and 
amount of d r i f t i n g  i n  a given a r e a  a s  determined by 
t h e  p r o f i l e  of the area.  Primary cons idera t ion  must 
be g iven  t o  depressions 0.4-8.5 m. o r  more deep, then 
t o  more shallow depressions not exceeding 0.4 m., and 
f i n a l l y  t o  small  banks up t o  0.65; rn. high o r  t o  1 m. 
high on slopes.  

Vedeni sov, B.N. On the Increased Eff iciency of Snow Control on 
Rai l roads.  Trudy Moskovskogo Orrtena Lenfna I n s t i t u t a  Inzhen- 
erov Zhe leznodorozhnogo T r ~ n s p o r t a ,  1948, Vol. 71: 5-46. 

Snowdrifts along r ~ i l r o a d  beds a r e  descr ibed and a 
theory explafning t h e i r  format ion i s  pre sented. A 
study of condi t ions a s soc ia ted  wi th  t h e  opera t ion  of 
var ious types  of snow safeguards and t h e i r  most e f f e c -  
t i v e  u t i l i z a t i o n  i s  suggested. C h a r a c t e r i s t i c s  of 
snow-cover su r face  and the behaviour of snowdrif ts  
a r e  described. The terminology employed i n  snow 
con t ro l  i s  presented. The d r i f t  of snow over snow 
fences and the  r e l a t i o n s h i p s  between t h e  d r i f t  i n t en -  
s i t y  and t h e  g7aound conf igura t ion  a r e  discussed. 



;rJehner, Bruno. F i r  s t  71:xperiences of ';\linter Maintenance Sergice on 
Russian Roads. Text i n  German. S t rasse ,  March 1942, Val. 9 :  
47-49. 

Snowdrifts nre most  l i k e l y  t o  occur i n  long and narrow 
cu t s ,  i n  c u t s  u p  t o  26 ft. deep, p t  t he  ends of deep 
cu t s ,  and on t r a n s i t i o n s  between c u t s  and embankments, 
Other dangerous pos i t ions  a r e  embankments up t o  3 f t .  
high nnd h i l l s i d e s .  The 19oscow-Minsk highway and a 
few other Important roads  were designed t o  avoid c u t s .  
Snowdrift-prevention measures include p ro tec t ive  plant-  
ings,  emergency snow fences  and por tab le  fences,  foni -  
f'ers make the h e s t  n a t u r a l  snow fence. I n  Russia,  
young fir t r e e s  o r ,  i n  t h e  south, o t h e r  evergreen t r e e s  
and shrubs a r e  planted t o  form a t h i c k  hedge 3.5-5 f t .  
high. Temporary fences  include d i r t  banks placed 50-80 
f t .  from t h e  road, open-type wa l l s  b u i l t  of snow blocks 
o.nd low snow bfinks with evergreen branches inser ted .  
The maximum depos i t ion  of snow w i t h  fences  i s  a t t a i n e d  
by increas ing  t h e  spacing of t h e  h o r i z o n t a l  s l a t s  t o -  
wards the  t o p  of  the  fence.  

Whiffin, A.C, and Price,  !9i.I.J. Road Problems Arising from Snow and 
Ice .  Chem, and Ind., 1954, Vol. 9:230-237. 

'Jinkler, C.F. l e r e  Snow Semoval i n  Toughest. Am. City, Oct. 1951, 
VOI, 66, No. 10:F!8dR9. 

An nnnusl Rvarage of 160 in .  of snow, w i t h  a. record  
f a l l  of 286 i n .  i n  1951, i s  repor ted  from I-loughton 
County (I'4ich. ) . Snowdrtfts at1;sln he Q h t s  of 10-20 
f t .  ~9 s ~ e s u l t  of timber denundation. The county 
operates  26 f i v e  t o  ten-ton t rucks ,  8 Sno. Got s ,  1 
Rotowiqz, 2 t r ac to r - type  r o t a r i e s  o r  Snow Kings, and 
some smaller  unitis. A 1 1  t rucks  a r e  equipped w i t h  12- 
f t  . wings. A method of bul ld ing  an 8-ft , .  snow fence  
from R 4-f t ,  p icke t  fence was evolved by using a 
heavier  and longer s t e e l  pos t  and superimposing a 
second IC-ft. fsnce over the bottom row, A permanent 
ins t r z l l a t ion  cons i s t ing  of 2 rows of the 4-f't. picket -  
type snow fence,  one above the o t h e r ,  a re  hung between 
cednr pos ts  and  supported with 0 .S-in. galvanized 
cables.  

Wolff, A .  The Function of Snow Fences i n  Winter Road Maintenance. 
Text i n  Swedish. Svenska ~ a g f 8 r e n i n ~ .  Tid., Ju ly  1941, Vol. 28: 
154-176 . 

Correct ly  placed snow fences ca tch  snow outs ide  the  
highways through t h e i r  lee-eff  ec t .  T h i s  e f f e c t  i s  
analyzed i n  view of t h e  s t u d i e s  o f  Finney, I m i n g e r  
and N8kkentved, Various types  of snow fences a r e  



described In  r e l a t i o n  t o  t h e i r  e f f e c t  ivenesa, con- 
s t r u c t i o n  and design. Detai led s t u d i e s  on snow and 
l o c a l  wind v e l o c i t i e s  i n d t c a t e  t h e  importance of 
planning, cons t ruc t ion  and mnintenance of winter  
 road^. A t a b l e  of da ta  (1931-1938) from 700 s t a t i o n s  
f e a t u r e 9  f i r s t  and l n s t  days,  dura t ion  ad t h i ckness  
of the snow cover i n  24. Swedish regions.  

Vol ter  , Karl ,  Protect  i on  Agsinst Snowdrifts. Text i n  German. Y~nd-  
buch cfer Eisenbahnbnutechnik, Berl in ,  Otto S l sne r  Ver l agsgese l l -  
schnf t ,  1943, Vol. 1:96-100. 

Cuts, s h e l t e r b e l t  s ,  hedges, dams, wnlls and fences  
used f o r  pro tec t ing  r a i l r o a d s  from snowdrifts  a r e  
described. Formulas f o r  c a l c u l a t i n g  the  height  of 
snow fences  placed along c u t s  a r e  given,  Dimensions 
of fences  made from wooden r a i l r o a d  t i e s  and var ious  
por table  obs tac les  a r e  included, 

Control of  Snotrdrifting Studied by Wind-Tunnel T e s t s  on 
Models, B e t t e r  Roads, Oct, 1934, Vol. 4, No. 10: 15-16, 

Designing the  Koad t o  Keep the Snow O f f .  B e t t e r  Roads, Sept. 
1939, Vol. 9, No* 9:34-35. 

Increasin 's  cons idera t ion  i s  g iven  t o  snow c o n t r o l  i n  . 
l oca t ton  and design of rand9 i n  snow s t a t e s ,  High, 
r o l l i n g  grade l i n e s  were eff 'ectfve i n  avoiding snow- 
drifts when snow c o n t r o l  WFJS f i r s t  considered i n  
road constructfon,  but as increased amount and speed 
of t r n f f ' i c  requi red  wf der roadways and f l a t t e n e d  
s lopes  they proved unsa t i s fac to ry ,  The advantages 
and disadvantages of road l o c a t i o n  i n  broken and 
unbroken country a r e  discussed,  Fodern engineering 
tenc3e t o  l o c a t e  r o ~ d s  through she l t e red  a reas  f a r  
enough t o  leeward of n a t u r a l  obs t ruc t ions  so t h a t  
snow w3 11 t r s p  i n  d r i f t s  before reaching t h e  roadway. 
blindswe~t o r  strenrnlined grade l i n e s  are  bel ieved 
t o  be e s s e n t i a l  f o r  roads i n  snow coun t r i e s ,  Road 
desfgn p r i n c i p l e s  fldopted by a number of snow s t a t e s  
and coun t r i e s  ?re reviewed. 

Inves t iga t ions  of Snow Fence Effect iveness .  Roads and Engt- 
neering Construction, Knrch 1951. 

T h i s  a r t i c l e  i s  en a b s t r a c t  from Road Research Tech- 
n i c n l  Paper No. 19 by t h e  R r i t i s h  Road Research Lab, 



Note on Snow Protac t ion  on Roads. Text i n  German. ITntersuch- 
uncen fiber Schnee und Schneeschut zanlagen an S t r a ~ s e n  by Kar l  
Croce and Joaef Ksyssr. Forschungsarbeiten aus dem Strasssnwesen 
No. 6:21-25, 1949. 

' h e  nost  f requent  snowdrift  formations and road con- 
s t ruc t f  ons preven+,ing d r i f t s  a r e  cliagr~rnmatically 
presented. Di f fe ren t  types of s a t i s f a c t o r y  snow fences 
Rre described, such a s  hor i zon ta l  and v e r t i c a l  s l a t  
fences,   fence^ of j u t e  f a b r i c ,  and wire fences i n t e r -  
twined Ffith pine branches. The length  of the snow 
depos i t  i s  inverse ly  propor t ionate  t o  the  closed a r e a  
of the  fence. Snow depos i t s  t o  the  f u l l  height  of  
c l o s e l y  f i l l e d  fences.  Long, shallow snow depos i t s  
form ~t fences w l t h  wid.e spaces. The l a r g e s t  amount 
of snow i s  caught by fences  which a r e  60$ o r  30$ 
closed,  nnd e rec ted  from t h e  road a t  a  d is tance  15 
times t h e  height  of the  fence. Pro tec t ive  fences  a r e  
most e f f e c t i v e  i f  erec ted  n t  r i g h t  angles  t o  t h e  wind, 
P a r a l l e l ,  overlapping fence sec t ions  a r e  used f o r  
winds with obl.fnuo angles  of incidence; t h e  l eng th  of 
the  fence  sec t ions  decreeses  with d e c r e ~ s i n g  ang les  of 
incidence,  Severnl snowfence ~rrangement  s f o r  the  
p ro tec t ion  of curves, expected snowdrifts  from a l t e r -  
na te  d i r e c t l o n e  ~ n d  road c u t s  a r e  explnined by diagrams. 

The Proper Location of Snow Fences. Ry. Eng, and Maintenance, 
March 1923, Vol. 19: 129-130, 

The d i spos i t ion  OF snow fences along railways i s  d i s -  
cussed. The prloper d i s t ance  from the  t r a c k  f o r  snow 
fences i s  determined by t h e  s lope  assumed by d r i f t e d  
snow, & i c h  usua l ly  v a r i e s  from 1:12 t o  1:15, but  
l o c a l  condi t ions can cuase wide va r i a t ions .  A t i g h t  
board fence,  however, c lose  t o  t h e  t r a c k s  i s  only 
e f f e c t i v e  s o  long R S  i t s  height  exceeds the depth of 
the d r i f t .  The o3en board fence, usua l ly  of por table  
Y-shaped s e c t i o n s  12-16 f t .  long and 6  f t ,  high, 'Ls 
designed t o  deposit  t h e  snow between t h e  fence and 
the t r a c k s  and should be s e t  about 20 f t .  from the  
t r a c k s  f o r  each f o o t  o f  i t s  height .  Two p a r a l l e l  l i n e s  
of fence m y  be p'laced where space permits and t h e  
need w a r r ~ n t s .  

Snow D r i f t  87ontro:L on the Highways. Canadian Engineer, Varch 
99 1937. 

Designing t o  c o n t r o l  d r i f t s  - types of snow fence - 
r e s u l t s  of wind-tunnel t e s t s  on fencing.  



Snow Fence FIB !In A i d  t o  1r!inter Road Maintenance. Eng. and 
Contract qecord, Oct. 31, 1934, Vol. 48:931;. 

Wire-bound, crnosote- t reater!  s l a t  snow fences ,  4-5 
f t .  high, 9.375 in. t h i c k ,  i n  100 f t ,  r o l l s ,  were 
found h ighly  ~ n t i s f a c t o r y  where except ional ly  heavy 
snow occurred. The fence should be hung on standard 
x t e e l  fence pos ts  placed about a rod apa r t .  The 
fence ~ h o u l d  bc l ocs ted    bout 100 f t .  from t h e  center  
of  the  F O R ~  f o r  a t  l e ~ s t  73C) f t .  wides than the  d r t f t .  
~ t '  1s sonetiaef* ndvisable t o  e r e c t  a second fence,  75 
f t .  from t h e  f i r s t  i f  snowfell i s  unusrrally heavy. 

Snow Pence Eff ic i sncy .  Roads and Engineering Construction, 
A p r i l  1951, 136-140. 

Three ${.lethods of Snow D r i f t  I 'revention. Eng. and Contract 
Record, Oct. 8, 1936, Yol. 50:966-969. 

Proper highway design i s  a means of snow cont ro l .  
The grade l i n e  s h ~ u l d  be e a u a l  t o  o r  above t h e  average 
snow l e v e l  i n  low f l a t  country. Shoulders, d i tches ,  
snd backslopes should provide ample s torage  space f o r  
d r i f t e d  snow and snow plow accumulations. Cut sec t ions ,  
6-10 f t .  wide, should be allowed f o r  each f t .  of  depth 
cut.  A r t  i f  i c i a l  snow fences  include t h e  h o r t z o n t a l  
snd v e r t i c a l  s l a t  types  which a r e  most e f f e c t i v e  a t  
a r a t i o  of 1:l f o : ~  width of s l a t  and openfngs between 
s l a t s ;  so l id  board fences  which a r e  c o s t l y  and e f fec -  
t i v e  only f o r  the d e f l e c t i o n  of snow-laden wind of 
constant d i r e c t i o n ;  woven p icke t  fences which a r e  
easy  t o  handle and s t o r e ,  Inexpensive and which may 
be erec ted  a t  nny he igh t .  Xmergency snow fences  may 
be, made by tying o l d  g r ~ i n  sacks o r  NaCl sacks t o  
woven wire or chicken fencinq s t r e t ched  i n  p lace ,  and 
by p i l e s  of h ~ r d  snow. A r a t i o  of 1s f t .  f o r  each 
f o o t  of he igh t  i s  recommended f o r  fences from roadways. 
'rlind tunnel  resu1t;s ?howad t h a t  each type of snow 
fence produces a l :harac ter l s t ic  eddy which remains 
constant; f o r  any trfnd v e l o c i t y  and height  and type of 
b a r r i e r  and v a r i e s  w?. t h  the he ight  by t h e  r a t i o  of 
l5 : l  Tor s l a t  fences and of 1 0 : l  f o r  s o l i d  fences.  
Fences erec ted  a t  6 in .  above t h e  ground w i t h  i n c l i n a -  
' ion w i t h  t ho  wind not  more than  30° gave the  b e s t  
r e s u l t s .  Trees arid shrubs planted i n  s ingle  or mul t ip le  
rows form perma~en t  n a t u r a l  snow b a r r i e r s .  Evergreen 
t r e e s  and low spreadiryl; shrubs should be planted 
c lose ly  allowing adequate space f o r  moisture  and root  
growth. The e f f e c t i v e  a r e a  w i l l  average about 16 f t .  
from the  edge of the t r e e s  t o  each f t .  of t r e e  height .  



A r n i ,  I!ideo. Perf ormanco of  S h e l t e r b e l t ;  Experiment a 1  Study of 
Shel terbe lt i n  Fir-u1:3 ted  Snowstorm, Q u a r t e r l y  Report Railway 
Technic81 Seaearch T?s t i tu te ,  .Tapan, 1960, Vol. 1, No. 2; 
1961, 'Vol. 2, TTo, 2, 

f'srformance of  R !nodel. f o r e s t  t o  prevent snow d r i f t s  
cornpnrcd with t h a t  of an a c t u a l  f o r e s t .  

~ G l o b z h e s k i f ,  G. V. E n o ~ ~ d r i f t s  snd Thei r  Control, Text  i n  Russian. 
Ffioscow, I z d a t e l l  stvo ~orozhno-~ekhn ichesko i  L1i teratury Gushos- 
dora FWD SSSR, 1952. 

The phys ica l  p r o p e r t i e s  of snow and snow covers and 
equipment f o r  snox cont ro l  and snow removal a r e  des- 
cribed. The e f f e s t s  of obs tac les  on snow accumulation 
a r e  ~ n a l y z e d  and the efficiency of var ious types  of 
snow fences i s  discussed. A new snow-fence desfgn 
developed by P.I .  Sarsa tsk ikh  and a  modif icatfon by 
A.A. ~ u n ~ u r a e v  a r e  described a s  we l l  a s  a machine 
designed by Vavilicin f o r  i n s t a l l i n g  fences.  Snow- 
removal equipment used i n  the USSR i s  a l s o  discussed. 

f lnlobzho s k i l ,  G.V. ,  P .Y. !)finin, and A . A .  Komnrov, Improving the  
Design of Snow Fences. Text i n  nuss ian ,  Avtomobil~nye Dorogi, 
Dec. 1959, Vol, 22, Yo. 12:17'-18. 

Recornrendations bsged on i n v e s t i g ~ t i o n s  by r e s e a r c h  
organiza t ions  i n  t h e  TJSSR, a re  made f o r  the design 
and l o c a t i o n  of 5 types of snow fences,  Formulas a r e  
proposed f o r  c n l c i ~ l ~ t  ing snow accurnul~t  ion  i n  r e l a t i o n  
t o  wind ve loc i ty .  P e s u l t s  were confirmed by f i e l d  
observations sn d labora tory  experiment s with R wknd 
tunnel .  Tes ts  i n d i c a t e  t h a t  fences wi th  505 over -a l l  
dens i ty  r a t i o  co l l ec ted  up t o  100 cu.m. of snow/linear 
rn. For regions wfth a wind ve loc i ty  of  l e s s  than 65 
f t . / sec .  a t  a height  of  33 f t . ,  fence u n i t s  6 f t ,  6  in ,  
f lu ,  o r  5 f t .  high and 6 f t ,  6 i n .  long a r e  recommended 
with 30 and 5 0 " " ~ i j s n s i t ~  r a t i o  f o r  the upper and lower 
ha l f  of the fence.  Fences should be placed not l e s s  
than 65 yd.  f r c m  the shoulder of  the roadway, The 
fences  placed f u r t h e s t  from a road should have the 
lowest d e n s i t y  r a t f o .  

Elurn, Fernard and P. C. Newbegin. I n c l i n a t i  on f o r  Snow Fences, Sy. 
Eng. and Naintenpnce, Dec. 1935, Vol. 31: 747-748. 

The e f f e c t i v e n e s s  of var ious types  of snow fences i s  
df scussed. Eff'ect iveness seems t o  depend p r imar i ly  
on he ight  ~ n d  rpacing of' panels  and boards, The 



effectiveness of R t i g h t  board fence v ~ r i e  s i nve r se ly  
with the  width of t h e  opening between the  boards, A 
fence w i l l  remain e f f e c t i v e  i n  deepening d r i f t s  i f  an 
open space i s  mnintained behind t h e  fence by spacing 
t h e  horixont a 1  boards propeisly and i n c l i n i  ng the  
panels  30' from the v e r t i  c a l .  The r e s u l t i n g  ground- 
ward d e f l e c t i o n  of the wind c u r r e n t  prevent s the 
deposl t  of snow u n t i l  a r o l l i n g  eddy forms a t  a 
d i s t ance  from t h e  fence, Comparative t e s t s  of the  
e f f  ic iency of d i f f e r e n t  designs a r e  d i f f i c u l t  because 
of the v a r i a b i l i t y  of wind condit ions,  

Frudal ,  Holger. C o l l ~ p s i b l e  Snow p'ences. Text i n  Norwegim. Medd. 
~ e i d i r e k t d r e n ,  Knrch 1938, No. 3:f;2-53. 

Several  wooden scow fences  were f-.esfied i n  6a t fo ld  
f o r  a number oT years.  The bes t  r e s u l t s  were obtained 
with a fence constructed of wooden s l a t s ,  160 cm, high, 
5 cm. wide ~ n d  1.7 cm. th ick ,  impregnated with creosote  
and connected by chains a t  5 cm. i n t e r v a l s .  The fence 
can be r o l l e d  up fo r  s to rage  i n  l e n g t h s  of 10-20 me 
It can be at tached auickly t o  s t a t i o n a r y  poles  i n  t h e  
f i e l d .  

Burton, V e p e  Snow Dri-ft. Prevention and Control On Hfghways. Eng* 
+ 1925, Vol. 95:752-754- ?Jews-Record, Nov. 7, 

The theory of dr ' i f t  formation and t h e  e f f e c t s  of snow 
fences  a r e  d i s c u ~ s e d ,  D r i f t  formations a t  a s o l i d  
board and a t  R. s l a t t e d  fence a r e  described and i l l u s -  
t r a t e d .  The dis tance  behind t h e  fence a t  which snow 
w i l l  p i l e  up depends on t h e  nfnd ve loc i ty ,  the  he igh t  
and openness of the fence,  and the  sp. g r ,  and t e x t u r e  
of the  snow. 

C~born ,  J,?". Some Ob*~ervnt ions  on t.he Dr i f t ing  of Snow Near Rar- 
r i e r s .   eather her, 4ug. 1958, 2614-267, 

Chukalfn, 3.2. ? m e r  iments with Snow During 1934. Text i n  Russian* 
sof&lsl i s t  j che'skoe 7ernovoe K~OZSY s t v 0  ( ~ a r a t o v )  , 1934, Val* 4 9  

No. 5:64-67. 

- Snow d e p o s i t s  : ~ r o u ~ d  fences were inves t iga ted  i n  the 
Saratov region during t h e  wlnter of 1933-34. Snow 
fences placed perpendicular  t o  t h e  wind d i r e c t i o n  
accumulated d r i f t s  higher  than t he  mean depth of t h e  
snow cover. Snow fences placed p a r a l l e l  t o  t h e  d i rec-  
t i o n  of t h e  wind accumulated l e s s  snow t h a n  perpendi- 
cu la r ly  placed fences,  and o f t e n  l e s s  than  the  mean 
depth of t h e  snow cover. 



Croce, Performance Tests of Snow Fences i n  t h e  Winters '19b0-41. ~ n d  
1941-42. Text in German. Arbeit sbe r i ch t  C1, Schneeforschungs- 
s t e l l e ,  Generalinspektor f d r  des deut sche Strassenwesen, Sept . 
1, 1942- 

Studies  on snowdrift formation and on the e f f i c i e n c y  
of snow fences and hedges conducted a t  Lindenberg 
( ~ e r m a n y )  Rre described Pn d e t a i l .  The p r o t e c t i v e  
e f f i c i e n c y  of snow fences  deperids pr imar i ly  on t h e  
he igh t  of the  fence and i t s  dens i ty .  S tudies  with 16 
types of snow fences  showed t h a t  the amount of snow 
accumulated inc reases  ~ I t h  the  square of the f ence  
he igh t ,  while t h e  length  of the  a r e a  of accumulatfon 
decreases  with increas ing  fence dens i ty  and inc reases  
w i t h  fence he ight ,  The s l a t s  of t h e  fence should be 
d i s t r i b u t e d  evenly a t  3.25- t o  9.50-cm. i n t e r v a l s ,  
s ince a r e n t e r  fence dens i ty  does not improve r e t a i n i n g  
e f f i c i ency .  Hedges proved as  e f f i c i e n t  a s  fences,  No 
snowdrif ts  were observed with wind v e l o c i t i e s  under 7 
m. /set. 

Croce. Snow F'ences lrade of Straw Ropes. Text i n  , ,Arbeits- 
h e r i c h t  C2,  Schneeforschungsstel le ,  Generalinspektor f u r  das 
deut sche Strnssenwesen, Aug. 15, 1942, 

The e f f i c i ency  of snow fences made of var tous types 
o f  straw rope f o r  use i n  the Ukraine i s  discussed on 
the b a s i s  of i n v s s t i ~ a t i o n s  conducted i n  Denmark and 
Germany. Test r e s u l t s  showed t h a t  fences  of twis ted  
ropes spaced ls/m, and supported by poles  2.2 ma high 
a t  i n t e r v a l s  of 3 ma a r e  the  most s a t i s f a c t o r y .  
Braided ropes  r r e  i n e f f i c i e n t  because of t h e i r  s o f t -  
nesr  2nd tendency of s t r e t c h .  The fences  should be 
se t  up 35-!+0 m. from the a r e a  t o  be protected.  

 funi in, 4 . K .  qnd A.A.  Komarov. On t h e  Construction of Snow Fences. 
Trudy Transportno-Tnerget icheskogo T n s t i t u t a ,  1954, No, 4: 111- 

I 
11% T r a n s .  by G .  P.ell.cov, TT-1103, N.R.C., Ottawa, 

4 t h e o r e t i c a l  ~ ~ n s l y s i s  i s  gfven of  the  condi t ions  
t h a t  c o n t r o l  the  nccumulation of snow a t  a snow 
fence,  It lr~c?s found that f o r  A fenco t o  reduce the 
blowing anov.J content  of t.he air strewn by FI f a c t o r  
of 33 ,  it must reduce the wind speed one meter above 
t h e  snow s u r f ~ c s  to  l e s s  thgn 3 .5  of the  wind speed 
a t  the 1 meter l e v e l  away from t h e  inf luence of t h e  
fence. A fence whose dens l ty  decreases  towards t h e  
ground rms found e f f e c t i v e  i n  improving t h e  second 
condition.  The theory  1s supported by f i e l d  obser- 
vat  i ons . 



Tlowney p . 3 .  P ~ p e r  Snow Fence I n s t  a l l a t  ions  1951-1952. Rept . No, 
178, 4es. I.ab. Test ing and Res. Div. Mich. S t a t e  Highway Dept. 
J u l y  1, 1952. 

Tes t s  were m ~ d e  i n  7 coun t r i e s  with paper snow fences 
of 2  p a r a l l e l  12-in. wide s t r i p s ,  4-12 in .  a p a r t ,  

,/' 
fas tened t o  s t e e l  p o s t s  spaced 8 f t .  apa r t .  The 

.J 
bottom s t r i p s  were 6-12 in. above t h e  ground. The 

1." fence i n s t a l l a t  ions  withstood i c e ,  ~ a i n  and winds 
during t h e  winter  of 1951-52. Spec ia l  t e s t s  were 
conducted on experimental  s e c t i o n s  cons is t ing  of 1-3 
s t r i p s ,  1 2  and 16 in .  wide, m d  8 in.  a p a r t .  The 
e f f e c t i v e n e s s  of the vArious fence sec t ions  i s  graph- 
i c a l l y  presented nnd compnred wi th  t h a t  of a r e g u l a r  
v e r t i c a l  s l 2 t  wootlen fence i n  t h e  same area. I n s t a l -  
l a t  ion,  maintenance, 2nd dismantling a s  employed by 

% t h e  p a r t i c i p a t i n s  coun t i e s  a r e  described. 

Ebana, Yasus. Conservation of S h e l t e r b e l t ;  No. 1 - Planting Test 
(wi th  sugi  ) . q-uar ter ly  Report Railway Technical Research I n s t .  
Japan, Vol. f ,  No. 2, 1960. 

Finney, X.A. Snow D r i f t  Control on the Highways; D e s i g n i q  t o  Control 
Dr i f t s ,  Types of Snow Fence, Resul ts  of Wind-Tunnel Tes t s  on 
Fencing. Can. Rngr,, Xarch 9, 1937, Vol. 72, No. lo:?-9. 

Snow d r i f t s  a r e  caused by t h e  deposit  of windborne 
snow on b a r r i e r s  t h a t  slow down the normal v e l o c i t y  
of t h e  wind. D r i f t  formations on highways may be 
prevented by d e ~ t g n i n g  proper highways and e r e c t i n g  
a r t  i f i c i n l  and n s l u r a l  snow fences. Right-of-way 
widths, grade I f  nss ,  shoulders ,  d i t ches ,  back s lopes  
and cu t  sect  ions i n  highways must be made wide 
enough t o  provide s torage  space f o r  t h e  accumulation 
of snow. There a r e  14 types of a r t i f i c i a l  snow fences:  
the  hor izon ta l  s l a t  type,  the  v e r t i c a l  s l a t  type, t h e  
s o l i d  type,  sne t h e  emergency type. Wind tunne l  t e s t s  
i n d i c a t e  t h a t  a snow fence ,  6 in.  nbove the ground 
with a b ~ r r f  e r  of SO$ open spacen, 1 s  most e f f i c i e n t .  
A r t f f i c i a l  snow fences a r e  e r e c t e d  i n  l o c a t i o n s  of 
previous d r i f t i n g  and by studying t h e  topography alo& 
the roadway. F i f t e e n  f t .  f o r  each f o o t  of he igh t  of 
fence i s  the recommended d is tance  from the  roadway. 
A n a t u r a l  snow fence c o n s i s t s  of t r e e s  or shrubs 
planted i n  groups or i n  s ing le ,  double o r  mul t ip le  row 
b a r r i e r s  and i s  b e s t  adapted where permanent snow 
fences may be l e f t  i n  place t h e  year round. The effec-  
t i v e  areR of a t r e e  b a r r i e r  i s  about 16 f t .  from t h e  
edge of the  t r e e s  t o  each f t .  of t r e e  he igh t .  



Frasex , C. Controhlinj? Dr i f t ing  Snow wi th  Inc l ined  Snow Pence. 
Re t t e r  l?oads, Oct. 1950, Vol, 20,  No. 13:25-26. 

S l a t  fences r a i s e d  above t h e  ground and inc l ined  ~t 
qn angle towsrd the wind were used by the  Owen Sound 
d i v i s i o n  of fhe  Ontario Dept. of Highways. S l a t  
fences increase  wind v e l o c i t y ;  conventional snow 
fences decrease wind vs loc i ty .  It was round t h a t  2.5 
t o  3 f't. wns the most s a t i s f a c t o r y  d i s t ance  from t h e  
lower edge of a 4-,ft. fence t o  the  ground, and an  
i n c l i n a t i o n  of 45 t o  80' with the  h o r i z o n t a l  was 
s a t i s f a c t o r y .  Most s u c c e s s f ~ ~ l  fences  were those  
erected a t  t h e  s i d e s  of roads which were lower i n  
l e v e l  than surrounding ground. 

Fuchs, Alfred,  Report on Fdind-Tunnel Experiments w i t h  Wind-Raff l e  
Nodels. Text i n  Serman. Forschungss te l le  Lizum, Lawinendienst 
Innsbruck (Aust r i s  ) , Aug. 2 7 ,  19514. 

Airflow  att terns around wlnd-baff l e  models were 
s tudied a s  b a s i c  t o  a knowledge of snow accumulation. 
The e f f e c t s  of v a r i a t i o n s  i n  wind ve loc i ty ,  i n  the 
wind-to-baf f l e  angle, and i n  t h e  clearance between 
b a f f l e  and ground f o r  square b a f f l e s  on l e v e l  su r faces  
and i n  depressions a r e  t r e ~ t e d  a s  w e l l  n s  flow p a t t e r n s  
around t r i a n g u l a r  X-shaped b a f f l e s .  The observa- 
t i o n s  show t h a t  a i r f l o w  p a t t e r n s  a re  Indenendent of 
wind v e l o c i t y ;  t h a t ,  with constant  b a f f l e  c ross  s e c t i o n  
t h e  pa t t e rns  & r e  slrnost independent of the shape of 
t h e  b w r d ,  provfdsd t h e  d i f fe rences  i n  shape a r e  not  
too  g rea t  ; t h a t  wind-to-baff l e  angles w i t h i n  200 of a 
r i g h t  angle have l i t t l e  e f f e c t  on t h e  flow pa t t e rn ,  
whi le outs ide  t h i s  range condit ions change r a p i d l y ;  
and t h a t  l~round-t~3-bilffle c learance i s  not s i g n i f i c a n t  
when eaual  t o  a t  Least 1 /3  of t h e  b a f f l e  he ight ,  Flow 
d f a g r ~ m s  Rre g-9aran i n  t h e  sppendices. 

Glanv i l l e ,  W.H. Snow an3 Ice .  Report of t h e  Road Research Board, 
1951, 54-56. 

Preliminary t e s t  r e s u l t s  of 2 s e t s  of  f ences  i n d i c a t e  
t h a t  good drif t - forming c h a r a c t e r i s t i c s  a r e  produced 
by fences  with an aper tu re  a r e a  equal  t o  t h a t  of the  
s l a t s  between, with widths ranging from 1-3 i n .  The 
use of s a l t  f o r  snow and i c e  removal i s  b r i e f l y  d i s -  
cussed. Only  nou ugh s a l t  t o  r a i s e  the l i q u i d  water 
content t o  50z for, t h e  snow i s  necessary. This re- 
quirement i s  1/90 lb, s ~ l t / s ~ ,  yd.  of road f o r  each 
i n ,  of snow an$ f o r  each OF of ambient temperature 
below 3 2 O ~ .  The mounts  necessary f o r  various snow 
depths and a i r  t s n p e r a t u r e s  a re  graphed. 



9a l lborg ,  Sten,  Dl f fn ren t  Types of Snow Fences ~ n d  Their   unction, 
T e x t  i n  :';wedish. Svenska Vtjglnst. Medd., 1943, vole 67:S-8. 

Snow fences  s r e  c l e s s i f i e d  according t o  t h e i r  f u n c t i o n  
in to  2 mgin types ,  the  accumulating and the  de f l ec t ing .  
X R C ~  group i s  f u r t h e r  c l a s s i f i e d  as  s t a t i o n a r y  o r  
movable, open or  c losed fences. The accumulatin~g type  
i s  discussed. Open fences t-tre charac ter ized  by t h e i r  
ape r tu re  r a t i o ,  which i s  t h e  r e l n t i o n  of space between 
the s l ~ t s  expressed i n  percentage of t h e  t o t a l  sur face .  
.In . ?pe r twe  r a t i o  of 50% W ~ S  t h e  most s a t i s f a c t o r y ,  
Mire fences of trhe h o r i z o n t a l l y  open type include 
emergency fences  mnde of straw bands, twigs and 
branches t h a t  were used with good r e s u l t s  during World 
War 11. 

Hallberg,  Sten. Foreigh Inves t iga t ions  i n  t h e  Capacity of Snow 
Fences t o  Accumulate Snow. Text i n  Swedish. Svenska ~ H g i n s t ,  
r%dd,, 191+3, V O ~ ,  67:46-41. 

F in lay '  s  (ITSA) sca le  model experiments a re  reviewed 
and summarized. ~ 6 k k e n t v e d f  s  e en mark) measurements 
of t h e  wind sp?ed taken 25 cm. off  the ground a t  
d i f f e r e n t  clist snces behind snow fences a r e  described. 
The r e s u l t s  sr9 .t;~.bulated R R  R func t ion  of d i s t ance  
on t h e  percentage of reduct ion  of wind speed, Danish 
end 9ermn experimental  r e s u l t s  with v e r t i c a l  nnd 
inc l ined  fence s fndico t e  the s i g n i f  icenco of  ape r tu re  
r a t i o .  Fencc3~ ~ 7 t h  <an a ~ e r t u r e  r a t i o  of 50% gave b e s t  
results. It i s  concluded t h a t  ~ e r o d y n m i c  s c a l e  model 
experfment s m y -  e ive  i n d i c a t i o n s  a s  to t h e  cons t ruc t ion  
of anow fences btnt only f u l l - s c a l e  f i e l d  t e s t s  give 
r e l f a b l e  r e s u l t s ,  

Mnllberg, dten. l\!Je~surement s of :d ind  Kovement a t  Snow Fences. 
Text f n  Swedish. S r e n ~ k ~  V#ginst. Medd,, 1943, Val. 6 7 ~ 5 2 -  
65. 

Fu l l - sca le  k e s t s  were conducted during 1941-42 on tke 
i c e  of f a l a r e n  Lake t o  determine wind ve loc i ty  a t  
snow fences  of d f f f e r e n t  cons t ruc t ion  and angle  of 
i n c l i n a t i o n .  "our-m, s e c t i o n s  were e rec ted  i n  32-m. 
l eng ths  and exposed t o  t h e  f u l l  impact of wind a t  
and 8 sec./m. The wind d i r e c t i o n  was measured a t  72 
po in t s  with a v e r t f  c a l  ne t  of s i l k  s t reamers  f a s t ened  
t o  hor i zon ta l  lines, Streamer movement was recorded 
photograph1 c ~ l l y  nnd by drawings. Wind speed was 
obtained a t  32 po in t s  w i t h  anemometers. The experi-  
mental r e ~ u l t s  w i t h  23 fences  of var ious  types and 
designs a r e  t abu l s t ed .  The e f f e c t s  of ape r tu re  r a t i o ,  
angle of inc l ina  t i o n ,  and snow s h i e l d s  on snowdrift  
formation a re  discussed. No d e f i n i t e  conclusions a r e  
drawn. 



5 s l l b e r g ,  Sten. Some Viewpoints Concerning t h e  Construct ion of Snow 
Fences; 4 Comparison netween the  Wire Fence and tke Chain Fence. 
Text i n  Swedish. Svenska V#ginst. Medd., 1943, Vol, 67: 39-45. 

The s t ~ b i l i t y  of a snow fence agains t  wind pressure 
depends on the -anchor posts .  This r e s i s t a n c e  capa- 
c i t y  was calculnted a s  a func t ion  of t h e  h o r i z o n t a l  
wfnd pyessure a t  1 - m e  he igh t  expressed i n  @/me 
fence. The r e s u l t s  a r e  p ~ e s e n t e d  f o r  11 d i f f e r e n t  
s t y l e s  of' anchor pos ts ,  ! 'a ter ia l ,  dimensions, shape, 
he ight  oves f r e e  ground and depth i n t o  sand anc c lay  
ground a r e  z iven  and t he  d i f fe rence  i n  r e s i s t a n c e  
capacfty i n  these  s o i l  typo9 a r e  s t a t e d  i n  kg. It 
was found t h a t  t r u s s e d  poles  had b e t t e r  r e s i s t a n c e  
than thoss  eauipped w i t h  znubber p l a t e s ,  A good fence 
must be of minimum weight rind volume and easy t o  
handle. The wFre fence meets a l l  the se requirements 
but 1~ cks d u r a b i l i t y .  A simple method fop s t o r i n g  
board fences i s  described. 

Hallberg, Sten, Types of Snow Fences Used i n  Sweden, Text i n  
Swedish. Svenska VUginst. Medd., 1943, Vol. 67:8-38. 

Detai led f i e l d  s t u d i e s  were designed t o  i n v e s t i g a t e  
m i t a b l e  cons t ruc t ion  and t ime u t i l i z a t i o n  i n  e r e c t i n g  
and dismantling snow fences.  The study included ver-  
t i c a l  and inc l ined  designs of v e r t i c ~ l  and h o r i z o n t a l  
s l a t  fences,  both commercial and home-made. Yood 
m a t e r i ~ l s ,  shape, snchorago, t ruas ings ,  ex tens ion  
mechanisms and locks a r e  ilescrfbed and c l e a r l y  i l l u s -  
t r a t e d .  Each type of fence was t e s t e d  i n  47-m. 
lengths  exposed t o  e a s t e r l y  winds. Extended t ime 
s t u d i e s  of e r e c t t o n  w e  suggested i n  order t o  save 
t ime and money, Snow s h i e l d s  of  German design were 
not s a t i s f a c t o r y ,  

R j o r t  , Ivsr .  CJontribntion t o  Snow Protec t  ion; Some Experiences 
from +he Last  'dinterse Text I,n Swedi&. Svenska VHgfBrening. 
T i d e  , 192R, Vol. 15:215-723. 

Various types of snow fences  used i n  Sweden a r e  d i s -  
cussed. The s p e r t u r e  r a t i o  and t h e  hefght of' a board 
snow fence a re  more important than horf z o n t a l  o r  
v e r t i c a l  construct ion.  Horizont a1 f ances accumulate 
snow over n w-lder area.  An ~ p e r t u r e  r a t i o  of 2:3 in 
1, 3-me high s ~ o w  fences  placed 10-29 m e  from the  road-  
s ide  proved s a t i s f a c t o r y  i n  c e n t r a l  Sweden, and a 
height  between 1.7-2 m e  was adequate i n  Norrland. An 
open space of 15-20 cm. between t h e  ground and lower 
fence board i? economical and e f fec t fve .  



IIuber, ALTred. Paper Mesh a s  Protec t ion  Against Snow Drf f t s .  Text 
i n  German. Schweiz. Z. Forstwesen, Dec. 1949, Vol. 100: 
592. 

Extensive experiments with severa l  types  o f  snow 
fences  were c a r r f  ed out i n  Germany during Iqorld 
'Asr 11, The experimental meshes cons is ted  of 
turned paper twines, 2-5 mm. i n  diameter, impreg- 
nated with creosote ,  and with a mesh width of 2-5 
cm. The 2 edge hems were each. r e in fo rced  w i t h  a 
s t e e l  wire on trhich the mesh could be hung and 
s t retched.  The meshes a r e  Fight-weight, low i n  
cos t ,  easy t o  ~ : r e c t  and disinantle, s t rong and 
durable. 

I n a z m i ,  Toyoji and Mrsao Shiotani .  A Study of Snow Fences. Text 
en Japanese. ~ z k y z ,  ~ e t s u d G  Gi ju tsu  ~enkyc-sho,  1950. 

The r e s u l t  8 of l abora to ry  expnriment s and f i e l d  
surveys on snotr fences,  conducted from 1939-1942 
a r e  presented. The e f f e c t s  of type and he ight  of 
snow fences on r e s u l t i n g  snowdrif ts  a r e  reported.  
A c r i t f c a l  he ight  e x i s t s ,  which i s  a func t ion  of 
c l ima t i c  condit ions .  The c r i t i c a l  he igh t  i s  appro- 
ximately 4 m i n  most p a r t s  of Japan. It i s  conclu- 
ded t h a t  a s o l i d  fence over 11 rn i n  height ,  placed 
p a r a l l e l  t o  t h e  r a i l r o a d  a t  d i s t ances  of 20-40 m i s  
t h e  most e f f e c t i v e  measure. 

Inazumf, ,Toyojlt, Snow Fences and Snowdrifts. Text i n  Japanese w i t h  
Engli  sh summary. J. Iv~eteorological Soc. Japan, 2d Ser., Dec. 
1940, Bol. 18: 387-392. 

Resul t s  of wind-tunnel and smoke t e s t s  t o  study t h e  
snow fence-snot:drif t r e l a  t i o n s h i p  a re  described. 
The pos i t fon  and amount of d r i f t s  a r e  c l o s e l y  pe la ted  
t o  changes i n  r t r saml ines  of the  wind caused by t h e  
placement of snow fences.  

Jones, T.W. Snow IIedzes i n  Simcoe County. Photostat  of Roads and 
 bridge^, May 1945: 132-133. 

Snow fences arc u s e d  u n t i l  t he  p ~ o t e c t i o n  of t h e  newly 
p lanted  t r e e s  can become e f f e c t i v e .  

Kabanov, P.G. Snow Transfer Influenced by Weather. Text i n  Russian 
w i t h  Englf sh summary. ~ o a i a l i s t  i che  skoe Zernovoe ~hozf?I%stvo 
(Sara tov) ,  1936, TTol. 6 ,  No. 1:80-89. 



Conditions of snow t r a n s f e r  were s tud ied  during 
1932-1935 near Sara t  ov, 'Jincl ve loc i ty ,  snow-cover 
densi ty ,  surface condi t ion  and moisture content a r e  
the p r i n c i p a l  f a 5 t o r s  determining snow t r a n s f e r .  
'Jind i n i t i a t i n g  snow t r a n s f e r  a l s o  causes snow corn- 
paction, ~ h i c h - - ~ r e v e n t  s  f u r t h e r  d r i  f t i n g  , Even 
l i g h t  wind (1-2 m,/sec.) fGrms a t h i n  i c e  c r u s t  
over t h e  snow surface ,  linds a t  7-12 m./sec. 
produced a  dense c r u s t  cm. t h i c k  w i t h i n  2-3 days. 
E:snsive snow t r a n s f e r  occurred st a i r  temperatures 
below -5oC, Snord fences wi th  502 open spaces can ' 
r e t a i n  most snow d r i f t e d  by winds a t  5-10 m./sec. 
More compact snow fences  are  needed a t  wfnd velo- 
c i t i e s  over 10 m,/sec. 

Kayser, J, Snow Research i n  t h e  i.rdennes, Text i n  German. TTnter- 
suchungen tjber Schnoe und Schneeschutzanlagen an Straseen,  by 
K a r l  Croce and Jose? lCayser, Por!schungsarbeiten aus dem 
Stragsenwesen, 1949, No. 6:s-20. 

Tes t s  were conddcted on a road s e c t i o n  running in  
a north-south d i r e c t i o n  t o  determine the  inf luence 
of fence type, he ight ,  s l a t  spacing, d is tance  from 
the ground, and the  shape ard p o s i t i o n  of t h e  s l a t s  
on the loca t ion ,  form, height  and length of  t he  snow 
depos i t ,  S l a t  nnd board fence sec t ions  t e s t e d  
r m g e d  from 23-71! rn. i n  length ,  1.1-1.7 m. i n  
he ight ,  and 0-0.35 m. a.bove t h e  ground. Distances 
between fences and t h e  edge o f  the  road ranged from 
15-35.3 m. The observat ions a r e  presented i n  t h e  
form of 7 p r o f i l e s  including date of recordings,  
wf nd d i rec t ions  snd speed, temperatures,  snow d e n s i t y  
snd snow thickness .  The r e s u l t s  show t h a t  the  fence 
he ight  inf luences  t h e  snow deposit  l eng th  and he ight  
only e f t e r  a  pro-longed d r i f t i n g  period. The d is tance  
of the snow deposit  from the fence  and t h e  snow 
depos i t  length grow wi th  increas ing  he ight  above the 
ground and decrease with decreasing he igh t s ;  the 
snow depos i t s  n e w e r  to  fences with closely-spaced 
s l a t s ;  t e r r a i n  s iopf  ng downls~.rds behind t h e  fence 
diminishes the  deposi t ;  snow accumulates near  t h e  
fence t~hen t h e  angle of incidence i s  large.  Wind 
ve loc i ty  i s  t h e  riost i n f l u e n t i a l  element i n  t h e  
depos i t ion  of snow. Recornmendations f o r  loca t ing  
fences on t h e  b a s i s  of t h e  observat ions a r e  made. 

TComarov, A .  A .  Ways of' Increasing the  Ef f i c i ency  o f  Snow Fences. 
Trudy Transportno-Energeticheskogo I n s t i t u t a ,  1954, No. 4: 
119-126. Trans la ted  by G. Relkov, Tech. Trans la t ion  1'395, 
Divis ion of Rtiilding Research, N.R.C., Ottawa, 1963. 



Komarov, A.A. Some R u l e s  on the  >!@ration and Deposit ion of Snow 
i n  Wentern S i b e r i a  and Their  Applicat ion t o  Control E ~ ~ s u P ~ s .  
T r u d y  Transportno-Triergeticheskogo Ins  t i t u t a ,  No. 4: 89-97, 
1954-. Trans la ted  by G. Relkov, Tech. Trans la t ion  1094, Divf sf  on 
of Pui lding Research, N.R.C., Ottawa, 1963. 

Komarov, A.A. Use of Snow Fences f o r  Snow Retention, Text i n  
Kussian, Dost izheni ia  Nauki i Peredovoi Opyt v Sol' skom 
Khozf nf s t v e ,  1955, ?.To. 1:51-52, Jan. 1955. 

The e f f e c t s  of snow fences  on wEnd v e l o c i t y  and snow 
accumulstf on araund fences are  discussed, and r e s u l t s  
of experiments during 1952-53 a r e  reported.  Resul ts  
shoved t h a t  snow fences  about 75% open and 1 m. 
high are b ~ s t  f o r  a g r i c u l t u r a l  purposss because the 
snowbanks t h a t  form behind them a r e  smooth and wide, 
'q'ind speed behind this type  of snow fence i s  de- 
creased by 15-205 find the  width of t h e  snowbank i s  
25-39 t i n e s  the he ight  of t h e  fence. 

Konno, X., A. I n a i  and K. Maruyana. An I n v e s t i g a t i o n  on the  Wooden 
Fence f o r  Ppeventing the Growth of Cornice. Text i n  Japanese 
with English summary. seppyE, March 1956, Vol, 17, No. 3: 
18-20. 

The r e s u l t s  of i n v e s t i g a t i o n s  on t h e  growth of snow 
cornices  and the e f f e c t i v e n e s s  of closed and open 
fences f o r  preventing cornice  formation a re  reported,  
and da ta  are  t abu la ted ,  Cornf c e s  grow on mountain 
top3 at  R r n t e  of 4 cm. i n  19 a i n .  with n wind of 
11 m./sec. A s  t h e  cornice  reaches a  l e n g t h  of 20 crn. 
i t  bends under its own weight and keeps growing a s  
t h e  wind cont inuss ,  Experiments with closed fences  
showed that the raind v e l o c i t y  a t  the t o p  i s  1.4 t imes 
h igher  than a t  any other  poin t ,  Fences w i t h  a 70 cm. 
gep a t  t h e  bottom cause the  wind stream t o  d iv ide  a t  
a point 0.5-1.9 m. below the  top,  and snowflakes 
passin2 t h r o w h  the gap a r e  deposi ted 10-15 m. beyond. 

Korolef'f, A, Snow Fences o f  Paper Mesh. Pulp & Paper Mag, Can., 
Jan. 1950, Vol. 51, No. 1:110. 

Snow fences made of sp in  paper and Impregnated w i t h  
creosote  proved satisfactory i n  Germany but t h e i r  
use was discontinued a f t e r  19f~S. A paper mesh 
fence with wire reinforcement i n  both  selvage edges 
t o  prevent sagging and t r e a t e d  t o  be weatherproof, 
waterproof, and ro tproof ,  was manufactured i n  Canada 
by the Nat ionzl  Aesearch Gouncf l of Canada. 



Kreutz, bJ. Investig8.t %ons o f  Snow Accumulation a t  Snow Fences, 
Text i n  Germen. S t r a s s e  u, Autobahn, Feb. 1954, Vol. 5:36-37. 

Resu l t s  of i n v e s t i g a t i o n s  on the e f f i c i e n c y  of 
wooden-slat and f i b e r - n e t  snow fences c a r r i e d  out 
a t  the  Giessen Agrometeorological Research Stat ion  
(Germany) i n  t h e  winter of 1952-53 a r e  discussed. 
Snowdrift p r o f i l e s  a t  both types  of  f ences  a r e  
diagra~nned an6 aerodynamic e f f e c t s  are analyzed. 
F iber  fences were found more e f f i c i e n t  i n  catching 
snow. 

Kuroda, T. '~RSRWO and Koreo Kinoshita.  Wind-Tunnel Experiments on 
Snow Fences. Text i n  Japanese. ~ikwagaku- enk kc- jo i12;5, Aug. 
1940, Vol, 19, No. 8:117.5-1191. 

Vind-tunnel s tud ies  on model snow fences a r e  des- 
c r ibed  and i l l u s t r a t e d ,  Greater e f  f icfency i n  
d r i f t  con t ro l  can be obt0ained hy placing a secon- 
d a q  fence behind t h e  main fence a t  a distance 
equal t o  10 times t h e  he ight  of the l a t t e r ,  Addf- 
ti onal  experiment s gave in f  orma.tion on t h e  formation 
of snow corn1 ces, 

Kuztmin, T.1 ,  Actlvu Snow Control Measures, Text i n  R u s s i ~ n ,  
Gornyi Zhurnal, Jan,  1958, No, 1:69-71. 

Active snowdrif t -control  measures used a t  t h e  Moril' sk 
I n e u s t r i a l  Combine ( l o c a t e d  i n  a mountain a rea )  a r e  
described; var ious snow fences a r e  i l l u s t r a t e d ;  and 
air-f low diagz*an;s a r e  presented. The p r i n c i p l e  of 
t h o  a c t i v e  method, which i s  most e f f e c t i v e  a t  wind 
speeds not exceeding 8 rn./sec., i s  t o  a c c e l e r a t e  
a i r  flow a t  the  bottom of the  fence so t h a t  it w i l l  
carry t h e  snow a c r o s s  the ares t o  be protected.  The 
most e f f e c t i v e  fences  a r e  those  b u f l t  without angle 
brackets  and provided w i t h  d e f l e c t o r s  a t  t h e  t o p  (on 
the windward s i d e ) .  Such fences  may be i n s t a l l e d  a t  
angles as low a s  20' t o  t h e  wind. Portable  snow 
s h i e l d s  a r e  i n s t a l l e d  59-70 m, i n  f r o n t  of t h e  fences 
and a t  a s l i g h t  angle t h e r e t o  t o  increase  e f fec t ive -  
ness of the  fences during weak winds, Higher fences  
a r o  used. with a ground clearance of up t o  3 m. on 
slopes of more than 4.s0. The angle of i n c l i n a t i o n  
of t h e  fences con be var ied  from ~ ~ - 4 5 ~  t o  t h e  ver- 
t i c a l ,  The fences  a r e  i n s t a l l e d  3 m. from t h e  
center  of ra1lwa.y~ and on the  ou te r  f r i n g e  of roads  
or a t  t h e  foot, o f  embankments, Snow i s  t ranspor ted  
6-8 m, from the  fences and deposited beyond roads 
d ~ x r  ing storms, 



Ruztmin, P.I. Increasing t h e  Eff ic iency of  Snow Fences of t h e  Wind 
Direct ing Type. Text i n  Russian. Avtomobilr nye Dorogi, Oct. 
1960, V o l .  23, No. 10:29-21. 

An illustrated account i s  fiiven of r e sea rch  i n  t h e  
USSR on the aerodynamfc p r o p e r t i e s  of snow fences.  
Diagrams show the e f f e c t  of fence  design on band 
v e l o c i t i e s  at various heigk-ts; angled wind r e f l e c t o r s  
increased the wind ve loc i ty  by 83$, ensuring a snow 
f r e e   trip up t o  26 f t .  i n  width. 

Lambert, Gerald David. Snow Fences and D r i f t i n g  Snow. Univ* Sas- 
katchewan, Apr i l  1949 (Thesis ) . 

Th9 use of snow fences and hfghwriy design f o r  d r i f t  
cont ro l  i s  reviewed, and r e s u l t s  a re  given of a 
b r i e f  s tudy on a snowdrift  deposfted s t  a fence 
during one severe b l i zza rd .  Amenn sp. gr.  of  0.275 
was determined $or t h i s  p a r t i c u l a r  depos i t ,  and an 
est imate of I--lie r e t a i n e d  3nOW i n d i c a t e s  t h a t  a snow 
fence, even when c l e a r  ~ n d  ~t m a x i g ? , ~ ~  e f f i c i ency ,  
i s  capable of t rqgyinp l e s s  then  h a l f  of the wind- 
borne snow. Constructf,on details a re  included f o r  
a snow t r a p  to  measurs d r i f t i n g  snow gfrnilar t o  t h a t  
designed by Ragnold fo r  sand, but lack of snowfal l  
prevented t e s t i n g  of t h e  device. Snowfall and d r i f t  
data f o r  the  P r a i r i e  Provinces a r e  t abu la ted  and 
grnphed. 

Lawrance, M.G. D r i f t  Control  by Snow Fences. Surveyor, December 
12, 1911'7, Vol. 196:643-645. 

The more common m d  some unusual types of snow fences  
u s e d  i n  var ious count r ies  a r e  described. The t h r e e  
main methods of snow con t ro l  along roads c o n s i s t  of 
zdequate desf.cn, permanent n a t u r a l  snow screens of 
t r e e s  and shrubs and snow fences,  Snow fences  
cu r ren t ly  used may be c l a s s i f i e d  a.s closed, open and 
emergency fences. Open-type fences a r e  cheaper and 
more e f f e c t i v s  than the closed type. Open fences 
usua l ly  consf s t  of v e r t i c a l  o r  h o r i z o n t a l  s l a t s .  
An aper tu re  r a t i o  of about TO;% i s  t h e  most e f f e c t i v e .  

Lyon3, 1% A .  Snowfense and Pemnnent ?{edges a r e  Tflanitobat s Iflost 
T f f e c t l v e  Means of Winter Road Maintenance. Roads and Rrfdges, 
Oct. 1?L!3 :n1-82. 



I d ~ r r i t t ,  I .C. Plant'ng of Snow Wedges. Roads and Bridges, Nay 
1945: 66-67. 

Moore, Henry J. T I e d ~ e s  qecluce ?now-Plowing Cos%s, Roads and 
!<ridge s , ~ a y  1945 : 6/4-66, 

Beauty of roads permanently enhanced, ~dhilt? cos t  
of p lant ing  i s  saved wi th in  few yea r s  bT reduc t ion  
on expense of winter maintenance, 

~pfkkentved , C.  D r i f t  Formation s t  Snow Fences. Stads-og Ra.vnein- 
genibren, 1939, Vol, 30, N o .  8:111-114, 

Pugh, 13, L b l ,  Do and !tf.I.J. Price,  Snow Driifting and The Tfse of 
Snow Ii'ences. Polar Record, Jan. 1954, Val. 7, No. 47:4-234 

i4echanics of snowdrif t i n g  and formation of d r f f t s  
a r e  b r i e f l y  discussed. The lowest wind speed asso- 
c i a t ed  with d r t f t i n z  i s  approximately 10  rn.p.h, The 
3 w i n  fence  types  nre  c l a s s i f i e d  accordfng t o  func- 
t i o n  a s  loading, blower and c o l l e c t i n g  fences,  
Several  fence  designs a re  i l l u s t r a t e d  and described. 
Typical arraneernent s of c o l l e c t f r g  snow fences a r e  
i l l u s t r a t e d ,  

Pugh, H ,  12, D. Snow Fences. Dspt. Sci ,  Ind, Research, Road 
Research Tech. Pe.per No, 19, London, FI,M,S,O., 1950. 

The paper i s  9 r e p o r t  of present  p r a c t i c e s  and of 
research on snow fences  done i n  America, Scandinavia, 
and Gsrmmy. Leading fences  a r e  designed t o  l ead  
snow t o  h o l l o k ? ~  i n  t h e  ground. Leading fences a re  
used i n  Norway where snow-bearing winds vary l i t t l e  
i n  d i r e c t i o n .  Col lec t ing  fences d e p ~ s i t  snow on t h e  
ground by slowing t h e  wind before  t h e  wind reaches 
the road ,  Col lec t ing  fences  a re  l o c ~ t e d  on the 
windward s ide  of t h e  road, p a r a l l e l  t o  t h e  road, 
with sec t ions  staggered a t  an angle  t o  the  road, 
o r  wing staggered on both s ides  of t h e  road. The 
d i r e c t i o n  of the wind and of the  road govern t h e  
arrangement of t h e  fences,  The resea rch  of Finney 
and ~ p f k k e n t v e ~  on wind t u n n e l  model fences is 
reported.  Vach type of f e ~ c e  produces a charac ter -  
i s t i c  edgy area  i n  whfch snow i s  deposited.  Eddy 
a rea  depends on wind speed, he ight  and cons t ruc t ion  
of the  fence .  An open fence, 505 covered wi th  s l a t s  
gives  optimum eddy a rea ,  Clugging i s  prevented by 
e l e v a t i n g  the fence  6 i n ,  from the ground. 



Fobbins, S . A .  "'heory nnd Prect tce  i n  Snow-Pence Erect ion.  Can* 
Trier., kt .  18, 193R, 1101. 75, 30.  16:16. 

The amount of enow t r a n s p o ~ t e d  a n d  t h e  snow p a r t i c l e  
e ize increase  with wind ve loc i ty .  Snow i s  deposited 
from t h e  :-rind stream when t h e  wind s lackens and i n  
the  presence of downward eddies. Moist snow w i l l  
s e t t l e  more e ~ s f l y  than dry  snow. Obstructfons such 
a s  a snow fence,  house, t r e e ,  o r  k n o l l  w i l l  produce 
turbulence ~ n d  decrease t h e  wind v e l o c i  t y  causing 
a temporary l o s e  of car ry ing  power. The proper 
loca t ion  f o r  a .*now fence i s  dependent upon ground 
contour, wind ve loc i ty ,  road depth below bank, and 
others .  Snow fences  a r e  normally 4 ft.  high and 
cons is t  of weatherproffed wooden s l a t s  0.375 in.  
th i ck  by 1.5 i n ,  wide, spaced 2 in.  a p a r t .  The 
s l a t s  a r e  woven between 5 double s t r ands  of  NO. 1 3  
or  12 gauge g.?lvanlesd s t e e l  wire.  Spec i s l  s t e e l  
pos ts  with stnneard l eng ths  of 7, 7,5, 8, or 8.5 f t .  
R F ~  ernbedded 3 f t .  i n  t h e  ground. The fence i s  
erec ted  on thr3 ~ o s t s  6 in .  above the  ground l ine .  

Rohbins, 7.4.  Theory and Prac t i ce  i n  Snow-Fence Erection. Highway 
4 ??ac , .Tan. 1939, Vol. 30:>-7. 

Rode, A .  Snow Fences. Text i n  Worwegian. Medd. ~ e ~ d i r e k t b r e n ,  
Yay 1926, Vo. Si09-70. 

Snow fences  u t . i l l z inp  tvliqs, juniper,  scrub and 
henther  nre descrfbed.  The mate r i a l  was i n t e r -  
woven on rows of' wires  suspended between wooden 
pos t s  3-5 m. hifrh xnd spaced 3 rn. apar t .  The 
fences a re  inexpensive, easy t o  maintain,  and 
e f f i c i e n t  f o r  use i n  nor thern  Norway. 

Sa i to ,  Yogo. Prevent ion  of Cornice Formation by T*looden Fences. 
Text i n  Japanese, Researches on Snow and Ice,  N O V ~  1953, 
No. 1:119-122. 

The formation of snow cornices  i s  described,  and 
experiments on cornice c o n t r o l  a r e  discussed. 
Studies  were r ~ d e  with fences  erec ted  on embank- 
ments a t  varyj.n,z an,gles t o  the  v e r t i c a l  and t o  
the wind. i f low c3ia,srarns and  c ross  sec t ions  of 
snow accumulations nre  presented. 

Sato,  Shoichi. On tke C r i t e r i o n  of t h e  Railwny Guard P a t r o l  
During 2 Snow Storm i n  Hokkaidoo Text i n  Japanese. S ~ P P Y ~ ,  
Plnrch 1962, Vol. 34, No.  2:21-26. 



Accumulation of d r i f t i n g  snow was observed on an 
experimental f i e l d  1 rn, deep, 4.5 m. wide,  and 8 rn, 
long on the N. coast  of  Tlokkaido. The f i e l d  repre-  
seqted R s e c t i o n  of railway. The c r i t j c a l  values 
of temperature ~ n d  wind v e l o c i t y  a t  which t h e  r ~ t e  
of ~ccumulc?.tl.on r e ~ c h e d  more than  1'3 cm./hr, were 
obtained, and the data  graphed and tabula ted .  A 
cllagr~m of tho c r i t e r i a  f o r  railway p ~ t r o l  opera- 
t i o n ~  i n  Tlokk~ido durinz snowstorms wns constructed 
on t,he b s s f ~  of these  f indings.  

Schneider, T , R ,  Problems Studied a t  t h e  Experimental Snow-Drift 
F ie ld  i n  Sfls-Marla, Tngadin, Text i n  German. S t rasse  und 
Verkehr, Jan.  1961, Vol. 47, Ho. 1:35-38. 

The establishment of an e p e r i m e n t a l  f i e l d  t o  study 
the  e f f e c t s  of design an0 t h e  use of var ious  
m a t e r i a l  on t h e  e f fec t iveness  of snow fences,  ih 
Sils-Naria,  Engaden (Switzerland) i s  described, 
A t  t h i s  f i e l d  s e v e r a l  types of  24-30 rn. long fences  
were constructed and t e s t ed .  The fol lowing condi- 
t i o n s  a r e  found a t  Sils-Rsria:  (1) The wind f a c t o r s  
a re  favorable .  ( 2 )  The f i e l d  has  an adequate snow 
cover, ( 3 )  The f i e l d  i s  hor i zon ta l ;  any i n c l i n a t i o n  
would lead t o  d i s t o r t i o n s .  (4)  The f i e l d  i s  s u f f i -  
c i e n t l y  la rge .  ( 5 )  The f i e l d  i s  e a s i l y  access ib le  
during the  e n t i r e  winter season, (6)  Meteorologf c a l  
s t s t i o n s  and observs t ion  s t a t i o n 3  f o r  avalanches 
e x i s t  ne~irby. The r e s u l t s  o f  t h e  f i r s t  yea r  of 
snow-drlft observat ions a r e  b r i e f l y  d l  scussed. 

Schubert, E, Form nnd :!agnitude of Snow Accumulations around Snow 
Fences, Text i n  German. Organ For t  schr. Xisenbahnwesens, 
1902, ?Jew Ser,  39:l-4, 

';:xperirnent s  m ~ d e  i n  Germany i n  1901 with various 
snow fences a r e  described, and t h e i r  e f fec t iveness  
f o r  snowdrift con t ro l  on r a i l r o a d  r ight-of  -ways i s  
evaluated,  Fences s tud ied  cons is ted  of 15-cm, 
boardfi spaced R t i n t  e r v ~ l  s  of 5-15 cm., 3-9 mm. 
wire mesh, reed fences ,  coconut web, and closed 
board fences.  The f ences  were e rec ted  a t  angles  
of 33O-750 i n  a continuous row fac ing  the  wind. 
T h e  height  of t h e  fences ,  measured normal t o  t h e  
ground, rangecl from 1.5-3 ,m. The wind v e l o c i t y  
during the  t e r t s  var ied  from 8-15 m./sec. Pes t  
r e s u l t s  were obtained w i t h  a 9-mm. wire mesh fence.  
Snow p r o f i l e s  around fences  a r e  i l l u s t r a t e d ,  dia-  
prammed, and explained i n  d e t a i l .  



I 

Shiotrini, Masao and ilideo Arai . Vibliography on Snow S h e l t e r b e l t  s, 
Snow Fences ~ n d  13lowing Snow. Text i n  Japanese, Seppyz, Nov, 
1949, Vol. 11, No. 4:140-1I~9. 

!~bstracts  of 12 pspers  on s h e l t e r b e l t s ,  16 papers 
on snow fences,  and 8 papers on blowing snow from 
the Japanese and Russian l i t e r a t u r e  a re  presented, 

Smirnov, I .V. Snow neposit  s by A r t i f i c i a l  and Natura l  Snowstorms 
~ n d  f:ensurements of t h e  Dr i f ted  Snow, Text i n  Russian. Trudy 
Nguchno-Issl8dovntel~ skogo TJpravlanifZi N~rodnogo Komissariata 
~ u t e Y  SoobshcheniB, 1930, Vol. 109:79-8s. 

The r e ~ u l t s  of l abora to ry  experiments wi th  model 
mow fences  and roadbeds a r e  discussed. The snow 
deposi t  around  now-fence models i n  a pipe 120 cm, 
i n  d2am. with a i r  speeds of 8 m./sec, wae s imi lar  
t o  the  format:-ons observed under fPeld condi t ions.  
Rxperiments confirmed t h a t  the r a t i o  of t h e  a rea  
of t h e  snow doposit  t o  t h e  product of t h e  snowstorm 
dura t ion  and t.he h iehg t  of t h e  snow fence i s  cons tant ,  
Three types  of instrument s f o r  measuring amounts 
of d r i f t e d  snow (Kuznetsov, Tolstov and Sabinin 
meters) were t e s t ed .  Best r e s u l t s  were obtained 
with the  Znbinin meter. The Kuznetsov meter c o l l e c t e d  
about ItS-S9$ of the  d r i f t e d  snow. 

Smirnov, G . S .  Snow he ten t ion ,  Text i n  Russian. s o v e t s k a n  A V O -  

n o m i n ,  1953, VoL. 11, No, 1:80-81, 

Snow fences  (100 x 230 cm,) were arranged i n  a 
checkered p n t t e r n  before  t h e  winter of 1951-52 f o r  
snow r e t e n t i o n  i n  a !+ha, farm i n  the  I l e k  region 
(Chkalov province) . The mean maximum depth of t h e  
snov cover i n  snow r e t e n t i o n  a r e a s  was 62 cm, as 
conpsred t o  4 ? c c m  i n  reyions w¶-thout a snow re ten-  
t i o n  plan. Srow melting continued 3-4 dc?.ys longer 
i n  r e t e n t i o n  nreas  permi t t ing  complete absorpt ion  
of ~ l l  t h e  meltwater by t h e  s o i l ,  Snow fences  i n  
aome regions  cf t h e  southeast  cannot be obtained 
h e c ~ u s e  of wood shortage.  Snow r e t e n t i o n  by snow- 
plowing i s  f e a s i b l e  i n  t h e s e  a reas ,  

T ikhobr~zov ,  P. Sno' Retent ion,  Text i n  Pussian. Meteorologf - 
cheskir  Vestnik, Ju ly  1895, Vol. 5: 243-254. 

The e f fec t iveness  of var ious snow fences i n  snow 
r e t e n t i o n  were s tudied i n  1892-93 a t  t h e  Sezenov 
Monastery i n  t h e  Skvfrnya River va l l ey ,  Data on 
snow depths behind obs tac les  and t h e i r  v a r i a t i o n s  
during the  winter a r e  tabula ted .  Compacted snow, 



wood and brush were used t.o build t h e  snow fences,  
The height  of  the fences  ~ r l s  var ied  g r e a t l y ,  w i t h  
a maximum of 6 m. Deep depos i t s  of' snow ~ccumula ted  
behind snowbanks and fences  w i t h  small open spaces, 
but fences with l a rge  open spaces a f f e c t e d  d i s t r i b u -  
t i o n  over a wider a r e a  with l e s s e r  depth. 

Vitkevich, V , f ,  Snow Deposit8 N e ~ r  Fences of V ~ r i o u s  Forms. Text 
i n  Russian. ~ ~ e t e o r o l o ~ i c h e s k i ~  Vestnik, 1921, Vol. 31:215-220. 

Form and d e n s i t y  of snow depos i t s  with d i f f e r e n t  
type snow fences  were inves t iga ted  s t  Kuchino 
(near  ~ ~ o s c o w )  during t h e  wf n t e r  of 1919-20. Sol id  
snow fences  and fences  with h o r i z o n t a l  and v e r t i c a l  
s l a t s  were i n s t z l l e d  over nn ice-covered lake.  The 
fences with v e r t i c a l  s l a t s  r e t a i n e d  the  most snow. 
The snow d e p o ~ i t  near the  fence  indica ted  strong 
eddiefl, which prevented f u r t h e r  d r i f t i n g .  Poorest 
r e s u l t s  were obtained from snow fences with horizon- 
t a l  ~ l r i t s .  

l?lolff, 4. The Function of Snow Fences i n  illinter Road Maintenance, 
Text i n  Swedish. Svenska ~ ~ 8 ~ f d r e n i n g .  Tid, Ju ly  1941, Val. 28: 
154-176. 

Correct ly  placed snow fences ca tch  snow out s ide  t h e  
h9ghwsys through t h e i r  l ee -e f fec t .  This e f f e c t  i s  
sna.lyzed i n  view of t h e  s t u d i e s  of Finney, Trminger 
and ~ 8 k k e n t v e d .  Vnrious types  of snow fences a r e  
descri.bed i n  r e l a t i o n  t o  their e f fec t iveness ,  
cons t ruc t ion  and design. Tletailed s t u d i e s  on snow 
and l o c a l  wind v e l o c i t i e  s i n d i c a t e  the  importance 
of planning, construct ion  a n d  maintenance of  winter  
roads. A t a b l e  of d a t a  (1931-1938) from 700 s t a t i o n s  
f e a t u r e s  f i r s t  and l a s t  days, dura t lon  and th ickness  
of t h e  snow cover In  24 Swedish regions.  

'doodruff, :TOP. and A.  *I. Zingg. A Comparative Analysis of Vind- 
Tunnel ~ n d  Atmospheric Air-Flow Pa t t e rns  about Single and 
Successive Fa r r i e r s .  Trans. Im. Qeophysl. Union, A p r i l  1955, 
Vol. 36: 233-208. 

Atmospheric w i n d  v e l o c i t i e s  were measured a f t  of a 
3inzle  nnd R ~ ~ r i e s  of 3 ~ u c c e s s i v e  snow fences  and 
compsred to  v e l o c i t i e s  m e ~ ~ u r e d  n f t  of models of 
t h e  fences placed  i n  s wind tunnel ,  Resul t s  fndi -  
c a t e  t h e  wind-tunnel approach g i v e s  a reasonable 
es t imate  of ths e f f e c t i v e n e s ~  of f u l l - s c a l e  aurfa-ce 
h a r r i e r s  under strnospheric condi t ions.  f t i s  a l s o  
shobm t h ~ t  A s e r i e s  of 3 successive b a r r i e r s  i s  
not enough t o  ~ b t a i n  a benef'icial accumulative 



pround e f f e c t .  2 reneral. lessening of  ve loc i ty  
~7th d i s tnnc3  t r ~ v s l l e d  over the successive b a r r i e r s  
indicateq,  howevsr, t h a t  nn accumulativs e f f e c t  
mfght he obtained i n  a ~ y s t e m  c o n t a i n i m  a l a r g e r  
number of  s u c c e ~ s i v e  b a r r i e r s  extending f o r  a 
- r e a t  length ,  The h a r r i e r s  s r e  shown t o  increase  
1: 

t h e  v e l o c i t y  f l u c t u a t i o n s  of the  wind from 2-9 
times n t  d i f f e r e n t  loca t  ions a f t  o f  a s ingle  h a r r i e r .  
Maximum f l u c t u a t i o n s  i n  8 s e r i e s  of successive 
b a r r i e r s  Inrere found t o  occur a t  the 0.4;-ft. e l eva t ion  
n f t  of  t h e  2 d  b a r r i e r .  

Woodruff, 1J.P. S h e l t e r b e l t  and Surface B a r ~ i e r  E f f e c t s  on Wind 
Ve loc i t i e s ,  EvapoPat ion,  House Heating, Snowdrifting. Tech. 
~ ~ 1 1 .  77, Kansas Agr. ~ x p .  Sta. ,  Dec. 1954. 

f iodels of s h s l t e r b e l t s ,  snow fences  8.nd s o l i d  walls 
were t e s t e d  i n  a wind tunnel  snd comparative 
measurement s  taken w i t h  f u l l - s c a l e  snow fences  under 
n a t u r a l  condi t ions . Result  s  i n d i c a t e  that wind 
tunne l s  cgn be used t o  make reasonable e s t ima tes  of 
the  e f f e c t s  of f u l l - s c a l e  surface b a r r f e r s .  Peasure- 
rnents lrrith models and simulated snow indica ted  t h a t  
4 fences spnced.12Z   part catch  14 t imes as much 
snow 9s R ~ o l j d  w a l l ,  1.2 - 1.8 times a s  much a s  2 
~ i m i l n r l y  spaced fences,  and about 2.5 t imes a s  muck 
ss 7 s i q l e  fence. 

/=ont ro l  of Snowdrifting Studfed by Talfnd-Tunnel T e s t s  on 
Yodels. B e t t e r  Poads, Oct. 1934, Vol. 4, No. 10: 15-16. 

Control of Snowdrifts by Snow Fence and Tree Planting. 
Yng.  and :ontract Record, Nov. 1, 1939, Vo-L. 52, No. 44:23-24. 

Picket snow fences,  e rec ted  100-12s f t .  from the 
r o ~ d  cen te r  and pos t s  c lose  bnough t o  prevent w-lnd 
sh ippi rg ,  ape recommended. Picket  bottoms, placed 
6-P in.  above the ground, inc rease  the e f f e c t i v e  
he ight  of fences  and permit a  cur rent  of ai r  t o  
p i l e  e a r l y  snow a t  a  d is tance .  Fences of t h e  s l a t  
type a r e  n o t  a s  e f f e c t i v e  a a  n a t u r a l  b a r r i e r s  of 
f o r e s t  t r e e s  o r  shrubs. Snow b a r r i e r s ,  e i t h e r  
a r t i f i c i a l  or permanent, e r e  placed on t h e  wind- 
ward s i d e  of t h e  road, o r  on both s i d e s  f f  w i n d s  
a r e  var iable .  

Cotton ?Jetting New Development i n  Snow Fences. Roads and 
Bridges, Yov. 1959, Vol. 87:38. 



4 f i r e p r o o f ,  waterproof, r o t - r e s i s t a n t  c o t t o n  
f a b r i c ,  made from f i b r e s  of high t e n s i l e  s t r e n g t h  
i s  used i n  Canada f o r  snow-fencing. The neGtPng 
i s draped on p o s t s  used i n  wooden-lath snow- 
fencing,  and can be r e a d i l y  dismantled, t r anspor ted  
nnd s tored during t h e  summer. 

Effec t iveness  of  Snow Fence fo r  D r i f t  Prevention. Eng. and 
Contract Record, TTov. 2, 1938, Val. 51, 80. 44:23-240 

The IJ- types of x r t  i f i c i - a1  snow fences ( h o r i z o n t a l  
s l n t ,  vert . lca1 s l n t ,  so l id ,  emergency) a re  des -  
cr ibed  and advi.ce is given on t h e i r  e r e c t i o n  and 
locn t ion  wi th  s p e c i ~ l  re ference  t o  f e c e n t l y  
ava i l ab le  metal fences .  An al l -metal  hor i zon ta l  
s l a t  snow fence, w i t h  s l a t s  6 i n ,  wide and placed 
6 in .  apa r t ,  must be inclfned aga ins t  the  wind a t  
an angle of' 23-30° t o  d e f l e c t  a i r  downward, keep 
the fence c l e a r  of snow and p i l e  it twice a s  high 
a s  t h e  fence. -4n a l l -me ta l  v e r t i c a l  s l a t  snow 
fence with s l a t  7 3 in.  wide and spaced 3 in.  a p a r t  
must be erec ted  a t  an angle  of 20-30° with the  
wind.. So l id  board snow fences a r e  usua l ly  too  
c o s t l y  and irr.practica1. Snow fences  should be 
erec ted  a t  a  d i s t ance  from the  roadway equal t o  
15 times t h e i r  he ight  and should be durable,  
l i ~ h t ,  compact and easy t o  i n s t a l l ,  

lqichigan Z x p ~ n d s  Test of Paper f o r  Snow Fence, Rng, News- 
Record, April 16, 1953, Val, 150, NO* 16. 

Tho 19-mi, snow fence cons'i s t s  of 2- 3 s t r i p s  o f  
k r n f t  paper, l? in .  wide, extended between s t e e l  
posts .  Vach pnyer s t r i p  i s  made of 2 l a y e r s  of 
paper cemented together  v i  t h  a spha l t  and r e i n -  
forced with hemp or  glass f i b e r  and i s  pressed 
i n t o  the fence pole by s t r i p s  of s o f t  wood wfred 
t o  the post. Increas ing  t h e  8-ft. s p a c i q  between 
the  pos t s  t o  10 f t .  i s  under considerat ion.  The 
e f fec t iveness  o f  t h e  fence depends l a r g e l y  on 
c o r r e c t  e r e c t i o n  m d  t a u t  spanning of the  paper. 
Advantages of t h e  fence  a r e  low cos t  and easy 
hsndl ing and s t o r i n g ;  disadvnntages a r e  vulner- 
a b i l i t y  t o  damege from l ives tock  and chi ldren .  
Sagzing during l a t e  winter  reduced t21e e f f e c t 1  ve- 
ness  of mesh fences  made o f  twis ted  paper s t r a n d s  
impregnated ;s:~ith p a r a f f i n  o r  creosote .  

Review of Snow Fence   tact ice i n  Various Countries of 
World. Erg. and Contract Record, Feb, 1949, Vol. 62:lSs-156, 



The 3 main methods o f  c o n t ~ o l l i n g  the d r i f t  of 
snow onto roads Rre adequate road design, p lan t ing  
of snow screens  of  t r e e s  and s h ~ u b s ,  and snow 
fences.  Snow fences  may he s o l i d  o r  open. The 
ape r tu re  r a t i o  i n  open fences  should be about 50% 
whether t h e  s l a t s  a r e  v e r t i c a l  o r  hor i zon ta l ,  and 
a  clearance of 6 i n .  between t h e  bottom of  t h e  
fence and t h e  ground should be maintained. The 
height  r a r e l y  exceeds 12 f t .  Fences have been 
constructed of wood, metal, re inforced  concrete,  
straw rope ,  1)locks of snow, low e a r t h  walls, and 
l e a f y  branches. 

Snow Fence Cuts Winter Plowing Costs. F e t t e r  Roads, Oct. 
1939, Vol. 9, KO.  10:lR. 

The cos t  of snow removal 1 s reduced when snow 
fences a r e  used i n  conjunct ion with plowing. 
? ? ~ t u r a l  p lan t ings  a re  permment , cos t  l i t t l e  
a f t e r  growth and improve t h e  landscape, bes-tdes 
preventing snowdrifts .  Fence pos ts  should be s e t  
e a r l y  enough t o  permit t h e i r  f reez ing  f i r m l y  i n t o  
the ground. ??ences should be fas tened on t h e  wind- 
ward s ide.  The usual  d is tance  of t h e  fence o r  
plant ing from the edge of the  road i s  50-100 f t .  
Resul t s  of wind-tunnel t e s t s  on eddy charac ter -  
i s t i c s ,  r a t i o  between s l a t  s and openings, p o s i t i o n  
of t h e  fence sbove the  road, i n c l i n a t i o n  of t h e  
fence and pos i t fon  of maximum depth of snowdrift ,  
a re  summarized. Rules fo r  e f f e c t i v e  p lant ing  o f  
na tu ra l  fences  a re  given, Plowing c o s t s  were cut  
by 50% i n  a l l  s t a t e s  using fences  f o r  road pro tec-  
t ion, Snow removal cos t s  f o r  Kont . , Wash. and Meb. 
a re  given. 

Snow Fence - - 3 s  Importance R S  a Mean84 of Snow (l0ntPal. 
P:ng. and Contract; Record, Qct .  30, 1935, Vol. 49t953. 

4 wire-bound s l a t  fence ~ ~ l h i c h  i s  e a s i l y  e rec ted  and 
s to red ,  i s  recommended a s  R mow fence, It i s  
made of  creosoted or painted s l a t s  o f  lumber i n  
r o l l s  of 100 f t .  long and 4 t o  f; f t ,  high. The 
s l a t s  should be a t  l e a s t  0.375 by 1.5 in .  i n  sec- 
t i o n ,  Standard s t e e l  fence pos t s  should be driven 
i n t o  t h e  ground before  f r o s t  s e t s  in ,  about 1 rod 
spar t .  

Snow Fence, The Only Preventive Neasure i n  Snow Control. 
Good Roads, Jan.  1930, Vol. 73:24. 



9n e f f e c t i v e  mow fence m u ~ t  be erec ted  properly,  
i r l  the r i g h t  loca t ions ,  and extended an adequate 
d is tnnce  along t h e  road. It i s  suggested t h a t  t h e  
opinions and edvi  ce of the  n a t i v e s  i n  the community 
be u t i l i z e d  i n  e r e c t i n g  mow fence,  s ince  successfu l  

' i n s t a l l a t i o n  depends on meeting l o c a l  condltions.  

Snow Fences - Placing Them t o  Get Plaximum Protect ion.  Ry. 
Eng. and Kaintenance, Dec. 1950, Vole 46: 1132-1135. 

Various small-scale snow fence models were t e s t e d  
i n  a Masonite tunne l  w i t h  t h e  f l o o r  ad justable  t o  , 

d i f f e r e n t  depths and s lopes of  t h e  c u t  s ides ,  
S c ~ e e n e d  vermicul l te  was used a s  a s u b s t i t u t e  f o r  
snow. Compressed a i r  a t  a speed of 15 m.p.h. was 
used f o r  a l l  the t e s t s  a f t e r  prel iminary t e s t s  
indica ted  l i t t l e  e f f e c t  of wind speeds on eddy 
a r e a s  and consequently, on d r i f t  lengths.  The a i r  
current3 were noted by free-swinging t a r g e t 8  on 
v e r t i c a l  rods i n  the model cu t  center  and measured 
a t  vsr ious  he ights  I n  the c u t s  by a P i t o t  tube 
at tached t o  a mmometer. Horfzontal  md v e r t i c a l  
z l a t ,  i nc l ined  s l a t ,  s o l i d  board, r a i l ,  wire and 
per fora ted  shee t  meta l  fences  were t e s t e d  f o r  depths 
of 5, 11, and 18 f t .  and f o r  s lopes  of 1:1.5, l:4, 
and 1:6. Test  results r e l a t i v e  t o  type  and l o c a t i o n  
of snow fences, d is tance  of t h e  snow fence bottom 
from'tbe ground, inf luence  of t h e  depth of the  cu t ,  
eddy c u r r e n t s  and wind v e l o c i t i e s  on d r i f t  formation 
a-re discussed. It i s  concluded t h a t  snowdrift  c o n t r o l  
could he improved and r e l a t i v e  recommendations a r e  
presented. 



3.  HEDGES - 

Andrianova, K.1. Catch Crops a s  an Effect ive Neasure f o r  ~ n c r e a s i n g  
Yield. Text i n  Russian. Zemledelie, June 1956, Vol. 4, NO,  6 :  
32-36. 

Snow cover d i s t r i b u t i o n  and d r i f t i n g  i n  Transvolga Region 
and Kazakhstan a re  described, and the ef fect iveness  of 
various methods of snowdrift con t ro l  a re  discussed. Snow 
cover l a s t s  i n  the area from 120-170 days, and the  water 
equivalent of snow p rec ip i t a t i on  var ies  from 450-600 ton/ 
ha. i n  a r id  steppes and up t o  1200 ton/ha. i n  fo re s t  
steppes; but s t rong winds blow the  snow from f i e l d s ,  
reducing the max. depths below 35 cm. Experiments a t  the  
Ural Agricultural  S ta t ion  showed an increase of snow 
depth i n  f i e l d s  from 23-35 cm. a f t e r  plowing of the  snow, 
Sowing of sunflower, mustard, and other  high-growing 
p l an t s  proved best  f o r  snow re tent ion,  increasing the  
water equivalent of winter-accumulated snow cover up t o  
1500 ton/ha. 

Arai, Hideo and others ,  Field Tests  of Snow She l te r  Bel ta .  
Text i n  Japanese. J. Railway Eng. Reso (Japan), Dee. 1960, 
Vol. 17, No. 12:527. 

Three d i f f e r en t  types of cedar s h e l t e r  b e l t s  2,s m. t a l l  
and 30 m. wide were t es ted  a t  Higashinoshiro, Akita 
Prefecture, from Dec, 1959-Feb. 1960. The models have 
s ingle ,  double, and t r i p l e  rows of s h e l t e r  b e l t s  respec- 
t ive ly .  The v e r t i c a l  and hor izonta l  e f f e c t s  of the  
reduction of wind veloci ty  on a i r  currents  and snow 
d r i f t  around the 3 models a re  b r i e f l y  discussed. 

Armand, D.L. Physical Pr inciples  of Shelter-Eelt Influence O n  Mind. 
Text i n  Russian. Priroda, 1954, Val. 43, I:&-70. 

The influence of s h e l t e r  b e l t s  on turbulent  wind flow is 
analysed. The width and texture  of s h e l t e r  b e l t s  deter- 
mine the form and depth of snow o r  sand deposi ts  around 
them. Deep and narrow snowbanks a re  deposited before and 
behind compact b e l t s ,  Wide, t h i n  snowdrifts form behind 
highly permeable s h e l t e r  be l t s .  Compact fo re s t  s h e l t e r  
b e l t s  are  recommended a s  p ro tec t ive  measures agains t  snow- 
d r i f t i n g  along r a i l roads  and highways. Open s h e l t e r  b e l t s  
a r e  adequate f o r  ag r i cu l tu ra l  purposes, where an even dis- 
t r i bu t ion  of snow is  important. 

~ a x k o ,  V.P. and A.S. Gorbulenko. Influence of Forest She l t e rbe l t s  on 
Soil .  Text i n  Russian, Pochvovedenie, June 1949, Vole &:313- 
324, 



The inf luence  of s h e l t e r b e l t s  on t h e  composition, 
s t r u c t u r e  and moisture of s o i l  a s  s tud ied  from 
1943-1945 a t  Kamennaya Step  (Voronezh Province 
is  discussed,  Snow depths,  which equal led  17-23 
cm, i n  open f i e l d s ,  increased t o  40-& cm, i n  
s h e l t e r e d  f i e l d s  and t o  50-69 cm, under she l t e r -  
b e l t a d  Narrow b e l t s  6-10 m, wide accumulated more 
snow than  wide b e l t s ,  The minimum f ros t -pene t ra t ion  
depth observed under wide s h e l t e r b e l t s  promoted 
maximum i n f i l t r a t i o n  of meltwater and b e t t e r  s o i l -  
moisture condi t ions throughout t h e  growing season. 

Bates, C , G .  and J.Ho Stoeckeler .  P lant ing  t o  Control D r i f t s  on 
Highways, Eng, News-Record, J u l y  1942, Vol, 129:92-96, 

More extensive p lan t ing  of t r e e s  and shrubs is pro- 
posed f o r  p r a i r i e s  and p l a i n s  of nor thern  s t a t e s  ae 
a s u b s t i t u t e  f'os s l a t  snow fences,  P r o f i l e s  of 
snowdrif ts  show t h a t  a s i n g l e  row of low, dense 
shrubs is more e f f e c t i v e  i n  t rapping  snow in  a l i m i t e d  
b e l t  than a 17-row b e l t  of tall-growing t r e e s  devoid 
of limbs near  the  ground, Hardy shrubs and t r e e s  a r e  
l i s t e d  wi th  suggest ions f o r  s e v e r a l  types of  p lant ing .  
S o i l  p repara t ion  and p l a n t i n g  a r e  descr ibed,  E a r l i e r  
c o s t  es t imates  a r e  c u t  i n  l i g h t  of experience gained 
i n  p l a n t i n g  s h e l t e r b e l t s  t o  p r o t e c t  farmsteads,  

Birner ,  W, Paula, Effec t ive  Evergreen Snow Bar r i e r s ,  Be t t e r  Roads, 
Feb, 1941, Vole 11, No. 2 ~ 3 8 ,  40, 42. 

Jack pine,  Norway spruce, balsam f ir, and American 
a rborv i t ae ,  of varSous he igh t s  and formations were 
p lanted  on a t e s t  s i t e  n o r t h  of Madison, W i s , ,  during 
Jan,  and Feb, Anemometers were used t o  determine the  
wind ve loc i ty  and the  ex ten t  t o  which the  v e l o c i t y  
was reduced by the hedges. The a r b o r v i t a e  were t h e  
most e f f i c i e n t ,  p a r t i c u l a r l y  the  4 t o  5 f t ,  s i z e ,  It 
i s  shown t h a t  multiple-row hedges a c t  a s  snow t raps ,  a s  
wel l  as  b a r r i e r s ,  The e f fec t iveness  of snow hedges i s  
determined by t h e  wind ve loc i ty ,  hedge dens i ty ,  and 
hedge height.  T a l l e r  t r e e s  give a long, t a p e r i n g  d r i f t  
formation, and the s h o r t e r  t r e e s  p i l e  up the  snow 
neare r  the hedge, 

B i ru l fa ,  A . K .  P e c u l i a r i t i e s  of Snowdrift Control  on Southern Roads, 
Text i n  Russian, S t r o i t e l l s t v o  Dorog, 1942, Vole 5,  No* 2-3: 
14-15. 

The southern region  of European USSR i s  charac te r i zed  
by f requent  heavy snowstorms, massive snowdrif ts ,  s can t  
snow cover, and f requent  thaws, Snowstorms l a s t i n g  5 



days occur as  o f ten  a s  7 times during Dec.-Feb. 
Frequent and rapid melting of the snow cover 
g r e a t l y  reduces the  t r a f f i c a b i l i t y  of d i r t  roads. 
Prevention of snowdrifts i s  more important than 
removal with plows, Snow fences a re  not recom- 
mended because s t rong winds f l a t t e n  them and 
because wood is  a scarce commodity i n  the southern 
steppe area. S ta lks  of corn and sunflowers are  
e f f ec t ive  i n  d r i f t  prevention. Hedges of corn and 
sunflowers planted 20-30 m,  wide along roads pro- 
vide s a t i s f ac to ry  protect ion,  

~orchenko,  E,P. Protect ive Forest Belts f o r  C i t i e s  i n  Steppe 
Regions. Text i n  Russian, Moscow, 1952, Izade te l l  s tv0  
Ministerstva Kommunal 'nogo ~hoz fays tva  RSFSR, &p. 

Forest b e l t s  t o  p ro tec t  c i t y  road approaches from 
snowdrifts a re  described. Trees a r e  planted i n  
severa l  rows 2-3 m, apar t  i n  open l eve l  areas,  i n  
2 o r  more rows a t  bends or  cuts ,  and i n  groups i n  
winding o r  h i l l y  areas.  Forest b e l t s  vary i n  width 
from 20-50 rn, according t o  the t h rea t  of snowdrifts. 
The distance from the  fo re s t  b e l t  t o  the centre  of 
the  roadbed var ies  from 15-20 m. according t o  the 
width of the  bel t .  The densi ty of p lant ing f s  
highest on the windward or  f i e l d  s ide  of the  b e l t s ,  
Trees a re  planted a t  an average distance of 0.5-0.7 
m. apart .  Trees used f o r  fo re s t  b e l t s  vary g rea t ly  
i n  s i ze  and species. A tabula t ion of the snow-pro- 
t ec t i ve  p roper t i es  of individual  t r e e  species is  
appended . 

~ u d f ? ? ,  V.P, Catch Crops as an Effect ive  Measure f o r  Snow Retention, 
Text i n  Russian. ~ o s t i z h e n i f i  Nauki i Perdovogo Opyta v Seltskom 
Khozfifstve, 1953, No. 6:68-49. 

The effect iveness  of sowing mustard i n  f i e l d s  f o r  
snow re ten t ion  was t e s t ed  during 1940-1949 i n  
Pavlodar Province. The mustard was sowed near  the  
end of July before winter crops were sowed. A 
dense growth of mustard up t o  150 cm, high re ta ined 
about 5 times a s  much snow during the  winters a s  
snow fences and about twice a s  much a s  sunflower 
s t r i p s .  Snow-cover depth i n  the f i e l d s  with mustard 
reached 85-90 cm. and des t ruct ion of winter crops 
w a s  never observed there. 

Dashkevich, M. The Width of Snow Hedges on Roads. Text i n  Russian. 
Doroga i ~v tomob i l ' ,  1935, Vol. 6, No, 8:20-21. 

The amount of snow deposited behind a snow hedge is  
determined by the  width of the hedge, An empirical 



re la t ionsh ip  i s  given r e l a t i n g  the  hedge width t o  
the  product of a coeff ic ient  and the  square root  of 
the maximum cross-sectional brea of the snowbank. 
The coef f ic ien t  i s  equal t o  4-5 f o r  fo re s t  zones, 
and 5-6 fo r  steppe zones, 

Evdokimov, K,T, Snow Retention by ROWS of planted Trees. Text i n  
Russian. Les i Step1, 1953, Vole 5, No. 1:81-82* 

A regular  d i s t r i b u t i o n  of the snow cover on f i e l d s  
protected by t r e e s  depends on an even d i s t r i b u t i o n  
of the t r ee  rows, The snow depth around 9-yr. old 
plantings a t  d is tances  up t o  150 cm. and f o r  various 
wind d i rec t ions  is tabulated. Measwements repeated 
1 yr. l a t e r  indicated about half  a s  much snow cover 
was re ta ined i n  places where the t r e e s  were removed. 

Ferguson, H.C. L i  ve Snowbreaks i n  Pennsylvania. Better  ~ o a d s ,  1943, 
Vol. 13, No, 9:21-22. 

The plant ing of permanent rows of deciduous and 
evergreen t r e e s  and shrubs adjacent t o  highways is  
an e f f ec t ive  and economical method of con t ro l l ing  
snowdrifting. Methods of a l igning t r e e s  and shrubs 
f o r  maximum r e s u l t s  a r e  described, The staggered 
2-row b a r r i e r  of evergreen t r e e s  from 5 t o  10-ft. 
centers  i s  widely used, The maintenance cost  of 
na tura l  snow b a r r i e r s  i s  lower than t h a t  of mechani- 
c a l  snow fences, 

F f l t b e r t ,  p , ~ .  Snow Protect ive Plantings of the S t a l i n  pad Railroad* 
88 Test i n  Russian. Les i Step1, 1953, Vole 5, No. 2: 

Coniferous t r e e s  were planted 0.7 m a  apar t  i n  rows 
spaced 1.5 m. apar t ,  In chernozem s o i l  24 rows were 
planted and a wider spacing (20-30 m a )  was provided 
between the  15th and 16th  row. A t o t a l  of 21 rows 
were s e t  In  l i g h t  so i lg  and 27 rows i n  dark brown 
s o i l s ,  each wood l o t  being interspersed w i t h  2 wider 
spacings of 10-15 m. each. 

Finney, E.A. Snow Control by Tree Planting. Bull. No. 75, Mich. Engt 
Exp. Sta, ,  Ju ly  1937, 81p. inc l .  i l l u s ,  t ab les ,  graphs, maps, 
diagrs.  

A comparative study of conifers  i s  presented and 
those su i t ab l e  f o r  snow control  a re  described i n  
d e t a i l .  Deciduous t r e e s  and shrubs a re  used where 
climate conditions preclude the use of conifers ,  
A deciduous t r e e  su i t ab l e  f o r  p lant ing i n  a snow 



b a r r i e r  should have dense growth of s t rong  branches from 
base t o  top  and grow r a p i d l y  under adverse condi t ions.  
Advice on t r ansp lan t ing ,  maintenance, and p r o t e c t i o n  
of t r e e s  and s h ~ u b s  and t h e  methods of and f a c t o r s  t o  
cons ider  i n  t r e e  and shrub p lan t ing  f o r  snow c o n t r o l  
a r e  given. Wind tunnel  t e s t s  us ing  model t r e e s  indi-  
c a t e  t h a t  t h e  e f f e c t i v e  a rea  produced by a  b a r r i e r  i s  
about 15 times i t s  height .  Wind v e l o c i t y  has  no e f f e c t  
on t h e  s i z e  of the  eddy a rea  produced by a t i g h t  o r  
dense b a r r i e r  but inf luences  t h e  p o s i t i o n  of  the  d r i f t  
wi th  respect  t o  the  b a r r i e r .  

Fursa,  M.T. and P.S. Denisov. The Plant ing  of Hedges i n  Steppe and 
Forest-Steppe Areas of the  Transura l  Region and S ibe r i a .  Text i n  
Russian. Zemledelie, May 1954, Vol. 2, No. 5:21-28, 

The inf luence  of hedges on thermal and moisture condi t ions  
of t he  s o i l  a s  wel l  a s  on the  y i e l d  of winter  crops w a s  
s tudied  from 1947-1953 a t  many p laces  i n  Western S ibe r i a .  
Sunflower, sorghum, corn and mustard were planted a s  
hedges. Max. snow-cover depth during t h e  time of t h e  
study varied i n  open s teppes  between 10-20 cm. M a x .  
depth i n  hedge-protected a reas  during t h e  same period 
ranged from 47-100 crn. The water content  of snow before  
melt ing was 30-80 mm. i n  t h e  open s teppe and 186-380 mm. 
between hedges. A deeper snow cover inc reases  s o i l  
moisture and diminishes s o i l  f reezing.  

~ a r f u g i n ,  G.A. E f f e c t s  of Forest  S h e l t e r b e l t s  on the  Snow Conditions 
i n  Surrounding Ff e lds .  Text i n  Russian. ~ g r o b f o l o g i f i ,  1955, 
140. 3 :132-134. 

Snow d i s t r i b u t i o n  around s h e l t e r b e l t s  (3-4 yr.  old ) was 
s tudied  i n  Rostov Province during the  winters  of  1952- 
1954. Dense s h e l t e r b e l t s  caused in tense  d r i f t i n g .  One 
such case i s  diagrammed showing snow depths immediately 
behind b e l t s  from 119-l.40 cm. while i n  t h e  open between 
p lan t ings ,  depths ranged from 0.5-23 cm. D r i f t  a r e a s  
extended behind the  b e l t s  for !about  80 m., depending on 
s lope.  S h e l t e r b e l t s  do not n e c e s s a r i l y  improve snow 
condi t ions  on f i e l d s  s ince ,  a s  i n  t h i s  case,  l e s s  snow 
and deeper s o i l  f r e e z i n g  may occur i n  the  major por t ion  
of the area between p lan t ings  than i n  corresponding 
open a r e a s  without s h e l t e r b e l t s .  

Gorshenin, X.M. S h e l t e r b e l t s  and the  Conservation of Spring Meltwater. 
Text i n  Russian. Les i Step1,  Dec. 1950, Vole 2, No. 12:14-22* 

The e f f e c t s  of s h e l t e r b e l t s  on snow r e t e n t i o n ,  s o i l  
f r e e z i n g  and meltwater run-off were s tud ied  i n  
Kuybyshev Province dur ing  1940-1944, The snow 



c o l l e c t e d  by s h s l t e r b e l t s  12-14 m. wide reduced t h e  
depth of s o i l  f r eez ing  over an  a rea  extending 30-50 
m. from the  b e l t s .  Spring meltwater i n  the  pro tec ted  
area  penetrated 30-60 m. t o  the  ground-water l e v e l ,  
while pene t ra t ion  i n  neighboring unprotected f i e l d s  
was only 100-180 cm. deep. The snowbanks which 
formed around t h e  s h e l t e r b e l t s  prevented the  imme- 
d i a t e  run-off of sur face  water and allowed i t  t o  
pe rco la te  i n t o  the snow. Evaporation from t h e  snow 
sur face  and the s o i l  during the mel t ing  period 
reached 20 mm, o r  7 p e r  cent  of t h e  meltwater run- 
o f f  near f o r e s t  b e l t s ,  and 75 mm. o r  22 per  cent  
of t h e  run-off i n  open f i e l d s .  

Jones,  T.L. Living Snow Fence P i l e s  up Savings a s  Well a s  Snow, 
Railway Age, 6 October 1952, Vol. 133, No. &:lob-105. 

Firs t -year  seed l ing  t r e e s  were p lanted  along the  C 
& IM r a i l r o a d  i n  1938 i n  5 rows, 6 f t .  a p a r t ,  wi th  
the  d i s t ances  between the  t r e e s  i n  each row varying 
according t o  t h e  specie .  The rows cons is ted  of 
black locus t ,  Chinese elm, green ash, and a mixture 
of Russian o l i v e  and w i l d  plum. The old s l a t t e d -  
type snow fence wa.s r e t a ined  u n t i l  t he  t r e e s  had 
reached a height  of 4-5 f t .  Cost comparisons show 
a saving of over 50 per  cent  wi th  t h e  use of the  
n a t u r a l  snow fence,  

Kaiser,  He Do Snowdrifts Around Windbreaks Cons t i tu te  a Danger t o  
F i e l d s  and Roads? Text i n  German, Umschau, 1960, Vol. 60, 
No. 2~33-36. 

The e f f e c t s  of var ious types of hedges, s h e l t e r b e l t s ,  
and fences,  and t h a t  of wind d i r e c t i o n  and topography 
on snou accumulation a r e  examined on the  b a s i s  of t h e  
l i t e r a t u r e  and personal  observations,  and snowdrift  
c o n t r o l  measures a r e  discussed. Snow accumulation i s  
pr imarf ly  dependent on the  dens i ty  of t h e  hedges and 
fences.  Marrow, dense hedges promote snow accumula- 
t i o n  i n  confined a r e a s  behind and i n  f r o n t  of the  
hedge, while a t  narrow hedges with a dens i ty  of 50 
p e r  cent snow accumulates on the  leeward s i d e  i n  a 
l a rge ,  f l a t  a rea  extending 12-15 times the  height  of 
t h e  hedge. Wide s h e l t e r b e l t s  promote accumulation 
on t h e i r  windward s ide .  Accumulation around fences 
depends p r imar i ly  on the  ground clearance of t h e  
fence,  the  d i s t ance  a t  which snow accumulates on t h e  
l e e  s i d e  being g r e a t e r  a s  the clearance i s  higher. 
Windbreaks should be erected a t  l e a s t  15 times the  
he ight  of the  windbreak away from the  road f o r  b e s t  
e f f o r t .  Where t h i s  i s  impossible, a system of 
windbreaks should be e s t a b l i s h e d  i n  order  t o  break 



t he  t e r r a i n  and reduce d r i f t i n g .  Loose, narrow 
windbreaks must be e rec ted  on the  leeward s i d e  of 
roads,  and narrow s h e l t e r b e l t s  f r e e  of underbrush 
must be planted on t h e  windward s ide .  Fores t  
s t ands  more than 20 m. wide, i f  placed on both 
s i d e s  of the  road, a f ford  max. p r o t e c t i o n  aga ins t  
snow. 

Kalugin, M . I .  Sunflower S t r i p s  f o r  Snow Retent ion i n  F ie lds .  Text 
i n  Russian. D o s t i z h e n i n  Nauki i Peredovogo Opyta v Seltskom 
~ h o z f & f s t v e ,  1953, No. 6:65-67. 

The e f f e c t i v e n e s s  of sunflower s t r i p s  f o r  snow 
r e t e n t i o n  was experimentally t e s t e d  during 1941- 
1952 a t  many po in t s  i n  A l t a i  Province. The snow 
cover between s t r i p s  was up t o  30 cm. deep, a s  
aga ins t  10-15 cm. i n  open f i e l d s  of grass .  Com- 
pac t ing  the  snow 2-3 times during the winter  gave 
a d d i t i o n a l  p r o t e c t i o n  aga ins t  snowdrif ts  and r e s u l t e d  
i n  a gradual  snow melt t h a t  caused b e t t e r  i n f i l t r a t i o n  
of melt-water i n t o  the  thawed s o i l .  

Kawase, Gen'ichi.  Forest  Trees f o r  the Prevention of Snowdrifts  on 
t h e  Railway. Text i n  Japanese. S e p p p ,  1942, Vol. 4:254-260. 

The p l a n t i n g  of t m e s  along t h e  rai lway is e f f e c t i v e  
i n  prevent ing snotrdrifts .  The optimum width of t h e  
s t r i p ,  the  method of p l a n t i n g  and notes  on i t s  sub- 
sequent ca re  a r e  described. The inf luence  of the 
f o r e s t  was s tudied  by measuring the  snow cover and 
the  wind ve loc i ty  i n  the f o r e s t .  Some notes  on the  
use of f o r e s t  t r e e s  t o  prevent avalanches a r e  given. 
(Abstract  by U k i t i r o  Kakaya) 

K e ' r i ,  Menghbrt. S h e l t e r b e l t s  f o r  t h e  P ro tec t ion  of Rai l roads aga ins t  
Snowdrifts. Text i n  Hungarian. 1d6'j&a's, March-April 1955, 
Vol. 53:127. 

The r e s u l t s  of experiments i n  Hungary on the  most 
e f f e c t i v e  arrangement of s h e l t e r b e l t s  a r e  repor ted .  
The use of bushes and t r e e s  trimmed o r  planeed s o  
as t o  present  an undulat ing upper su r face  t o  t h e  
wind i s  recommended. This type of s h e l t e r b e l t  was 
found t o  give complete pro tec t ion .  

Kissis, T. Ya. Resul ts  of Observations on t h e  Inf luence of Continuous 
and S t r i p  P lan ta t ions  on the  D i s t r i b u t i o n  of the  S n ~ w  Cover and 
on the  I n f i l t r a t i o n  of Moisture i n t o  the  S o i l  i n  Spring. Trudy 
I n s t i t u t a  Lesa Akadernii Nauk SSSR, 1958, Vol. 43:138-151. 
Translated from Russian: Off ice of Technical Services ,  U. S. 
Dept. of Commerce, W~~shington 25, D.C., IPST Cat. No. 1141. 



Komarov, A .  A .  and V .  B. ~ G k h o v i c h .  Fores t  S h e l t e r b e l t s  as n 
P o s i t i v e  Means of Snowdrift Control on Railways. Text i n  
Hussfan. ~heleznodorozhnyf Transport ,  1956, - 37,  No. 6:65-70. 

S h e l t e r b e l t  p ro tec t ion  of rai lways aga ins t  snowdrif ts  
is  discussed on t h e  b a s i s  of theory, experimental  
inves t iga t ions ,  and observat ional  da ta  co l l ec ted  i n  
the  USSR during the l a s t  few decades. Inves t iga t ions  
i n  W. Siber i a  showed t h a t  narrow b e l t s  OX' moderate 
d e n s i t y  cut  wind speeds i n  ha l f .  These b e l t s  pro- 
vided p ro tec t ion  from wind f o r  a  d i s t ance  equal  t o  
17-20 times t r e e  height.  Several  narrow 5-yr. old 
s h e l t e r b e l t s  provided complete p r o t e c t i o n  from 
d r i f t i n g .  

Kopanev, I,D. Snow Accumulation Around Various Types of' S h e l t e r b e l t s .  
Text i n  ijussian. Lesnoe K h o z f a l s t ~ ~ ,  1954, - 7, 12:64-66* 

The inf luence of s h e l t e r b e l t  type on snow accumula- 
t i o n  was s tudied  i n  Balashov Province d u r i n ~  1951-52. 
The l eng th  of snowbanks formed i n  the  l e e  of she l t e r -  
b e l t s  varied from 70-170 m. and was l e a s t  behind dense 
s h e l t e r b e l t s  wi th  brushwood. Eddies between and 
behind b e l t s  diminished the  depth of snow accumulated. 
The d i s t ance  of the  eddy zone from t h e  s h e l t e r b e l t s  
was 6-8 times t h e  he ight  of t h e  t r e e s  f o r  the  more 
open types of s h e l t e r b e l t s  o r  12-16 times f o r  dense 
s h e l t e r b e l t s .  

Kuhn, Wolfgang. Damages i n  Country Criss-Crossed by Redgerows a s  
t h e  ~ e s u l t  of t i inter.  Text i n  German. Umschau, 1953, 2 :21&211,  

The use of s h e l t e r b e l t s  is  j u s t i f i e d  only a f t e r  c a r e f u l  
determinat ions of t h e  c l ima t i c  and morphological condi- 
t i o n s  of a  t e r r a i n  a r e  es tabl i shed .  Damages caused t o  
a g r i c u l t u r e  by unplanned hedgerow& a r e  described, Long 
snow cornfces  form on the  l e e  s i d e  of f r e e l y  exposed, 
t h i n  hedgerows with deep snow accumulations. The 
cornices  th8w nuch slower than the  snow cover of the  
open f i e l d s .  The winter  g ra in  r o t s  under t h e  cornices  
due t o  the  l a c k  of l i g h t  and oxygen and accompanying 
excess  ho i s tu re .  Cornices a l s o  form on sloped t i l l e d  
t e r r a c e s .  

~ u n ~ u r a e v ,  A.A. Compacting and Plowing of t h e  Snow Cover on F i e l d s  
and laeadows. Text i n  Russian. Zemledelie, 1955, - 3, No. 11: 
68-93. 

The e f f e c t s  of depth and dens i ty  of snow cover on s o i l  
temperature a r e  discussed,  and depth-density d a t a  f o r  
t h e  p r o t e c t i o n  of  winter ing  crops a r e  graphed, Compact- 
i n g  of snow i s  considered a s  a p r o t e c t i v e  measure aga ins t  



l o s s  of snow from d r i f t i n g  and lowering of s o i l  
temperature i n  upper ground layers .  Optimum 
temperature f o r  winter ing  crops ranges from -So 
*o - l S ° C .  In  deep snow, increase  of snow d e n s i t y  
p r o t e c t s  the  upper ground s t r a t a  from thawing. A 
snow dens i ty  of 0.20 is s u f f i c i e n t  t o  p r o t e c t  aga ins t  
d r i f t i n g  over l a r g e  por t ions  of the  USSR. I n  a r e a s  
wi th  winds of 14 m./sec. and more the  snow should be 
compacted t o  a  d e n s i t y  of 0.25-0.30. 

~fiashenko, G., and N. ~ i ~ ; o v s k l f ,  Improvement i n  the  Plant ing  and 
Maintenance of S h e l t e r b e l t s .  Text i n  Russian. Avtomobillnye 
Dorogi, 1959, - 22 (11):30. 

The proper p lan t ing  and maintenance of s h e l t e r b e l t s  
f o r  snowdrift  c o n t r o l  on roads a r e  discussed on t h e  
b a s i s  of s t u d i e s  conducted by t h e  Rostov-Ordzhonikidze 
Road Administration and experience i n  var ious areas .  
The spacing of 1.5 m. between rows of t r e e s  and 0.6- 
0.7 rn. between ind iv idua l  t r e e s  i n  a  row a s  prac t iced  
e a r l i e r  i s  inadequate. Trees should be planted 0.5- 
0.6 rn. a p a r t  i n  rows spaced 2.3-2.5 m, t o  allow t h e  
r o o t s  t o  spread a ~ d  permit mechanical c u l t i v a t i o n ,  
It is  recommended t h a t  t r e e s  with low crowns, such as 
black l o c u s t ,  green ash, T a r t a r  maple, Canadian poplar,  
e t c .  be planted wi th  a compact border of shrubs. 

Lu l l ,  11. d .  and H. K, Orr. Induced Snow D r i f t i n g  f o r  Water Storage,  
J. Fores t ry ,  1950, - 46:179-181. 

Resul ts  of prel iminary i n v e s t i g a t i o n s  on n a t u r a l  and 
a r t i f i c i a l  snowdrif ts  a r e  presented. E a r l i e r  s t u d i e s  
f o r  extending snow melt f o r  t h e  dry season by induced 
d r i f t  fng  a re  reviewed. Discharge from t h e  Cphraim 
Creek watershed i n  the  Wasatch Pla teau  region averages 
10-15 a c r e  ft . /day i n  f a l l  and winter ,  increases  dur ing  
the  melt ing period t o  400 acre  f t , /day  e a r l y  i n  June, 
and decreases  t o  10-15 ac re  ft./day by Sept. 1. The 
p r e r e q u i s i t e s  f o r  induced d r i f t  i n  (deep winter  snow 
and s t rong,  s ingle-directed winds 7 a r e  present ,  and 
a lp ine - f i r  clumps form n a t u r a l  wind b a r r i e r s  on 10  
per  cent  of the  3900 acres  of the subalpine zone. 
D r i f t s  which formed t o  the  l e e  of the  f ir  clumps were 
measured a f t e r  snow disappeared from undr i f t ed  areas .  
D r i f t s  conta in ing  2 f t .  Hz0 remained u n t i l  400 day- 
degrees above 320F had been accumulated. Snow fences,  
7 and 11-ft, hic;h, were erec ted  i n  t h e  subalpine zone. ' 

The 7-ft, fences d i d  not induce d r i f t i n g ,  but  d r i f t s  
which formed behind the  11-ft. fences were 93 in. high 
on Apr i l  1 and 30 in.  high on June 1, with  a  water  
content  of 38 and 15 in. r e spec t ive ly .  The 11-ft, fence 
d r i f t  had a water content and dura t ion  of 70 pe r  cent  



of d r i f t s  behind t r e e  b a r r i e r s  twice a s  high, Fur ther  
s tudy i s  required t o  a s c e r t d i n  the  ex ten t  t o  which the  
fences repacked previously f a l l e n  snow o r  trapped snow 
which would otherwise have blown i n t o  another basin,  
and t o  evaluate  cos t ,  e f f i c i e n c y  and spacing of' d i f -  
f e r e n t  kinds of fences. 

L'vovich, M , I ,  Affores ta t ion  a s  a Means of Decreasing the Amount of 
Mater Needed f o r  Field I r r i g a t i o n ,  Text i n  Ilussian, ~ z v e s t i s  
Akademii Nauk SSSR, s e r f s  ~ e o ~ r a f  i c h e s k a s ,  1954, No, 2~29-44, 

The r e s u l t s  of ex tens ive  s t u d i e s  i n  soil-water economy 
at Kamennaya Step a re  discussed,  Experiments w i t h  
f o r e s t  s h e l t e r b e l t s  showed t h a t  a f f o r e s t a t i o n  is an 
important f a c t o r  i n  s o i l  amelioration, t h e  prevent ion 
of snowdrifts  and t h e  r e t e n t i o n  of snow moisture i n  
f i e l d s .  Inves t iga t ions  by Gurevich i n  1952 showed 
t h a t  f o r  optimum snow r e t e n t i o n  a f i e l d  should not  
exceed 20 ha, i n  a rea ,  A 20-ha, f i e l d  w i l l  accumulate 
32 per  cent  more snow than  an open f i e l d ,  while  a 150-ha, 
f i e l d  w i l l  accumulate only 12 p e r  cent  more, 

I - i n r r i t t ,  1,C. Tree Plant ing  t o  Stop Snow D r i f t i n g  on Roads. 
Farmer's Advocate and Home T,;ag,, 1940, - 75:324-325* 

The advantages derived from s u b s t i t u t i n g  t r e e  
p lan t ings  f o r  snow fences i n  c o n t r o l l i n g  snow- 
d r i f t s  a r e  discussed. Trees should be planted 
about 40 f t .  from the  roadway, Evergreens should 
be spaced 3-6 f t .  i n  t h e  row and deciduous t r e e s  
3 f t .  o r  c lose r .  

Mar r i t t ,  I , C ,  Plant ing  of Snow Hedges, Roads and Bridges, 1944, 
83, No, 5:66-67. - 

Snow hedges, 4 t o  10  f't. i n  he ight ,  should be planted 
50 t o  400 f t .  from t h e  edge of a roadway protec ted  
from the  west and nor th ,  Trees,  1s f t .  high, provide 
drift pro tec t ion  t o  t h e  road when planted 25' f t ,  from 
the road. Evergreens, such a s  spruce,  pine and cedar,  
a r e  p re fe rab le  t,o deciduous t r e e s  l o r  a snow hedge 
but Efne-foliage deciduous t r e e s ,  such a s  maples, oaks 
and basswood, may be used, Shrubs o r  a row of  rasp- 
b e r r i e s  may be planted where t a l l  t r e e s  a r e  not  des i red ,  
Trees  may be planted i n  s i n g l e ,  double o r  mul t ip le  rows. 
A spacing of 6 t o  12 f t .  i n  a s i n g l e  row and 3 t o  5 f t .  
i n  a b e l t  of evergreen t r e ~ s  is  recommended, Two rows 
may be planted 2 30 6 f t ,  apa r t ,  mul t ip le  rows should 
be 12 t o  15 f t ,  a p a r t ,  



- - 
,,akano, Kokichi. I'orest S h e l t e r b e l t s  f o r  Snow Protec t ion ,  Text i n  

J ~ p a n e s e .  Seppyz, Ju ly  1951, - 13 : 12-18. 

The r e s u l t $  of observat ions on t h e  e f f e c t  of she l t e r -  
b e l t s  planted i n  c r i t i c a l  a reas  along a  r a i l r o a d  i n  
Hokkaido a r e  described, and d a t a  a r e  tabula ted  and 
graphed. Pine and cedar s t ands  80-120 m. wide were 
planted 20 m ,  from the  t r a c k  i n  e q u i l a t e r a l  t r i a n g l e s  
w i t h  one s i d e  normal t o  p r e v a i l i n g  winds. Snow on 
the  l e e  s ide ,  a s  ~aecorded by snow gages, was 3 per  
cent  of t h a t  on the  windward s i d e  during 10  mine of 
observat ion a t  a  wind speed of 12 m,/sec. and an a i r  
temperature of -5OC.  

Panfilov, E. D. Forest  S h e l t e r b e l t s  i n  the  Steppe Lone of the  
Volga kiatershed. Text i n  Russian. Trudy ~ s e s o n z n o g o  Mauchno- 
Iss ledovate l l skogo I n s t i t u t a  ~ ~ r o l e s o m e l i o r a Q i i ,  1937, 8:3-64. 

The effect ,  of vsr ious  types of s h e l t e r b e l t s  on wind 
and snow-cover d i s t r i b u t i o n  were s tudied  near  Arkadsk 
(Saratov province ) during 1928-1934. Max. snow accumu- 
l a t i o n  was observed near dense b e l t s .  Thin b e l t s  open 
near the  ground e f f e c t  an evener d i s t r i b u t i o n  over 
l a r g e  areas .  A s  much as  50 per  cent  of the  t o t a l  snow 
i n  open f i e l d s  2nd 88 per  cent  of t h e  snow above ice- 
crusted l a y e r s  were found t o  have been deposi ted by 
d r i f t i n g .  

Po t t e r ,  L.D., John Longwell end Charles Mode, S h e l t e r b e l t  Snow 
Drif ts .  1;. Dalcota Agr. Exp. Sta. Bimonthly Bull., Nay-June 
1952, - 14: 176-179. 

Three f i e l d  s h e l t e r b e l t s  N of Casselton (N.D. ) were 
examined during Jan.-Feb. 1952 t o  determine t h e i r  
e f f e c t  on snow accumulation. Snow-depth measurements 
were taken along 3 t r a n s e c t s  ac ross  each b e l t  a t  5-ft. 
i n t e ~ v a l s  from 100 f t .  windward t o  100 f t ,  leeward and 
then  a t  10- f t ,  i n t e r v a l s  t o  200 f t ,  leeward, The 
average snow a.ccumulation, which rep resen t s  t h e  sea- 
sonal  maximum, i s  graphed f o r  each b e l t ,  and the t r e e  
and shrub spec ies  used i n  each a r e  l i s t e d ,  Snow 
r e t e n t i o n  i n  terms of water equivalent  is  tabula ted  
f o r  one of t h e  b e l t s ,  The average maximum snow depths 
occurred from 70-100 f t .  t o  leeward of the  first 
windward shrub row. More value f o r  a  given acreage 
devoted t o  s h e l t e r b e l t s  may be derived from dense 
b e l t s  of h a l f  the number of rows (3-5) spaced a t  
h a l f  the d i s t ance  between b e l t s .  



Povet lev, A . A ,  Snow-Protective Proper t ies  of Forest  Be l t s ,  Text i n  
Russian. Sbornik iiauchno-Issledovatel ' skogo I n s t i t u t a  Pu t t  XKPS 
( h b u s h k i n  1, 1934, - 33 : 5-53. 

Snow-protective p r o p e r t i e s  of d i f f e r e n t  t r e e s  and shrubs 
were s tudied t o  determine the  spec ies  b e s t  adapted f o r  
any c l ima t i c  region of the  USSR. Factors  important f o r  
e f f e c t i v e  snowdrift  p ro tec t ion  such a s  branch dens i ty  
and r a t e  of growth were inves t iga ted .  Values obtained 
over a period of 1-5 yr.  f o r  deciduous and evergreen 
t r e e s  a r e  tabulated.  The time requi red  f o r  d i f f e r e n t  
p lan t ings  t o  become e f f e c t i v e  i n  snow-control varied 
from 4-12 y r ,  Birch, American maple, Engl i sh  elm and 
o l e a s t e r  a r e  recommended because of r ap id  and dense 
growth. 

Povet'ev, A,A. and V,V. Popov. Wind Penet ra t ion  Through Snow- 
Protect iLe Bel t s ,  Text i n  Russian. Sbornik Nauchno-lssle- 
dovate l  skogo I n s t  i t u t a  Put i NKPS (Babushkin), 1934, 33:%-95. 

Preliminary i n v e s t i g a t i o n s  on t h e  e f f e c t  of young 
deciduous t r e e s  and shrubs on wind speeds were made 
i n  1932 a t  2 po ih t s  i n  European USSR. Wind-speed 
measurements were made a t  i n t e r v a l s  i n s i d e  and out- 
s i d e  t h e  p lan t ing  zone a t  he igh t s  of 0.5, 1 and 2 m. 
Rela t ionships  between he ight ,  width, and type of 
p lan t ings  and wind speeds a r e  tabula ted  and graphed. 
Nind speeds were normally reduced from 10-25 per cent  
a t  d i s t ances  up t o  20 m. on the  windward s i d e  of t h e  
b e l t .  Maximum reduct ion  of t h e  wind speed occurred 
i n  the  f i r s t  fetr m. of the b e l t  and near  the  ground. 
Reduction is  determined by width, d e n s i t y  and he igh t  
of the  b e l t .  The e f f e c t s  of snow banks on t h e  wind 
d i s t r i b u t i o n  a r e  discussed. 

Povettev,  A . A ,  and V.V. Popov. New Types of Leafy Sn0w0Protective 
Bel t s ,  Text i n  Russian. Sbornik Nauchno-Issledovatellskogo 
I n s t i t u t a  P u t i  NKPS (Babushkin), 1934, 2:96-108. 

The use of l i v e  snow fences 5y Russian r a i l r o a d s  is  
discussed b r i e f l y .  Preliminary r e s u l t s  of s t u d l e s  
on double-row p lan t ings  a r e  given. Wind speeds a t  
he igh t s  of 0.5, 1 and 2 m. a r e  tabula ted  and graphed. 
The double row p l a n t i n g s  suggested a r e  a s  e f f e c t i v e  
a s  t h e  normal, wider b e l t s  and e f f e c t  savings i n  
c o s t s  and mater ia l .  

~ a k i t s k i x ,  K.P. Kostychev's Ideas on Meltwater Retent ion i n  F ie lds .  
Text i n  Russian. Pochvovedenie, - 50, No. 11 :S5-58. 

The Kostychev r e p o r t  on snowdrif ts  and snow r e t e n t i o n  
was prepared i n  1892. Its con t r ibu t ion  t o  snowdrift  



control for agricultural purposes is considered 
important enough to merit publication i~ 1955, 
Snow distribution around obstacles and hedges 
was investigated in the steppe regions of 
European Russia. Kedges and the plowing of snow 
lanes were found to be effective for snowdrift 
control and for increasing the absorption of 
meltwater by the soil. ididth of snow hedges 
and the distance between rows are given as 
functions of hedge height. 

~ a u n e ~ " ,  S. Snow-Collecting Forest Belts in the Steppes of South 
European Hussia. Text in Russian. Self skoe K~OZGYS~VO i 
Lfisovodstvo, June 1905, - 207 :645-657. 

The planting of forest belts along lines of high 
relief to collect snow as a source of water supply 
in the steppes of southern Russia is discussed. 
Belts 200-240 m. oride are recommended for main 
water-divide lines, and 20 to 160-m. belts for 
secondary ridges. The average max. snow-cover 
depth was found to vary from 20-46 cm, (Feb.) in 
the steppe zone of southern Russia with a density 
of about 0.3 at that time. Experiments in the 
Veliko-Anadol Forestry showed that this amount of 
snow precipitation with snow retention by forest 
belts is sufficient for irrigation. Snowbanks 
around forest belts a.t Veliko-Anadol reached a 
depth of 12 m. 

11 
Sarsatskikh, P,I .  ~ive'' Pickets and Fences for Protection against 

Snow. Stroitellstvo Dorog, 1939, - 2, NO. 9:31-32, 
High initial and maintenance costs of wooden snow 
fences suggested their substitution by willow snow 
hedges. Willow pickets, 2.2 to 2.3 m, long and 
about 6 cm. in dfameter, were planted along roads 
subject to snow accumulation. The willows were 
carefully planted in spring in ditches 60 to 70 cm. 
deep. The crowns of the willows were sufficiently 
developed in fall to provide protection against 
drifting snow, 

Sarsatskikh, P.I. Fall Upkeep of Live Tree-Fences as a Protection 
against Snow. Stroitellstvo Dorog, 19&, - 7, No* 9:13. 

A program for tree maintenance, replacement of dead 
wood with live trees, collection and selection of 
seeds, and growth of saplings for spring planting 
is outlined. Perennial maintenance i s important 
because it takes 2 to 3 years to grow a hedge along 
the highways sufficiently dense to afford protection 
against snowdrifts. ! 



Shiotani, Nasao and Hideo Arai. Snow Control of the Shelterbelt. 
Union geod6sique g6ophys. intern. Assoc. hydrologie sci. 
Cornpt, rend. Assemb. q6n. Rome 19.54, - 4:82-91. 

Wind tunnel and field tests of the effectiveness 
of forest shelterbelts are discussed in detail, 
and data are tabulated and graphed, The effects 
on snow interception of shelterbelt height, width, 
crown density, and mean height of the lowest 
branches were studied under controlled laboratory 
conditions. Snow accumulation, air flow, and 
wind velocity distribution were measured in the 
field. The causes for the generation of snow- 
drifts are discussed, and the effective area in 
the lee of the shelterbelts was determined from 
the interrelation between drifting snow and wind 
velocity near the snow cover. Effectiveness of 
shelterbelts are given for various shapes and 
densities. Problems for further study are out- 
lined. 

Shultgin, A,TI. Snots Retention by IIedges. Text in Russian. Noscow, 
Gosudarstvennoe Izdatel'stvo ~el~skokhoz~aPstvenno~ Literatury, 
1953, 40p. incl. illus. tables, graphs, diagrs., 27 refs, 

A study of snow hedges and the effect of snow 
retention on the yield of winter crops is pre- 
sented, The work of other investigators is 
summarized. Corn, sunflowers, sorghum, white 
mustard and other fast-growing species are planted 
in strips 2 or 3 rows wide perpendicular to the 
prevailing wind and 3.6-15 m. apart. Data on snow 
cover and air and soil temperatures with and with- 
out hedges at several stations in the USSR from 
1940-1948 are pressnted in tables and graphs. The 
1941-1948 average snow-cover depth at the end of 
Dec. at Barnaul measured 10-12 cm. in open fields 
and 30-50 cm. in hedge-protected fields, and min. 
soil temperatures st a depth of 3 cm. averaged 
7.70C higher under 30-50 cm. of snow cover than 
under no snow cover and 26.30C higher than the 
average air temperature. 

Shullgin, A.14, Snow-Cover Distribution on Fields. Text in Russian. 
Voprosy izucheniia snaga i ispollzovaniia ego v naradnom 
khoziaistve, by Institut GeograFii Adademif Nauk SSSR, &loscow, 
1955, p.112-136. 

The importance of s snow cover as a source of so21 
moistu~e in the forest-steppe and steppe zones of 
the USSR, where the water equivalent of the snow 
cover reaches 25-30 per cent of the annual preci- 
pitation, is noted; and peculiarities of snow-cover 



d i s t r i b u t i o n  a r e  analyzed on the b a s i s  of s p e c i a l  
i n v e s t i g a t i o n s  i n  A l t a i  Province s ince  1942-43. 
Snow depth averp.ges from 10 cm. i n  t h e  s teppes  of 
the S t o  30-50 cm. i n  the  forest-s teppe zone; but  
these  values vary from 0-100 cm. o r  more i n  open 
f i e l d s  due t o  d r i f t i n g ,  w i t h  deep snow accumulating 
around obs tac les  with ad jo in ing  bare sur faces .  
Data a r e  given on snow-cover d i s t r i b u t i o n  and s o i l  
temperature v a r i a t i o n s  i n  f i e l d s  of A l t a i  Province 
where the effec-ks of snow r e t e n t i o n  were s tud ied  
w i t h  grass ,  crops and o t h e r  kinds of vegetation. 

Sladkov, E. Snow-Collecting Fores t  Bel t s ,  t h e i r  Agr icu l tu ra l  
Importance and Methods of Plant ing.  Text i n  Russian. V 
Pomoshcht 2emlede11 G u  (Omsk), 1924, 2, NO. 3 :10-11. 

The importance of snow cover i n  a g r i c u l t u r e  is 
discussed and methods of snow r e t e n t i o n  a r e  
described. Forest  b e l t s  a r e  highly e f f e c t i v e  
f o r  snow retentior!. These b e l t s ,  20-30 m. wide, 
modify t h e  d i s t r i b u t i o n  of the  snow cover. An 
a rea  of increased snow depos i t s  extends 60-100 
m. beyond the  b e l t .  Snow, 1-2 tub deep, i s  c o l l e c t e d  
a s  compared t o  a few cm. i n  t h e  open f i e l d .  

Sokolovs, N.S. The Influence of Fores t  S h e l t e r b e l t s  on Crop Yield. 
Text i n  Russian. Trudy ~ s e s o f i z n o g o  ~auchno- l s s l adoba te l l  skogo 
I n s t f t u t a  ~ ~ r o l e s o m e l 4 o r a ~ i i ,  1937, - 8:12G-158. 

The r e s u l t s  of i n v e s t i g a t i o n s  of t h e  hydrological  
e f f e c t s  of f o r e s t  s h e l t e r b e l t s  i n  1932-1934 near  
Saratov a r e  discussed and da ta  a r e  tabulated.  
About 243 pe r  cent  more snow accumulated i n  the  
s h e l t e r b e l t  a r e a s  than i n  t h e  unprotected f i e l d s .  
The ~ e m o v a l  of underbrush i n  s h e l t e r b e l t s  e f f e c t s  
an evener d i s t r i b u t i o n  of snow cover around the  
b e l t s .  Shallower s o i l  f r eez ing  and the  longer  
snow-melting period i n  pro tec ted  a r e a s  diminish 
su r face  run-off arid improve the  i n f i l t r a t i o n  of 
meltwater. 

Stepanov, N .No Plant ing  and Maintenance of Snow Hedges, Fores t  
Bel t s ,  and Tree-Nurseries f o r  Railroads.  Text i n  Russfan. 
Moscow, Transpechat l ,  1928, 216p. 

A h i s t o r y  of snowclrift prevent ion through the  use 
of snow hedges and f o r e s t  bes l t s  along r a i l r o a d s  i s  
presented. Species of bushes and t r e e s  according 
t o  cl imate and s o i l  condi t ions  a r e  descr ibed and 
methods of improved maintenance a r e  discussed. Wind 
flow v a r i a t i o n s  amund obs tac les  a r e  analyzed and 
r e s u l t s  of i n v e s t i g a t i o n  of snow depos i t  forms ape 



reviewed. Construct ion of snow hedges and f o r e s t  
s h e l t e r  b e l t s ,  l oca t ion  and width f o r  var ious forms 
of r e l i e f  i n  steppe regions a r e  described i n  d e t a i l .  

S toeckeler ,  J . H .  and E.J .  Dortignac. Snowdrifts a s  a Factor  i n  
Growth and Longevity of S h e l t e r b e l t s  i n  the Great Plains .  
Ecology, Apr i l  1941, - 22 :117-124. 

A study was made t o  determine the  e x t e n t  t o  which 
snow rep len i shes  s o i l  moisture I n  and near she l t e r -  
b e l t s .  The r e s u l t s  i n d i c a t e  t h a t  s h e l t e r b e l t s  w i t h  
dense growing shrubs, a t  l e a s t  8 f t .  high, effec-  
t i v e l y  t r a p  snow i n  d r i f t s ,  5-8 f t .  deep, The 
d r i f t s  increase  t h e  s o i l  moisture from f a l l  t o  
sp r ing  by 10 in .  of water i n  t h e  b e l t ,  and by 5 i n ,  
wi th in  80 f t .  of the b e l t .  Increment of s o i l  mois- 
t u r e  from melt ing snow c o n t r i b u t e s  t o  t h e  longevi ty  
of 50 yea r s  of nor thern  s h e l t e r b e l t s .  Tree b e l t s  
i n  southern l o c a t i o n s  with equal  r a i n f a l l  surv ive  
only 20-30 years.  A 3-ft. snow cover kept  the  
f r o s t  depth t o  4 in.; under a 1-ft, cover f r o s t  
penetrated from 12-18 in .  

Torkelson, M.W. Planted Snow Fences. Eng, News-Record, 24 Sep ta  . 
1942, - 129:408-409 (Comment and  isc cuss ion). 

The e f f e c t i v e n e s s  of p lan t ings  i n  c o n t r o l l i n g  snow 
d r i f t i n g  along a \Jfsconsin road i s  indicated.  More 
snow accumulated on the  windward s i d e  of the  plant-  
ings than along an  adjacent  l a t h  and wire snow fence. 

von Kruedener, Arthur. The Snowdrift Problem on Roads. Text i n  . 

German. Forschungsa13b aus d. StrassenWesen, 1941, 31:58-61- 

The conservat ion of snow f o r  a g r i c u l t u r a l  purposes 
by means of f o r e s t  s h e l t e r b e l t s  is discussed,  Snow 
i s  deposited i n  fraont of, w i th in  and behind b e l t s  
c o n s i s t i n g  of a combination of t r e e s  and hedges. 
The b e l t s  decrease t h e  e f f e c t  of dry  winds i n  summer, 
favor  dew deposi t ion,  e f f e c t  even snow d i s t r i b u t i o n  
and favorably inf luence s o i l  c l imate  and cl imate near  
the  ground. A program f o r  p l a n t i n g  f o r e s t  she l te r -  
b e l t s  i s  suggestee,  

Vozianov, V. The E f f e c t s  of Var ia t ions  i n  Width and Number of S t r i p  
P lant ings  on Snow Accumulation. Text i n  Russian. Dimat i 
Pogoda, 1935, - 11, K O .  5:38-40. 

Resu l t s  of an exprlrimental study by the  Donetsk 
Agr icu l tu ra l  S t a t i o n  c a r r i e d  out i n  Artemovsk during 
1934-35 a re  reported and da ta  a r e  tabula ted ,  Pleasure- 
ments were made i n  a f i e l d  planted w i t h  c a t c h  crops a s  



well a s  between s ing le  and double rows of corn, 
Maximum snow accumulation was on the catch crops, 
More snow accumulated between the double-rows than 
between the sinc:le-rows of corn. 

~ f l l i a m s ,  Itoss, Trees t ha t  Beat the  ~ l i z z a r d ,  Am. Forests,  Aug. 
1949, 2, 1Go. 8:26-27. 

The e f f e c t s  of s h e l t e r b e l t s  on snowdrift control  and 
re ta rda t ion  of meltwater runioff  a re  discussed on 
the bas i s  of s tud ies  made near OINeill  (Mebr,) 
following the 1?40-49 winter. Tree plantings,  a t  
l e a s t  7 rows wide and with a good shrub o r  conifer  
row on the windward side,  trapped a l l  the  d r i f t i n g  
snow i n  or  close t o  the plantings,  The effect ive-  
ness of other  plantings varied a s  they deviated 
from t h i s  minimum standard. The absence of a shrub 
row t o  f i l l  the gap between the ground and t r e e  
branches may ac tua l ly  cause harmful d r i f t i n g ,  

Live Snow Hedges. Text i n  Danish. Medd. Vegdirekthren, Fsb, 1949, 
No, 2:26-27. 

- 

The Danish de1sgat.i on t o  the Nordic Road-Technical 
Union's meeting repor t s  t ha t  f i r  and spruce t r e e s  
provlde good protectfon when planted i n  2-3 rows 
spaced equid i s tan t ly  on the  diagonal, The Danish 
S t a t e  Railways used spruce hedges but found t h a t  2 
p a r a l l e l  low-cut hedges with the outer  row on a 
dike 25 m. from the  tracks provided b e t t e r  protac- 
t i on  against  d r i f t i n g  snow. Hedges planted i n  
Sweden t o  protect  f r u i t  t r e e s  against  sand have 
supplanted a r t i r i c a l  snow fences i n  winter. It 
i s  believed tha t  p lant ing b i rch  and f i r  i n  northern 
Sweden w i l l  e f f ec t ive ly  replace a r t i f i c a l  snow 
fences, Norwegian experiments showed t h a t  k i  ve 
hedges were more e f fec t ive ,  l e s s  expensfve and an 
improvement of the landscape. German experiments 
with low beech hetges, and low and high spruce 
hedges showed goo? snow accumulative capac i t i es  
regardless of 1srk;e percentages of open spaces. 
ho d e f i n i t e  c o n c l ~ ~ s i o n s  a r e  drawn. 

Planting the  Standard Mindbreak. Minn. U. Agri. Extension Div, E x t ,  
Bull., Narch 1939, *:3-15. 

Snow fences i n  Mfnn. should extend 400 f't. on the  
nor th  and west s i t e s ,  a t  100-ft, d is tance  from the  
buildings t o  be protected. Two rows of low t r e e s  
o r  shrubs should 'cte planted 6 0  f t ,  outside the 
main wind break t o  form a snow t r a p  area. The 
main wind break should be 80 f t .  wide and consis t  



of 8 rows of t r e e s .  Trees t o  be used f o r  the  d i f f e r e n t  
rows a r e  named and t h e i r  proper alignment i s  designated. 

Tree Plant ing  t o  Serve a s  Railway Snow Fences. Eng. and Contr., Piarch 
17, 1920, - 53:308-309. 

The experience of American and Canadian r a i l r o a d s  
i s  discussed. Conifers a r e  planted 75 f t r  from t h e  
t r a c k  f n  2 rows 3 f t .  apar t ,  and the  t r e e s  a r e  
staggered a t  34%. i n t e r v a l s  a long the  rows. Equally 
s a t i s f a c t o r y  r e s u l t s  w i t h  hardwoods would requ i re  8 
rows. C u l t i v a t i o n  i s  necessary f o r  3 yr.  a f t e r  

J 
plant ing.  This  method c o s t s  one-third t o  one-half 

m as much as  wooden snow fences and i s  more e f f e c t i v e  

71 
than snow fences i n  7 yr. 

Mind Erosion Control. Minn. U. Agri. Extension Div, Ext,  mll, June 
1942, a : 3 - 1 5 *  

The importance of wind eros iod  c o n t r o l  f o r  agr icul -  
t u r e  i s  emphasized and p r a c t i c e s  inc luding  moisture 
conservat ion a r e  recommended. S o i l  moisture may be 
conserved through ca tching  and holding snow -b -means 
of' s h e l t e r b e l t s ,  hedges and b u f f e r  s t r i p s .  s tubb le  
covering he lps  moisture conservat ion by preventfng 
deep f r o s t  penet ra t ion ,  while rough s u r f a c e s  check 
run-off and increase  the  pe rco la t ion  r a t e .  Winter 
moisture may be praeserved by plowing a s e r i e s  O f  

snow r idges .  Implements used f o r  moisture conserva- 
t i o n  include bas in  t i l l e r s ,  shovel  bas in  l i s t e r s ,  and 
f i e l d  c u l t i v a t o r s .  


