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ABSTRACT 

Factors affecting snow accumulation and melt in the ponderosa 

pine type on a small Arizona watershed were investigated by using mul

tiple regression analysis. Sunlight factor, elevation, canopy cover

age, and canopy coverage to the north were the important variables in 

models predicting snow depth and water content. A regression model was 

developed to predict loss in snow depth and water content for the 

watershed. Models having snow depth as the dependent variable consist

ently explained more of the variation than those having water content 

as the dependent variable. 

Snow in low, medium, and high potential solar radiation levels 

on the watershed was compared using Duncan's New Multiple Range test. 

The low radiation level accumulated more snow and had a slower melt 

rate than the other two levels. 

Eighteen percent of the peak sno,vpack \'7ater content was meas

ured as runoff at the flume of the watershed. There appeared to be 

about a one-day lag between the time of peak snowmelt and the time of 

peak runoff. 
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INTRODUCTION 

In much of the \vest, including parts of Arizona, snowfall is a 

major portion of the annual precipitation and is a principal source of 

water supply. Because snow has a low evaporative loss and remains on 

the ground for long periods, yielding water slowly in the spring, it is 

suitable for management purposes. Snowpack management includes the 

production of more water yield and also the improvement of the timing 

of this yield to meet water needs. 

The demand for water in Arizona exceeds the supply, and fore

casts indicate that this differential is increasing. About half of 

Arizona receives less than ten inches of precipitation during an aver

age year. Most of Arizona's forest and snowpack is in a plateau re

gion, extending from the Grand Canyon southeast\vard to the \mite 

Mountains bet",een McNary and Alpine. This region is dominated by the 

ponderosa pine type which receives approximately 25 to 30 inches of 

precipi tation annually. This plateau region is an important source' of 

water for the lo",er elevation deserts. A large part of this precipi

tation is sno", , ",hich contributes a major portion of the annual runoff. 

This study investigates the factors affecting snOiv accumulation 

and melt and the snowpack depletion-runoff relationship. The objec

tives of this study are: 

1. To relate sno", accumulation and melt to topographic vari

ables and to vegetation variables of an uneven-aged ponderosa pine 

stand; 
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2. To investigate the relationship between snowmelt and the 

runoff hydrograph; and 

3. To determine snowmelt runoff efficiency of a small water

shed, where efficiency is defined as the percentage of peak snowpack 

accumulation that flows from the watershed as runoff. 
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LITERATID-ZE REVlm.J 

Researchers have long been interested in finding the influence 

of the forest on snoWi but not until relatively recently has this in

fluence been clarified and the influence of other variables investi

gated. Even less is known about the interrelationships of forest 

variables with other variables such as elevation, aspect, slope, solar 

radiation, and other meteorological factors. 

Factors Affecting Snow Accumulation and Melt 

An increase in elevation at a given latitude is generally asso

ciated with an increase in accumulation and a decrease in melt rates 

(Packer 1960, 1962; Anderson 1963). A one- to two-inch increase in 

snow water equivalent per 100 feet rise in elevation was observed by 

Anderson, while Packer found that water equivalent increased quadrati

cally with elevation. 

Slope and aspect are two other topographic factors that influ

ence snow accumulation and melt, mainly through their influence on 

radiation intensity and exposure to winds. South slopes will have a 

high rate of ablation because of a greater intensity of radiation and 

also a decrease in albedo (Goodell 1959). Packer (1960, 1962) observed 

that the relation of water equivalent to aspect was quadratic. Slope 

and aspect effects w"ere best measured and expressed in combined form 

as solar radiation received at the surface (Anderson 1963). 
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Another topographic factor mentioned by Anderson (1963) is cur

vature: ridge versus slope versus valley bottom. He found that ridge 

tops accumulated less snow than valley bottoms, which was probably due 

to a greater rate of evaporation and wind blowing the snm" from the 

ridges. Also, snowmelt was 20 percent more rapid on the ridges than in 

valley bottoms. 

The forest affects snow accumulation and melt by intercepting 

snow and by influencing meteorological factors such as insolation and 

wind patterns. Packer (1960, 1962) observed that snow water equivalent 

increased uniformly 4.2 inches as forest density decreased from 100 to 

o percent. This relation occurred regardless of differences in year, 

elevation, or aspect, which led him to infer that this increase in 

water equivalent was due primarily to interception. An increase in 

forest density decreases snowmelt rates (Horton 1945). Lull and Rush

more (1960) plotted snow accumulation and melt against canopy closure 

and found that water equivalent decreased one-third of an inch for each 

10 percent increase in canopy closure, and snowmelt decreased 0.005 

inches per degree day for each 10 percent increase. These findings 

suggest that snow accumulation and melt are linearly related to forest 

density, which may not be the case as pointed out by Anderson, Rice, 

and West (1958a). They discovered that snow increased with small in

creases of hemispherical cover up to 33 percent and then decreased v7ith 

additional increases in cover. 

The forest may affect snowmelt rates in two ways. Shade from 

trees along the southern edge of openings reduces snowmelt, whereas 
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radiation from trees on the north edge may increase melt. Anderson 

(1956) and later Anderson, Rice, and West (1958a) indexed trees to the 

south by the shade they produced and trees to the north by the ratio of 

tree height to distance of the tree from the sampling point. They 

found that shade from the south was related curvilinearly to maximum 

snow accumulation. Maximum accumulation occurred at 65 percent shade, 

decreasing on either side of this value. Both of these variables were 

significant for accumulation and melt periods, explaining 56 percent of 

the variation of the sno,vpack and 40 percent of the melt. 

A few studies have been aimed at ~valuating the interrelation

ships of the above factors and determining their relative importance. 

Anderson and Pagenhart (1957) found that elevation, solar radiation, 

and forest variables, in that order, caused the greatest difference in 

snowpack accumulation. Differences in snowmelt, in inches per degree 

day above 35 degrees, were best explained by shortwave radiation re

ceived, exposure of the sno"\V course (azimuth direction in which there 

is no elevation higher than the course), and density of the forest 

within one-quarter of a mile to the south. No deviations from linear

ity were detected. 

Vegetation variables have been found to be of less importance 

than topographic and climatic variables. Anderson, Rice, and \~est 

(1958b) found "\Vind and shade effects to be dominant in controlling sno"\V 

accumulation in forest stands near openings. Packer (1960) tested 

snowfall years, elevation, aspect, canopy density, and their interac

tions as variables in a curvilinear multiple regression. He found that 



the product of snowfall year and elevation and the product of aspect 

and elevation \vere the only two significant interactions; canopy den

sity had the least effect on snow water equivalent. All of these var

iables explained 91.6 percent of the variation. 
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Anderson (1967) investigated snow accumulation and its rela

tionship to meteorological, topographic, and forest variables. Storm 

characteristics were found to explain almost all of the variation in 

snow accumulation, with the solar radiation and advective heat vari

ables explaining the next greatest variation. Wind influenced the dis

tribution of snow among openings, margins, and forest. Forest margins 

and openings had the greatest response to storms of different wind 

velocities. Natural shading effects reached a TIlaximum in openings on 

high-energy south slopes. The increase in snow accumulation associated 

with differences in shading averaged 3.8 inches for south slopes and 

1.9 inches for north slopes. In forest stands differences in shading 

from 61 to 100 percent were associated with increases in snow of 1.7 

inches on average-energy slopes, 2.1 inches on low-energy slopes, and 

1.1 inches on high-energy slopes. Back radiation effects from trees to 

the north were small except for openings. Back radiation reduced Sn01\7 

by 0.3 inches on north slopes, 1.3 inches on the average slope, and 2.5 

inches on south slopes. The effect of back radiation in forest and 

forest margins was less than 0.4 inches. All parts of the forest 

showed a response to differences in energy received. Lo,v-energy slopes 

had more snow than high-energy slopes, bu t this effec t vIas not as great 

for slopes within the forest. 
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Few such studies have been conducted in the arid Southwest, 

where the climate is much different from other snow zones in the West, 

and where snow is limited to the higher elevations surrounded by 

warmer, drier air. Some studies have been conducted in Arizona on the 

Beaver Creek watersheds near Flagstaff. A sapling and small pole stand 

of ponderosa pine on a Beaver Creek watershed contained the most snow 

prior to runoff, and an even-aged, large sawtimber stand contained the 

least amount. An uneven-aged stand was intermediate in retaining snow. 

Melt in an uneven-aged stand of 85 square feet per acre was not signifi

cantly different from that of an uneven-aged stand of 135 square feet 

per acre or from that of the sapling and pole stand of 65 square feet 

per acre. However, the melt rate directly adjacent to the canopy edge 

was one-half that in the open, the melt rate increasing with distance 

from the edge of the canopy and reaching a constant at two tree heights 

from the edge (Ffolliott, Hansen, and Zander 1965). 

Ffolliott and Hansen (1968) observed that water equivalent in

creased from 1 to 7 inches as timber stocking decreased from 250 to 25 

square feet per acre. This relationship was consistent on all aspects 

and elevations. More snow accumulated at higher elevations, indicating 

more precipitation and lower temperatures. Water equivalent increased 

linearly from less than 2 to 6 inches with an increase in elevation 

from 6,800 to 7,300. No apparent relationship was found between eleva

tion and timber stocking. Little relationship was found to exist be

tween insolation and other variables. Snm.;rmel t rates were relatively 
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uniform on the study area and were not significantly related to tested 

variables affecting accumulation, 

In general, studies in the West, including some conducted in 

Arizona, indicated that climatic and topographic factors are the most 

important in explaining snow accumulation and melt, while forest fac-

tors played a lesser part. The effect of the forest on snow accumula-

tion and melt and its interrelationship with other variables affecting 

snow are of interest to the land manager since the forest is the one 

factor that can be changed by management practices. 

Sno,vrnel t and Runoff 

The quantity of sno,vrnelt at a given time is a result of many 

modes of heat transfer and the condition of the snowpack. The main 

sources of energy involved in the melting of snow are solar radiation, 

longwave radiation, sensible heat from the air, latent heat of vapori-

zation, conduction of heat from the ground, and heat from warm rain. 

The general energy budget equation for the snowpack may be written as 

follows: 

H = H +H + H + H + H + H +H 
m rs rl c e g p q 

where 

H heat equivalent of sno"lvrnel t 
m 

H absorbed solar radiation 
rs 

H 
rl 

net longwave radiation 

H = convective heat transfer from the air 
c 

H = latent heat of vaporization released by condensate 
e 



H = heat conducted from underlying ground g 

H = heat content of rain p 

H = change in the energy content of the q 

-2 All of the energy terms are expressed in cal - cm 

snowpack 

In the above 
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equation Hrl is usually negative in the open, He and Hq may be either 

positive or negative, and H is usually positive, while the other terms 
c 

are always positive. The resultant melt, then, of a snowpack of ther-

mal quality B is 

M = 
H 
m 

203.2B 

when M is expressed as melt in inches (U.S. Army Corps of Engineers 

1956, pp. 141-3). 

During the winter a snowpack has a mean temperature of less 

than 32°F, and before melt can begin the temperature has to be raised 

to the melting point (known as ripening of the snowpack). A ripe snow-

pack has a free-water holding capacity of about 3 percent (Rantz 1962, 

Leaf 1966). In order for a snowpack to yield water with an input of 

energy, it must be ripe; that is, it must be at the melting temperature 

and have its free-water holding capacity satisfied. When this ripe 

snowpack melts, more water is released than is provided for by the 

energy used. This discrepancy of the energy provided and the melt pro-

duced is the thermal quality, expressed as a percent. 

Compared to the energy required to melt snow"at 32°F (80 calo-

ries per gram), relatively little energy is required to ripen the snow-

pack (about 7 calories per gram). Also, rain and underlying ground are 
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generally accepted as minor sources of heat and are usually neglected. 

Therefore, the major sources of energy are from net solar and longwave 

radiation, convection (sensible heat), and condensation (Butler 1957, 

p. 30; Reifsnyder and Lull 1965). In Arizona only a few situations 

exist where the vapor pressure gradient is toward the snowpack, and 

therefore the condensation component can probably also be neglected 

(Light 1941, Sellers 1960). The solar radiation component may often 

be the most important source of snowmelt in Arizona (Wisler and Brater 

1959, p. 313). 

Reifsnyder and Lull (1965) mentioned the relationship of net 

shortwave and net longwave radiation with increasing tree stocking or 

canopy closure. Net shortwave radiation reaching the ground decreases, 

net longwave radiation loss to the sky decreases, and net longwave radi

ation from the forest to the ground increases. This results in the net 

allwave gain to the ground rapidly decreasing to almost zero at 20 per

cent canopy coverage and then increasing slowly with greater canopy 

coverage. Thu~, shortwave and longwave radiation differ in importance, 

depending upon tree stocking. In a dense forest the radiation reaching 

the snow is primarily longwave coming from trees, while in the open or 

where trees are scattered, shortwave radiation strikes the snow surface 

directly and longwave radiation from the snowpack is lost to the atmos

phere. 

Short~ave radiation was found to account for 89 to 94 percent 

of the variation in net radiation in open, oak-covered, and pine-covered 



plots. Small differences in longwave radiation existed between plots 

(Lull and Reigner 1967). 
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Boyer (1954) investigated snow patches in a dense forest and 

evaluated the various heat components producing melt. He found that 

50 percent of the melt was due to longwave radiation, 20 percent was 

due to convective heat, 15 percent was due to latent heat of condensa

tion, and 15 percent was due to shortwave radiation. Longwave radia

tion varied directly with air temperature. Therefore, 85 percent of 

the melt was accounted for by air temperature and humidity. His melt 

equation involved only linear functions of air temperature, humidity, 

and shortwave radiation. 

The stage between the melting of snow and runoff involves in

filtration, frozen soil, subsurface flow, and other factors causing a 

lag in time between melting and runoff. Other factors that produce lag 

in runoff are water storage in snow and percolation rates through the 

snow (Wilson 1941). The amount of runoff depends on the amount of water 

in the snowpack, the rate of snowmelt, and the capacity of the soil to 

absorb and store water (Packer 1962). Miller (1950) defined "sno~welt 

runoff losses" as the difference between the volume of water equivalent 

of the snow and the volume of snowmelt runoff. These losses are inte

grated values of transmission, evaporation, and ground losses. He 

found that the influence of these factors on runoff losses are largely 

a function of the length of time of the sno\~nelt period. 

On the basis of the above factors, Hansen and Ffolliott (1968) 

believe that water yield from sno\~elt in Arizona can be increased by 
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minimizing winter snowmelt, maximizing spring snowmelt rates, and mini

mizing the length of the runoff period. 

Several investigators observed very high efficiencies, over 90 

percent, of snowmelt runoff being yielded from a watershed (Packer 1962, 

Ffolliott and Hansen 1968). These high efficiencies were believed to 

be due to a soil mantle that was fully charged by fall rains before 

snow accumulated and to a high rate of sno,qmelt. 



STUDY AREA 

Location 

The study was conducted during the winter of 1967-68 on Water

shed 15 of the Beaver Creek Pilot Watershed~ which is a 275,000-acre 

watershed established to evaluate management techniques to increase 

streamflow. Four types of vegetation are present on the Beaver Creek 

Watershed: semi-desert shrub, Utah juniper, alligator juniper, and 

ponderosa pine. The Beaver Creek Pilot Watershed is located in the 

center of Arizona in the Verde River drainage basin, Watershed 15 being 

on the north edge of the watershed about 20 miles south of Flagstaff, 

Arizona, in the ponderosa pine type (Figure 1). 

Topography 

Watershed 15 is a l59-acre watershed ranging in elevation from 

6,735 feet to 7,160 feet. Figure 2 shows the topography of the study 

area. Aspects range from northeast clockwise to southwest, with 62 

percent of the aspects lying in a southerly and southwesterly direction. 

Slopes range from 5 to 50 percent, the 10 to 20 percent slopes compris

ing 80 percent of the watershed (basis of 86 point samples). Table 1 

lists these slope-aspect relationships. 

Vegetation 

The principal overs tory species on the study area is ponderosa 

pine (Pinus ponderosa Laws.), intermixed with Gambel oak (Quercus gam

belii Nutt.) and alligator juniper (Juniperus deppeana Steud.). The 

13 
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Table 1. Slope-aspect relationships of Watershed 15 listing the per-
cent of 86 plots with similar slope and aspect. 

Slope 
A s p e c t 

Total 
"/0 NE E SE S SW 

5 1.2 1.2 

10 3.5 4.7 2.2 3.5 3.5 17.4 

15 1.2 4.7 4.7 15.0 10.4 36.0 

20 3.5 4.7 11.5 7.0 26.7 

25 1.2 1.2 5.7 1.2 9.3 

30 1.2 1.2 

35 1.2 1.2 2.4 

40 1.2 2.2 3.4 

45 1.2 1.2 

50 1.2 1.2 

Total 9.5 16.3 12.8 36,9 24.5 100.0 
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stand is uneven-aged and varies greatly in density, from small, natural 

openings to dense, "dog hair" thickets of reproduction. Ponderosa pine 

constitutes 71 percent of the trees, ranging from reproduction to a 

diameter of 30 inches, with average basal area of 59 square feet per 

acre. Total basal area per acre considering all species is 96 square 

feet. Gambel oak and alligator juniper comprise 22 percent and 7 per-

cent of the trees! respectively (Ffolliott 1966). See Tables l-B 

through 4-B in Appendix B for numbers of trees per acre! basal area per 

acre, gross volumes per acre, and stocking conditions on the watershed. 

Soils 

The ponderosa pine type on Beaver Creek is located on Siesta, 

Sponseller, and Brolliar soil series. According to Williams and Ander-

son (1967), Brolliar soils are weathered from basalt parent material 

and are deep to moderately deep, occurring at lower elevations than the 

Siesta or Sponseller soils. Texture is clayey, most of the soils being 

rocky and having outcrops of basalt in places. Soils of the Siesta-

Sponseller series are deep or moderately deep and have been weathered 

from basalt and volcanic cinder parent material. Siesta soils have a 

surface layer of silt loam or stony silt loam and a subsoil of clay. 

Sponseller soils have a surface layer of stony silt loam underlain by 

clay loam. These soils have a slow rate of infiltration 'vhen thor-

oughly wetted and have a layer that impedes the dO~lward movement of 

water. 

Water infiltration into these soils has been described as "mod-

erate," 0.8 to 2.5 inches per hour, and permeability "slo,v," 0.05 to 
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0.2 inches per hour, to "moderately slow," 0.2 to 0.8 inches per hour, 

for the Sponseller soils. Water storage capacity for the Brolliar 

soils is from less than 6 inches to 18 inches. Siesta and Sponseller 

soils have a water storage capacity of greater than 18 inches. 

Climate 

The weather station at Flagstaff is the nearest one to the 

study area for which a lengthy record of temperature, precipitation, 

and wind data is available. These data are given by Sellers (1960). 

Flagstaff is located at an elevation of 6,900 feet, 20 miles north of 

the study area, with a climate similar to that of the higher elevations 

in the Beaver Creek Watershed. It receives an average of 20 inches of 

precipitation annually, 7.6 of which occur during the months of Decem

ber, January, February, and March. Seventy-five percent of Flagstaff's 

winter precipitation falls as snow, which is quite variable from one 

year to the next. The most severe weather is associated with mid

latitude storms that come from the west after taking up moisture from 

the Pacific Ocean. 

The mean daily maximum temperature for this four-month period 

is 44.2°F, and the daily minimum is l7.9°F (based on 50 years of 

record). Figures 3 and 4 show average annual precipitation and aver

age January temperatures for Arizona. 

Southwest winds prevail with a constancy (percent of the time 

that the wind blOlvs within 45 degrees of the prevailing direction) ex

ceeding 60 percent in the afternoon (based on 5 years of record). 
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Figure 3. Map of the average annual precipitation (in inches) 
for Arizona. 

Source: Sellers, Hilliam D. Arizon~ Climate. Arizona Press, 
Tucson, 1960. 60 pp. 
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Figure 4. Map of the average January temperature (in degrees 
Fahrenheit) for Arizona. 

Source: Sellers, William D. Arizona Climate. Arizona Press, 
Tucson, 1960. 60 pp. 
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Precipitation data are available for a five-year period, 1958 

to 1962, for the Beaver Creek watersheds, data being collected from 

rain gauges concentrated near the small watersheds. Annual precipita

tion in the ponderosa pine type of Beaver Creek averages 25 inches, 

half of which comes during the period November 15 through April 15. 

More than 99 percent of the annual runoff occurs during this same per

iod, most of it originating from sno~welt (Ffolliott, Hansen, and 

Zander 1965). Table 2 gives monthly precipitation totals for 1958 and 

1959, the wettest and driest years, respectively, of this five-year 

period. 

To compare precipitation that occurred during the study to pre

vious years, the Soil Conservation Service snow course at Munds Park is 

used. Munds Park is 2 miles northwest of Watershed 15 at an elevation 

of 6,500 feet. The heavy snowfall bet,'leen December 12 and December 20, 

1967, was the heaviest on record for such a short time period. Snow 

survey measurements indicated 8.6 inches of water equivalent on the 

ground at Munds Park shortly after the storm. No snow was on the 

ground prior to this storm. 

Snow at the Munds Park course had a water equivalent of 7.8 

inches on January 15, 520 percent above average for this date, the 1948 

to 1962 average being 1.5 inches. For the remainder of the season pre

cipitation was below normal, the storm in December contributing almost 

all of the snowpack. Precipitation by March 1, 1968, was much belo,v 

normal, with a belm" average snowpack at Munds Park on this date, tem

peratures being above normal. Besides the storm of February 11-14, no 
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Table 2. Precipitation (in inches) of the ponderosa pine type on the 
Beaver Creek watersheds for the wettest (1958) and the driest 
(1959) years during 1958 to 1962. a 

Month 1958 1959 

October 2.54 0.91 

November 6.43 2.34 

December 1.04 0.05 

January 0.58 0.79 

February 3.52 2.74 

March 5.81 0.06 

April 1.92 1. 74 

May 0.62 0.51 

June 0.87 0.99 

July 0.53 1. 75 

August 4.27 4.50 

September 5.74 0.22 
--- ---

Total 33.87 16.60 

a. Taken from David p. Horley, The Beaver Creek Pilot Hater
shed, Rocky Mountain Forest and Range Experiment Station, ReSearch 
Paper RM-13 1965. 
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significant precipitation was received during the remainder of February 

(see Table 3). 

The temperature and precipitation regimes following the December 

storm and continuing through the snow sampling period are ShOiVD in Fig

ure 5. Daily temperatures show a distinct diurnal variation, reaching 

maximums as high as 50°F or more for a few hours during midday, and 

minimums approaching zero degrees during the night. Small diurnal tem

perature variations occurred during precipitation events. February was 

the month of major snowmelt and maximum melt rates, as is indicated by 

average daily temperatures above freezing. 
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Table 3. Snow water content (in inches) at the Munds Park Snow Course 
and Watershed 15 during 1967-68, compared to the 1948-62 
adjusted average. a 

Location Date· Depth Water Water Content 
Content Last Year Average 

12/28 29 8.6 

1/15 25 7.8 0.5 1.5 

Munds Park b 
1/30 23 8.6 0.5 3.1 

2/12 16 6.6 0.0 2.3 

2/29 2 0.8 0.0 2.7 

12/28 29.8 8.5 

1/6 26.9 8.0 

1/31 20.5 7.3 
Watershed 15 

2/11 13.9 5.3 

2/17 15.4 5.8 

2/24 6.5 2.7 

a. Adjusted average contains two years of estimated water 
contents. 

b. Munds Park data taken from Richard W. Enz, Water Supply 
Outlook for Arizona. U.S.D.A. Soil Conservation Service. January
March, 1968. 
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METHODS 

Sampling Procedure 

A previous sampling design, systematic point sampling with 

mUltiple random starts (Shiue 1960), was used for the sampling scheme 

to measure snow, topographic, and vegetative variables. The previous 

sampling scheme consisted of three random starts and two strata, hav

ing a total of 45 points at an interval of 4.5 chains. This scheme 

was originally used for inventory purposes, and some of the vegetative" 

and topographic data from that inventory were used in this study. 

Forty-one more points were established between the existing ones, giv

ing a final point interval of 2.25 chains and a total of 86 points. 

Figure 6 shows the location of sampling points and lines on Watershed 

15. 

Five-foot steel stakes were used to mark the sampling points; 

snow cores were taken on the uphill side of the stake. 

Measurements 

Snow 

Snow depth and water content were measured at each sampling 

point with the Federal snow sampler and tubular scales, and snow den

sity was computed from these measurements. Peak sno-ivpack accumulation 

was measured on December 28, after the large storm, followed by meas

urements on January 6, January 31, February 14, February 17, and 

February 24. 
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Vegetation 

Several vegetation variables were measured at each snolV sam

pling point. Basal area was measured with a 25 basal area factor angle 

gage. Canopy photographs were taken at each plot center with the Brown 

Canopy Camera (Bro\vu 1962). Percent canopy coverage and shading from 

the south (given the term "sunlight factor")were determined from these 

photographs using grid overlays. 

The canopy camera photographs the entire hemisphere in a single 

exposure, the result being a circular photograph, with the horizon form

ing the perimeter and the zenith the center. The camera was leveled on 

the ground with the fiducial marks oriented in a north-south direction. 

To facilitate the interpretation of the photographs, transparent grids 

were made by locating marks on the walls and ceiling of a room with a 

transit, and then photographing them. These grid marks were located at 

measured altitudes and azimuths to correspond with "cones of interest" 

and the path the sun takes during the day. Transparent overlays were 

then made from this "calibration photograph" to be used in analyzing 

subsequent photographs to compute the sunlight factor. 

Percent canopy coverage in the northern half of the cone of in

terest and within the entire cone was obtained by placing a dot grid of 

64 dots per square inch over a photograph and counting the number of 

dots falling on canopy. Borderline dots were given a weight of one

half. Figure 7a shows the overlay for estimating percent canopy cover

age in the 90-degree cone. This cone (the cone formed in the hemisphere 

by revolving a line at an angle of 45 degrees from the horizontal) was 
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Figure 7. Schematic (a) showing top view of cone of interest with dot 
grid to estimate percent canopy coverage and schematic (b) 
shO'\'ling hemisphere i'lith cone of interest. 



chosen as the "cone of interest" in this study for evaluating canopy 

cover effects (Figure 7b). 
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Sunpath overlays were made for the midpoint dates between sam

pling dates: January 1, January 18, February 5, February 14, and Feb

ruary 20. Solar altitudes and azimuths for 35 degrees north latitude 

were taken from the Smithsonian Meteorological Tables (List 1958, p. 

501), and a sunpath overlay was made for each of the dates from the 

calibration photograph (Figure 8). A dot was placed every 12 minutes 

along the sunpath; each dot having a weight of one-tenth in a two-hour 

period. 

The number of dots not hitting any part of the canopy were 

counted for each two-hour period and represent the percent sunlight in 

tenths received at the point. Values of direct beam solar radiation 

for corresponding two-hour periods were taken from insolation tables 

(Fons, Bruce, and McMasters 1960), which list the direct solar radia

tion received on different aspects, slopes, and latitudes. 

These elements of insolation and percent sunshine were combined 

into a "sunlight factor" (S), which can be written: 

S = L.: (I H) 

where I represents the average rate of radiation received on an area of 

given slope and aspect for a two-hour period, and H is the percent sun

shine during the two-hour period (Bro~m and Worley 1965). S is an in

dex of the amount of direct beam solar radiation received at a point 

during the day. Table 4 illustrates the calculation of the sunlight 
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Table 4. Calculation of sunlight factor for plots in Figure 9 on 
February 14, 1968. 

Time 
Radiation 10 Sunlight 

I H 
IH 

Plot 40 

0700-0900 .2387 0.0 .0000 

0900-1100 .5653 0.1 .0565 

1l00-1300 .6851 0.0 .0000 

1300-1500 .5653 0.4 .2261 

1500-1700 .2387 0.0 .0000 

2.2931 S == .2826 

Plot 65 

0700-0900 .2387 0.5 .1l94 

0900-1100 .5653 l.0 .5653 

1100-1300 .6851 l.0 .6851 

1300-1500 .5653 l.0 .5653 

1500-1700 .2387 0.4 .0955 

2.2931 S == 2.0306 

Plot 83 

0700-0900 .2387 0.0 .0000 

0900-1100 .5653 0.1 .0565 

1100-1300 .6851 0.2 .1370 

1300-1500 .5653 0.2 .1l31 

1500-1700 .2387 0.5 .1194 

2.2931 S == .4260 
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factor for the three snmV' sampling points in Figure 9 on February 14 at 

a latitude of 35° North, assuming atmospheric transmissivity as 0.9. 

Plots 40, 65, and 83 are all on a south slope of 20 percent, receiving 

the same amount of potential radiation. The sunlight fact.or at Plot 83 

is 1.5 times that at Plot 40, and the sunlight factor of Plot 65 is 7.2 

times that at 40. 

Topography 

Slope and aspect were measured at each sampling point. Slope 

was measured to the nearest 5 percent, and aspect was divided into the 

eight cardinal directions. These slope and aspect measurements were 

combined and expressed as potential solar radiation received at that 

point on February 7, using Frank and Lee's (1966) tables. The sampling 

points on the watershed were then stratified into three levels of po

.tential radiation. Sample points were also classified into one of 

three slope positions: slope position 1 for points located on the up

per one-sixth part of a hill, slope position 2 for the middle four

sixths of the hill, and slope position 3 for the lower one-sixth. 

Climate 

Precipitation was measured by a recording rain gage at Water

shed 17, two miles southeast of Watershed 15, and by a standard U. S. 

Weather Bureau rain gage near the flume on Watershed 15. Not much 

weight was given these data, however, since the gages capped over dur

ing the heavy storm. Temperature was measured with a hygrothermograph 

at Watershed 17. Instantaneous wind speed and direction at a height of 



Figure 9. Canopy photographs of plots 40 (top left), 65 (top right), 
and 83 (bottom). 
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30 feet "ivere recorded by an Esterline Angus analog-event recorder near 

the flume of Watershed 15. 

Streamflow 

Measurements of runoff were obtained from the gaging station at 

Watershed 15, and daily discharge volumes were computed in acre-feet 

from a water stage-discharge relationship. 

Data Analysis 

Multiple linear and curvilinear regression analyses were ap

plied to test relationships among snow measurements and vegetation, 

topographic, and climatic variables. Data were separated into two 

periods, an accumulation period and a melt period. 

Sample means in levels of potential solar radiation, slope po

sition, and canopy coverage were tested for equality by an analysis of 

variance corrected for unequal number of observations per treatment 

(Fryer 1966, p. 271). When the means were found to be unequal, further 

testing of means "ivas conducted with Duncan's New Hultiple Range test, 

using Kramer's modification when the number of observations are unequal 

(Fryer 1966, p. 274). 

A multiple linear regression for each of the snow sampling 

periods was first run for individual sampling points on the watershed. 

The regression equation has the general form 

where 
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y = water content or depth 

Xl = sunlight factor (s) 

X2 = percent canopy coverage in northern half of cone of 
interest 

X3 = percent canopy coverage in entire cone of interest 

X4 = basal area taken with 25 BAF angle gage 

Xs = slope position 

X6 = elevation 

X7 = X2 
1 

These same variables, except that X6 in this case is snow depth 

or water content from the preceding sampling period, were then used in 

a regression where Y is the loss of water content or depth on a sampling 

point. A regression was run for each of two distinct melt periods dur-

ing which no precipitation occurred. 

Finally, a multiple curvilinear regression was run for loss of 

water content or depth over the watershed as a whole for the entire 

snow sampling period, the equation having the general form 

Y = 

where 

Y = loss in water content or depth between sampling dates 

Xl = midpoint date between sampling dates 

X2 = total sunlight factor between sampling dates 

X3 = total degree days (36 0 base) between sampling dates 
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Assumptions and Limitations 

All of the assumptions of a regression model may not have been 

satisfied. The independent variables in the regression models were 

only samples and were therefore not measured without error. The sam

pling design, systematic sampling with mUltiple random starts, used in 

this study was assumed to give a random sample of the variables meas

ured. This assumption is correct if snow is distributed randomly on 

this watershed. 

Since the snow sampling points were permanent plots on the 

watershed, sample size was insufficient late in the melt period as 

plots became bare of snow. Therefore, interpretation of snovJmelt rates 

and snow conditions during this period should be made with caution. 



RESULTS AND DISCUSSION 

The results for the snow measurement period December 28 1967 , , 
to February 24, 1968, will be presented in a sequence corresponding to 

three periods: (1) an accumulation period, (2) a melt period, and (3) 

a runoff period. The accumulation period was taken from December 28 to 

January 31, maximum accumulation occurring on December 28. The period 

of major melt occurred from January 31 to February 24. Snowmelt runoff 

began on January 27, with no previous flow, and lasted until March 5. 

Snow Accumulation 

Analyses of variance were calculated to determine if accumu1a-

tion was different for slope position, percent canopy coverage, and po-

tentia1 radiation levels. Water content means in levels of each of the 

above factors were tested for differences on December 28 and January 6. 

The analysis of variance for each of these dates shows that no 

difference in accumulation existed betw'een slope positions 1, 2, and 3 

(Table 5-B). Water content means for different levels of canopy cover-

age, ranging from 0 to 90 percent, were also not significantly differ-

ent for these dates (Table 6-B). However, highly significant 

differences in accumulation existed between high, medium, and low po-

tentia1 radiation levels (Table 7-B). 

Duncan's New Multiple Range test was used to test the signifi-

cance of differences among radiation levels. Results are given in 

Table 8-B. A line beneath the means indicates no significant 
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diff.erence. Snow water content in the low radiation level was signifi

cantly different (5% level) from that in the medium and high levels on 

December 28. No difference existed between the medium and high levels 

on this date. On January 6, however, all means in radiation levels 

were significantly different. Furthermore, one can conclude that the 

low radiation level accumulated the greatest amount of snow, the high 

the least, and the medium an intermediate amount. 

The relationship between snow water content and depth and 

topographic, vegetative, and radiation variables for the three sampling 

dates in the accumulation period was analyzed using a stepwise mUltiple 

regression analysis. The regression equation has the general form 

where 

y = water content or depth on 12/28/67, 1/6/68, or 1/31/68 

Xl = sunlight factor 

X2 = percent canopy coverage in northern half of cone of 
interest 

X3 = percent canopy coverage in entire cone of interest 

X4 = basal area 

X5 = slope position 

X6 = elevation 

X7 = X2 
1 

The results of these analyses are given in Tables 9-B through 

l4-B. The addition of each variable to the model was tested for sig

nificance under the hypothesis that the partial regression coefficient 
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is zero. Sunlight factor, total percent canopy coverage, and elevation 

were all significant to highly significant in reducing the variation in 

depth during the accumulation period December 28, 1967, to January 31, 

1968. The square of the sunlight factor was also found to be signifi-

cant on each of the sampling dates. Percent canopy coverage to the 

north was highly significant on January 31. All variables accounted for 

50 percent of the variation in depth on each of the three dates. 

The relationship of these variables to water content seems to 

be less clear. Only the sunlight factor was significant at the 5 per-

cent level, while percent canopy coverage to the north and total per-

cent canopy coverage were significant at the 10 percent level on 

December 28, 1967, immediately following the large storm. All vari-

ab1es explained only 27 percent of the variation on this date. E1eva-

tion, percent canopy coverage to the north, sunlight factor, and 

sunlight factor squared were the significant variables on January 6, 

all variables explaining 36 percent of the variation. On January 31 

elevation was not a significant variable, but total percent canopy cov-

erage entered significantly on this date. All variables accounted for 

47 percent of the variation at this time. 

The reduced regression models (models omitting the unimportant 

·variab1es) for depth and water content on each of the sampling dates 

during the accumulation period are given in Table 5. 

The model seems to fit better for depth than for water content 

as dependent variables, especially early in the accumulation period. 

By January 31, however, the coefficient of determination (R2) for the 



Table 5. Reduced regression models predicting snow water content and depth on sampling dates during 
the accumulation period. 

Dependent 
Variable 

Depth 

Water 
Content 

Date 

12/28/67 

1/ 6/68 

1/31/68 

12/28/67 

1/ 6/68 

1/31/68 

Model 

Y = 175.0791 - 22.6211X1 - 0.1839X3 - 0~0189X6 + 9.4385X7 

Y = 134.2628 25.26l6X1 - 0.1846X3 - 0.0133X6 + 10.6477X7 

Y = l40.6518-25.76l1X1-0.0776X 2-0.1477X3-0.0145X6+10.1613X7 

Y 10.3383 1.6374X1 - 0.0035X2 - 0.0228X3 

Y 37.5478 - 4.1310X1 - 0.0243X2 - 0.0039X6 + 2.4182X7 

Y = 13.7275 - 8.8821X1 - 0.0212X2 - 0.0532X3 + 3.4444X7 

R2 

0.4870 

0.4942 

0.4964 

0.1694 

0.3242 

0.4412 

.p
'/-' 
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model with water content had almost reached the value of the R2 for the 

depth model. This rise in the R2 may possibly be due to metamorphism 

of the sno,~ack and occurrence of some melt in the pack, the variables 

having a greater effect in explaining some of this change. 

These findings suggest that an appropriate model may be devel

oped to predict snow depth at maximum accumulation, possibly combined 

with aerial reconnaissance of snow depths on a large watershed. A few 

measurements of density on the watershed may then give a fast, inexpen

sive estimate of water content. 

The analyses of variance showed that slope position and percent 

canopy coverage did not significantly affect snow accumulation. How-

ever, since canopy coverage was significant in the regressions, its ef

fect may have been obscured by the other variables. Slope position had 

no significant effect on snow accumulation. 

Slope and aspect, expressed in combined form as potential solar 

radiation, significantly affected snow accumulation. Slope and aspect 

influence accumulation mainly through their effect on exposure to winds 

and radiation intensity (Anderson 1963). Stratifying a watershed ac

cording to radiation levels may have strong management implications. 

Different vegetation management would have to be practiced on different 

radiation levels to achieve a common goal. Possibilities for increas

ing snow accumulation may be greatest in low radiation areas. 

All significant variables except for the square of the sunlight 

factor had negative coefficients in the regression models (Table 5). 

This indicates an inverse relationship: the higher the value of the 
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variable, the lower the value of water content or depth. Sunlight fac-

tor, which accounts for potential radiation received on different 

slopes and aspects and shading by trees to the south, had a curvilinear 

relationship with water content and depth as observed by Anderson, Rice, 

and West (1958a). Radiation ,vas significant in this model contrary to 

what Ffolliott and Hansen (1968) discovered. Also, contrary to Ffolliott 

and Hansen, accumulation decreased with elevation. Accumulation de-

creased with increases in canopy coverage, as found by others (Lull and 

Rushmore 1960; Packer 1960, 1962; Ffolliott and Hansen 1968). Trees to 

the north, indexed by percent canopy coverage in the northern half of 

the cone of interest, significantly reduced snOH accumulation. 

From the regressions one may also conclude that measurements of 

vegetation density taken from canopy camera photographs are consistently 

better related to snow accumulation than measurements of basal area 

with a 25 basal area factor angle gage. 

SnoHffielt 

Analyses of variance for snoHffielt as influenced by slope posi-

tion, percent canopy coverage, and potential radiation levels Here com

puted for the sampling dates February 11 and 24 before Hhich no 

precipitation occurred. Results from these analyses (Tables l5-B, 

l6-B, and l7-B) Here similar to those during the accumulation period. 

Slope position and percent canopy coverage had no significant effect 

on snowmelt while radiation level had a highly significant effect. , 
Duncan's Ne\v Multiple Range test on water content means in radiation 

1 1 1 . '1 r results (Table 18-B). The low radiation level eve s a so gave s~m~ a 
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contained the greatest amount of snow on the sampling dates, while the 

high radiation level contained the least. 

A mUltiple regression analysis was first conducted for each of 

the sampling dates during the melt period using the same model (1) as 

was used in the accumulation period. The results of these analyses are 

given in Tables 19-B through 24-B in the Appendix; the reduced regres

sion models, omitting the nonsignificant variables, are given in Table 

6. The variables that were important in explaining snow depth and 

water content during the accumulation period were also important during 

the melt period and had a similar relationship. The higher value of R2 

on February 17 is probably due to the 0.75 inches of precipitation that 

occurred three days before this date. The coefficient of determination 

seems to decrease for both water content and depth during the period of 

most rapid melt, which is most likely due to an increase in variance of 

these variables, causing the sample to be insufficient. The variance 

of water content was about five times greater during the rapid melt 

period than immediately after the large storm, while the variance of 

depth was about two times greater. 

An attempt was made to predict loss of water content and depth 

for individual sample points between sampling dates. Stepwise multiple 

regression analyses were conducted for two time periods during which no 

precipitation occurred: January 31 to February 11, and February 17 to 

24. The equation has the general form 



Table 6. Reduced regression models predicting snow water content and depth on sampling dates during 
the melt period. 

Dependent 
Variable 

Depth 

Water 
Content 

Date 

2/11/68 

2/17/68 

2/24/68 

2/11/68 

2/17 /68 

2/24/68 

Model R2 

Y = 216.7479 24.7301X1 - 0.2603X3 - 0.0260X6 + 8.0207X7 0.4517 

Y = 213.2795 - 30.6883X1 - 0.3093X3 - 0.0244X6 + 8.9743X7 0.5392 

Y 150.4268 - 15.2736X1 - 0.1571X 2 - 0.0185X6 + 3.9701X7 0.4067 

Y = 70.5232-8.0995Xl-0.0075X2-0.0848X3-0.0083X6+2.7178X7 0.4137 

Y = 75.2908 10.9974X1 - 0.1074X3 - 0.0086X6 + 3.3454X7 0.5067 

Y = 60.3973 - 5.6143X1 - 0.0684X2 - 0.0074X6 + 1.4000X7 0.4010 

-l> 
\J1 
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where 

y = loss in water content or depth 

Xl :::: sunlight factor 

X2 = percent canopy coverage in northern half of cone of 
interest 

X3 = percent canopy coverage in entire cone of interest 

X4 = basal area 

X5 = slope position 

X6 = water content or depth at the sample point from the 
preceding sampling date 

X7 X2 
1 

Each variable was tested for significance as before; the re-

suIts are given in Tables 2S-B through 28-B. The coefficient of de-

termination was less early in the melt period (January 3l-February 11) 

than during the period of rapid melt (February 17-24) for both water 

content and depth. The model for depth again had a consistently higher 

R2 than the one for water content, especially early in the melt period. 

Sunlight factor may not be as important in determining late melt as in 

determining early melt. Results from these analyses are not very con-

clusive, however. Problems encountered are the increase in variance, 

as mentioned before, and also a decrease in sample size as sampling 

points become bare during the melt period. 

A more useful model may be the one predicting loss of water 

content and depth on the watershed over the entire snOl-i sampling 

period. The model has the general form 

y (3) 
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where 

y := loss in water content or depth betVleen sampling periods 

Xl midpoint date between sampling dates 

X2 total sunlight factor between sampling dates 

X3 total degree days (36° base) betVleen sampling dates 

Degree days were calculated by summing the average temperature in a 

two-hour period above 36°F and dividing by 12 hours. 

Different variables were important in the models for loss in 

depth and Vlater content; the model for loss in depth was the better of 

the two (Tables 7 and 8). Time, sunlight factor, sunlight factor 

squared, and degree days explained 58 percent of the variation in loss 

of snow depth. The model with these variables was highly significant 

and is represented by the regression equation 

y := 
2 

0.9244 - 0.0257X l + 0.1687X 2 + 0.2465X3 - 0.0046X 2 

The nonlinear terms of degree days were not significant in this 

model. In the model for loss in snow water content, however, the 

squared term of degree days was significant. The prediction equation is 

as follmvs: 

Y := -0.1588 + 0.0138X l + 0.0927X 2 - O.0023X; + O.0016X; 

This model explained only 38 percent of the variation in loss of water 

content. These results from the above models suggest a linear relation-

ship of degree days to snow depth loss, and a nonlinear one to water 

content loss. Degree days have previously been found to be linearly 

related to snowmelt (Anderson 1956, Weiss and Wilson 1958). 



Table 7. Curvilinear mUltiple regression analysis predicting loss in snow depth on the watershed 
for the entire snow sampling period. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering a Regression Error of Intercept Error of of 

Coefficient Coefficient Y Variable 

1 X3 0.2330 0.0104 0.9942 2.7636 0.5614 'i'(-;': 

2 X3 0.2540 0.0124 1.3937 2.7351 0.5715 "k"k 

Xl -0.0275 0.0091 " " " " 
3 X3 0.2493 0.0129 1. 2582 2.7325 0.5734 n. s. 

Xl -0.0248 0.0093 " " " " 
X2 0.0268 0.0204 " " " " 

4 X3 0.2465 0.0128 0.9244 2.6965 0.5856 -kook 

Xl -0.0257 0.0091 " " " " 
X2 0.1687 0.0464 " " " " 
X2 

2 -0.0046 0.0014 " " " " 
5 X3 0.2361 0.0252 0.9940 2.6991 0.5859 n.s. 

Xl -0.0259 0.0092 " " " " 
X2 0.1733 0.0475 " " " " 
X2 -0.0047 0.0014 " " " " 2 

X3 
3 

0.0000 0.0000 " " " " 

a. xj did not add anything to the model and therefore did not enter. 

";,(",;'( . Significant at the 1% level. +:-
co 



Table 8. Curvilinear multiple regression analysis predicting loss in snow water content on the 
w'atershed for the entire snow sampling period. 

Variable 
Partial Standard y Standard 

R2 
Addition 

Step 
Enteringa Regression Error of 

Intercept Error of of 
Coefficient Coefficient Y Variable 

1 X2 
3 0.0018 0.0001 0.4099 1.4842 0.3434 i'(i'( 

2 X2 0.0016 0.0002 0.1492 1.4720 0.3557 "k"k 
3 

Xl 0.0131 0.0048 !! !! !! !! 

3 X2 
3 0.0016 0.0002 0.0162 1.4662 0.3624 if 

Xl 0.0146 0.0048 !! " " " 
X2 0.0215 0.0106 !! " !! !! 

4 X2 
3 0.0016 0.0002 -0.1588 1.4492 0.3787 ",;'\';'r: 

Xl 0.0138 0.0048 !! !! !! !! 

X2 0.0927 0.0247 !! !! !! !! 

X2 -0.0023 0.0007 !! !! " " 2 
5 X2 

3 0.0004 0.0008 -0.0704 1.4466 0.3826 n. s. 

Xl 0.0138 0.0048 " " " " 
X2 0.1027 0.0254 !! " " !! 

2 X2 -0.0024 0.0007 " !! " " 
X3 0.0000 0.0000 !! !! !! " 3 

a. X3 did not add anything to the model and therefore did not enter. 
i'n'\ • Significant at the 1% level. 

,..,'r: • Significant at the 5% level. 
if. Significant at the 10% level. .l> 

\.0 
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Degree days and degree days squared alone accounted for almost 

all of the explained variation in the model for depth and water con-

tent, respectively. 

The effect of stratifying the watershed into potential radia-

tion levels is summarized, for both the accumulation and melt period, 

in Figure 10. The average water content in radiation levels during the 

melt period includes plots which were bare of snow. Table 9 indicates 

the decrease in the number of plots with snow in each of the radiation 

levels. 

Table 9. Number of plots with snow in low, medium, and high potential 
radiation levels on sampling dates. 

Sampling R a d i a t ion Level 
Date Low Medium High 

December 28 22 45 19 

January 6 22 45 19 

January 31 22 45 19 

February 11 22 40 12 

February 17 22 41 l3 

February 24 20 20 6 

Little or no melt occurred in the 1mV' radiation level from December 28 

to January 31, while significant melt occurred in the medium and high 

levels during this period. The high radiation level had a fairly 
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constant rate of melt of 0.081 inches per day during this period, while 

the rate of melt in the medium level was somewhat less and varied. The 

high and medium levels, then, were the parts of the watershed contribut

ing to early runoff. 

January 31 to 'February 24 was the period of most rapid melt, ex

hibited by all three radiation levels. Snow first began melting in the 

low radiation level at this time, melting rapidly and contributing to 

late season runoff. Snowmelt in the high radiation level reduced the 

snowpack soon after maximum accumulation. 

Snow accumulation in radiation levels on February 17 showed a 

similar relationship to accumulation from the large storm in December. 

The low radiation level had the greatest increase in snow water con

tent, while the high radiation level had the least increase. 

Snowmelt Runoff 

The snow accumulation period had been preceded by a very dry 

period, and it can be assumed that the soil mantle on the watershed was 

quite dry when snow began accumulating. Precipitation from September 

to December, 1967, amounted to only 2.92 inches, 1.48 inches of which 

occurred from November 16 to December 7. 

The snol-7I1lelt runoff period Has from January 27 to March 5, 1968, 

which had been preceded by no floH from October, 1967, to the beginning 

of snowmelt runoff. Snowpack ablation, however, cm~menced soon after 

maximum accumulation on December 28. 

Daily runoff volume and sno'vpack density for the 1967-68 study 

period are given in Figure 11. Snmvmelt runoff began at a mean 
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Figure 11. Daily sno,~e1t runoff and mean snow density on Watershed 15 
for the 1967-68 study period. 
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h d k d -3 waters e snowpac ensity of about 0.35 g-cm Peak discharge oc-

curredon February 20. Fifty percent of the total snowmelt runoff had 

occurred by this date, whereas a loss of about 70 percent had occurred 

from the snowpack. 

Daily runoff values were accumulated from the start of runoff 

and were compared to accumulated snowpack ablation (Figure 12). Only a 

small percentage of the total snowpack water content appeared as run-

off. Runoff efficiency, defined as the percentage of peak snov;rpack ac-

cumulation that appears as runoff, amounted to only 18 percent. 

Efficiency, however, increased from 8 percent early in the runoff 

period to 21 percent immediately after peak daily discharge, and then 

decreased. Thirty-six acre-feet of water remained in the sno,,-cpack on 

February 24, the last date of measurement, which contributed only 4.6 

acre-feet of runoff. 

This decrease in efficiency later in the runoff period was also 

reported by Ffolliott and Hansen (1968). This water loss may be due to 

factors other than streamflow. Since a large part of the watershed was 

bare at this time and drying out, melt-water from isolated snow patches 

in low radiation levels may be vaporized or stored in the soil in these 

bare areas. Ffolliott and Hansen also reported that 50 percent of the 

accumulated runoff occurred by the date of peak daily discharge. 

The great difference in runoff efficiency reported by Ffolliott 

and Hansen (1968) and that of this study (a difference of 75 percent) 

may be attributed largely to differences in water storage. The soil 

mantle was fairly dry before snow accumulation began in the year of 
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this study, while Ffolliott and Hansen assumed the soil mantle to be 

wet in their study. Soil losses are largely a function of the length 

of time of the snow melting period (~1iller 1950). The snowmelt runoff 

period lasted 16 days in the study of Ffolliott and Hansen, while the 

runoff period of this ~tudy lasted for 38 days. 

To determine the lag time for snowmelt runoff to reach the 

flume of Watershed 15, daily runoff was compared to degree days for the 

study period (Figure 13). Lag time between sno"lvmelt and runoff de

creased from more than two days to one day shortly before peak daily 

discharge and then remained constant with time. Precipitation that oc

curred on March 6, at the end of the snowmelt runoff period, produced a 

peak in the hydrograph on March 7, a time lag of 12 to 24 hours. A 

time lag of one day may therefore be fairly reasonable for sno.Melt as 

determined from degree day and runoff data. 

The preceding results suggest that minimizing the length of the 

runoff period and maximizing spring snowmelt rates will most likely lead 

to maximum water yield, as pointed out by Hansen and Ffolliott (1968). 
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CONCLUSIONS 

Highly significant differences in water content existed between 

high, medium, and low ·radiation levels on the watershed, for both the 

accumulation period and the melt period. Radiation levels exhibited 

different snowmelt characteristics. 

Sunlight factor, percent canopy coverage, and elevation signif

icantly affected snow depth on sampling dates during the accumulation 

period, these variables having an inverse relationship with snow depth. 

The relationship of sunlight factor to snow depth was curvilinear. No 

consistent relationship of these variables existed with snow water con

tent during the accumulation period. These same variables were also 

significant during the melt period and had maintained a similar rela

tionship with snow depth and water content. The model with depth as 

the dependent variable had a consistently higher coefficient of deter

mination than the one with water content, especially early in the ac

cumulation period, this differential decreasing in the melt period. 

Sunlight factor and degree days significantly affected loss in 

snow depth and water content; degree days accounted for almost all of 

the explained variation. The relationship of sunlight factor to loss 

in snow depth and water content was again curvilinear. Loss in snow 

depth was linearly related to degree days. The model having loss in 

depth as the dependent variable had a much higher coefficient of de

termination than the model with loss in water content as the dependent 

variable. 
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Only 18 percent of the peak snowpack water content appeared as 

runoff from the watershed. There appeared to be about a one-day lag 

between the time of peak snowmelt and the time of peak runoff measured 

at the flume of Watershed 15. 

These conclusions are based on only one year of data and must 

be limited to the unusual storm encountered during this study and to 

the specific area of the study. 

Preliminary results for the 1968-69 snow year are given in Ap

pendix A and seem to give similar results from analyses of variance as 

found during 1967-68. The effect of potential radiation levels was 

similar for the widely different weather conditions encountered during 

these two years. 



APPENDIX A 

PRELIMINARY RESULTS FOR THE 1968-1969 SNOW YEAR 

Although much pertinent data were not available at the time of 

this writing, preliminary results from the analyses of variance and 

Duncan's New Multiple Range test will be presented here for the 1969 

snow sampling period on Watershed 15. The same snow sampling points 

were used as in the previous year's study. 

The snow accumulation period had been preceded by a wet winter, 

rains during this period producing runoff prior to snow accumulation. 

Snow began accumulating on February 21, 1969. Small storms added to 

the snowpack until March 15, 1969, the date of maximum accumulation. 

Rapid melt occurred from March 15 to March 29, depleting the snowpack 

by 80 percent, the watershed having a residual snowpack water content 

of 1.15 inches on March 29 (see Table l-A). No precipitation occurred 

during the melt period. 

Table l-A. Average snow water content, depth, and density on Watershed 
15 during the 1968-1969 snow year. 

Water Content Depth Density Date (inches) (inches) (g-cm- 3 ) 

2/21/69 2.66 14.6 17.50 
3/ 1/69 3.51 14.1 24.90 
3/ 8/69 3.74 15.6 24.13 
3/15/69 5.72 25.7 22.10 
3/22/69 3.01 9.8 30.19 
3/29/69 1.15 3.2 35.30 

60 



61 

Rapid melt seemed to have occurred at a lower density (about 30 

-3 
g-cm ) this year than during the previous year. 

Since runoff had occurred before snow accumulation and water 

was ponded in depressions during the accumulation period, and since the 

snow melted rapidly over a short period of time, the runoff efficiency 

would be expected to be much greater than that observed the previous 

year. 

The results from the analyses of variance for snow water con-

tent in slope positions, percent canopy coverage classes, and potential 

radiation levels are given·in Tables 2-A through 4-A. The effect of 

slope position on snow accumulation was significant at the 10 percent 

level on March 1 and 15. However, this effect was not consistent. No 

significant differences in water content occurred between percent canopy 

coverage classes. The effect of canopy coverage may be obscured by 

other factors, however, as was found previously. Highly significant 

differences in water content existed between potential radiation levels, 

as was found in the previous year. 

The low radiation level accumulated 2 to 3 more inches of water 

content than the medium or high levels (Table 5-A). The difference be-

tween the high and medium radiation levels was not as great as was 

found in the previous year. 

Figure I-A shm-ls the differences in snow accumulation and melt 

between the three radiation levels. The snowmelt rate in the low radi-

ation level was less than half of that in the medium or high levels. 

Almost all of the snow had ablated from the medium and high radiation 
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Table 2-A. Analysis of variance for slope positions on Watershed 15 on 
sampling dates during the 1969 snow study period. 

df SS MS 

February 21, 1969 

Total 85 152.131 

Slope position 2 0.614 0.307 F 0.168 n.s. 

Error 83 151.517 1.826 

March 1, 1969 

Total 85 244.988 

Slope position 2 17.589 8.794 F 

Error 83 227.399 2.740 

March 15 2 1969 

Total 85 350.328 

Slope position 2 28.774 14.387 F 3.7144F 

Error 83 321.554 3.874 

March 222 1969 

Total 85 688.247 

position 2 40.039 20.020 F == 2.563 n.s. 
Slope 

Error 83 6lf8.208 7.810 

4F Significant at 10% level. 
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Table 3-A. Analysis of variance for percent canopy coverage classes 
on Watershed 15 on sampling dates during the 1969 snow 
study period. 

df SS MS 

February 21, 1969 

Total 85 152.131 

Canopy coverage 9 9.433 1.048 F = 0.558 n.s. 

Error 76 142.698 1.878 

March 1, 1969 

Total 85 244.988 

Canopy coverage 9 16.644 1.849 F = 0.615 n.s. 

Error 76 228.344 3.005 

March 15, 1969 

Total 85 350.328 

Canopy coverage 9 10.291 1.143 F = 0.255 n.s. 

Error 76 340.037 4.474 

March 222 1969 

Total 85 688.247 

9 32.829 3.648 F = 0.423 n. s. 
Canopy coverage 

Error 76 655.418 8.624 
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Table 4-A. Analysis of variance for radiation levels on \vatershed 15 
on sampling dates during the 1969 snow study period. 

df SS MS 

February 21, 1969 

Total 85 152.131 

Radiation level 2 51. 950 25.975 F = 21.520;';;" 

Error 83 100.181 1. 207 

March 1, 1969 

Total 85 244.988 

Radiation level 2 83.746 41.873 F = 21.551;'0', 

Error 83 161. 242 1.943 

March 15, 1969 

Total 85 350.328 

Radiation level 2 131. 697 65.848 F ::: 24. 999~';;', 

Error 83 218.631 2.634 

** Significant at 1% level. 



Table 5-A. Duncan's New Multiple Range test for water content means 
in radiation levels during the 1969 study period. 

February 212 1969 

2 3 

NMRT 2.82 2.97 
s_ I 0.211 0.243 x 

R· 05 0.60 0.72 
P 

Radiation Level 
Low Med. High 

3.98 2.26 2.08 
r. 22 

1 
45 19 

March 12 1969 

2 3 

NMRT 2.82 2.97 

s_ I 0.268 0.309 
x 

R· 05 0.76 0.92 
P 

Radiation Level 
Low Med. High 

5.11 3.19 2.42 

r. 22 45 19 
1 

March 15 2 1969 

2 3 

NMRT 2.82 2.97 

S_ I 0.312 0.359 
x 

R .-5 0.88 1.07 
p 

Radiation Level 
Low Med. !ligE. 
7.82 5.l3 4.71 

r. 22 45 19 
1 
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levels by March 29, while 4 inches of water content remained in the low 

radiation level on this date. 

The effect of potential radiation levels seems to be similar 

for the widely different weather conditions encountered in the two 

years of this study, and may have importance in prescribing treatments 

to increase water yield and predicting snowmelt runoff. 



· APPENDIX B 

RAW STATISTICAL DATA 
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Table 1-B. Numbers of trees per acre, by species and diameter class, 
Beaver Creek Watershed No. 15. 

s p e c i e s 

69 

Diameter 
Breast 
Heigh t 

Ponderosa 
Pine 

Gambe1 
Oak 

Alligator 
Junipera 

All Species 

Inches 

Reprod. 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 . 
38 
40 
42 
44 
46 
48 

Total 

b 
Percent 

164.31 
334.33 

83.92 
40.39 
23.86 
11.22 
4.95 
2.08 
0.80 
0.63 
0.76 
1.06 
1.07 
0.30 
0.77 
0.11 

0.07 

670.63 

70.7 

S t ems 

62.74 
41.17 
24.11 
11.14 
8.16 
3.53 
0.52 
2.39 
0.63 
0.76 
0.42 

0.15 

O.ll 

155.83 

21.8 

per a c r e 

37.64 
9.61 
4.31 

1.02 

0.40 
0.32 

0.15 

O.ll 

0.08 

O.ll 

0.04 

53.79 

7.5 

a. Includes all Juniperus species. 

b. Exclusive of reproduction. 

164.31 
434.38 
134.70 
68.81 
35.00 
20.40 
8.48 
2.60 
3.59 
1.58 
1.52 
1.48 
1.07 
0.60 
0.77 
0.33 

0.08 
0.07 

0.11 

0.04 

880.25 

100.0 
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Table 2-B. Basal area per acre, by species and diameter class, Beaver 
Creek Watershed No. 15 

Diameter S :e e c i e s 
Breast Ponderosa Gambel Alligator All Species 
Height Pine Oak Juniper a 

Inches S g u are fee t per a c r e 

2 7.36 1.38 0.83 9.57 
4 7.30 3.58 0.84 11. 72 
6 7.92 4.72 0.84 13.48 
8 8.33 3.89 12.22 

10 6.11 4.45 0.56 11.12 
12 3.88 2.77 6.65 
14 2.22 0.56 2.78 
16 1.12 3.36 0.56 5.04 
18 loll loll 0.56 2.78 
20 1.66 1.66 3.32 
22 2.80 loll 3.91 
24 3.36 3.36 
26 loll 0.55 0.55 2.21 

28 3.29 3.29 
30 0.54 0.54 0.54 1.62 

32 
34 
36 0.56 0.56 

38 0.55 0.5yh 

40 
42 
44 1.16 1.16 

46 
48 0.50 0.50 

-
Total 58.66 29.68 7.50 95.84 

Percent 61.2 31.0 7.8 100.0 

a. Includes all Juni12erus species. 
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Table 3-B. Gross volumes per acre, by species and diameter class, 
Beaver Creek Watershed No. 15. 

Diameter Gambel Alligator 
Breast Ponderosa Pine Oak JuniEer a All Seecies 
Height Cu.ft. Bd.ft. Cords Cu.ft. Cu.ft. Cu. ft. 

Inches V 0 1 u m e s E e r a c r e 

2 234.0 6.3 3.8 244.1 
4 92.3 20.6 7.7 120.6 
6 109.0 0.6 38.6 9.9 157.5 
8 107.4 1.0 35.6 143.0 

10 87.5 0.9 50.6 8.2 146.3 
12 58.9 183 0.6 37.4 96.3 
14 38.9 131 0.4 8.4 47.3 
16 21.5 86 0.2 55.9 8.1 85.5 
18 23.8 101 20.5 8.0 52.3 
20 43.1 198 32.7 75.8 
22 35.2 377 23.3 98.5 
24 92.4 499 92.4 
26 31.9 180 13.0 6.0 50.9 
28 99.2 581 99.2 
30 16.7 100 13.6 5.0 35.3 

32 
34 
36 
38 17.4 110 4.1 4.1 

40 17.4 

42 
44 6.4 6.4 

46 
48 2.4 2.4 

--
Total 1,149.0 2,546 3.7 356.5 69.6 1,575.1 

Percent 
b 72.9 22.6 4.5 100.0 

a. Includes all ~uniEerus species. 

b. Refers to cubic feet. 



Table 4-B. Stocking conditions expressed as percent of area stocked 
and not stocked at different basal area stockinG levels b , 

by species and size class, Beaver Creek Hatershed No. 15. 

Bas a 1 A r e a S t o c k i n g L e v e 

72 

1 

Species and 
25 Sguare Feet 50 Sguare Feet 75 S9uare Feet 

Size Class 

Stocked 

Ponderosa pine 78 

Reproductionb 38 

Saplingsb 47 
b 

Small poles 47 

Large poles 40 

Small saHtimber 22 

Med ium sa"wtimber 20 

Large sawtimber 31 

Gambel oakc 60 

c,d 
Alligator juniper 22 

All species 98 

Not 
Stocked Stocked 

Per c e n t 

22 

62 

53 

53 

60 

78 

80 

69 

40 

78 

2 

69 

36 

36 

38 

18 

11 

11 

20 

38 

16 

87 

a. Basis: 45 sample points. 

Not 
Stocked Stocked 

of 

31 

64 

64 

62 

82 

89 

89 

80 

62 

84 

13 

a are a 

60 

27 

22 

33 

13 

11 

9 

11 

38 

11 

80 

b. Stocking expressed in tenas of prospective stocking. 

c. Exclusive of reproduction. 

d. Includes all Juniperus species. 

Not 
Stocked 

40 

73 

78 

67 

87 

89 

91 

89 

62 

89 

20 



Table 5-B. Analyses of variance for snow accumulation by slope posi
tions on dates December 28, 1967, and January 6, 1968. 

December 28, 1967 

df SS MS 

Total 85 166.953 

Slope position 2 0.527 0.263 F ::: 0.13 n.s. 

Error 83 166.426 2.005 

January 6, 1968 

df SS MS 

Total 85 199.581 

Slope position 2 2.385 1.192 F ::: 0.50 n.s. 

Error 83 197.196 2.376 
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Table 6-B. Analyses of variance for snow accumulation by percent 
canopy coverage classes on dates December 28, 1967, and 
January 6, 1968. 

~mber 28, 1967 

df SS MS 

Total 85 147.677 

Canopy coverage 9 11.825 1.314 F = 0.73 n.s. 

Error 76 l35.852 1. 788 

January 6, 1968 

df SS MS 

Total 85 204.081 

Canopy coverage 9 16.376 1.820 F = 0.74 n.s. 

Error 76 187.705 2.470 
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Table 7-B. Analyses of variance for snow accumulation by potential 
radiation levels on dates December 28, 1967, and January 
6, 1968. 

December 28, 1967 

df SS MS 

Total 85 156.145 

... '.-.'~ Radiation 2 32.478 16.239 F ::: 10.90"" 

Error 83 123.667 1.490 

January 6, 1968 

df SS MS 

Total 85 204.081 

Radiation 2 61.405 30.702 F ::: 17.86 i"k 

Error 83 142.676 1. 719 

-J,.-k Significant at the 1% level. 
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Table 8-B. Duncan's New Multiple Range test of water content means for 
snow accumulation by potential radiation levels on dates 
December 28, 1967, and January 6, 1968. 

December 28, 1967 

2 3 

NMRT 2.82 2.97 

S_' 0.235 0.270 x 

R· 05 0.66 0.80 
P 

Radiation Level 

Low Medium High 

9.48 8.28 7.76 

r. 22 
1. 

45 19 

January 6, 1968 

2 3 

NMRT 2.82 2.97 
, 

s_ 0.252 0.290 x 

R· 05 0.71 0.86 
P 

Radiation Level 

Low Medium High 

9.41 7.84 7.05 

r. 22 45 19 
1. 



Table 9-B. Stepwise mUltiple regression analysis predicting snow depth on December 28, 1967. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept 

Error of of 
Coefficient Coefficient Y Variable 

1 Xl· -7.0777 1. 9596 31.4197 6.216 0.1344 -;h'( 

2 Xl -13 .4766 2.0461 42.4453 5.348 0.3669 -In'( 

X3 -0.1770 0.0321 " " " " 

3 Xl -11.8752 2.0048 171.7818 5.0740 0.4370 "ki': 

X3 -0.1891 0.0307 " " " " 
X6 -0.0186 0.0058 " " " " 

4 Xl -22.6211 4.2814 175.0791 4.8732 0.4870 "k 

X3 -0.1839 0.0295 " " " " 

X6 -0.0189 0.0056 " " " " 

X7 9.4385 3.3587 " " " " 

5 Xl -21.2671 4.4036 174.1905 4.8568 0.4967 n. s. 

X3 -0.1367 0.0480 " " " " 

X6 -0.0788 0.0057 " " " " 

X7 8.7633 3.3911 " " " " -...J 
-...J 



Tab1e9-B.--Continued 

X2 -0.0460 0.0370 174.1905 4.8568 0.4967 n. s. 

6 Xl -20.9522 4.4150 203.1006 4.8570 0.5030 n. s. 

X3 -0.1358 0.0480 II II II II 

X6 -0.0227 0.0068 II II II II 

X7 8.5801 3.3962 II II II II 

X2 -0.0441 0.0371 " II " II 

X5 -i.1258 1.1290 " II " " 

7 Xl -20.7353 4.4234 205.1376 4.8598 0.5087 n.s. 

X3 -0.1443 0.0489 " II " " 

X6 -0.0229 0.0068 " " " " 
X7 8.3912 3.4040 " " " " 
X2 -0.0410 0.0372 " " " " 

X5 -1. 3624 1.1565 " " " II 

X4 0.0774 0.0812 " " II II 

~h': Significant at the 17. level. 

~.( Significant at the 57. level. -....J 
(X) 



Table 10-B. Stepwise multiple regression analysis predicting snow water content on December 28, 
1967. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept Error of of 

Coefficient Coefficient Y Variable 

1 X2 -0.0121 0.0056 9.1115 1.2906 0.0526 4/: 

2 X2 -0.0174 0.0057 9.7603 1. 2422 0.1328 ~k 

Xl -1.1517 0.4158 11 11 11 11 

3 X2 -0.0035 0.0092 10.3383 1. 2231 0.1694 4/: 

Xl -1.6374 0.4826 11 11 11 11 

X3 -0.0228 0.0120 11 11 " " 

4 X2 -0.0007 0.0092 10.5329 1. 2040 0.2049 n. s. 

Xl -3.4983 1.0874 " 11 " " 

X3 -0.0248 0.0119 11 11 11 " 

X7 1.5989 0.8405 " " 11 " 

5 X2 -0.0005 0.0090 29.1767 1.1830 0.2419 n.s. 

Xl -3.3117 1.0726 " " " " 

X3 -0.0267 0.0117 " 11 " " 

X7 1. 6350 0.8260 11 " " " -.t . 
'-.D 



Table 10-B.--Continued 

X6 -0.0027 0.0014 29.1767 1.1830 0.2419 n. s. 

6 X2 0.0004 0.0090 27.8467 1.1774 0.2584 n. s. 

Xl -3.2621 1.0682 " " " " 

X3 -0.0296 0.0118 " " " II 

X7 1. 5854 0.8230 " " " " 

X6 -0.0025 0.0014 " " " " 

X4 0.0255 0.0192 " " II " 

7 X2 0.0012 0.0090 37.1445 1.1715 0.2751 n.s. 

Xl -3.1467 1.0664 " " " II 

X3 -0.0300 0.0118 " " " " 

X7 1.5l37 0.8206 " " " " 
X6 -0.0037 0.0016 " " " " 

X4 0.0311 0.0196 " " " " 
X" -0.3735 0.2788 " " " " :> 

* Significant at the 5% level. 

4t Significant at the 10"1. level. (Xl 
0 



Table ll-B. Stepwise multiple regression analysis predicting snow depth on January 6, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept Error of of 

Coefficient Coefficient Y Variable 

1 Xl -7.2475 1.9298 29.2285 6.0179 0.1438 'i':·l~ 

2 Xl -14.1072 2.0250 40.5933 5.1137 0.3891 ",;':-;'( 

X3 -0.1808 0.0313 11 11 11 11 

3 Xl -26.2338 4.2789 41. 9011 4.8554 0.4559 *it:*k 

X3 -0.1758 0.0298 11 11 11 11 

X7 10.5642 3.3301 11 11 11 11 

4 Xl -25.2616 4.1696 134.2628 4.7103 0.4942 ~.( 

X3 -0.1846 0.0291 11 11 11 11 

X7 10.6477 3.2307 11 11 11 11 

X6 -0.0133 0.0054 11 11 11 11 

5 Xl -24.9503 4.1945 157.7112 4.7195 0.4985 n. s. 

X3 -0.1824 0.0293 11 11 11 11 

X7 10.4838 3.2430 11 11 11 11 

X6 -0.0164 0.0066 11 11 11 11 

():) 

I-' 



Table 11-B.--Continued 

X5 -0.9072 1.0948 157.7112 4.7195 0.4985 n.s. 

6 Xl -24.4250 4.3017 154.4734 4.7385 0.5007 n.s. 

X3 -0.1705 0.0354 " " " " 
X7 10.1276 3.3099 " " " " 

X6 -0.0160 0.0066 " " " " 

X5 -0.7776 1.1203 " " " " 
X4 -0.1827 0.3048 " " " " 

7 Xl -24.0049 4.4777 153.7427 4.7648 0.5016 n.s. 

X3 -0.1564 0.0527 " " " " 
X7 9.9437 3.3666 " " " " 

X6 -0.0159 0.0067 " " " " 

X5 -0.7587 1.1277 " " " " 
X4 -0.1696 0.3086 " " " " 
X2 -0.0140 0.0385 " " " " 

~'rl( Significant at the 1'7. level. 

* Significant at the 5% level. ex> 
N 



Table l2-B. Stepwise mUltiple regression analysis predicting snow water content on January 6, 1968. 

--
Variable Partial Standard y Standard 

R2 
Mdi tion 

Step Regression Error of Error of of 
Entering Coefficient Coefficient Intercept y Variable 

1 X6 -0.0042 0.0016 37.1665 1.4977 0.0767 ok 

2 X6 -0.0053 0.0015 45.7396 1.4092 0.1923 ** 
X2 -0.0215 0.0062 " " " " 

3 X6 -0.0039 0.0015 37.2431 1.3531 0.2644 ,,: 

X2 -0.0266 0.0063 " " " " 
Xl -1.3724 0.4842 " " " " 

4 X6 -0.0039 0.0015 37.5478 1.3049 0.3242 ~': 

X2 -0.0243 0.0061 " " " " 
Xl -4.1310 1.1314 " " " " 
X7 2.4182 0.9033 " " " " 

5 X6 -0.0042 0.0015 39.6927 1.2854 0.3523 n.s. 

X2 -0.0087 0.0103 " " " " 
Xl -4.9016 1.1887 " " " " 
X7 2.6082 0.8957 " " " " 

00 
w 



Table l2-B.--Continued 

X3 -0.0254 0.0136 39.6927 1. 2854 0.3523 n.s. 

6 X6 -0.0050 0.0018 45.9924 1. 2882 0.3577 n.s. 

X2 -0.0081 0.0103 " " " II 

Xl -4.8375 1.1939 " " " " 

X7 2.5732 0.8986 II II " " 

X3 -0.0254 0.0136 " II II " 

X5 -0.2433 0.2996 " " " " 

7 X6 -0.0051 0.0018 46.4802 1. 2954 0.3586 n.s. 

X2 -0.0085 0.0105 II " " II 

Xl -4.9074 1.2174 " " " " 

. X7 2.6237 0.9153 " " II " 

X3 -0.0268 0.0143 II " II II 

X5 -0.2632 0.3066 II " " II 

X4 0.0292 0.0839 " " II II 

~r.~ Significant at the 1% level. 

* Significant at the 5% level. co 
~ 



Table 13-B. Stepwise multiple regression analysis predicting snow depth on January 31, 1968 •. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Regression Error of Error of of 

Entering Coefficient Coefficient Intercept y Variable 

1 Xl -6.6105 1.8345 23.4800 7.7256 0.1339 7~;'( 

2 Xl -9.9777 1.6666 34.2784 6.5716 0.3808 ;t_'~ 

'" 

X2 -0.1747 0.0304 " " " " 

3 Xl -21. 9458 4.5410 36.0130 6.3132 0.4354 "k 

X2 -0.1676 0.0293 " " " " 

X7 8.0169 2.8464 " " " " 

4 Xl -27.3658 5.0074 39.8964 6.1522 0.4704 ~.( 

X2 -0.0784 0.0480 " " " " 

X7 10.3813 2.9562 " " " " 

X3 -0.1407 0.0608 " " " " 

5 Xl - 25.7611 4.9761 140.6518 6.0364 0.4964 4/: 

X2 -0.0776 0.0471 " " " " 

X7 10.1613 2.9026 " " " " 

X3 -0.1477 0.0598 " " " " 
OJ 
\..J1 



Table 13-B.--Continued 

X6 -0.0145 0.0071 140.6518 6.0364 0.4964 if 

6 Xl -24.7257 5.0371 138.5809 6.0199 0.5054 n.s. 

X2 -0.0714 0.0472 " " " " 
X7 9.3839 2.9664 " " " " 

X3 -0.1244 0.0627 " " " " 

X6 -0.0142 0.0071 " " " " 
X4 -0.4697 0.3917 " " " " 

7 Xl -24.4241 5.0732 163.5204 6.0402 0.5084 n.s. 

X2 -0.0709 0.0474 " " " " 
X7 9.1908 2.9897 " " " " 
X3 -0.1255 0.0630 " " " II 

X6 -0.0176 0.0087 II " " " 
X4 -0.4252 0.3984 " II " " 
X5 -0.9811 1.4317 II " " " 

~.~-:~ Significant at the 1/0 level. 
~.( Significant at the 5/0 level. 
4f Significant at the 10/0 level. 00 

0\ 



Table l4-B. Stepwise multiple regression analysis predicting snow water content on January 31, 
19q8. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Regression Error of Error of of Entering 

Coefficient Coefficient Intercept y Variable 

1 X2 -0.0378 0.0111 9.3154 2.5758 0.1204 ,;':it~ 

2 X2 -0.0571 0.0103 11.7081 2.2360 0.3450 ,'_f~ 

'" 

Xl -3.0258 0.5671 " " " " 

3 X2 -0.0549 0.0100 12.2600 2.1611 0.3955 ~'( 

Xl -6.8340 1.5544 " " " " 

X7 2.5509 0.9744 " " " " 

4 X2 -0.0212 0.0163 13.7275 2.0907 0.4412 -1\ 

Xl -8.8821 1.7017 " " " " 
X7 3.4444 1.0046 " " " " 

X3 -0.0532 0.0207 " " " " 

5 X2 -0.0209 0.0161 43.3730 2.0646 0.4618 n.s. 

Xl -8.4099 1. 7020 11 11 " " 
X7 3.3797 0.9928 11 " 11 " 

X3 -0.0552 0.0205 " " " " co 
-...J 



Table 14-B.--Continued 

X6 -0.0043 0.0024 43.3730 2.0646 0.4618 n.s. 

6 X2 -0.0188 0.0162 42.6839 2.0600 0.4709 n.s. 

Xl -8.0654 1. 7237 " " " " 
X7 3.1210 1.0151 " " " " 

X3 -0.0475 0.0215 " " " " 
X6 -0.0042 0.0024 " " " " 
X4 -0.1563 0.1340 " " " " 

7 X2 -0.0188 0.0163 46.9043 2.0716 0.4717 n.s. 

Xl -8.0144 1. 7399 " " " " 
X7 3.0883 1.0254 " " " " 
X3 -0.0477 0.0216 " " " " 
X6 -0.0047 0.0030 " " " " 
X4' -0.1488 0.1366 " " " " 
X5 -0.1660 0.4910 " " " " 

~h~ Significant at the 1% level. 

* Significant at the 5% level. ex> 
ex> 



Table IS-B. Analyses of variance for snowmelt as influenced by slope 
positions on dates February 11, 1968, and February 24, 
1968. 

February 11, 1968 

. df SS MS 

Total 85 870.372 

Slope position 2 24.340 12.170 F 1.19 n.s. 

Error 83 846.032 10.193 

February 24~ 1968 

df SS MS 

Total 85 1017.640 

Slope position 2 29.221 14.610 F 1. 23 n. s. 

Error 83 988.419 11.909 

89 



90 

Table l6-B. Analyses of variance for snowmelt as influenced by percent 
canopy coverage classes on dates February 11, 1968 and 
February 24, 1968. 

February 11, 1968 

df SS MS 

Total 85 870.372 

Canopy coverage 9 83.627 9.292 F = 0.90 n.s. 

Error 76 -786.745 10.352 

February 24, 1968 

df SS MS 

Total 85 1023.863 

Canopy 9 45.396 5.044 F = 0.39 n.s. coverage 

Error 76 978.467 12.875 



91 

Table l7-B. Analyses of variance for snowmelt as influenced by poten
tial radiation levels on dates February 11, 1968, and 
February 24, 1968. 

February 11, 1968 

df SS MS 

Total 85 870.372 

"'-,-
Radiation 2 283.469 141. 734 F ;: 20.04~" 

Error 83 586.903 7.071 

February 24, 1968 

df SS MS 

Total 85 1010.863 

Radiation 2 451. 505 225.752 F 33.50.,b': 

Error 83 559.358 6.739 

~~~ Significant at the 1% level. 



92 

Table 18-B. Duncan's New Multiple Range test of water content means 
by potential radiation levels on dates February 11, 1968, 
and February 24, 1968. 

February 11! 1968 

2 3 

NMRT 2.82 2.97 

S_' 0.512 0.58,9 
x 

R· 05 1.44 1. 75 
p 

Radiation Level 

Low Medium High 

8.11 4.80 3.03 

r. 22 45 19 
1 

February 24, 1968 

2 3 

NMRT 2.82 2.97 

S-' 0.499 0.575 
x 

R· 05 1.41 1.71 
.p 

Radiation Level 

Lo,v Medium High 

6.64 1.52 1.11 

22 45 19 r. 
1 



Table 19-B. Stepwise multiple regression analysis preducting snow depth on February 11, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept Error of of 

Coefficient Coefficient Y Varial?le 

1 Xl -6.2418 2.0090 16.9387 8.6512 0.1031 -!n'( 

2 Xl -13.0856 2.2315 32.5199 7.6184 0.3127 ,'0: 

X3 -0.2397 0.0476 : " " " " 
3 Xl -12.0638 2.1278 220.6421 7.1891 0.3954 ,'n~ 

X3 -0.2641 0.0455 " II II " 
X6 -0.0269 0.0080 " " " " 

4 Xl -24.7301 4.8396 216.7479 6.8880 0.4517 ~~ 

X3 -0.2603 0.0437 " II II " 

X6 -0.0260 0.0077 " " " II 

X7 8.0207 2.7794 " II " " 
5 Xl -24.9319 4.7552 295.1141 6.7663 0.4775 n.s. 

X3 -0.2577 0.0429 " " " " 

X6 -0.0365 0.0092 " " " " 
X7 8.0522 2.7304 " II " " 

'" V.> 



Table 19-B.--Continued 

X5 -3.1025 1.5632 295.1141 6.7663 0.4775 n. s. 

6 Xl -24.0316 4.8845 287.6351 6.7791 0.4820 n.s. 

X3 -0.2351 0.0508 " " " " 

X6 -0.0355 0.0093 " " " " 
X7 7.5222 2.8081 " " " " 

X5 -2.8139 1. 6038 " " " " 
X4 -0.3665 0.4385 " " " " 

7 Xl -23.9073 5.2067 287.2475 6.8222 0.4821 n.s. 

X3 -0.2304 0.0827 " " II " 

X6 -0.0355 0.0094 " " " " 
X7 7.4907 2.8594 " " " " 
X5 -2.8019 1. 6224 " " " " 
X4 -0.3623 0.4451 " " " " 
X2 -0.0043 0.0593 " " II " 

;'d( Significant at the 1% level. 

* Significant at the 5% level. \0 
./::'-



Table 20-B. Stepwise multiple regression analysis predicting snow water content on February 11, 
1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step 

Entering Regression Error of Intercept 
Error of of 

Coefficient Coefficient Y Variable 

1 X2 -0.0436 0.0131 7.5702 3.0257 0.1165 -;'-'--". 

2 X2 -0.0584 0.0126 7.6832 2.7879 0.2588 i':·k 

Xl -2.7048 0.6775 II II II II 

3 X2 -0.0626 0.0123 64.7617 2.6928 0.3168 ~~ 

Xl -2.2659 0.6752 " II II II 

X6 -0.0079 0.0030 II II II " 
4 X2 -0.0178 0.0220 71.5880 2.6156 0.3633 -k 

Xl -3.6294 0.8628 II " " II 

X6 -0.0086 0.0029 II II II " 

X3 -0.0741 0.0305 II " " II 

5 X2 -0.0075 0.0216 70.5232 2.5256 0.4137 -k 

Xl -8.0995 1.8973 II II " II 

X6 -0.0083 0.0028 II " " II 

X3 -0.0848 0.0297 " " " II 

'" \Jl 



Table 20-B.-~Continued 

X7 2.7178 1.0364 70.5232 2.5256 0.4137 ")'( 

6 X2 -0.0028 0.0215 94.8706 2.4989 0.4332 n.s. 

Xl -8.3071 1.8815 " " " " 
X6 -0.0115 0.0034 " " " " 
X3 -0.0894 0.0295 " " " " 
X7 2.7682 1.0259 " " " " 
X5 -0.9601 0.5824 " " " " 

7 X2 -0.0009 0.0218 92.9424 2.5083 0:.4361 n.s. 
~ 

Xl -8.1077 1.9144 " " " " 
X6 -0.0113 0.0035 " " " " 
X3 -0.0851 0.0304 " " " " 
X7 2.6333 1.0513 " " " " 
X5 -0.8844 0.5965 " " " " 
X4 -0.1043 0.1637 " " " " 

-/rl~ Significant at the Ii. level. 

* Significant at the 5% level. \0 
0" 



Table 21-B. Stepwise mUltiple regression analysis predicting snow depth on February 17, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept Error of of 

Coefficient Coefficient Y Variable 

1 Xl -7.6654 2.0111 19.8162 9.1813 0.1475 '"ih'( 

2 Xl -15.9525 2.1710 39.6522 7.6930 0.4086 ,,;h~ 

X3 -0.2965 0.0490 " " " " 
3 Xl -32.1935 5.1395 43.5383 7.2343 0.4833 ~rk 

X3 -0.2920 0.0461 " " " " 
X7 9.1368 2.6534 " " " " 

4 Xl -30.6883 4.9067 213.2795 6.8736 0.5392 -/('"l( 

X3 -0.3093 0.0441 " " " " 
X7 8.9743 2.5216 " " " " 

X6 -0.0244 0.0078 " " " " 
5 Xl -29.5485 4.8665 211.1290 6.7653 0.5591 n.s. 

X3 -0.2595 0.0507 " " " " 
X7 8.3218 2.5055 " " " " 
X6 -0.0241 0.0077 " " " " 

'" ...... 



Table 21-B.--Continued 

X4 -0.8081 0.4251 211.1290 6.7653 0.5591 n.s. 

6 Xl -29.5471 4.8856 236.1553 6.7918 0.5612 n.s. 

X3 -0.2606 0.0510 II " " " 
X7 8.3388 2.5155 " " " " 

X6 -0.0274 0.0094 " " " II 

X4 -0.7555 0.4353 " " " " 
X5 -0.9822 1.6018 " " " " 

7 Xl -30.4192 5.1957 236.8531 6.8238 0.5627 n. s. 

X3 -0.2917 0.0794 " " " " 
X7 8.5566 2.5629 " " " " 

X6 -0.0275 0.0095 " II " " 
X4 -0.7930 0.4435 " " " " 
X5 -1.0l30 1.6105 " " " " 
X2 -0.0291 0.0569 " " " " 

"1n'~ Significant at the 11. level. 

* Significant at the 5% level. \0 
()) 



Table 22-B. Stepwise multiple regression analysis predicting snow water content on February 17, 
1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step 

Entering Regression Error of 
Intercept 

Error of of 
Coefficient Coefficient Y Variable 

1 Xl -2.5988 0.7316 7.2721 3.3400 0.1306 'itn'~ 

2 Xl -5.4785 0.8049 14.1650 2.8521 0.3736 'ir~~ 

X3 -0.1030 0.0182 " " " " 

3 Xl -11.5266 1. 9042 15.6121 2.6804 0.4534 'it~k 

X3 -0.1014 0.0171 " " " " 
X7 3.4025 0.9831 " " " " 

4 Xl -10.9974 1.8289 75.2908 2.5620 0.5067 ",;'n', 

X3 -0.1074 0.0164 " " " " 

X7 3.3454 0.9400 " " " " 
X6 -0.0086 0.0029 " " " " 

5 Xl -10.5621 1.8119 74.4696 2.5188 0.5291 n. s. 

X3 -0.0884 0.0189 " " " " 

X7 3.0962 0.9329 " " " " 

X6 -0.0085 0.0029 II II . II " '" '" 



Table 22-B.--Continued 

X4 -0.3086 0.lS83 74.4696 2.5188 0.5291 n. s. 

6 Xl -10.S617 1.8197 82.9473 2.5298 0.5309 n. s. 

X3 -0.0888 0.0190 II II II II 

X7 3.1019 0.9370 II II II II 

X6 -0.0096 0.0035 II II II II 

X4 -0.2908 0.1622 " " II " 

Xs -0.3327 0.5966 II " " " 
7 Xl -10.7603 1.9373 83.1063 2.S443 0.5315 n. s. 

X3 -0.0959 0.0296 " " II II 

X7 3.1516 0.9556 " " II " 

X6 -0.0096 0.0035 II " II II 

X4 -0.2993 0.1654 II II II II 

X5 -0.3397 0.6005 II II " " 

X2 0.0066 0.0212 II II II II 

,h~ Significant at the 1% level. 

I-' 

~~ Significant at the 570 level. 0 
0 



Table 23-B. Stepwise multiple regression analysis predicting snow depth on February 24, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept Error of of 

Coefficient Coefficient Y Variable 

1 Xl -5.5742 1.4670 10.3513 7.9272 0.1467 -;h'( 

2 Xl -7.5970 1.3862 19.6986 7.1092 0.3219 ,h~ 

X2 -0.1501 0.0324 11 " " " 
3 Xl -15.8056 3.8294 22.1106 6.9339 0.3627 ,~ 

X2 -0.1481 0.0316 " " " 11 

X7 3.8197 1.6671 " " " " 
4 Xl -15.2736 3.7239 150.4268 6.7314 0.4067 '* 

X2 -0.1571 0.0309 " " " " 
X7 3.9701 1.6196 " " " " 
X6 -0.0185 0.0075 " " " " 

5 Xl -18.2537 4.3329 161.0272 6.6999 0.4195 n.s. 

X2 -0.0943 0.0564 " " " 11 

X7 4.5568 1.6714 " " " " 

X6 -0.0194 0.0075 " " " " I-' 
0 
I-' 



Table 23-B.--Continued 

X3 -0.1078 0.0812 161.0272 6.6999 0.4195 n. s. 

6 X -18.5534 4.3165 214.4322 6.6657 0.4326 n. s. 
1 

X2 -0.0883 0.0563 " " " " 

X7 4.6852 1.6657 " II II " 

X6 -0.0266 0.0092 " " " " 

X3 -0.1104 0.0808 " II II " 

X5 -2.0893 1.5475 " " " " 

7 Xl -18.3765 4.3373 207.8526 6.6867 0.4362 n.s. 

X2 -0.0818 0.0572 " " " " 

X7 4.5565 1. 6807 " " " " 

X6 -0.0257 0.0093 " " II " 
X3 -0.0989 0.0827 " " " " 

X5 -1. 8700 1.5828 " " " " 
X4 -0.3091 0.4349 " " II " 

"n'~ Significant at the I/o level. 

ok Significant at the 5/0 level. t-' 
0 
IV 



Table 24-B •. Stepwise mUltiple regression analysis predicting snow water content on February 24, 
1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of 

Intercept 
Error of of 

Coefficient Coefficient Y Variable 

1 Xl -2.0657 0.6011 4.1419 3.2482 0.1233 ,':-1: 

2 Xl -2.9480 0.5582 8.2189 2.8625 0.3272 -;,_t .. 
'" 

X2 -0.0655 0.0130 " " " " 

3 Xl -2.6172 0.5633 57.7998 2.7922 0.3675 4f 

X2 -0.0690 0.0128 " " " " 

X6 -0.0071 0.0031 " " " " 

4 Xl -5.6143 1.5125 60.3973 2.7340 0.4010 4f 

X2 -0.0684 0.0126 " " " " 

X6 -0.0074 0.0031 " " " " 

X7 1. 4000 0.6578 " " " " 

5 Xl -6.8968 1. 7575 64.9589 2.7176 0.4155 n.s. 

X2 -0.0413 0.0229 " " " " 

X6 -0.0078 0.0031 " " " " 

X7 1.6524 0.6780 " " " " t-' 
0 
W 



Table 24-B.--Continued 

X3 -0.0464 0.0329 64.9589 2.7176 0.4155 n.s. 

6 Xl -7.0043 1.7552 84.1306 2.7105 0.4259 n. s. 

X2 -0.0392 0.0229 " " " " 
X6 -0.0104 0.0037 " " " " 
X7 1.6985 0.6773 " " " " 

X3 -0.0473 0.0329 " " " " 
X5 0.7500 0.6293 " " " " 

7 Xl -6.9664 1.7678 82.7204 2.7253 0.4269 n.s. 

X2 -0.0378 0.0233 " " " " 

X6 -0.0102 0.0038 " " " " 
X7 1. 6709 0.6850 " " " II 

X -0.0449 0.0337 " " " " 3 

Xs -0.7030 0.6451 " II' " " 
X4 -0.0663 0.1772 " " " " 

** Significant at the 1% level. 

if Significant at the 10/. level. 
t-' 
0 
.p. 



Table 25-B. Stepwise multiple regression analysis predicting loss in snow depth during period 
January 31 - February 11, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step 

Entering Regression Error of 
Intercept 

Error of of 
Coefficient Coefficient Y Variable 

1 X6 -0.1255 0.0402 10.1095 1.9667 0.1176 -,f:---k 

2 X6 -0.1039 0.0399 8.9609 1. 9035 0.1847 ·k 

Xl 1.1934 0.4900 II II II II 

3 X6 -0.093Lf 0.0404 8.3005 1. 8910 0.2065 n. s. 

Xl 3.0828 1.4376 II II II II 

X7 -1.1742 0.8406 II II fl II 

4 X6 -0.0839 0.0437 7.7434 1.8998 0.2104 n. s. 

Xl 3.1733 1.4525 II II II II 

X7 -1.l301 0.8479 II II II II 

X4 0.0684 0.1168 !I II !I II 

5 X6 -0.0933 0.0459 8.5907 1.9069 0.2159 n. s. 

Xl 2.7083 1.6039 II !I !I !I 

X7 -1.0221 0.8651 !I II II II 

II 
t-' 

X4 0.1180 0.1372 II II II 0 
V1 



Table 25-B.--Continued 

X3 -0.0115 0.0166 8.5907 1.9069 0.2159 n. s. 

6 X6 -0.0944 0.0463 8.3855 1.9191 0.2173 n.s. 

Xl 2.7433 1.6172 " " " " 
X7 -1.0266 0.8707 " " " " 
X4 0.1082 0.1409 " " " " 

X3 -0.0115 0.0167 " " " " 

Xs 0.1369 0.3910 " " " " 
7 X6 -0.0945 0.0467 8.3762 1.9334 0.2173 n.s. 

Xl 2.7626 1.7419 " " " " 
X7 -1.0326 0.8978 " " " " 
X4 0.1078 0.1425 " " " " 

X3 -0.0107 0.0297 " " " " 

Xs 0.1374 0.3942 " " " " 
X2 -0.0006 - 0.0201 " " " " 

~rl~ Significant at the 1% level. 

* Significant at the 5% level. 
I-' 
0 

'" 



Table 26-B. Stepwise mUltiple regression analysis predicting loss in snow water content during 
period January 31 - February 11, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step Entering Regression Error of Intercept Error of of 

Coefficient Coefficient Y Variable 

1 X6 -0.0604 0.0242 3.7878 1.1309 0.0818 ~~ 

2 X6 -0.0562 0.0248 3.5539 1.1335 0.0907 n. s. 

Xl 0.2431 0.2952 " " " " 
3 X6 -0.0554 0.0249 3.1700 1.1366 0.0990 n. s. 

Xl 0.3042 0.3059 II " " " 

X5 0.1823 0.2304 " " II " 
4 X6 -0.0604 0.0271 3.4184 1.1430 0.1023 n.s. 

Xl 0.2220 0.3501 " " " " 
X 0.2143 0.2407 II II II " 5 

X4 -0.0369 0.0751 II " " II 

5 X6 -0.0595 0.0275 3.3523 1.1510 0.1033 n.s. 

Xl 0.4487 0.9012 " " II " 

X5 0.2132 0.2424 II " II " 
-0.0379 0.0757 " " II " 

to-' 
X4 a 

-.I 



Table 26-B.--Continued 

X7 -0.1417 0.5184 3.3523 1.1510 0.1033 n.s. 

6 X6 -0.0562 0.0295 3.0844 1.1589 0.1047 n.s. 

Xl 0.5828 0.9985 " " " " 
X5 0.2160 0.2442 " " " " 

X4 -0.0524 0.0885 " " " " 

X7 -0.1713 0.5300 " II II " 

X3 0.0034 0.0104 II " II " 

7 X6 -0.0566 0.0297 3.0228 1.1669 0.1062 n. s. 

Xl 0.6975 1.0669 II II " " 

X5 0.2203 0.2463 II II " II 

X4 -0.0559 0.0897 " " " II 

X7 -0.2061 0.5446 " " " " 

X3 0.0082 0.0185 II II II " 

X2 -0.0040 0.0124 " II " " 

~'r Significant at the 5'70 level. 
I--' 
0 
ex> 



Table 27-B. Stepwise multiple regression analysis predicting loss in snow depth during period 
February 17-24, 1968. 

Variable Partial Standard y Standard 
R2 

Addition 
Step 

Entering Regression Error of 
Intercept 

Error of of 
Coefficient Coefficient Y Variable 

1 X6 -0.1858 0.0711 14.0679 3.1616 0.1344 * 
2 X6 -0.1995 0.0681 16.0613 3.0170 0.2297 if: 

X4 -0.5685 0.2465 " " II " 

3 X6 -0.1942 0.0677 14.4601 2.9944 0.2588 n.s. 

X4 -0.6382 0.2506 " " II II 

X5 0.8916 0.6940 II II " " 

4 X6 -0.1817 0.0689 13.9928 . 2.9949 0.2762 n.s. 

X4 -0.8376 0.3213 II " " " 
Xs 0.7606 0.7066 " " II II 

X2 0.0230 0.0232 " " " " 

5 X6 -0.l300 0.0686 13.5642 2.8324 0.3684 "'k 

X4 -0.6306 0.3157 " " " " 
X5 0.9621 0.6734 " " " " 

X2 0.0896 0.0352 " " " II t-' 
0 
\.0 



Table 27-B.--Continued 

X3 -0.0978 0.0405 13.5642 2.8324 0.3684 * 
6 X6 -0.1614 0.0737 15.6744 2.8219 0.3888 n.s. 

X4 -0.6680 0.3162 " " " II 

X5 0.9782 0.6711 " " " " 
X2 0.0968 0.0357 " " " " 

X3 -0.1246 0.0467 " " " " 
X7 -0.8636 0.7580 " " " " 

7 X6 -0.1424 0.0751 13.2314 2.8080 0.4103 n.s. 

X4 -0.6132 0.3181 " " " " 
X5 0.9066 0.6705 " " " " 
X2 0.0834 0.0373 " II " " 

X3 -0.0940 0.0532 " " " " 
X7 -2.4430 1.5387 " " " " 

Xl 3.7810 3.2108 " " " " 

~'( Significant at the 5/0 level. 

{f Significant at the 10/0 level. 
f-' 
f-' 
0 



Table 28-B. Stepwise multiple regression analysis predicting loss in snow water content during 
period February 17-24, 1968. 

Variable Partial Standard y. Standard 
R2 

Addition 
Step Regression Error of Error of of Entering Coefficient Coefficient Intercept y Variable 

1 X6 -0.0851 0.0279 4.9380 1. 2042 0.1775 ,'m 

2 X6 -0.0916 0.0270 5.6840 1.1555 0.2602 4f 

X4 -0.2057 0.0949 II " " " 
3 X6 -0.0844 0.0262 5.1978 1.1118 0.·3315 4J: 

X4 -0.3762 0.1225 II II " " 
X2 0.0182 0.0087 II II II II 

4 X6 -0.0850 0.0259 4.6571 1.1020 0.3592 n.s. 

X4 -0.3911 0.1219 " II " II 

X2 0.0165 0.0087 II II II " 
X5 0.3486 0.2648 II II " " 

5 X6 -0.0782 0.0272 4.5975 1.1057 0.3711 n.s. 

X4 -0.3643 0.1262 " II " " 
X2 0.0259 0.0140 " " II " 

I-' 

X5 0.3798 0.2682 " " II " I-' 
I-' 



Table 28-B.--Continued 

X3 -0.0136 0.0158 4.5975 1.1057 0.3711 n.s. 

6 X6 -0.0825 0.0296 4.8806 1.1180 0.3735 n.s. 

X4 -0.3697 0.1284 " " " " 

X2 0.0269 0.0144 " " " " 

X5 0.3827 0.2713 " " " " 

X3 -0.0172 0.0186 " " " " 

X7 -0.1159 0.3005 " " " " 

7 X6 -0.0745 0.0306 3.9946 1.1164 0.3917 n.s. 

X4 -0.3443 0.1305 " " " " 

X2 0.0215 0.0152 " " " " 

X5 0.3460 0.2731 ' " " " " 

X3 -0.0058 0.0215 " II II II 

X7 -0.6842 0.6186 " " " " 

Xl 1.3654 1. 2997 II " II II 

~'n'~ Significant at the 1/0 level. 

4f Significant at the 10/0 level. 
I-' 
I-' 
N 
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