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ABSTRACT

A validation study of snowpack inventory-prediction

equations was conducted during 1972-73. The study was

implemented on three different study sites within the

ponderosa pine forests in Arizona. Development of

inventory-prediction equations to predict the snowpack water

equivalent at times not previously described was also

completed.

Original snowpack inventory-prediction equations

did not adequately predict the snowpack water equivalent

for the 1972-73 winter season. Thus, new snowpack

inventory-prediction equations were developed.

The snowpack water equivalent for 1972-73 was

five-to-nine times above normal, which may have been a

cause for the failure of the original inventory-prediction

equations to validate.
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INTRODUCTION

According to Hill (1973):

As with other critical resources, the rate of
use of water in the United States is rapidly
increasing. . . . In recent years, the many
social, economic, and environmental problems
associated with urbanization--and with providing
urban water supplies--have become tremendous.
. . . Determining what portions the Federal,
State, and local governments and water utilities
should adapt . . . is directly related to water
and land use planning (p. 4).

Timber managers have been wrestling with the term

"land use planning" since the Multiple Use Act was passed in

1964. Forests can be manipulated by three general manage-

ment practices: (1) selective thinning, (2) clear cutting,

and (3) leave it alone and do nothing. These three types

of vegetation manipulation may take different forms

(shelterwood, sanitation salvage, patch, strip, a combina-

tion of each, etc.). The impact on the forest overstory is

to reduce the stand density.

Watershed hydrologists concerned with water yield

may wish to know how the above-mentioned manipulations of

forest cover affect the water resource. Inventory-

prediction equations describing relationships between water

resource parameters and readily available or easily obtained

input variables that describe forest cover may be useful in

answering this basic land planning question.

1
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Water is an important resource in a semi-arid

region such as Arizona. The projected increase in the

demand for recreational, industrial, municipal, and

agricultural uses of water in Arizona requires an examina-

tion of means to increase the water yield from the water-

sheds of Arizona. A large portion of the precipitation

that supplies Arizona's streams and rivers occurs in areas

along the Mogollon Rim. Above the Mogollon Rim, a range

of mountains transverses the State from southeast to

northwest. The primary forest type in this range of

mountains is ponderosa pine (Pinus ponderosa Laws) which

occurs generally from 5,000 feet to 8,000 feet (Harlow

and Harrar 1958, Little 1950).

Within the ponderosa pine forests of Arizona, 99 per

cent of the annual water yield can occur between November

and April, with most precipitation in the form of snow

(Ffolliott and Hansen 1968). This snowmelt water repre-

sents 60 to 65 per cent of the runoff for the Salt-Verde

River Basin (Harshbarger et al. 1966). The Salt-Verde

River Basin provides water for Phoenix and the agricultural

region of central Arizona. Thus, increased snowmelt

runoff resulting from the manipulation of the ponderosa

pine forest overstories would be of potential economic

importance to Arizona.

It has been hypothesized, and shown empirically,

that snowpack water storage can be increased by reducing the



3

density of forest cover (Anderson 1969a, 1969b; Berndt

1961; Connaughton 1935; Hansen 1969; Goodell 1959; etc.).

Many short-termed studies have been carried out to verify

this hypothesis in terms of local conditions.

A one-year study was carried out in the Lower

Peninsula of Michigan by Hansen (1969) who evaluated snow-

pack accumulation in a red pine (Pinus resinosa Ait.)

plantation thinned to different stocking levels. This

study suggested that if land managers thinned a stand from

120 down to 60 square feet of basal area per acre, an

increase of 0.5 inches in the total seasonal snowpack water

equivalent would occur beneath the thinned stand.

Numerous investigators have shown similar results

with short-termed studies (Clausen and Mace 1972, Garn

1969, Haupt 1951, Lejcher 1969, Lull and Rushmore 1960,

Weitzman and Bay 1959, etc,).

A general problem with one-year studies is that they

are often not verified in succeeding years to determine

whether the original relationships identified are valid for

other years. Validation information would be helpful to

forest managers and watershed specialists in evaluating the

significance of hydrologic events that occur on a forested

watershed. If these relationships identified are valid,

the models could be utilized in helping to predict snowpack

conditions under various forest stand densities for all

years.
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In an attempt to alleviate the problem of validating

the results of one year studies, and assuming that regres-

sion coefficients represent trade-off potentials between

snowpack water equivalent and forest density attributes

(basal area, cubic feet, etc.), Ffolliott, Thorud, and Enz

(1972) analyzed historical data from 18 USDA Soil Conserva-

tion Service Cooperative snow courses in north-central

Arizona. The hypothesis tested in this study was to

determine if the statistical similarity of regression

coefficients over successive years for a snow course could

be attributed to spatial arrangements of the trees. Of 18

snow courses analyzed, 12 supported this hypothesis.

Regression lines for two snow courses analyzed by

Ffolliott et al. (1972) are illustrated in Figures 1 and

2. The different intercept values for the two regressions

were attributed to the different amounts of snow input

received each year, These illustrations, plus subsequent

analyses, suggest the potential for the application of

snowpack inventory-prediction equations developed from

limited data for obtaining trade-off values between water

and wood. Snowpack inventory-prediction equations developed

from limited source data might not predict the mean snow-

pack water equivalent on the area, but they can describe

the trade-offs between snowpack water equivalent and forest

attributes.
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Generalized snowpack inventory-prediction equations

have been developed from source data obtained in a

ponderosa pine forest in east-central Arizona during

1968-69, using one year of data gathered from one study

site located near the Mogollon Rim (Ffolliott and Thorud

1972). In essence, the study described herein, the snowpack

inventory-prediction equations developed by Ffolliott and

Thorud (1972) were applied to the 1972-73 winter conditions

on three study sites located along the Mogollon Rim to

validate these equations as potential management tools.

Validation of the inventory-prediction equations would

support the hypothesis that limited source data can be used

in establishing equations that can be used for prediction

purposes in future years. The snowpack inventory-prediction

equations indicate to the land manager the relationship

concerning the trade off potential between water and wood.



DESCRIPTION OF STUDY

Predicting potential water yields from snowpack

characteristics is an important aspect of watershed

management in Arizona. This prediction should give user

agencies and management organizations information relative

to the range of water supply levels they will regard to

spring runoff, flood control, and irrigation. The study

described herein was designed to be a validation of

previously developed snowpack inventory-prediction rela-

tionships between snowpack conditions and forest attributes

(Ffolliott and Thorud 1972). Source data were collected on

three study sites to test the relationship in terms of

validity in time and space, Specifically, estimates of

snowpack water equivalent in situ at each study site were

made by solving the inventory-prediction relationships;

then, the estimates of snowpack water equivalent were

empirically compared with actual field measurements obtained

with a snow tube and scale at each study site.

Objectives 

The primary objective of this study and thesis was

to validate previously developed snowpack inventory-

prediction relationships (Ffolliott and Thorud 1972),

expressed by the following equations:

8
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Winter accumulation-melt period:

= 197 - 28.4log X 1 - 0.195 X3

2 1 = 206 - 18.7log x 2 - 0.202 X 3

Peak seasonal accumulation, prior to runoff:

= 317 - 48.01og X 1 - 0.263 X 4

2 2 = 306 - 32.5log X 2 - 0.232 X 4

where: 1 is a per cent of maximum snowpack water

equivalent found on a site for a period

representing the winter accumulation-melt;

2 is a per cent of maximum snowpack water

equivalent on the study sites for the period

representing peak seasonal accumulation;

log X1 is the logarithm (base 10) of basal area,

in square feet per acre;

log X 2 is the logarithm (base 10) of cubic feet

volume (Myers 1963) per acre.

X
3 

is the potential direct beam solar radiation

(Frank and Lee 1966) received on an index date

representing the winter accumulation-melt

period (February 20), in gram calories crriTi and

X4 is the potential direct beam solar radiation

(Frank and Lee 1966) received on an index date

representing peak seasonal accumulation (March

20), in gram calories cm- 2.
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Using the dependent variable as the per cent value,

the influence of different precipitation amounts in various

parts of the State may be eliminated. The factors assumed

to affect the dependent variable are the forest density

characteristics and the irradiation potential for the

sampling unit.

The development of snowpack inventory-prediction

equations listed above was based on forest density, and

slope and aspect of land. These measurements are easily

obtainable by a forest manager without elaborate

instrumentation and large expenditures of man-hours. Since

the net radiation received at the snow surface may relate

more adequately to snowpack ablation, as contrasted to

potential solar radiation, an investigator might prefer

using net radiometers to obtain an estimate of radiation

inputs. However, as such instrumentation may be impractical,

the equations include forest density measurements that may

index the obstruction of direct beam solar radiation by

forest overstories and radiation emission from trees onto

the snowpack. The forest density variable may also index

the effects of snowfall interception processes and other

effects of forest canopies on the distribution of precipita-

tion inputs. The land form factors (i.e., slope and aspect)

are used to obtain the potential direct beam solar radiation

for the plots on the study areas.
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Hopefully, snowpack inventory-prediction equations

such as those listed above will allow a land manager to

establish a snow course on a management unit, determine the

snowpack water equivalent at five to ten sample points, and

apply these data to the equations to obtain the snowpack

equivalent for the different levels of forest density

within a land management unit.

The snowpack inventory-prediction equations

developed by Ffolliott and Thorud (1972) were formulated

to predict the snowpack water equivalent under different

forest densities; but, the prediction equations may not be

valid for zero forest densities.

Secondary objectives of the study described herein

were (1) the refinement of the original snowpack inventory-

prediction equations if they could not be validated over

time and space, and (2) the development of snowpack

inventory-prediction equations to relate hydrologic events

not previously defined (i.e., peak daily runoff and end of

runoff to forest density and potential solar irradiation).

Study Areas 

The three study sites established in this investi-

gation were selected within the ponderosa pine forests of

Arizona to test the existing snowpack inventory-prediction

equations in time and space (Figure 3). The three study
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Figure 3. Location of Study Plots
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sites selected were the Campbell Blue site near Alpine, the

Bog Creek site near McNary, and the State Land site near

Flagstaff.

Campbell Blue Site

The Campbell Blue study site was included in the

study to obtain a time dimension for the validation study,

as the original snowpack inventory-prediction equations

were developed from source data collected at the Campbell

Blue site in 1968-69. Forty primary sampling units were

located on Campbell Blue to measure a common range of

forest density variability found in Arizona ponderosa pine.

The Campbell Blue study site, located 8-1/2 miles

south of Alpine, Arizona, adjacent to Highway 666, is 8,100

feet in elevation. All of the sampling units were within

100 feet in elevation. Soils were derived from basalt

parent material. The forest stand has been recently

cutover, leaving a mixture of old-growth patches and pole-

size trees predominating; there were a few thick sapling

stands beneath the old-growth. The low forest density of

the area generally permits direct incoming solar radiation

to reach the snowpack, without obstruction by foliage and

stems.

The forest density on Campbell Blue sampling units

ranged from.5 to 170 square feet of basal area and 64 to

4,769 cubic feet (Myers 1963) of volume per acre (Figure 4).



s

Figure 4. Stand Density Characteristics of Campbell Blue
and State Land Study Sites
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Rog Creek Site

The Bog Creek study site, 4-1/2 miles east of

McNary, Arizona, on the White Mountain Apache Indian

Reservation, is located at approximately 7,300 feet in

elevation. The soil was derived from basalt parent

material. Thirty primary sampling units were located on

Bog Creek to measure the range of existing forest

variability.

The forest overstory on Bog Creek is essentially

a uniform stand of small pole-size trees (6-8 inch dbh) and

thick patches of saplings (2-4 inch dbh). Forest density

ranged from 120 to 340 square feet of basal area and 1,173

to 4,927 cubic feet (Myers 1963) of volume per acre. The

study site did not have any open sites where direct solar

radiation could reach the snowpack for an extended period of

time (Figure 5).

State Land Site

The State Land study site is located 8 miles south

of Flagstaff, Arizona, adjacent to State Route 89A. Mean

elevation is approximately 7,300 feet. Soils were derived

from basalt parent material. Thirty primary sampling units

were established to measure the range of existing condi-

tions.

The forest overstory on the State Land study site

was similar to the Campbell Blue study area in size class
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Figure 5. Stand Density Characteristics of Bog Creek Site
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distribution, type, and density. However, there were many

openings, and large old-growth ponderosa pine on the area.

The forest densities ranged from 25 to 255 square feet of

basal area and 370 to 2,776 cubic feet (Myers 1963) of

volume per acre (Figure 4).

Field Procedures 

Sampling Design

The same primary sampling unit design as used by

Ffolliott (1970) in collecting the original source data and

by Ffolliott and Thorud (1972) in developing the original

inventory-prediction equations were used in this study. The

sampling units consist of five sample points arranged in a

spatial distribution (Figure 6). Sampling unit locations

on all study sites were selected primarily to measure the

range of forest densities necessary to validate the equa-

tions over the spectrum of densities that occur in Arizona's

ponderosa pine forests.

Snowpack Measurements

The snow sampling points were measured at approxi-

mately two-week intervals starting on January 27, 1973 and

extending throughout the snowmelt period. Federal snow

tubes and scales were used to measure the snowpack in inches

of water equivalent (Figure 7). On each primary sampling

unit, the snow tube measurements taken at the five points



Figure 6. Distribution of Five Sample Plots Comprising the
Primary Sampling Unit for all Three Sites
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Figure 7. Use of Federal Snow Sampler
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were used to calculate the average snowpack water equivalent

for the plot. Court (1958) reported that a statistically

accurate mean could be obtained from five sample points for

an individual primary sampling unit, although his results

are not necessarily applicable to the present study.

Essentially, the snowpack measurements index

incoming precipitation and losses to canopy snow

interception-vaporization and snowpack ablation. The

distribution of the snowpack is a function, in part, of the

spatial characteristics of the forest stand, direction of

the incoming storms, wind velocity, etc. The integration

of inputs and losses results in a distribution of residual

snowpack accumulation over time (Anderson 1969a, Goodell

1959, Ffolliott and Thorud 1972).

Forest Stand Density Measurements

The snowpack inventory-prediction equations have an

expression of forest stand density as one independent

variable. Forest stand density is a quantitative measure

of stocking, expressed in number of trees, square feet of

basal area, volume, or other expressions, on a per acre

basis.

At each point within each primary sampling unit,

basal area was estimated by point sampling techniques using

a 25 basal area factor angle gauge (Figure 8). The average

basal area was estimated for the sampling unit by



Figure 8. Point Sampling -- A tree is tallied if its
diameter is equal to or larger than a pre-
determined angle whose vertex is at the sampling
point (Grosenbaugh 1952).

21
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multiplying the total number of the trees counted at the

five points in the plot by the basal area factor, 25, and

dividing by five (Grosenbaugh 1952, Grosenbaugh and Stover

1957, Hovind and Rieck 1961, etc.).

Another measure of forest density used in this study

was cubic foot volume. This forest density expression was

determined by measuring the merchantable height of a tree,

usually to a 4-inch top diameter, above a one-foot stump and

measuring the diameter at breast height, 4-1/2 feet above

ground level, outside the bark (dbh
ob

) of the tree. Trees

that were tallied using a 25 basal area factor angle gauge

were the trees assessed for cubic foot volume. The cubic

foot volumes for the trees were obtained from tables that

give volume in cubic feet per square foot of basal area

(Myers 1963). Average cubic foot volume was determined for

each primary sampling unit from the five points within the

sampling unit.

Potential Direct Beam Solar Radiation

Potential direct beam solar radiation (Frank and

Lee 1966) is an independent variable that characterizes the

potential energy input on the area. The langley (gram

-2 
icalories cm ) s a commonly used unit of measurement for

solar radiation. Tabular dates closest to the measuring

dates were selected to index potential direct beam solar

radiation in terms of solar days.
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Net radiation provides an index of rates of snow-

melt, but measurements of this variable requires the use and

maintenance of net radiometers (Goodell, Megahan, and

Meiman 1967). For this reason, potential solar radiation

was chosen as the energy index since it can be determined

by available tables (Frank and Lee 1966). To assess

potential direct beam solar radiation, the slope and aspect

of each primary sampling unit was measured. Slope and

aspect of a sampling unit are needed to determine the

potential direct beam solar irradiation since studies show,

for example, that in January at 40 0 N. Latitude, a level

surface receives only one-half of the direct beam solar

radiation received on a surface perpendicular to the sun's

rays. Therefore, a surface sloping to the south may have a

higher rate of ablation due to solar irradiation compared

to a north facing slope (Goodell 1959).

Analytic Procedures 

The original snowpack inventory-prediction equations

described by Ffolliott and Thorud (1972) were developed to

characterize the snowpack water equivalent at two times in

the winter period: the winter accumulation-melt period and

the time of peak seasonal accumulation. The winter

accumulation-melt period, by definition, is a date after

snowfall has begun and before peak seasonal accumulation.

Peak seasonal accumulation is not known until after spring
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melt begins and ablation of the snowpack occurs. For the

validation of the winter accumulation-melt equations,

January 27, 1973, was selected as the index date. Peak

seasonal accumulation occurred on March 17, 1973 for

Campbell Blue and April 1, 1973 for State Land and Bog

Creek sites.

Validation of Existing Inventory-Prediction
Equations

The validation of the original snowpack inventory-

prediction equations dealt primarily with solving the

equations in terms of the variables characterizing each

primary sampling unit, establishing confidence bands around

the solutions, and determining whether the snowpack water

equivalent measurements obtained in this study fell within

the confidence bands. In solving the equations, the forest

density variables and solar irradiation variable charac-

terizing the individual sampling units for the index dates

were included in the equation, and i was determined.

The Y value for the maximum accumulation sampling

unit on each site should equal 100 per cent; however, this

did not necessarily occur when solving the equations for

the sampling unit with maximum accumulation. Therefore, the

i values for the maximum snowpack accumulation sampling

units were adjusted to represent 100 per cent, and the 'Y

values for the remaining sampling units within each site

were prorated accordingly.
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To illustrate:

If i max had 7.0" measured snowpack water equivalent

plot x 7.0" then,	 = inches of predicted snowpack water
Y max

	

	 equivalent on the other sampling
units on the site

Thus, the inches of predicted snowpack water equivalent were

adjusted for each sampling unit for a particular study site.

Next, confidence limits were established around the

snowpack inventory-prediction equations. In the original

study, the level of significance chosen for F test was 10

per cent. The equation used in establishing confidence

limits on multiple regression equations is:

+ Sy.x /2Fy, = .10 1//11-	
C11(X1-X1)2

+ // 2C
22

(X 2 -X 2 ) + 2C1 
( x 1-X 1 ) (x 2 -X 2 )

The C multipliers were obtained through analytic procedures

outlined by Freeze (1967), which involved interpreting the

following matrix:

X2 X1
X
2
2

The inverse of this matrix established the C multipliers:

C 11	
C
12

C 21	 C
22
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If the original snowpack inventory-prediction equa-

tions could not be validated, new snowpack inventory-

prediction equations describing the winter accumulation-melt

period and peak seasonal accumulation would be developed.

The 1972-73 snowpack water equivalent data for the primary

sampling units would be the dependent variables. The same

analytical procedure followed in the earlier study

(Ffolliott and Thorud 1972) would be utilized in development

of these new equations.

Initially, new snowpack inventory-prediction equa-

tions would be developed. These equations would be tested

by Student-Newman-Kuels Multiple Range Test (Steel and

Torrie 1960) to determine if the coefficients of the inde-

pendent variables of the equations are significantly

different. If the coefficients are not significantly

different, the equations would be combined.

Development of Equations to Describe Other
Hydrologic Events

Snowpack water equivalent measurements were taken

at the three study sites throughout the spring melt period

since one study objective was to characterize the amount of

snowpack water equivalent on the study sites at the time of

peak daily runoff and end of runoff. These latter

hydrologic events were not defined in the earlier study

(Ffolliott and Thorud 1972),
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Peak daily runoff was determined from water yield

data collected on monitored streams throughout the Mogollon

Rim area. Peak daily flow in the streams generally occurred

around April 19, 1973. The closest snow measurement date

to the day that peak runoff occurred was April 14, 1973.

End of runoff was defined as occurring when the

streamflow decreased to the average flow rates for the start

of the summer season.

The analytic procedures used to develop equations

for these two periods would be the same as used in the

original study (Ffolliott and Thorud 1972).



RESULTS AND DISCUSSION

When investigating dynamic snowpack characteristics

to determine if significant empirical correlations exist

between the snowpack and various inventory-prediction

variables, the unpredictability of weather patterns may have

a significant bearing on the results (Lejcher 1969). The

precipitation during this study period (1972-73) was

unusual in the total amount received as snow and in the

unusually long duration of the snowpack into spring. The

snowpack at the end of March was five times above average

on the Salt River Watershed and nine times above average on

the Verde River Watershed (Enz 1973). Practically no snow

melt occurred above 7,000 feet during the winter, resulting

in a continuous snowpack buildup to April 1.

The lateness of the snowpack build-up and peak

seasonal accumulation and the significantly large build-up

of the snowpack is suggested in the precipitation mass

diagrams for the three sites measured in this study (Figures

9, 10, and 11). These diagrams relate the 1972-73 winter

precipitation to the previous ten-year average.

28
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Validation of Existing Inventory-
Prediction Equations 

The actual snowpack water equivalents measured on

the three study sites are listed in Tables 1 through 4

(Campbell Blue), 5 through 8 (Bog Creek), and 9 through 12

(State Lands). If the measured snowpack water equivalent

fell within the confidence interval established around the

predicted snowpack water equivalent determined by the

original snowpack inventory-prediction equations, the

inventory-prediction equations were considered valid for

the primary sampling unit. Generally, the original snow-

pack inventory-prediction equations did not estimate the

measured 1972-73 snowpack water equivalent conditions on

enough primary sampling units to be considered useful as

prediction equations.

Possible Causes for Failure to Validate 

Instrumentation may have been one cause for the

failure of the original equations to predict the measured

snowpack water equivalent. The Federal snow tube has a

precision of + 0.5 inches of water equivalent (Freeman

1965). If the confidence intervals around the predicted

value given by the snowpack inventory-prediction equations

were at least equivalent to the magnitude of the precision

of the Federal snow tube, more of the measured 1972-73



33

Table 1. Campbell Blue measured and calculated data for
snowpack accumulation melt period (Jan. 27), with
basal area and langleys as the independent
variables

Water	 Confidence	 Measurements within
Plot No.	 equivalent	 intervals	 confidence interval

	 inches 	

1 1.3 1.0-1.3
2 0.9 1.1-1.3
3 1.7 1.4-1.7
4 2.2 2.5-3.1
5 1.7 1.1-1.3
6 1.3 1.1-1.3
7 1.2 1.1-1.3
8 1.2 1.5-1.7
9 1.0 1.3-1.5

10 1.1 1.4-1.7
11 1.8 1.6-1.9
12 1.4 1.5-1.7
13 1.4 1.8-2.0
14 1.5 1.8-2.0
15 1.7 2.1-3.4
16 1.2 1.1-1.3
17 0.5 1.3-1.6
18 0.8 1.4-1.6
19 2.2 1.9-2.2
20 2.6 3.0-3.8
21 0.2 1.2-1.4
22 0.8 1.7-1.9
23 1.2 1.8-2.1
24 1.0 2.1-2.3
25 1.5 2.1-2.3
26 1.6 1.9-2.2
27 1.3 2.1-2.3
28 1.8 2.0-2.3
29 1,6 2.2-2.6
30 1.0 1.9-2.2
31 1.6 2,0-2.3
32 1.8 1.7-1.9
33 1.8 2.0-2.3
34 2.2 3.2-4.1
35 1.5 1.8-2.1
36 1.7 2.0-2.3
37 1.8 2.5-3.1
38 1.8 2.4-2.9
39 2 •7 a 2.5-3,0
40 2.1 2.5-3.1

aPlot with maximum accumulation.
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Table 2. Campbell Blue measured and calculated data for
snowpack accumulation melt period (Jan. 27), with
cubic foot volume and langleys as the independent
variables.

Plot No.
Water

equivalent
Confidence	 Measurements within
intervals	 confidence interval

	inches	
1 1.3 1.4-1.7
2 0.9 1.2-1.4
3 1.7 1.6-1.8
4 2.2 2.5-3.0
5 1.7 1.2-1.5
6 1.3 1.3-1.6
7 1.2 0.8-1.2
8 1.2 1.6-1.9
9 1.0 1.1-1.4

10 1.1 1.3-1.5
11 1.8 1.6-1.8
12 1.4 1.2-1.5
13 1.4 1.6-1.8
14 1.5 1.7-1.9
15 1.7 2.0-3.4
16 1.2 1.3-1.5
17 0.5 1.4-1.8
18 0.8 1.3-1.5
19 2,2 2.0-2.4
20 2.6 2.6-3.2
21 0.2 1.2-1.5
22 0.8 1.7-1.9
23 1.2 2.0-2.2
24 1.0 2.1-2.4
25 1,5 1.9-2.2
26 1.6 1.9-2.1
27 1.3 1.9-2.2
28 1.8 1.9-2.1
29 1.6 2.2-2.6
30 1.0 1.8-2.1
31 1.6 1.9-2.2
32 1.8 1.7-1.9
33 1.8 2.0-2,2
34 2.2 2.8-3.5
35 1.5 1.9-2.2
36 1.7 2.0-2.4
37 1.8 2.2-2.6
38 1.8 2.8-3.6
39 2 •7a 2.4-3.0
40 2.1 2.4-3.0

aPlot with maximum accumulation.
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Table 3. Campbell Blue measured and calculated data for
peak snowpack accumulation melt period (Mar. 17),
with basal area and langleys as the independent
variables

Water	 Confidence	 Measurements within
Plot No.	 equivalent	 intervals	 confidence interval

	1	 3.9

	

2	 2.2
3	 4.3

	

4	 4.6

	

5	 4.8

	

6	 2.4

	

7	 3.4

	

8	 4.6

	

9	 2.3

	

10	 2.6

	

11	 3.3

	

12	 3.3

	

13	 4.2

	

14	 4.6

	

15	 4.5

	

16	 2.3

	

17	 2.3

	

18	 2.1

	

19	 3.5

	

20	 6,2

	

21	 2.5

	

22	 3.6

	

23	 4.5

	

24	 4,8

	

25	 5.1

	

26	 4.7

	

27	 5.0

	

28	 5.0

	

29	 5.8

	

30	 4.5

	

31	 7.5

	

32	 5.3

	

33	 6.0

	

34	 7.2

	

35	 5.1

	

36	 4.3

	

37	 4,9

	

38	 5,9

	

39	 7.8a

	

40	 6.5

inches 	

-1.6--1.3
-1.3--1.0
1.1- 1.4
7.6- 9.3

-1.2--0.9
0.2- 0.3
0.7- 0.9
2.5- 2.8
0.1- 0.1
1.1- 1.4
3.1- 3.5
2.3- 2.6
3.4- 3.8
3.2- 3.6
4.1- 6.4
0.7- 0.9
2.1- 2.4
0.7- 0.8
4.6- 5.3

11.5-14.7
0.9- 1.0
2.9- 3.2
2.8- 3.3
4.3- 4.8
4.3- 4.9
3.3- 3.8
4.3- 4.8
4.1- 4.6
5.5- 6.4
3.5- 4.0
4.1- 4.6
2.5- 2.8
3.9- 4.4

12.3-15.8
2.7- 3.2
3.9- 4.4
7.6- 9.3
5.9- 7.1
7.1- 8.5
6.7- 8.2

aPlot with maximum accumulation,
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Table 4. Campbell Blue measured and calculated data for
peak snowpack accumulation (Mar. 17), with cubic
foot volume and langleys as the independent
variables.

Plot No.
Water

equivalent
Confidence	 Measurements within
intervals	 confidence interval

	inches	
1 3.9 0.4-	 0.5
2 2.2 0.2-	 0.2
3 4.3 2.4-	 2.8
4 4.6 7.2-	 9.1
5 4.8 0.4-	 0.6
6 2.4 2.6-	 3.1
7 3.4 0.1-	 0.2
8 4.6 3.3-	 3.9
9 2.3 0.2-	 0.3

10 2.6 0.8-	 1.0
11 3.3 2.9-	 3.3
12 3.3 1.2-	 1.5
13 4.2 2.2-	 2.6
14 4.6 3.0-	 3.4
15 4.5 3.3-	 5.8
16 2.3 2.1-	 2.5
17 2.3 3.2-	 3.9
18 2.1 0.6-	 0.8
19 3.5 5.2-	 6.3
20 6.2 9.0-11.5
21 2.5 1.6-	 1.9
22 3.6 3.4-	 3.9
23 4.5 3.7-	 4.2
24 4.8 4.4-	 5.1
25 5.1 3.3-	 3.9
26 4.7 3.1-	 3.7
27 5.0 3.6-	 4.1
28 5.0 3.2-	 3.7
29 5.8 5.2-	 6.2
30 4.5 2.9-	 3.5
31 7.5 3.3-	 3.9
32 5.3 2.9-	 3.3
33 6.0 3.6-	 4.2
34 7.2 9.1-11.6
35 5.1 3.2-	 3.8
36 4.3 4.3-	 5,0
37 4,9 5.4-	 6.5
38 5.9 8.9-11.7
39 7 •8a 6.9-	 8.7
40 6.5 5,7-	 7.1

aPlot with maximum accumulation.
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Table 5. Bog Creek measured and calculated data for snow-
pack accumulation melt period (Jan. 27), with
basal area and langleys as the independent
variables.

Water	 Confidence	 Measurements within
Plot No.	 equivalent	 intervals	 confidence interval

	 inches 	

1 4.3 3.6-4.4
2 4.1 3.0-3.7
3 4,4 3.5-4.1
4 5.1 3.9-4.5
5 4.5 3.2-3.8
6 4.2 3,0-4.2
7 4.9a 4.4-5.4
8 3.7 3.6-4.3
9 4.7 3.4-4.3

10 4.8 4.1-4.7
11 3.7 4.4-5.2
12 3.9 4.0-5.2
13 3.7 4.2-4.8
14 4.0 4.4-7.5
15 3.9 4.5-5.6
16 4.1 4.3-5.1
17 2.8 3.9-4.5
18 4.1 4.3-4.9
19 4.5 2.9-3.6
20 3.4 3.2-3.8
21 3.6 4.0-4.6
22 4.0 4.3-4.9
23 4.4 4.1-4.7
24 4.1 3.7-4.4
25 3.6 2.5-3.3
26 5.0 3.4-3.9
27 3.9 4.3-4,9
28 4.0 4.4-5.3
29 4.5 4.2-4.7
30 4.4 3.3-4.1

aPlot with maximum accumulation.
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Table 6. Bog Creek measured and calculated data for snow-
pack accumulation melt period (Jan. 27), with
cubic foot volume and langleys as the independent
variables.

Plot No.
Water

equivalent
Confidence
intervals

Measurements within
confidence interval

	inches	

1 4.3 3.7-4.5 *
2 4.1 3.3-4.1 *
3 4.4 3.7-4.4 *
4 5.1 4.2-4.8
5 4.5 3.5-4.2
6 4.2 3.1-4.8 *
7 4.9

a 4.4-5.4 *
8 3.7 4.1-4.7
9 4.7 3.9-4.7 *

10 4.8 4.2-4.8 *
11 3.7 4.3-5.0
12 3.9 3.9-4.9 *
13 3.7 4.3-5.0
14 4.0 4.6-7.8
15 3.9 4.4-5.5
16 4.1 4.5-5.8
17 2.8 4.1-4.8
18 4,1 4.3-5.0
19 4.5 3.1-4.1
20 3.4 3.4-4.1 *
21 3.6 4.1-4.7
22 4.0 4.3-5.0
23 4.4 4.3-4.9 *
24 4,1 4.1-4.8 *
25 3.6 2.8-3.8 *
26 5.0 3.6-4.2
27 3.9 4.3-5.0
38 4.0 4.4-5.2
29 4.5 4.3-4.9 *
30 4,4 3.5-4.4 *

aPlot with maximum accumulation.
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Table 7. Bog Creek measured and calculated data for peak
snowpack accumulation (Apr. 1), with basal area
and langleys as the independent variables.

Plot No.
Water

equivalent
Confidence	 Measurements within
intervals	 confidence interval

	inches	

1 9.7 31.0-37.1
2 10.1 58.4-72.3
3 10.6 42.0-49.2
4 11.5 42.0-48.1
5 8.7 52.0-61.9
6 9.9 60.5-86.9
7 12 •2a 10.9-13.5
8 9.0 50.9-61.6
9 11.3 54.2-68.2

10 11.0 32.3-36.9
11 10.9 16.4-19.8
12 11.4 7.7-10.0
13 10.5 26.4-30.7
14 10.6 9.7-17.0
15 10.6 3.8-	 4.8
16 10.9 19.7-23.3
17 8.2 42.0-48.1
18 9.1 25.6-29.8
19 10.5 61.0-77.5
20 9.1 52.0-61.9
21 9.7 37.7-42.9
22 9.5 25.6-29.8
23 10.4 32.9-37.5
24 10.6 49.0-58.3
25 9.3 58.2-76.6
26 10.5 48.1-58.6
27 9.4 25.6-29.8
28 7.9 8.4-16,1
29 9.2 31.1-35.6
30 10.2 36.0-44.4

aPlot with maximum accumulation,
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Table 8. Bog Creek measured and calculated data for peak
snowpack accumulation (Apr. 1), with cubic foot
volume and langleys as the independent variables.

Plot No.
Water	 Confidence	 Measurements within

equivalent	 intervals	 confidence interval

	inches	

1 9.7 3.3-	 4.1
2 10.1 -6.5--5.1
3 10.6 1.4-	 1.7
4 11.5 3.6-	 4.2
5 8.7 -3.1--2.6
6 9.9 -11.1--6.7
7 12.2a 10.8-13.6
8 9.0 1.0-	 1.2
9 11.3 -1.8--1.4

10 11.0 2.5-	 2.9
11 10.9 6.9-	 8.1
12 11.4 8.7-11.7
13 10.5 7.2-	 8.5
14 10.6 11.4-22.3
15 10.6 11.5-14.5
16 10.9 15.5-20.8
17 8.2 1.7-	 2.0
18 9.1 5.6-	 6.5
19 10.5 -9.0--6.8
20 9.1 -4.9--3.9
21 9.7 0.7-	 0.9
22 9.5 5,5-	 6.4
23 10.4 5.1-	 5.9
24 10.6 1.6-	 1.9
25 9.3 4.8-	 6.4
26 10.5 1.2-	 1.4
27 9.4 6.3-	 7.4
28 7.9 8.1-	 9.7
29 9.2 4.3-	 5.0
30 10.2 3.6-	 4.8

a
Plot with maximum accumulation.
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Table 9. State Lands measured and calculated data for snow-
pack accumulation melt period (Jan. 27), with
basal area and langleys as the independent
variables.

Water	 Confidence	 Measurements within
Plot No.	 equivalent	 intervals	 confidence interval

inches

1 3.2 5.4-	 6.4
2 3.7 4.0-	 5.9
3 5.1 7.0-	 8.2
4 5 •2a 5.0-	 6.4 *
5 4.6 4.8-	 6.2
6 4.6 6.4-	 7.2
7 4.3 5.9-	 6.9
8 5.9 6.0-	 7.4
9 5.1 6.0-	 6.9

10 4.2 6.9-10.7
11 4.0 6.7-	 8.5
12 4.6 6.2-	 7.0
13 4.3 7.1-10.2
14 5.3 6.1-	 7.3
15 3.8 6.7-	 8.3
16 3.9 6.3-	 7.2
17 4.1 6.7-	 7.9
18 4.7 6.1-	 7.0
19 6.1 7.8-	 9.6
20 3.0 6.4-	 7.2
21 4.0 6.3-	 7.1
22 4.0 5.8-	 6.7
23 5.1 7.2-	 8.5
24 3.6 5.6-	 6.5
25 3.6 5.2-	 6.4
26 4.1 6.1-	 6.9
27 5.7 6.1-	 7.6
28 5.7 7.0-	 8.2
29 4.2 6.6-	 7.7
30 2.7 6.8-	 8.2

aPlot with maximum accumulation.
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Table 10. State Lands measured and calculated data for
snowpack accumulation melt period (Jan. 27), with
cubic foot volume and langleys as the independent
variables.

Plot No.
Water

equivalent
Confidence	 Measurements within
intervals	 confidence interval

	inches -

1 3.2 3.7-4.3
2 3.7 3.8-4.4
3 5.1 3.8-4.4
4 5.2a 4.3-6.2
5 4.6 3.1-4.1
6 4.6 3.3-4.3
7 4.3 3.1-4.1
8 5.9 4.1-4.0
9 5.1 3.9-4.5

10 4.2 4.4-5.8
11 4.0 4.3-5.8
12 4.6 4.2-5.0
13 4.3 5.6-7.8
14 5.3 4.4-5.3
15 3.8 4.3-5.2
16 3.9 3.7-4.3
17 4.1 4.2-5.4
18 4.7 3.8-4.4
19 6.1 4.2-5.2
20 3.0 3.4-4.3
21 4.0 3.9-4.4
22 4.0 3.9-4.4
23 5.1 4.0-4,7
24 3.6 3.4-4.3
25 3.6 3.4-4.2
26 4.1 3.9-4.5
27 5.7 3.5-4.4
28 5.7 4.1-5.0
29 4.2 4.2-4.8
30 2.7 3.5-4.7

aPlot with maximum accumulation.
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Table 11. State Lands measured and calculated data for peak
snowpack accumulation melt period (Apr. 1), with
basal area and langleys as the independent
variables.

Water	 Confidence	 Measurements within
Plot No.	 equivalent	 intervals	 confidence interval

	inches	

1 10.5 2.2-	 2.5
2 10.2 9.8-	 13.5
3 1 -14.8--12.5
4 a 11.2-	 18.0
5 11.8 1.4-	 1.7
6 11.7 -6.1-	 -5.3
7 9.7 -8.0-	 -6.5
8 12.3 -4.8-	 -4.2
9 10.3 -5.0-	 -4.3

10 11.8 -8.0-	 -5.8
11 11.8 -4.3-	 -3.3
12 11.0 1.1-	 1.2
13 11.7 -15.2--11.2
14 12.7 5.7-	 4.3
15 10.7 -2.5-	 -2.0
16 8.6 -8.0-	 -6.8
17 10.4 -5.6-	 -4.8
18 10.9 -6.4-	 -5.5
19 13.4 -26.6-21.6
20 6.9 -6.1-	 -5.3
21 11.0 -4.8-	 -4.2
22 10.1 -0.3-	 -0.2
23 12,5 14.3-	 17.1
24 10.5 1.4-	 1.6
25 8.7 -1.9-	 -1.5
26 10.0 -3.6-	 -3.1
27 12.6 -18.1--13.7
28 12.4 -14.8--12.5
29 11.0 -4.5-	 -3.9
30 7.2 -8.0-	 -6.8

a
Plot with maximum accumulation.
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Table 12. State Lands measured and calculated data for peak
snowpack accumulation melt period (Apr. 1), with
cubic foot volume and langleys as the independent
variables.

Plot No.
Water

equivalent
Confidence	 Measurements within
intervals	 confidence interval

	inches	

1 10.5 5.1-	 6.0
2 10.2 5.5-	 6.5
3 11.6 5.4-	 6.4
4 14 •6a 12.2-17.0
5 11.8 4.0-	 5.2
6 11.7 2.8-	 3.6
7 9.7 4.0-	 5.2
8 12.3 10.2-12.6
9 10.3 8.4-10.1

10 11.8 2.8-	 4.5
11 11.8 7.7-10.6
12 11.0 7.4-	 8.8
13 11.7 8.4-11.9
14 12.7 5.7-	 7.6
15 10.7 4.6-	 6.3
16 8.6 6.5-	 7.8
17 10.4 8.9-11.3
18 10.9 7.6-	 9.1
19 13.4 11.3-14.4
20 6.9 3.3-	 4.1
21 11,0 6.3-	 7.3
22 10.1 6.4-	 7.5
23 12.5 8.5-10.2
24 10.5 3.3-	 4,2
25 8.7 8.1-10.2
26 10.0 7.0-	 8.2
27 12.6 10.7-14.8
28 12.4 10.1-12.6
29 11.0 6.1-	 7.3

30 7.2 2.4-	 3.3

a
Plot with maximum accumulation.
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snowpack water equivalent would have fallen within the

confidence limits.

The late build-up of the snowpack into the spring

may have been another reason why the original snowpack

inventory-prediction equations failed to estimate 1972-73

conditions. By definition the original snowpack inventory-

prediction equations predict zero percentage values at some

date in the spring. Unfortunately, this adversely affected

the validation of the peak accumulation snowpack inventory-

prediction equations for Bog Creek and State Land sites.

The reason this occurs is inherent within the set of

equations. The forest density variables in the original

equations remain constant for the primary sampling units.

However, the potential direct beam solar irradiation

variable changes throughout the seasons with the changes in

the sun's zenith angle. The affect of this change in the

potential direct beam solar irradiation value is to reduce

the per cent of maximum snowpack water equivalent value

(Y) to zero or to a negative percentage at some date in the

spring. If there is a measurable snowpack on the primary

sampling units on this date the snowpack inventory-

prediction equations will not predict rational results.

The latest date that the original snowpack

inventory-prediction equations will give positive percentage

values for each study site is given in Table 13. The

primary sampling unit on each site which had the lowest



Equation
Campbell

Blue

2 1 = 197-28.4 log X 1-0.195X 3 Feb 30

1 1 = 20-18.7 log X 2 -0.202X 3 Feb 20

2 2 = 317-48.0 log X1-0.263X 4 Mar 23

2 2 = 306-32.5 log X 2-0.232X 4 Mar 20

Bog Creek State Land

Feb 22
	

Feb 26

Feb 25
	

Mar 1

Mar 17
	

Mar 20

Mar 28
	

Apr 7
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Table 13. Final day on each site when the snowpack
inventory-prediction equations give valid Y
values.

Site and date

is per cent of maximum snowpack water equivalent
for the winter accumulation-melt period.

2 is per cent of maximum snowpack water equivalent
for the peak seasonal accumulation.

Log X1 is logarithm (base 10) of basal area, in

square feet per acre.

Log X2 is logarithm (base 10) of cubic foot volume

(Myers 1963) per acre.

X3 is potential direct beam solar irradiation (Frank

and Lee 1966) received on index date in gram calories
cm-2 , representing the winter accumulation-melt period.

X4 is potential direct beam solar irradiation (Frank

and Lee 1966) received on index date in gram calories cm-2 ,

representing the peak seasonal accumulation.
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percentage value () when the original accumulation melt and

peak accumulation equations were solved was used to deter-

mine this date. The	 value for these primary sampling

units were assigned a value of zero, and their forest

density values were put into the equations. Then, the

potential solar irradiation term, X 3 , was determined. These

potential solar irradiation values were correlated with the

dates in the potential direct beam solar irradiation tables

(Frank and Lee 1966).

By correlating the dates given in Table 13 with the

dates that peak accumulation occurred on the sites, Bog

Creek and State Land sites had peak accumulation occurring

beyond the dates when the original peak accumulation snow-

pack inventory-prediction equations give valid results.

The reason that the original snowpack inventory-

prediction equations did not predict satisfactorily on the

Campbell Blue site, which provided the source data in

developing the original equations, may be a result of the

above normal precipitation received during the 1972-73

winter period. When the source data for the original

snowpack invento/y-prediction equations were gathered,

Ffolliott (1970) noted that the precipitation received was

below average (winter of 1968-69). During the sampling

period of 1968-69, the winter precipitation was 7.6 inches

compared to 12.2 inches of winter precipitation received

during the validation period of 1972-73.
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The Bog Creek site may have had another factor in

addition to the above average snow input that caused the

original equations to fail in 1972-73. This factor was the

low correlation between snowpack water equivalent and high

forest density values. Other studies (Ffolliott 1970,

Ffolliott and Thorud 1972, Hansen 1969, etc.) have defined

a logarithmic relationship between snowpack water equivalent

and forest stand density. The logarithmic curve becomes

asymptotic around 120-140 square feet of basal area and

2,500-3,000 cubic feet per acre. Twenty-eight out of thirty

primary sampling units on the Bog Creek site have basal area

values exceeding 120 square feet per acre, and the majority

of the sampling units have 2,400 cubic feet of volume or

greater.

The State Lands site has a spatial distribution of

trees similar to the Campbell Blue site. However, the

above average snow input in 1972-73 was possibly a major

factor for the failure of the original snowpack inventory-

prediction equations to validate on this site.

Development of New Inventory-
Prediction Equations 

New snowpack inventory-prediction equations to

describe snowpack conditions during the winter accumulation-

melt period and at peak seasonal accumulation, prior to

runoff, were developed from the snow data gathered at all

three study sites during 1972-73 (Tables 14 and 15).



49

Table 14. 1972-73 inventory-prediction equations describing
snowpack water equivalent during accumulation-
melt, prior to peak accumulation, as a function
of stand density and solar irradiation.

Site Equations S	 r 2
y.x

Campbell Blue Y = 242-22.8 log X 1-0.21X 3 9.1 0.64
Y = 252-16.2 log X 2 -0.21X 3 9.6 0.59

Bog Creek Not significant
Not significant

State Land Not significant
Y - 433-55.3	 log X 1-0.31X 3 10.5 0.46

Combined Not significant
Not significant

Y is per cent of snowpack water equivalent on the
maximum accumulation plot.

X1 is square feet of basal area per acre.

X2 is cubic feet 
of volume per acre.

X3 
is solar irradiation variable in cal. cm

-2
.

Combined is the data from all sites combined to
obtain two equations (Y = log X 1 + X 3 ; Y = log X 2 + X 3 ).
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Table 15. 1972-73 inventory-prediction equations describing
snowpack water equivalent at peak accumulation,
prior to spring runoff, as a function of stand
density and solar	 irradiation.

Site Equations S y.x
r 2

Campbell Blue

Bog Creek

State Land

Combined

Y = 332-22.6 log
Y = 342-16.1 log

Not significant
Not significant

Not significant
Y = 637-45.1 log

Not significant
Not significant

X1-0.30X3
X2-0.30X 3

X 2 -0.51X 3

12.9
13.4

8.9

0.56
0.53

0.44

Y is per cent of snowpack water equivalent on the
maximum accumulation plot.

X1 is square feet 
of basal area per acre.

X2 
is cubic feet of volume per acre.

X3 
is solar irradiation variable in cal. um -2

Combined is the data from all sites combined to
obtain two equations (Y = log X 1 + X3 ; Y = log X 2 + X3 ).
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The correlation coefficient values among the new

snowpack inventory-prediction equations were tested to

assess statistical differences. If not significantly

different, a set of combined equations using the needed

data from all three sites would be developed to apply to

the entire ponderosa pine zone in Arizona. However, the

correlation coefficients were significantly different,

which leads to the conclusion that the factors affecting

the snowpack distribution on each study site may be unique

to that site. Thus, an equation describing the snowpack

distribution for one site may not necessarily be applicable

to other sites.

Snowpack inventory-prediction equations developed

for the Bog Creek site were not significant; this may be

due to the high basal area and cubic foot volume charac-

teristics of the site and the uniformity of the forest stand

density levels. As noted before, snowpack water equivalent

values becomes asymptotic at high forest density levels.

The snowpack inventory-prediction equations

developed from the State Land site source data had a wide

range of correlation coefficients. One anomaly that

appeared was the low correlation coefficient at peak

seasonal accumulation using basal area as the forest density

variable; when cubic foot volume was substituted as the

forest density variable for the same index date, a high

correlation coefficient was obtained. The high degree of
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association that generally exists between basal area and

cubic foot volume should have resulted in both equations

having relatively similar correlation coefficients.

However, in examining the relationship between basal area

and cubic foot volume per acre for the State Land site,

a statistically significant correlation is not shown.

Instead of assuming a sigmoidal model that is typical when

plotting cubic foot volume against basal area, the curve

for the State Land data has a positive slope up to 120

square feet of basal area, and then assumes a negative

slope. The non-significant correlation between basal area

and cubic foot volume for this site could be the reason

why one measurement of forest density, cubic foot volume,

presented a significant correlation in the snowpack

inventory-prediction equation and the other measurement of

forest density, basal area, did not,

The site specifics of these snowpack inventory-

prediction equations partly determines their applicability

as potential management tools. The distance from the site

where a snowpack inventory-prediction equation was developed

may determine, in part, the site dependency of the equation.

Even though the Student-Newman -Kuels test (Steel and Torrie

1960) showed that the slopes of the forest density variables

were statistically similar, combining the equations

presented non-significant results; this may be another
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indication that source data from one site and the equations

developed from these data are site specific.

Development of Snowpack Inventory-Prediction Equations 
to Describe Other Hydrologic Events 

Snowpack inventory-prediction equations were

developed to describe the snowpack remaining in the forest

at the time of peak daily runoff. Peak daily runoff

occurred on April 19, 1973; the closest snowpack water

equivalent measurement date to the date that peak daily

runoff occurred was April 14, 1973. The influence of the

trees (the forest density variable) and the slope and

aspect of the land (the potential solar irradiation

variable) were analyzed to characterize their influence

on the snowpack at the time of peak daily runoff.

Using the snowpack water equivalent on the primary

sampling unit on April 14, 1973 as the dependent variable,

a series of regressions were tested to obtain the best fit

using forest density (basal area and cubic feet) and

potential solar irradiation as the independent variables.

To assess the possibility of combining these equations into

one regression equation for the ponderosa pine forests in

Arizona, Student-Newman-Kuels multiple range test was

applied (Steel and Torrie 1960). The procedure followed was

to test the correlation coefficients to see if they were

significantly similar.
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A statistically significant difference did not exist

between the snowpack inventory-prediction equations

involving basal area and solar irradiation as the independent

variables; therefore, the data for all the study sites were

combined (Table 16). The same procedure was applied to the

equations using cubic foot and potential solar irradiation

as the independent variables, and similar results were

obtained (Table 16).

Table 16. Inventory-prediction equations describing snow-
pack water equivalent at peak runoff as a
function of stand density and potential solar
irradiation.

Site
	 Equations	 S y.x	

r 2

Combined
	

Y = 1023+23.8log X 1-1.4X 3	27.8	 .23

'i = 1149+1.681og x 2 -1.23X3	28.8	 .18

Y is per cent of maximum snowpack water equivalent
(WE) representing peak runoff as of April 19, 1973, in
inches.

X1 is square 
feet of basal area.

X2 
is cubic feet of volume per acre.

X.z is potential solar irradiation on index date
(Frank and Lee 1966).



Development of snowpack inventory-prediction

equations for the end of runoff was not possible. The

high snowpack ablation rate that occurred immediately

after peak runoff resulted in almost all of the primary

sampling units having zero snowpack water equivalent.
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CONCLUSIONS

Snowpack inventory-prediction equations developed

by using data from a below normal winters precipitation year

may be invalid when applied to an above normal winter

precipitation year. An unusual snow event or winter with

unusually numerous snow events resulting in above normal

snowpack accumulation may override any influence that

forest stand density and potential solar irradiation have

on snowpack distribution patterns.

Snowpack inventory-prediction equations developed

to describe snowpack characteristics at the time of peak

daily runoff as a function of forest density and potential

solar irradiation had such low correlation coefficients

that, possibly, other variables are needed to refine these

equations as useful management tools.

The snowpack inventory-prediction equations

developed by Ffolliott and Thorud (1972), along with the

revised snowpack inventory-prediction equations developed

in this validation study should be applied to other snowpack

accumulation patterns (ideally, an average winter precipita-

tion year) to further test the equations as prediction

tools.
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