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THE USE OF SNOW FENCES 535-71 |
. FGR
SHIELDING PRECIPITATION GAGES
8y

Paul A. Rechardl/ and Lee W, LarsonZ/

Introduction

The reasons for wsnting to measure precipitation are meny and vsried but basically
the data zre required as an essential element for climatology, hydrology, and meteorology
studies. The purpose of ths gage itself is to detsrmine how much precipitation per unit
area end per unit time would have fellen to ths gorcund had the geoe not been ithere, rope-
fully, with meesuremenis from several gegss, it is possible to errive ezt a2n estimate of
the total amount of water deposited over a given area of ground,

In the Ninetesnth Century, it became epparent that the catch of precipitation
gages was affected by meny veriables, the most important being wind (Abbe, 1887:4), Fany
investigatiens from that tims on have alsao shown that wind has a2 strong influence on gage
catch and that an increase in wind speed gensrally results in a decreasse in catch,
especially for solid precipitations.

Because wind has such a great effect on the gage catch, many investigators have
attempted to develop 2 wind shield which would eliminate this effect. Several different
forms of wind shields were proposed and trisd; some were sttached to the gage, both iasids
and outside, while others wers ‘separate from ths gags (Kurtyka, 1553:29), Even though rany
designs have been proposed and built, no shield in usa today has completely soived the
wind problem.

The selection of proper exposurs is mast difficult and from the literature it
would appsar that a protected location is one in which the horizontal angle from the gage
to the tops of the uniformly surrounding objects would be about 30° (ESSA, 1970:18), If
siting can czuse a major error in measuring snow, it would appear to be important to bs
able to provide a "correct" mznmade site, The proper shielding of the entire gage and
site, thersfore, could contribute to the reduction of errors due to poor site conditions,

Objsctivse

"The objective of this study is to investigate the possibility of shielding precip-
itation gages from adverse wind effects by using artificial wind barriers, such as snow
fences, If such protection wsre possible, it would permit standardization of wind shield-
ing, which in turn should mzke possible more msaningful comparisons of dzta gathered from
gagses at different loceations within a network.

Installation

The study site is located on Pole Mountain, in the Medicine Bow Nationzl Forest,
seventeen miles East of Laremia, Wyoming, at an elevation of 8,100 feet., The area is open
and subject to frequent winds of relatively high spesd and prolonged duration. Figure 1.

Based ‘on knowledge about the functioning of snow fences, it was decided to estab-
lish a test enclosure of 4z-foot snow fencs, 80 feet long by 50 fest wide, Within the
enclosure, five recording-weighing Belfort precipitation gages were installed, Figure 2,

Prior research has shown that the maximum wind reduction behind a snow fencs
occurs at a downwind distance of approximately five times the height of the fence (Pugh,
1950:24), Therefore, a pair of gages (with and without Alter shields) wers sst 20 fast
(S5h) east (downwind) of the westerly fence. To test if the point of maximum wind rsduction

1/ Director, Wyoming Water Resources Research Institute, University of Wyoming,
Laramie, Wyoming.

2/ Ph.D Cendidate, Civil Engineering Department, University of Wyoming, Laramie,
Wyoning.
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jare ths best for siting a gags, additional gages wsrs locatad 10 feet (2.5h), 40 feet
(10n) and 63 fest (15h) east of tha upwind fence. Ffor ease of refersncs, the gages were
wmbeted, with gages 1, 2, 3, and 5 placad at 60, 40, 20 and 10 feet, respasctively, bshind

-ns west adgs of ths enclosure, all with Alter shields; and gage 4 at 20 fest, but without
rne Alter shield.

Two precipitation gagss, numbsred 6 and 7, ware placed in the cpen, with no fenca
sratection in ordsr te provids control data for the study. Numbar 6 gage is unshieldsd
.hile numbhsr 7 has an Alter shisld, .

Gaga 8 is situated 50 fast behind the fourth in a serjas of 83-foot fances. The
30-foot location was chassn bscausa the maximum valocity reduction bshind the fence would
ha in this gsneral arsa. Gage 9 has bsen installed inside two concentric circles of snow
fancas inclinad at 45° and 63° angles from tha horizontal, similar to what gight be called
mglow" fencas. Figurs 3, The dasign of ths enclosurs was empirically dstermined in a wind

tunnal, utilizing tufts of string to indicate maximum valocity and turbulence raduction
at tha orifics of tha gags.

Gages 10, 11, and 12 ars non-recording gages situated one mile wast of the sits
in small opanings within forested arsas,

Snow Fenca makarial is ths standard 4-foot vertical-lath highwsy-type fencing, with
2u0ut 50 percsnt dansity. This typs of fencing was used bscauss it has bean found that
osen fencas ara supsrior to solid fsncaes and that tha optimum open density is about fifty
sarcent (Pugh, 1950:42). The standard typs of fancing was also usad so that, if ths re-
sutts of the research wsra favorabls, tha availability of matsrials for othar installations
would not bs a problsm. A gap of six inchss was left balow tha fence bscauss othar ra-
ssarch has shown that a gap of less than six inchas allows snow to accumulate against the
f3ace and thus "straamlina" it prematurely (Pugh end Prics, 1954:9). If ths gap is greater
snan one foot, the snow collecting capacity of ths fance may be reduced.

In addition to tha instrumsntation installed especially for ths study, ths United
states Forest Ssrvice, Rocky Mountain Forest and Range Experiment Station has two record-
.1} precipitation stations, ona approximately ons mila east and one zpproximately one mile
sauth of cur sits, as part of ona of thair rassarch efforts. Thass gagaes, referrad to as
.375-1 and USFS-2, are situated in small openings within forested areas and it is felt that
inay are installed approximately as rscommandad by ths National Wsathar Sarvica and could
stovida a "standard" against which tha test gagas could bs caomparad.

It wzs recognized that sits shialding involvad a problam of attempting to minimize
»indspaads and turbulsnce without inducing tha catch of drifting (rslocatad) snow, Mere
731 50. percant of the blowing snow has baen shown to bs containsd within the first mstsr
1zeva the ground (Mellor, 1965:15). Therafora, tha orifice of all gagas was placed more
tngn ona mater high. It was felt that ths Alter shislds would prevent ths snow which might
“it the sitas of ths gags from being lifted up to orifice haight and caught. To raduce the
3~cunt of snow bsing transported past tha gages, the main taest enclosura was providsd with
1z2itional protective fencas upwind, Tha fences ars to trap ths blowing snow and pravent
¢ from baing lifted to orifice hsight. '

siplininacy Data Analvsis

; Prszinitatinn Data from ALL 5Ganas -~ The total amount of pracipitation caught cdur-
3 the pariads Octobar 1959 to May 1970 and Ssptembsr 1570 to January 1971, by esach pre-
itditstion gaga at tha rassazch site and by ths two Forest Ssrvica gages, is summarizad in
.=3i3 !. 2acause thera was evidancs of snow blowing into gagss 3, 4, and 5 during soma of
:' :99f1Y pariods during the winter 1969-1970, an astimatad catch was used to arriva at
©* 3djusted” valuas for thosa waeks. No adjustmants ars nscsssary on tha data from the
1797 32333 nor wars adjustments nacessary for ths data from tha 1870-13971 pariod.

o

in2 weakly data from all gagss are plotted as a mass curvs of precipitation for
Zaviods, as shown on Figures 4 and 5. Soms interssting rasults ara immediately
Tom thsas graphs.

tszipitatian gaga 6, which has no Altsr shield end no fance protaction, caught
9935 @osunt of pracipitation during both psriods of time. This is as would bs expsacted
©79.77:rz33 the arqumant for sn Alter shisld on all gages.
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TABLE I

TOTAL PREZCIPITATION CAUGHT BY GAGES

Gage
Oistance
from 2 Oct 1559 - 28 May 1970 1 Sept 1970 ~ 31 Jan 15714
- Upwind Alter
sage Fence Shield Recorded Precipitation Gage Recorded Precinitation

fumber (feet) Provided Inches ecm Z'standard"  Number Inches  com Z"stencard"

1 60 Yes 13.69 34,77 103.5 1 6.97 17.70 100.5
2 40 Yes 13.7 34,82 103.7 2 T2 18.31 104,0

3 20 Yes *16.15 41.02 122.1 3 7.52  19.10 108,5

4 20 No **% 9,99 25,37 75,5 4 5.73 14,55 82,6
5 10 Yes **13.31 33.81 100.6 5 7.36 18,69 106,2
6 No 5.05 12,83 38.1 6 3.84 9.75 55.4
7 Yes 8,95 22,73 67.7 7 5.29 13,44 75,3
a8 50 Yes 10.71 27,20 81.0 8 7.80 19,81 112.5

: 9 6.38 16,21 92,0
10 7.11 18,06 102,5

1 6.66 16,92 96.1

. 12 6.82 17,32 98.4

USF5-1 Yes 13.22 33,58 100.0 USFS-1 6.93 17.60 100.0
- USFS=2 Yes 15.01 38.13 113.5 USFS-2 7.73 19,863 112.0

*Lstimated values for 5 weeks during the period
**Estimated values for 4 weeks during the period
***tstimated valuss for 1 week during the period

" Sama changes were made in the site layout during the summsr of 1970 to correct for
deficiencies in design ohserved during the 1969-1970 winter, It was obvious that gage 8
was receiving very little protection from north and northwest storms, therefors the 83-
foot fences were extended to the north to afford additional protection. The effect of this
modification is apparent in the comparison of the catch by the protected gegs during the
two wintar periods, For 1969-1970, gage 8 averaged 81 percent of the standard catch while,
for the first part of the winter season 1970-1971, it is now averaging 112.5 percent,

~ During the first year of oparation major drifting was experienced arogund gages 3,
4, and 5, For this reason, an additional 8§-Foot fence was placed 150 fest west of the
test enclosurs with apparently satisfactory rssults, The catech of gage 5 dropped from
118.6 percent to 136.2 percent of ths stendard. That by gage 3 dropped from 134 percent to
108 percent and by gage 4 increassd from 78.8 percent to B2.6 percent, Obssrvations during
the early portion of tha winter 1970-1971 show that there is now very little drifting
around thess gagss,

Among several multiple comparison tasts available for identifying differences be-
tween performances, the Duncan multiple-range test was chosen (Miller and fFreund, 1965:
279-283), This analysis shows that the geges fall into one of thrae groups as far as
performance is concerned. Group one (gage 6) has no protection. Group two {gages 4 and 7)
have ona method of protection, sithar shield or fence but not bsth, Group three (gages 1,
2; 3, 5, 8, 9, and USFS-1) have a shield plus some othar protection, either fesnces or
trees,
A3

: MWind Effect on Gage Catch -- The study site was subjected ta prevailing northuwest
winds most of the year and particularly from Octobar to May. An enalysis of the wind speeds
accompanying storm events was falt to be important,

Figure 6 is a plot of the ratio of the catch of gagss 2, 6, 7, and 9 to the
“standard" versus wind speed. It shouws that gage 9 (blow-fence) is less affected by an in-
treasa in wuind speed than gages of other shielding eonfigurations.
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“onclusions

The fuaction of ths fence-shield combination is to provids protaction to ths gages
"rom both site and gage eddies, Without protection, thase eddias influence the mannar in
shich tha precipitation falls, with the extent of the influenca partially depandent upon
the form and nature of ths precipitation (i.e,, drop diamater, crystal typs, stc.) (Waiss
and Wilson, 1957: 464-465), It would sesm that ths snow fencaes have providsd effective
rotection against the site eddies, at ths rasearch location studied. It is not our con-
tention that site shislding such as ussd ia this study will be applicable for all sampling
situvations. As an example, ths dasp snows with lass wind exparisncad in tha California
rountains might not be smenable to tha same shielding as experienced in tha Rocky Mountain
srea,

w

Whils comparisons of gage catch reported on herein might imply that thae gage which
caught the most snowfall would bs “bast", it is not intendsd that the largast catch would
b3 the criterjon for tha tests, becauss it cannot be categarically statad that tha great-
st catch is nacessarily "true" catch. Uniformity of catch characteristics for all condi- 4
tions, housvar, is dasirable so that more meaningful comparisons can bs mada amang gagss
at differant locations,

It doss ssem that fences cen provide site protsction approximately equal to a
“wall-protectsd" site, All ths gagss from the Duncan interval group "threa®” (which includes
tha "standard") hava a combination of fenca protection, i,s,, drifting of snow into the
jages from fencs sddies, appears to be controllable through ths uss of upwind fences to
captura the snow bsfore it is transported past ths gages. Sixteen mm times-lapss photo-
araphy of the site enclosurs and weskly visual obssrvations hava ravealed little or no
drift build-up around any of the test gages during the winter 1970-1971,

In general, praliminary data analysis indicatses that, under windy conditions, an
snshieldad precipitation gage will catch about ene~third of tha "standard" snowfall, a
1232 with its orifice protscted by an Alter shield ar with sits protection by 2 snow fencs,
~ill catch about two-thirds of ths "standard", while a2 gegs with both its orifics and site
arectzcted will catch about the equivalent snowfall of thz "standard®,
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