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SNOW SURVEYS. AND FORF.ST MANAOEMKWI 
IN THR HOOKY MOUNTAIUS OF COLORADO 

INTRODUCTION 

The proper management of th water resource of 
the United States is essential to the health and 
prosper1t3 of the American people, Te use of water 
for human consumption, for domesti c animals , for 
hydroelectric plants, and for innumerable other uses 
gives th1s resource a value be ond measure. A · single · 
1nd1oation of the value of the w&ter resource is the 
fact that nineteen states west of the Mississippi 
River depend upon irrigation water f or sueoeesful 
agr1eultural practice (9). The negative values of 
uncontrolled water are important 1n American economy. 
Floods, erosion of fertlle soil horizons , destruct1cm 
of ·fi hing iater , and other damAges are a heavj 
drain on Affler1oan assets . 

In Region Two of the United St ates Fores t Service 
28,000,000 aore .. f eet of water ar produced in an 
average Jear , two-thirds of this total being produced 
west of the Continental Divide (14). The great 
drainage ba 1n of Region Two a.nd adjacent regions, 
the Colorado Riv r Basin, covers 242 ,000 square miles 
in th United Stats . Of hie area, ·twenti -n1ne 
percent is eov red by forests. One -fourth of the 
forest ar a is eonif rous vegetation ·c~). Measure
ments on a tr1butar) of the Colorado River revealed 

-· that seventJ-four percent of the annual runoff 
occurr d 1n the period April t o Juli, It was deter
mined that this large percent of the total runoff 
was associated with snow melt, snowfgll at high 
elevations betng the one 1m.portant factor 1n the 
production of the water carried b this tributary (9}. 
It ··1s obvious that the influence .of. high altitude 
forests on str eamflow 1s of gre t importance to the 
people of the West. 

,. 

ater is as much a product of fore s t land as 
1s timber, forage , or game animals . Saunderson (14), 
1n a discuss ion of int rgra t ed land use, has shown 
th$t wat r values on Wes tern watershed a r eas are the 
major values of such lands . '.rhe protection value 
of Western _upland watershed lands averap s thi r ty 
dolla r s per acre , The land owner, having not tle 
to the water crop from his land, may have little or 
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no regard for the quantity or qu~lity of the crop or 
of the damage it may c us ot er. For this and 
other r asons, prot ct on of th ater resource has 
become a publi c function. Pr otection forestr is 
essenti all public fore try (10). 

Protection for s try has be n slowly accepted by 
American fore ters as an ceas ar part of forest 
practi ce. In many cou tries th 1 portane of pro
t ction fore tr has been r alized . Mot ropean 
countries, Japan, and sev ral ot r countries have 

t bl ed prot ot1on for sts whie are defined by 
law and w 1o u t, regardles s of ownersh1 , b 
man ged 1n ccordanc e wit definite prescribed 
standards. Mot of the government-owned forest: of 
the world r 1n mountainous regions and mu t b 
re ard. d as being ssenti lly protection for~ t ( ). 

A neoessar art of protection fore tr and 
at rs ed management 1s the snow surve . ile not 

taught part of a profession 1 oour e in forestry, 
the number of fore s ters en g ed in now surv ing 
indicates t~at ti s and all1 proc dure hould be 
a part of every fore ster' s stor of knowled e. 

Snow surve a and other s now 
by everal overnment agencies. 
e.t work at t e present t hne are: 

tudies re conducted 
ose org nizations 

l. ore t .Service -- Surveys to predtct stream
flow, 1n coop r tion with the Soil Cons r vat1on 
Service e.nd other enoies . EYperimental ork is in 
progr ess on d s1 ated ares to d t rmine t e b t 
systeme of land management applicable to 1nt r rat d 
use of for s t l nds. 

2 . Army 
c araeter1 tic 
treamflow . 

n ineers xp rim ntal work on eno 
and m lting . Snow surveys to pre.diet 

3. Soil Conaerv~tion Service -- Sno surveys , 
mos t of h ie are coopera tive in nature. Tis gency 
1s interes t d 1n th man gement of the wat er re source , 
for agricultural use . · 

4 . Bur au of rtecl atlon· -- xper1m ntal work 
of vari ous t pe i s conduoteQ. by Bu1,e . u eraonn l. 
On proj ct 1s des1 n d to fi nd m~ans of eorrel tin 

tand rd at er Bureau- d t a w t record of melting 
conditi ons and applJin the r esul ts to lar ear s. 
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Stre mflo 
p111 ay d 

project. 

at 1 used by th Bur u in developing 
1 n and in planning ot er en in r1n 

5. at er Bur u -- Snow urv y for use in 
riv rand fl ood f ore sting. 

6 . N tional Park Service -- Sno . surv ys on 
w ters d rea within National Park. ~ e data 
~btained 1 u~ed bJ other ag notes 1n pr p r1ng 
forecasts of str amflow • 

.'7. Fish and Wildlife Service now surve on 
lands an g d by, the Service. Forecast ar us ful 
1n predicting water ava1lab1lity on areas m naged 
for wildlife ro uotion . 

8. G ological Survey -- Snow urveys ar e us d 
tn t e forecasting of streamflow. 

9. Office of Indian t.ffairs -- Snow urv y 
ar m de on Indian lands 1n coop ration with for -

·c tin g no ee. 

Ooo rating ene1 not in th feder l 'govern
ment nclude State eng ne rs , State agricultural 
experim nt stations, e1t1es, power comp n1 , and 
irr1g ton comp n1 a . Some org n1 ·ation em loy 

now surv or event ough coop r t1v agre ents 
it gov rnm nt a nc e ar not in eff ct. A power 

company in Cal forn1 w oh us a 011 s a means of 
produo1n leetricity during periods of low tream
flow ha f ound it de.1rable to employ snow surve or . 
D ta gnt red by no surveyors pr · t s t co pany 
executives to t1mate t e toekpil of oil t ey 
must aceumul te prior tote drys son . An er -

· root or ater ma. be equal to a barrel of oil 1n t e 
production of leotricity. 

TJpical of work being done b research p rson el 
oft e Foret Service 1st at in rogre a at t e 
Fraser Exper1m ntal Area, rapa o ational or t, 
Colorado. T 1a area is l ocated int e Color do River 
Ba in , int e zon of 1gh altitud for ts from 
w 10 co e muc oft w ter oft · Color do 1v r. 
Studte at Fraser ave provid d infor ation a to 
t relative v lue of the covert pe . (asp n, r ss , 
and coniferous for 0 t) on snow \lation nd 
retent on. F rt er at d1 1n coniferou ror st 

. ar 1n progress to d t rm n t e an ge ent practices 
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that ill result in the ,max1mum yield of timber and 
us ble water. The Fras r Experimental Area is 
managed by personnel oft e Rooky Mountain ore t nd 
Rane periment tat1on . Muoh oft e infor at1on 
contained int is pa.per was obtained in tb raser 

r a. 

SN D FOR TRY 

'Pree, especially coniferous sp c1e, xert a 
powerful 1nfluenee on th amount of water ln t e form 
of snow stored under th forest e nopy. 

The effe ct of 1nt re ption in a forest of 
pondero a pine , Table One, is 1nd1oative of the 
1m ortanoe oft is phenomenon. 

'.table One 

'P ercent of total winter '.s snowfall intercepted 
by pondero a pine stands {10) 

Composition of stand 

Virgin, 1th understory 
ature, no und ratory 

Open pond rosa pine - lod pole pine 

Interception 
Pere nt 

27 
22 
a 

Obaerv tion in the ubalpin forest oft 
Rock ountalns of Colorado indicate tatter l tive 
effie noy oft e tree apeoi s 1n snow interception 

to b: 1. youn lod epol pine, 2. alp1ne 
fir, :3 • .. ng elm nn spruce, 4. matur lodg pole p1n , 
5. a n and ot. r deciduous p eie. ture lodge-
pole pine is low 1n abili ty to intercept snow due 
to the irr e larity oft e crown of mature tr s of 
tis p cies . 

In forested are n ged as a at r bed, 
bal&nce must be r e ached betwe n intercept on bJ 
tr es and t e sheltering effeet oft e fore t c nopy. 
Tr es r duo the runount of sno r ac 1ng t round 
and reduce t er te of melt of that w 1eh is 
accumulated . A mod rate rate of melt is d irable 
in water hed areas. tanagement oft e vegetation 
cover will promote t e dev lopment of a satisfaetor 
rte of removal of sno• during t e period of rapid 
melt in t h e Spring . In an area managed for both 
water and timber the densit of the stand must be 

.. 
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igure One - Trees intercept a portion 
of e c ano f 11. Som oft now 
1nt rcept d falls tote . round or 

lt nd dr ps tot round but a 
p ortion or it v porate nd is lost 
tote wat r ed. 
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euoh tat bot t ese products oft e lend re produced 
in the maximum amount s and with sati factory qu 11 t y . 

Forests exert a pow rful inf luence on the amount 
of v por t1on of wat r from sno . In a for st of 
ponderos pine 1n Idaho 1t was found that wind move ... 
ment n t fore et as one - ninth tat inn rby 
openings (10). Forest w ter.s · d managem nt must 
include consider tons of ev pornt1on lo _ • Th t 
evaporation from the enow cover 1e at ct.or ot 
cons1 r ble 1m ortane bas be n proven b3 data 
obtain d 1n Colorado durin t e winter o·f 1939- 40 . 
I t wae f ound tat ~.5 no s of wt rout o t 
total of 7.4 inc eat t f 11 w s lost due to 
evapor t1on from t snow pack . Oft ount evap-
or ted, • 76 nc s of water e. lost dur1n t e 
prin m lt1ng months of April and ay {l). 

Soil fr zing may be the cau e of failure in 
ae dling stablisbment in r of lo rainf ll. 
Freezin at th soil urf e dr w water u from 
dpt s reat as thirty-six 1nche. T 1 w ter 
tan v po ate . nto the air (2). Management oft e 
for t cov r ~ as to promote snow ocumulat1on will 

r atl reduce t e amount of fre ,zing oft eo l • 
. rdwoo ' stands r more favorable tan spruce stands 

in th1° r s peot ( ~) du tor dueed i nterception b 
ard oods. 

en ot r probl ms 1n for 
m nt eould b cit d. Int e me 
a t y x .st, snow aurve~ are 

, NOW D .ATRR • U PLY 

man 
conditions 

Ind v loping r s 1 ply fr ea, rom snow 
surv y data 1t assum d t ta relations 1p xista 
bet ee the ater content oft e sno oov r 
dr 1 a~ and t e ru off fro that r 
A foreca ti c rt foJ> part cu r drain be. in 

dev lop .cl from snow surv y dat and runoff d ta 
for s r 1 co y rs. o ee ta ar mot 

co r in t h re mo t f t e pr c1p1tation 
occur alt t ud s. 

ater supp y foreca t s are useful to ag neies 
engag din: 1rr1gat on, flood control, op ration of 
hJdroel otr o plants, waters ed p otect1on, 
aecumu tion of took wat r, acoumuletion of 
municipal ater supplies , estimating loads on 



structures, farm-loan servicing , crop estimating, 
m.1 n1ng operations, wildlife management, and the 
movement of logs by flume s or by driving. 

Snow surveys must be made at a time when the 
snow cover has reeohed a maximum for the ear. The 
general program for the West rn United States calls 
fo r a surv y aoh month, a t the beginning of the 
month , from January to May nolus1ve at a limited 
number of key courses. Surve1s are to be made on 
all courses on aroh first and on April first. Local 
conditions vary the relative imports.nee oft e dates. 
The forecast ng services set April first aa the date 
oft e important forecast of the year. arc f irst 
surveys are considered as be1n nece sary , especially 
for preliminary work . Ja.nuary first surveys are 
usually of little value and often ay be omitted. 
May first surveys reveal data on late season runoff. 
A period from four days before to four days after 
the first day of the month 1s set as the p eriod of 
aurve:y (8). Weather and other conditions revent 
the setting of definite dates for measurement work. 

Whil snow surve3ors , d1s triot rangers, and 
others gathering forecast data must follow the pre
ao ~1bed time sche dule, surveycra ~n expe ~1 ental 
areas need not conform to such schedules. Surveys 
are scheduled to permit accomplishment of the work 
1n t he manner called for in the work plans. Initial 
surveys oft e season must be made before melting 
has progressed far enough to cause passage of water 
into the soil. V ether or not melting has occurred 
may be determined by observation of the soil with
drawn while snow cores are be1n .· ta.ken. 

Reliable forec asts a r e possible if certain 
conditions exist at t he time of snow measurement. 
Impor tant f otora. are ( 8) : 

1. easurements must be taken at elevat ions · 
where little or no melting occurs until after April 
first. 

2. The snow courses must be suffici ently 
access i ble to insure continuity of the surveys. 

. 3. Measurements must be made at a sufficient 
numbe r of fixed points on an established marked course 
to +nsure that the average of the measurements will 
not be unduly affected by drifting or wlnd-swept snow. 
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ork p s oft e problem. re w ter ad stud1 s. 
a e in pro res 1t is adv s abl to construct traila 
along t e oours, follo ing as fe.r as is praotic ble 
the s pecification for cour s used 1n th coll ot1on 
of or oas t dat. s pl1n is to be done 
on plots arve t db v r oua ilvioultura l met ods 
it i s conv nient to mar e c station . uitable 
mark r en be made of wood n stakes o re painted 
orange and marked it : t · e deo1 nat ion of the station . 
Pieces one 1noh t , ick end tree inches wide make 
sui table s take et rial. Th stak es mu t b hi h 
enoug to perm:1.t location and id nt f:1c. tion of e ch 
station t the t me of maximum snow oownulat1on. 
To elim nate p reon l bias. t ked stat on on plots 
s ould b set in at rando. Snow me 1ur nts mu t 
b t ak n t distances from t . e t ak a uff1.eient to 
elimi nate the ef fects of melting nd drifting around 
t . e stake. For conven1enee t es d1atances re 
pec1f1ed in terms of section l n t · o tat thy 

ma be measured r oughlJ w1th t now tube. 

EQUIP T 

v r al items ve b com t nd rd forte 
meiaurem nt of snow to d termine w ter eontent. 
Ot r equipm n t e. idely used forte me surement 
of snowfall on an are du 1ng t he period following 

now survej . 

e sno tube, or sno s amp r, t mes.ns by 
h1eh t e ourve or collects data on the amount of 
ater contained 1n snow. TheI'e ares vera l types 

of tub , all of t em al1K p t in weig t and 
d1 meter . Th Federal Mount tube and t h e Utah 

ount os tube a r e 1.485 no e n di tr. Te 
two mod l s differ in eiyht. e Mount Rose tube 
1s 1.60 inc es in diameter (8 ). Th Reder 1 e.nd 
Ut a tub are d signed sot at t e diam tr oft e 
snow oore is eueh tat t e 1g · t n ounces oft e 
snow is equivalent tote wat r content 1n inches. 

e Mount Roe tub, var31ng i n di ameter from other 
models, is wei ghed bi means of a spec1 lly calibra ted 
ba le.no wh1eh s gr.adua.ted 1n t r ms of i nc e s of 
ater . 

A now tube consists of a slotted met l tube 
w 10 en be disk sembl ed t o its component t irt •One 

nch lon s ctions by men oft readed joints . To 
t lo er end oft f i rst (on tot irty-one inch) 
s ction is atte.o ·ed a cutt r. The exterior surface 
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of the tube oarr1es scale 1n inches whieh 1s stamped 
into the met al . Gradua t ions are provided for each 
ine and half inch of l engthJ eac inch graduation 
being numbered. The gr aduations of t e scale and 
the slot on t e tube are so spaced that t e length 
of a snow core wit 1n th tube ean be measur ed 
directly. 

'fhe Ut snow t ube prov d.es accurate measurements 
en handled by well - tr 1ned per onnel. !ngle 

snow tub s ould b used for all measurements to be 
compared with ea e other (11). 

Snow tubes are transported as bled or 1n canvas 
cases. On long trips t ~th1rty ... one 1nc lengt s of 
tube are secured in a case wh1e per its eas t:rane 
porta.tion and prevents loss or dam ge tote equipment. 

Weighing .of the snow tube and the snow cor is 
coomplis ed trough the use of a balance fitted w1th 

8 cradle which holds the tube pa r - :l.lel to t e.. gr ound . 
The Fed -re.l bal ce, capable of wei 1n tw lve and 
one .... h lf or twepty feet. of t ubin , is tubular 1n 
s ape nd functions throug a spring whio 1, held 
under tension. The tubular balane v.bic can eigh 
twelve and one- half f'eet of tubin ill meaure loads 
up t-o 1:xt-y ouoces . Te .Federal and Uta tubes, 
constructed so t at t -e scale reading in ounces le 
equ!val nt to depth of water in inches , ma) e wei ed 
b')' any eale accurat to one -half an ounce. One 
acceptable see.le is the Chati l lon Ciroular Spring 
Balance 1c s sv ilable n ever l models. 

For mea ur1n periodi c snowfall ev ral types or' 
ga es av been deigned . 11 function 1n the s e 
manner . An initial "char e" of water, 011 , and 
c !!alc1u:m o lor1de i.s placed int e ga e .. The wei ght 
of the ag e and t enc r ge" is d te 1ned using a 
C atillon balance or one of similar design or is 
measured wit a dip stick . Follow1n a snowfall t e 

eig tor d th of t re solution 1 determined . By 
ans of conversion table the increase in wei tor 

d . t l s eonver ed to inc es of water . e lc1um 
c lor1de is used int e ini tial «c arge• to prevent 
t'reezing of t . e "oatch." Th s c emi c al is ore 
ff1cient 1n lowering the freezin point tan is ani 

ot ~ r inexpensive and readily available sub t nee . 
011, SA 10, la added tote charge to prevent t e 
vanora.tion of water fro t e gage .. The oil forms a 

fil~ on t e surf ac e of the solution. 
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'r e Sacramento a e, cap city one 1,mdred or 
t wo hundred inc e of wt r a co only used , is useful 
for obtaining se s on 1 or annual "catc s . " The 
Sac am nto g 1 cons tructed of eavy s et met l 
1n th form of a trunc ted cone . The expanding w lls 
oft a are des ned to reduce the amount of no 
that will adhere tote inner all of t h ge o 
tha t th maximum amount of the "etc" 111 be ab orb d 
b t e elution (4). A valve at t e bottom oft e 

e ermit t e i nve tie tor to draw off t e accumula-
tion. Te one hundr d inch cap cit ap is t 1rty
n1ne i nc s in dpt , has n openin ei~ t inc ·sin 
dlamet r , and a bottom t wenty-one inc e 1n diameter. 

nowf 11 ather d by t 1 g F8 i s mos t conveniently 
me ~u r ed b1 det 1n1n th depth of solution in the 
gee and converting tis r ad1n to nc~ s of water, 

e Sacrament o age shown 1n 1 , re T o 1s installed 
in a r 1on of moder tely eavy sno fall and is used 
tom asuPe total wi nter pr cipitation . 

Te modified eather Bureau r ain ag e is useful 
for me sur n snowfo 1 at w ekl or ot er sort 
interval • · en so used, t h con insert of t h 

age and e inn r cJl nder re not utili1ed . Te 
n od1f1e ther Bureau is ei t i nc e in 
diameter d s eventeen and one- alf i nc es 1n dept . 
hi t convenientl y mea ured b ei h1ng 

th a ut1on. Tew i ght is conv ted to 
1no .e b mans of t ables prepared for use 
wi t ga s ize. 

The Al ter sno s 1e d s used 1n con eetion with 
a st lled to measure sno f 11. Th ield is 

constructed of str p of m t al arran .ed to form n 
inverted truncat d cone. Th m t a l s t rips are sp c d 
so t a t half of t he surfao are oft e cone ia elo ed. 
BJ deflecting wi.nd downwRrd around the g ge, wind 
veloci t cr oss t e top of t he ~age 1s a i roxi mately 

a t it ould be were t age -not t er. The ount 
of snow falli ng i nto the e 1s thus not ffect d by 
e dy currents. T es i ld i held in place 1th 

engt s of wnt r p i pe or 1m1lar material. Th e upper 
rim oft e shields ould bet o inches bove t e 
level oft e opening th gage. Under cer t in 
conditions the use of an Alter a i eld ma result in 

nae cur te n catches. 11 T e Sa.er men to g e a om in 
i u re Thr w sf tt d it a shield nd ins t lled 

1n ·a pruce-fir t nd at 10,000 f et elevation . Note 
tat a now cap h s fonne over the p nd a round 
the shield . Th e t roa t of the ~ege is com lete 
closed . v and s ix-tent s no es of p ec1p1 t ation 
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Figure Two - Saor ento g. ge fitted 
1th n Alt r now shi ld. Tis 

gs , at 10,0 0 feet levst1on, is 
a source of dat used 1n foreo st1ng 
str a.mflow fort Color do River. 



F1 ure Tree - AS crmnento ga e f1tt d 
1th n lter snow$ 1 ld. t , roat 

of the are c pp&d over, preventln 
turt er eatc of pr oip1~ t1on. 
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e :retained b3 the ca.p and were not included in the 

age neatch." If t e aurve or ad note loyed 
e ec1al means of determ ning t e ter oonte t of 
t e o p , a. serious error 1n the recorded de.ta would 

ave resulted. Capping is probabl .. due to . t he absence 
of wind durin now storms . Reg rdless oft e 
oeoa ional d1ft1oult!es t t ocour, s1elded gag 
are more accur te t an 11 r un. hi elded types . { 4) • 

Seasonal snowf 11 me surem nts b s don gage 
*'eatc "ma not agPe wit . data. obtained by easuring 
t e snow cover on t e ground usin convention l now 
u:rv·ey ng procedure . In Table Two, sea on l eat e e '' 

b-y a.er nto e r e compared wi t data obt 
by measuring t . e adjao~nt now cover w1 t - a Ut a.. 
tuoe . The round measur ments wera obtain d at e 

rune t met at th gage were me ut- d. Spring lt 
ad not b gun at t h tim of me surement. 

Tabl To 

Sea ona.l prec pi t ati on records obt 1ned 1t Saeram nto 
a ges compared with sno ' tube me ure.mel".1.t.e. 

G e umber Ino es of w te.r 
Gage readi ng Ground easure ent 

1 15.25 23 . ll 
2 11 . 26 11 . 75 
3 9 .25 13.80 
4 . 2 6 l4 . l5 
6 10 . 35 98.80 

e reas ons for t -e var1 tions a·re d1ff1.oul t to 
d ne . Gages must be l ooated 1n plaoes ere the 
wind w 11 seep lter s elds elear of ,no to 
prev nt cap 1ng oft e gages . Ground me surements 
must be u sed w1th cout on n obt 1ned in narrow 
va.lle or where the ground 1 s swampy t · rou out 
the year . 1 ere appears to be tend ncy t ow r d t e 
r eplacement of now surv ;JS wit gages. It is obvious 
t . at suo' o. ange.s nm.st be made only after t ox·ough 
1nv st1gat 1on of local cond1t on . 

In researc work t e sno surveior ma have 
oceaslon to operat s t ream gagin stat ions, hygro
t herm.ograp s , and ot r instrwnent s . The nature of 
t e proble will dete rmine whic natPUments are 
applicabl to upplemen t now au r v data . 



SNO URV I G PROC DUR 

Snow aurv yin roe dure snot difficult to 
learn or to ap l • The d.1ff1oult1 1n sno surv 
in do not come fro prooedur but from t t rrain 
a~d w t ona ncountP-red dur1n the survey. 

r in 1ffjcu t eat er nd wit t supervisor 
any miles aw y tb re may b a tend nc for c reless• 

ness or incomplete work on the part of the embers 
oft e p r t. All m be.rs of a. no surv 1ng p rty 
must know t · e r .. on f or t . eir ork and t necessity 
for ccur c • 

e oat eff 01 nt surv yint er w on composed 
of two m n . Under o rt~in condition at ird m nm y 
b dd d eff c v l~. If t e terr 1 to b t~aver d 
1 d n erou or if supplies are to b carried byte 
part y th r aence of t ir m is ad c ded 

v nta Int d1seuss1on of procedure tat 
follo s, work is outlined in such mann r a to 

pply to a two men or w. 

One memb r of the p rt, t e tu e op r tor, 
c arries enow tube and t ca rryin ca. The 
s cond e b r of the party , t e recorder, c rr1es a 
b lane nd t e forms us d 1n recording t e data 
obt 1ned. en t he p rty reaches th fir t station 
oft e cours t he tub o rator as embles t e enow 
tube, bin o rt int t t e section ar e seembled 

n t e prop r order. P op r as e bly will pr· serve 
ten m r1cal e uence of t he 1 ne r graduation on 
the tube. If t e ect1ona are not j o ned int e 
proper order, 1 takes 1n measure ent of snow dept 
w 11 occur. e section i oh carri st e cutter 

u t be use . is ect on is r duated from z ro 
inc e s depth and must be u ed to obt 1n proper d pth 
mea ure ents. 'Ihe cutter determin s t e diamet er of 
the snow cores to b obt ined. If t~e di met r of 
t e core varies from that for w ich t e tub was 
construct d it 111 be 1mpos 1ble to obtain accurate 
measure nts oft e woter co , tent oft e sno cover. 
1 e number of s ections of tube to b us don a 
part . cular course depends on t e dpt oft e snow 

r e nt. Te minimum numb er of section tat can be 
use s lwa st e d irable n ber. 

Th tube operator kes aert 1n tub is 
clear prior to taking an, measur ent s . ~ e tub is 
eld vert call", outt r down , and is fo rced int o t e 
now until t e cutter t ouc st gr ound, as a own 1n 

Fi ur e our. smooth, tad trust oft e tube 



F1 ur Four - The no tube 1 eld 
vertio lly and forced into t e 
snow paok smoot ly nd tead ly . 



s ould be used. Rotat1n of th t ube should be voided 
unless it 1 neee s ory to u e t he cutter to penetrate 
1oe 1 yers 1n the snow eov r. Sto ping t e downward 
thrust or pen trNting the snow cov r too r p1.dl 
m Y euu e packin oft e snow 1n th tube sot at 
t e ano oor obt 1ned inaompl te. en the cutter/ 
touoh the ground t e tube op re.tor re d the d pt 1 
oft e sno us1n the duat1on t ped on the. ' 

xterior of t e tube. '1' 1s ft. ur is recorded b I 
t es oond ember oft part y . Dpt 1 recorded 
tote ~~ re tone- alt inch . Aft r t~e depth r a~tn 
ha n obt ind t e tub ep r a tor rot tat e tub 
s o as to drive t e cutter int o t e ground, a sown 
· n Figure .Fi,ve. A plu of o l or litter is obta ned 
1n t e cutter to prevent lo s of now while w thdra -
in the tube. Only enoug soil a ould b t en i n to 
t e tub to old t e sno eor e and to as ur the 
oper tort a.t the ground l evel was reac ed. An 
e ;-i: ees of soil 1a troublesome and · s to b avoi ded. 
Te op r t or remove t · e snow t ub f rom t snow 
pack , pulling it up vert1e llJ wi t a smooth motion . 
As t tube ~ass st r ou t e op· rator •s a n ds e 
hould i p any aceull'!ulation of snow off t e out ide 

of t he tube . Th operator ten hold t e tub or-
1zontall or with the cutter nd 11 g tly lower t n 
t e upper end and car f lly remov t . · oil plug. 
A convenient tool for t is r,urpos e is . · a esa 
ne 1 driven i nto e. block of wood. w1 c has b n aped 
i nto a .andl • All material oth r than snow mu t be 
re ov d f rom the tube. 

The now tube w th its conte.i ed core of now is 
placed on t h e cradle of the bal nee. T e br lanoe 
may b suspended from a ski pole or a. ski but is most 
conveni ntly ue d en usp nded from at ong around 
t e neck ot t~e second m mber oft e p rty . n 
so ca r ri ed, the bale.nee 1s alw& s read for use. 

e s econd man ; so.met :mE?s called. t e npo t,"' lt'lans 
forw rd to permi t t e balance to ang free. Th 
tube operator reads t he e1ght oft e tube and core. 
This reading 1 in ounc e s w en usin F'ed r 1 or Utah 
e u1pment nd is n 1uche of water • h en u 1 

ount Rose e quipment ( 8 ). Tes o nd member of the 
part records the weig t. Figure Si x s owe t e 
proc dure wen the tube operator and t he 0 posttt 
wok together. 

Snow is emptied from t · e tube c, 1nwert1nt t e 
tube and permi tting t e core to s l 1de out . Tapping 
the tub on a ski or snowshoe is usually nee esary to 
re ove all tr ces of anow from the tube. 



Figure Five ... A!ter t e stio tube 
touches t he surte.ce of t he ground, 
the tube 1s rotated to force a 
plug of sotl 1nto the cutter. 
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Figur e Six ... Obtaining t wei t 
of a snow tul>e nd sno eere \ts1ns 
a O ati llon b l ance f1tte<i w1th a 
era.dle . 



After t ing t e first readi gs oft e day, t e 
wei t oft e e pty tube mu t b d te~ ed . e 

p t tub s e hed in the s e that 
de oribed for weig ing th tube and eor. Thew 1ght 
1a r corded in t e appropriate s p oe on t form be1n 

~- e tube is eig dafter at e t one reading 
n taken bee use mo1 ture and snow rtiel s 

int e tube ma be pres nt 1n suff clent amounts to 
aft ot t he 1pht obt ined. It 1a ao tie desir
able to wei t empt~ tube av r l t ' me while 
samp tng a course. 

lots in a ure nt of 
t e len oft co~ during s mp-
lin . Somes o su v · ors m t t e lent 
of a snow oore must be at le ero nt of 
t e et of t h sno c ov r . t be re arded 
as corr ect 1n most case .• If Q now cor 1 obtained 
1n t e manner des cr1b d erein and e no cover 
is not e.xtr el de p , a measure ent of cor length 
1s unn In such casee t ecol n for core 
lent on tand rd for a 1s not u d . ·n re ions 

nowfall 1a h av, one hunC,:r d and t r ty 
or exampl, m ur ment 8ll din of t e 

of the no core ma b n c sRry. In de p 
tube opera.tor ma not be ab e to d ter ine 

w, n outt touc e t e .ur a.c ot t . e round. 
1 en ength s us d to d t rm net e co plet -
ness o s mp11 g , a relat on bet n core l n t and 
ano dept abould be us d t er ter n for jud ng 
easurem nts. T 1 core lengt - sno dpt relation 

w 11 vary 1t t e course, tie, and conditions. 

Snow d nsit) measure "' nt t fi'n 
tub nre f ct d do nwnr by old e 
fr a rd u~ of ei(lht to fourt en ne es. 

Uta 
ol s 

a station to be sampled period cally , &mpling 
po nt s ould be one foot f ro pr vious sampling 
po nts (bl. 

Sacr ento ages or variations of eather Bureau 
rain ages are useful to determ ne snowfall for 
d.ef1n1 te p eriods or ·to determlne th mo t of snow
f 11 on course 1n t e ~e r od follo 1n 
on t e cours • frequeno of sur 
d Ap ends on t e reason forte ua oft e s . 

er& ento gage used i n the for cnat ng of str 
flow my be ma ured on the f rst da} of ro , April , 

ttd · • odifie1i ·eath r r u ag s used in 
ore t i nfluences res arch ma be measured we kl or 

follow n ac s torm. 



The S er amento gag ·1s measured by usin a dip 
tlck . nth depth of the 'charge 0 of a ter, 

e lc1um c loride , nd oil is known and wen th depth 
or olut1on a t the time of measur m nt bas be n 
determ ned, the no fall i n 1noh s of w term y b e 
caleul t d . Personnel uslng Sacramento g ges should 
prepar table sowi ng the water quivalent for 
various depths of solut1on. 

Modified Weather Bureau ga ar small in size 
and 11 t in ei ght so t at measurem n~s 'Y be t ken 
by usin bal ance gradu t din pounds and ounces 
with a least g raduat1o·n of on.e-half ounce . Any 
accurate commerci l balance may b u d . The balance 
1s held by one man w. lle a second man read the ecale 
a a shown in F gur Seven . T e or1 inal -1g t and 
the wei ght obta. ned at t t me of observation e r e 
converted to prec1p1tation in inehes of water b 
m ans of tables. The inor aee i n 1nc s of a.ter 1s 
t e snowf 11 for the peri od . 

CALCULATION 

Sno surv yor sampl ng a no coure 1th 
tandard quipment obtain two set of ve.lu , (1) t 

depth oft e snow cover, and (8) t e we1 , t of the 
tube an d t e snow core: A t 1rd value, the w 1ght 
of th empty tube , i s obtained one or more t1m s 
wile surv ying s. course. 

'!'he water content of snow, ex reseed as inoh s 
of water, 1e obtained by sub t racting t e wei ght of 
t .e em.pti tub from the total weight of the tube 
and core wen Federa l or Utah equipment is u ed. . . 

'ater content= total eight - w 1ght of empty tube. 

The water content of the now cover i s eo puted for 
e ch station oft e cour s e. An ·Verage wat r con tent 
for the course i s obtained by det r m1n n t e arith
metic m an of the d ta. Wit th Mount Ros e snow 
tube the balance i s aet a t ze ro wit t h e empty tube 
on the cradle. c l e r ad1n s obta ined w 11 s ampling 
ar e 1n terms of nc es of water nd no tu.rt r com
putation for t h 1. s v l u e 1 s naces s ry oth r th n to 
obt in th average for the cours e. St andard fo rms 

· of the va riou s snow surv ying o.genc ave p ac s 
f or t . . entry of ea ch wa.t r cont nt det r 1nation 
and fort entry oft e verage. These v lues ar 
det 1ned by the surveiors. 
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Fi ure Seven - · e1g 1ng a modified 
· 'eat er Bureau ~ag to determin t e 
a.mount of snowfall for the revioue 

eek • 



• 
Average dept oft e course is obtain db 

d t . rm nin t e a.rithm tic mean of the depth measured 
during t e urvey. The avera e dpt 1a ent rd on 
s tandRrd forms. 

D nsity oft e now oov ~ is obt 1ned b¥ d1v1d1n 
the v rage eter content in inc es byte av .rage 
depth oft e snow cover. 

Den ity: at r cont nt in inc e • De th in 1ne ea. 

Some for s are so prepar d as to require t oo puta
tion and en ry oft e density value . Ont e survey 
forms of s ome geneies , density v l es are not r -
quired. Density of the s now cov r ls an indication 
oft progre$ · of melting . Den ty inor es as 
melting progress until maximum density 1 r ao ed 
and t e snow cov r disappear s . Int e 1gb mount ins 
of Colorado maximum dens1t 1a about t 1rt - f1ve 
percent. 1 e .value of dens1 t . determi nations depends 
upon t he purpose for w io t e s,1rv y data 1s to be 
used . 

The s ample sheet shown in Jform One is. a repro·
duct1on of a reoord obtained in th Fras r peri-

ntal Area, Arapaho National Foret. Surve data· 
in tl11 s oa :1 s to be us.ed in for s t i n fluence 
s tud1e. e fo r m w s mnde up aoeordingly. A 
oolumn to record length of now core is not included 
because t e proeedur . pr v1ously de cr1bed w s used. 
The pr of soil or l1tter 1n the eutt r was used 
to det whet er or not a compl ete cor · d been -~·--·-
obta , n 

T form for federal and stat cooperative now 
surv JS provided by the Soil Conservation ervioe a 
nine column : 

1. Description or numb r of course 
2 . Sample number 
3 . Dept h of sno, 1nc es 
4 . Length of oore, 1nohes 
5. Ve1g t of tube emp ty 
6. eight of tube and core 
7. Wat .r content, inches 
8. Densi ty p rcent 
9 . Remarks 

The oooperative form varies fro t e Fraser form due 
to different purposes oft e surve sand to permit 
v r1ation in proc d.ure from tat d s cribed rein. 
"Snow Surv ying ," Un1ted St a te s Departnent of Agri -
culture oelleneous Publ cat1on 380, should be 

... ., 



SNOW DEP1'li AND WAffER QOlf· f 
(Snow tube measu.rem :nta) 

Branch Station: FRAS!R FIELD CRE\h 80 OM JG 
· tudyr lOUNG LOooi'POL Date: _. ,,'3f.'4il41 '.: .·": 
Block and Plot:. 2A t. oi'tubet oz. 4Q.6 

Station Snow depth Total Wt., Water, 
Number inches Ounces lno · s 

l 2 0 .-5 48.2 5.7 
8 35.6 48.5 e.o 
3 32 .5 60.l 9 .6 
4 !3S.O 61 .4 10 .9 
5 23 .5 45 .9 5 .4 
5 27 .5 47.1 '1.2 
7 32 .0 49 .l 8 .6 
e 29 .5 49 .7 8 .2 
9 31.5 49.5 a.a 

10 30.6 4 .. a w.O 
11 ~1.0 50 .$ 9 . 8 
12 33 .0 4 .5 9 . 0 
15 :32.0 49·. 5, 9 .0 
14 23 il0 4'7 .1 e.s 
15 22.5 45.6 f>. l 
1e 2S.5 4'7 .6 .., .. 1 

!otal 476.0 776.0 188.0 
.Average 2J .. 75 48 .50 a.o 

FoJ?m One - Reproduction of the form used by snow 
surveyors at the Fraser· hper1menta1 Area . 



consulted for p oee ur r eo .. n1 zed as s t factory 
bj the ~otl Oonserv tion Serviee. T e c«lculations 
involved 1n t ,e u e oft . coop rat ve ~u vey f orm 
a re the s e at ose required forte r ser form 
except that t e cooper tive form o lls f'or nsity 
o leu tons. 

e etermine.tion of snow accumulati on in ag s 
i qu c ly aceo pliahed wen oonv rs1on t . bles a.re 
v 11 bl. Te initial depth or w 1 tis converted 

to 1nc es of ter u 1ng t e appropr1Qte table. 
e dept ·or v1e1 t of t e solution 1n t a e 

followin anowf 11 is 1 11arl · converted to inc es 
of w ter. The ncrease expressed in .ne s of -tr 
is t e amount of reo1p1tation coll ate byte "age. 

SNOW URVF, S AND FOR ST I .. SF.ARO 

As i nformat1on on wa t rahed e a·recter sties was· 
accumulated it b c ime 1noraasingl · evident that 

nage ent plans for such res.a were· necessar and 
tat sue plan s ould em a ize t e protection value 
of water ~ed forest . It i poss1 · let. at cutting 
p r etices a v ary from those d~signed aolel · for 

ood production in order to increase wat r- 1eld or 
to s t abi ize atr m flow (5 ) . a 71 resea:rc pro eta 
are in pro re to d.eterm1ne t e f tictors involved 
in t . e na e ·ent of a.wt rs ed e;r a for water and 
ot er for t product s . · e projects ,'1esor1'bed 
bere1n are in p ro ress in the aser Ex erimen ,al ··· 
Ar , Oolorado . T. e forest oons1 t s of .n elmann 
spruce, alp1.ne f.ir, and odg pol p$ne . A pen'st nds ' 
nd gr Bs eadow eover a small po ion oft e tot l 
re.a . Sub lp1ne coniferou forests are 1, portant in 
est rn w ter ield due to the treat snow aeoumulation 

typio~l . er t .e type and to th~ large ar {7) of 
t e ~ubvlpine t ands. 

A gr t deo of re arc b n don in lodge-
pol e pine to.nd to dete rm note beBt tr. n ement 
pra.ctic s for joint water and t i b r p:r•oduc t1on . 

Wilm and Collet ve shown t t lope-percenta e, 
slop eight, nd position on t slop a ve little 
or no measurable effect upon volume of stored snow 
in well-stocked lodge · ole pine s tands (15). 

Tentative oonclus1ons are t t open f elds and 
aspen tore more sno tan does a closed pie for st 



butt at m lting 1n open .fi lds proceeds more 
rapidly ( l) • 

or water 1s tored and t em lting rates are 
f Aster 1n heavil cutover tand of lodgepole pine 
th n in uncut stands (17). 

In virg n stands of lodg pole pine the amount 
of sno stored i.n the Spring 1.a dlr ctly correl ated 

t t e s1~e of op ni s 1 t crown oanop . 
Records cov ring a two ear period · owed t a t r1ve 
1noh s of a ter was stor d d1r ctly und r th tr s 

s co per d with nine inches of wat r int center 
or op nings s xt feet ind a:met r (1). In m t ure 
lodgepole p no stand snow storage nd lt-dur tion 
ere at a aximum 1n t lergest c nop,y openin s 

3tudied . It appears tat t e size of op n1ng pro
v1d1n maxi um atora of snow in mature tands of 
lodgepole p in as a r ad1u oft 1rt) feet or more 
(15). 

In 1 ature stands of lodgepol p n th 
amount of no r e stored in op n nga t e di 

rea.te t 
ter 

of w ieh approx! atel~ equals the et t of the 
surround1n trees (l). I mmature 1 epole , ine 
stands w1t tent foot open ng s tore t e moat sno . 
St ands 1th openings sixt een to seventeen feet 1n 
di et r prov de maxim ccumul tion and prolonged 
mel ting . It m y be d sirable to mak t e o,rown 
op nings . 11:lptica l i n s p wit t e long ax e 
e t tow t (12). Obs rvat1on t ort V lley, 
Ari r.ona Cl~) that sno accumulat1¢>n on t e north 
aide s of tre groups 1s ore th n that 1n t open 
upport s t e belt f that ell'ipt cal openin are 

prob .bly more des1r ble t . n tho e of ot r h es. 

Mang ent pl ns a r e b . n . d v loped for eaoh 
timber t;pe in ar as w e'l" snowf 11 1a portan:C 

' 1 

in w ter y1 ld. The study of no accumulation nd 
cuttin m t ods being conduct d at t e er 'x ri-
ment l Area in lo epo e n · st nda 1G d s ned to 
r v l t t p of out in most u ful for maxi um 
produc tion of .both ter nd t mber in ig alt1tud 
lod epole p in ste.p.ds in the Rock Mountain. S x 
blooks of plots have be n st blis d . c block 
1s aubdi vid d into t ree ,plot s , eac thr - qu rt rs 
of I'I. acre 1n area . •rr atment for t e plots 1th1n 
a block consists ors 

a. Trees thinn d to an ei t nd one-h lf foot 
spacing resulting 1n 625 tre s per a.c • 
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b . One hundred crop tr es 1 eted per aere and 
freed for a d1st nc or 1 t t et in all directions. 

o. Control pl ot. 
Wi,h1n each pl ot sixte n stakes ave be n set at 
r~ndom to mark the locat1on of sampling po!nta for 
sno surve1 a~~ for oil moisture studies . Tabl 
Three aho st e results of snows pl1n on the 
plots in rch, 1947. All measure ents we e taken 
pri or to the beginning of Spring melt. 

Pa.bl Three 

easonal Aeeumulat on of Snow in I atur,e 
Lodgepole Pine Stands, 1 47. 

Block 
umber 

1 
l 
1 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
6 
6 

Treatment 

8½ foot spaoin 
Crop tree 
Control 
8} foot spacing 
Crop tree 
Control 
Si foot ap oing 
Crop tree 
Control 
S½ foot spao1n 
Orop tree 
Control 

foot spacin 
Oro,p tree 
Control 
a foot spae1ng 
Crop tree 
Control 

ater equivalent 
Ine a 

a.so 
7.17 
6 . 3 
8,00 
7.52 
6.34 

. 23 
9 . 8 
6 . 44 
7 .oo 
7.1 
7.23 
8 . 56 
8 . 22 
7 .05' 
a •. 7 2 
7.48 
·6 .60 

The de.ta obtained in l 47 ows tat outt1n · 
to an i ght and one-half foot spac ing is t e bes t 
method of tr atment of t oee tested . By var ance 
analyst , the spacing me~ od v results h1~ are 
· 1gn1f1c ntl greater than t ose obt 1ned from the 
other typ 2 of plots . Te values indi cating increased 
snow aecumul t1on i n th treated plots over- t e control 
plots ar h1ghl) significant. Sine these oom:parisons 
are ba ed on the de.ta of a single ear they mu. t be · 
regarded s being tent t i v result and not eonclustve. 

The sno surve1 data col l oted 1n the stands of 
i mmature lodgepole pin is be ng supplem nted by: 

a. Snowfall records for the period fro t e date 
or sno surv y to the end of snowfall fortes ason. 



• 
b. Rainfall records during the period when 

precip1t tion occurs as rain. 
c. Spring and F 11 measur m nt of soil moi sture 

to depths of four feet. 

Oo p1 lat1on and examination of all four t pee 
of data gathered over a period of ears will be 
neoessary to det r mine the treatm nt best suited for 
the man ement of lodgepol e p ine t ,rrnds for water and 
timber roduction. 

tudies being conducted in spruce- fir stands are 
similar to t h os descr ibed for lodgepole pine. The 
block fo r wh!o U)47 data 1 s summar11, d in Table 
Four is divided into four plots, each elg t ao:res in 
area. Three plots were treated to remove sixty 
percent of th volume . T fourt plot we. a left as 
a cheek plot. '11he treat ents utilized ar i 

a. Alternate strips one chain wide cut to a ten 
inch diameter l imit. 

b. Group cutt ng to a ten inch diam tr 1 m t , 
t e g roup on ch 1n in diameter. 

e. Single trees leetion . 
d. Control. 

T · ose por tions of the first tree plots not included 
in the speo1f1ed treatment received salvage e.utt1n. 
1t 1n eac plot thirt stake ave been set out to 

mark t es pl1ng points for snow surve sand for 
011 moisture det~rm nation. 

Plot 

A 
B 
C 
D 

Table Four 

Sea -onal Aeoumul t1on of Snow 1n a t and of 
Eng lmann Spruce and Al pine Ft r, 1947. 

Treatment 

Strip cutting 
Group cutting , 
Single tre election 
Control 

ater equivalent 
lno e 
15 .9S 

' 16 .53 
16 .48 
1 3 .58 

V riance analysi s of the data sho st .at treated 
stands are more effective 1n snow accumulation tan 
are u treated stands, t er sults being tg ly 
signi ficant. o sign1f1o nt difference ox1st 
between t e three cutting methods int e aceumulat1on 
of now. ese conclusions muat not be considered 
MJ conclusive due to t e small 9mount of d ta being 
con dered, as .ngl bloek being measured ror one 

( 



" 

year. Ad i tional blocks are being p~ par d top rmit 
repltc t1on. Data on ,:rr t, reproduot on, and 
preoip1 ation ere b 1n , obtained forte sprue -r1r 

l t8 to permit more seeurate ev lu t1on of the 
cutti n m t ods. 
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