CHAPTER 7 - AREAL SNOW COVER

7-01., INTRODUCTION

7-01.01 General. - The area of snow cover has long been
recognized as a prime variable in many applications of snow hydrology.
Systematic observations of snow cover, however, have been generally
lacking. Hydrologists have therefore resorted to empirically derived
relationships between snow cover and runoff, assumed distributions of
snowpack water equivalent by elevation zones and assumed zonal melt
rates, or snow-cover indexes from ground observations of parts of a basin.
Because of the lack of direct observation of snow covered area, none of
these methods could be verified. As a result, the area of snow cover
has been used to compensate for errors in other hydrometeorologic elements.
Direct observations of snow cover are important as a forecasting tool,
both for volume and rate-of-flow forecasting. In recent years there
has been increasing recognition of the importance of snow cover to
efficient operation of storage reservoirs, and a number of Corps of
Engineers offices have begun making aerial snow-cover surveys during
the spring melt season as an aid in reservoir regulation. As yet, an
insufficient length of record i1s available to permit generalizations
from snow-cover data; rather, the present use of the data has been
limited to evaluating conditions at a specific time and developing
observational techniques.

7-01.02 Definitions. - For the purpose of this report, the
term snow cover refers to the extent of the ground area covered by snow,
regardless of the depth of snow or its water equivalent. It may be
expressed in units of area, such as square miles, or as a percentage of
either the total basin area or an arbitrary maximum snow-covered area.
The term snowpack refers to the total volume of snow on a basin. Snow-
cover accretion is the increase in snow cover, while snow-cover depletion
refers to a decrease in snow-covered area. Accumulation of the snowpack
is the net increase in basin snowpack water equivalent, usually expressed
in inches, while ablation refers to a net volumetric decrease of the
snowpack water eouivalent.

7-01,03 Functional use of snow-cover data. - There are two
principal uses of snow-cover data in snow hydrology. One is for obtain-
ing a measure of the areal extent of snowmelt at a given time, for the
purpose of hydrograph synthesis. This may be involved in establishing
procedures for streamflow reconstitutions, short-term forecasts, or
design-flood computations. The second use of snow-cover data is in
connection with volumetric forecasts of seasonal runoff. Snow cover
may be used as a variable in establishing the volume of water stored in
the snowpack, thus supplementing snowpack water-equivalent data from
snow-course measurements, as was done in Research Note 22. In some
mountainous regions, the area of snow cover may be used directly as an
index of the water stored in the snowpack, as was done by Potts 5/ and
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Croft.2/ A particularly useful application of snow-cover data is in
connection with forecasting runoff for reservoir regulation after the
melt season is well underway. All early-season volumetric forecasts
possess a residual error, and as the melt season progresses, the
magnitude of this error becomes a larger percentage of the remaining
runoff. After the basin is less than, say, 50 percent covered, snow-
cover data is particularly useful for verifying or adjusting earlier
forecasts of runoff.

7-01.0L4 Requirements for hydrologic use. - In evaluating
snow cover to meet the uses outlined above, there are three basic
requirements to be considered: (1) the need for basic research on
snow-cover accretion and depletion, and their relation to meteorologic
and terrain factors which cause variation in precipitation and melt;
(2) the necessity of direct observation of snow cover on project basins;
and (3) the preparation of indexes or derived relationships for estimat-
ing the accretion and depletion of snow-covered area, for periods when
observations are not available, or for design conditions.

7-01.05 Basic research is needed in order to improve present
knowledge of the factors affecting snow cover accretion and depletion.
If all basins had systematic snow-cover observations regularly taken
through the accumulation and melt periods, this requirement would be
much less important. Snow cover would then be simply another measured
quantity. At the present time, however, observations are limited, and
estimates of snow cover must be made indirectly.

7-01,06 The importance of obtaining direct observations of
snow cover cannot be overemphasized. Subjective evaluations made from
scanty and unrepresentative data are often misleading, because of the
heterogeneity of basin areas and the complexity of the relationships
between snow cover and its enviromment. The need for direct observations
is three-fold. First, each basin has a characteristic pattern of snow-
cover depletion, more or less consistent from year to year, which can
be determined from direct observations of snow cover. A series of such
observations over a period of years makes it possible to establish
relationships for use when observations are not available. Second,
such variations that do occur from year to year are so complex that
they can only be determined by actual observation. Third, observations
of snow-covered area, as measured quantity, are useful as a forecasting
parameter for determining residual runoff volumes.

7-01.07 Primary factors affecting snow-cover accretion and
depletion. - The accretion of snow cover usually begins on the higher
elevations of the watershed, and continues through the accumulation
period until all or a part of the watershed is covered. The depletion
of snow cover begins with the exposure of the first bare ground in a
completely snow-covered basin or with the date of maximum basin snowpack
accumulation in a partially snow-covered basin. There are large differ-
ences between years in the length of accretion and depletion periods,
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depending primarily upon the meteorological regime during the accumulation
and melt seasons.

7-=01.08 During the accretion period, an elevation contour
adequately defines the area of snow cover for small- to moderate-sized
basins with relatively large ranges in elevation. This is due to the
fact that the form of precipitation varies with elevation during indi-
vidual storm periods, as explained in section 3-05, and the transition
zone between areas of rainfall and snowfall is narrow. In addition,
melt varies largely as a function of elevation during the winter period.
Since solar radiation is at a minimum at this time, what little melt
occurs is largely a function of air temperature, which in turn generally
varies with elevation. The net result of these factors, then, is a
fairly definite snowline during the accretion period.

7-01.09 Snow deposition, as related to meteorological and
terrain factors, is a prime variable affecting snow-cover depletion.
The variability of snow accumulation is discussed in chapter 3. During
the accumulation period, the variations in the snow depths over basin
areas show the combined effects of the terrain and meteorological
factors. These factors include atmospheric circulation and airmass
character during precipitation, opportunity for modification of airmasses,
and large- and small-scale topographic influences. All of these influ-
ence the variations of snow depth from one point to another, which in
turn will affect the depletion of snow cover during the melt period.

7-01.10 Snowmelt is the second prime factor affecting snow
cover depletion. The meteoroclogical and terrain factors causing varia-
bility of melt rates over a basin may act in entirely different ways
from those affecting the deposition of snow. The principles involved
in the variation of melt rates with respect to meteorological conditioms,
forest cover, and exposure to radiation are discussed in chapter 5. During
winter, the melt rates over a basin are generally fairly uniform within
a given elevation zone, and the amount of melt is usually small. During
the spring and early summer there is wide variability to melt, due
primarily to exposure; elevation effects are of lesser consequence. A
definite snowline elevation does not exist during the melt period. Snow-
cover depletion, therefore, reflects the variable influence of both the
deposition and the melt of snow. The terrain influences on each are
independent and should be considered separately.

7-01.11 In general, the seasons of heaviest snow accumla-
tion have the longest lasting snow covers and those of lightest snowfall
have the shortest. The interactions between meteorologic and topographic
features determine the patterns of snow cover for individual cases.

These factors are too varied and too complex to permit a practical general
formula for assessment of snow cover from independent meteorological and
topographic observations. Instead, a relatively simple empirical formula
or chart for individual basins is needed to relate snow cover to readily
observed data. Basin snow-cover depletion, snowpack ablation, and runoff
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are all the integrated effects of the same basic factors. Consequently,
"depletion-ablation" or "depletion-runoff!" curves may be constructed

for a given basin if adequate and dependable data are available. The
relationship may be improved by the introduction of a parameter such as
the ratio of initial depth to areal snow cover, the initial basin snow-
pack water equivalent, or the ratio of snowpack water equivalents at low
and high elevation snow courses. Using these relationships, one can
determine the area of snow cover. Conversely, if a snow-cover survey is
made, basin snowpack water equivalent or remaining runoff can be deter-
mined. These relationships can also provide the means for reconstructing
the snow-cover depletion for years of historic floods of large magnitudes
and establishing snow-cover criteria for design.

7-01.12 Organization of material and methods of approach. -
The first part of this chapter deals with methods of obtaining direct
observations of the snow-covered areas and summarizes generalizations on
the accretion of snow cover. Then, observations of snow-cover depletion
at the snow laboratories are used as a basis for discussing: (1) the
relationships between snow-cover depletion, snowpack, ablation, and
runoff; (2) the influences of terrain on snow cover. Finally, methods
are given for using snow-cover data in forecasting residual runoff and
in hydrograph synthesis.

7-02. METHODS OF CBSERVING SNOW COVER .

7-02.01 General. - Systematic and complete observations of
snow-covered area have been obtained only in recent years. Consequently,
observational techniques for the collection of snow-cover data are not
as standardized as those for many other basic hydrologic data. Also,
the determination of snow-covered areas from the ground is extremely
difficult, especially for rugged mountainous headwater areas, where
routes of communication are generally lacking. The increasing use of
aircraft for snow-cover observations has, however, made headwater areas
readily accessible to both visual and photographic observations. In
general, the following methods have been employed to obtain snow-cover
information:

(1) Ground reconnaissance, utilizing prominent vantage
points and transmountain highways to observe and map areas of snow,
and also to define the elevation of the snowline when possible.

(2) Ground photography of selected sections of the drainage
basin from fixed reference or vantage points.

(3) Aerial photography, either vertical or oblique.
(L) Aerial reconnaissance, from high- or low-level flight,

supplemented by photographs, maps, sketches, and snowline elevation
observations.
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7-02.02 Ground reconnaissance. - Reliable determinations of
the snow-covered area based on visual observations from the ground
require considerable competence. No check or evidence exists to support
the subjective opinions of the observer. The coverage cannot be as
complete as coverage from aerial surveys because of obstructions, such
as forest and hills, to the field of vision. In addition, the travel
to satisfactory vantage points make ground observations expensive and
time consuming. These limitations of ground reconnaissance surveys are
more serious during the ablation than during the accumulation period.
During the accumulation season, the use of ground reconnaissance is
practical, since snowline elevations in mountainous areas are satis-
factory indexes of snow-cowered areas. In many basing, transmountain
highways provide access through a range of elevations thus making pos-
sible the determination of the average snowline by automobile reconnais-
sance, Such observations may be made in conjunction with regular early-
season snow-survey measurements., After the onset of the melt season,
however, ground observations of snow cover are not recommended as a
means of determining basin snow cover.

7-02.03 Simultaneous and independent observations of snow-
covered areas by ground observation and aerial photographic methods
were made at CSSL during the 1947 melt season. Comparison and analysis
of these observations are presented in Appendix I to Research Note 16.
Assuming the aerial photography analysis to give the correct snow cover,
ground estimates of snow cover were found to be too high early in the
season and too low later in the season. Estimates of snow cover made
from high vantage points were found to be more reliable than those made
from lower, inferior view points. On some of the sub-areas, the ground
estimates of snow cover were as much as 50 percent less than those
determined by aerial photography. For over half of the basin, however,
the estimate from ground survey was within 15 percent of the value
determined from the aerial photographs. From this experience, it is
concluded that estimates from the ground should be made from high points
whenever possible. Care should be taken not to bias the results to favor
the more readily observable open areas in preference to wooded or more
obscure areas. This results in overestimates early in the season and
underestimates late in the season.

7-02.0L Ground photography. - Ground photographs are gen-
erally used as indexes of areal snow cover rather than measures of the
total snow-covered area. Actual snow-covered area can be determined
by relating these photographic indexes to actual snow-cover amounts
determined by other means. Potts 5/ has utilized ground photographic
methods for providing a direct index to snowmelt runoff on the middle
fork of the South Platte River in Colorado, by-passing the determination
of areal snow cover. Miscellaneous Report 1 describes a procedure for
establishing a snowline index from horizontal ground photographs of the
Sierra Nevada in the vicinity of CSSL., Panoramic photos were taken at
a site at about the 5000 foot level near Emigrant Gap, California.
The procedure consisted essentially of obtaining a master photograph,
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on which were located prominent features of the landscape with their
elevations. A considerable portion of the L0 sq. mi. drainage area of
the South Fork of the Yuba River is visible from this site. Between

8 March and 21 June 1948, thirteen series of panoramic photographs were
taken from the site, and snowline indexes from elevation zones and
exposure sectors were determined for each series. The index was used
for the purpose of correlating snow cover to measurements of water
equivalent of the snowpack and runoff.

7-02.05 In 1950, the U. S. Weather Bureau established a
snow-cover investigations unit, for the purpose of estimating the extent
of snow cover in the Columbia River basin, to be used in connection with
seasonal and short-term streamflow forecasting. A report of the
activities of this unit was made at the annual Cooperative Snow Investi-
gations Conference of 1 April 1952, and at the Western Snow Conference
in 1953. 1/ The principal method used by this unit to estimate snow
cover has been by ground photographs from key stations. A photographic
record is currently being accumulated from which indexes of snow cover
may be determined. The photographs are taken periodically through the
melt period by cooperative observers and using standardized photographic
procedures.

7-02.06 The standardized procedure used by the snow-cover
unit to photograph selected portions of a basin from fixed vantage
points, for the purpose of establishing an index of snow cover, consists
of s

(1) Selecting photographic stations.

(2) Preparing a master panoramic view of the watershed
from each station.

(3) Dividing the master photograph into convenient exposure
sectors.

(4) Identifing and determining elevation of prominent
landmarks on the master photograph.

(5) Photographing the progress of snow-cover depletion from
each point.

(6) Determining the average snowline in each exposure
sector and assigning a snow-cover index value to each snow-line
elevation.

The procedure is subject to considerable personal judgment and requires
experience in taking the photographs and evaluating the snow line. A
disadvantage is that some areas are obscure, and also there is great dis-
tortion with increasing distance from the camera, so that the use of a
uniform grid system is not practical. An additional disadvantage of the
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method of ground photographs is that for routine observations a consider-
able time is required before the pictures are ready for analysis. Since
these photographs provide only an index of snow-covered areas, if actual
basin snow cover is desired, results must be correlated with simultaneous
observations of the actual cover. The method does have the advantage

of being inexpensive and of providing records to supplement personal
Jjudgment.

7-02.07 Aerial photography. - Aerial photography is an
exact method of determining the area of snow cover. It furnishes a
permanent record which can be analyzed at any time, and information
which can be transferred to basin maps for evaluation of the true cover.
Aerial photographs are taken both vertically or obliquely. Their use
varies from a supplement to visual observations to a complete and pre-
cise delineation of the snow-covered area. The principal advantages of
aerial photographs are: (1) a record is obtained which may be preserved,
and from which detailed analyses may be made of true snow-covered areas;
(2) remote regions which are not accessible to ground surveys may be
covered by air; and (3) through use of stereo-pairs, determinations of
snow cover and surrounding terrain elements may be made from which the
two may be correlated. Aerial photographs have been used primarily for
special studies of snow cover on small basins. Their application to
larger basins for operational use, however, is subject to the following
limitations: (1) the large number of photographs required to cover
such basins; (2) the high cost of operation of aircraft which can operate
at high elevations; (3) the time required for photograph processing and
evaluation; (L) the difficulty of interpretation of snow cover in
forested areas; and (5) the near-ideal weather conditions required
during periods when snow-cover observations are needed.

7-02.08 Aerial photographs of snow cover were obtained for
UCSL and CSSL, for the years listed in table 2-§ (chapter 2). Those
for UCSL were vertical photographs, taken at flight levels ranging from
13,000 to 17,500 feet and using aerial. mapping cameras. For CSSL,
oblique photographs were obtained primarily by light aircraft not equip
ped for vertical photography. Data from these flights were used for
detailed studies of snow-cover relationships.

7-02.09 In the application of wvertical aerial photographs
for project-size basins, the most critical difficulty lies in the large
number of photographs required to cover the basin. Flying at 10,000
feet above the ground surface and using a 9 x 9 inch camera with an
8.15 inch focal length, the total area covered by each picture is about
L, square miles. If only one quarter mile overlap is provided for each
picture, the effective area is 2.2 square miles per picture. For a
10,000 square mile area, about l;50 photographs would have to be taken,
processed and interpreted. Even when photographing only the marginal
zones of snow cover, a large number of pictures is required.

7-02.10 Aerial reconnaissance., - The most feasible method
for obtaining timely and accurate estimates of snow cover is aerial
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reconnaissance. Unlike the data from aerial photographs, the reconnais-
sance snow-cover information is available to the hydrologist as soon as
the flight is completed. The probable small increase in accuracy would
not warrant taking aerial photographs, particularly when special skills
for processing and interpreting them are not generally available. The
cost of aerial reconnaissance using light aircraft is less than ground
reconnaissance, considering the difference in time required. Its cost
is far less than that for obtaining complete coverage by aerial photo-
grammetric methods. While suitable weather conditions are required

for aerial reconnaissance, these requirements are considerably less than
for aerial photos. The principal disadvantages of the method are:

(1) evaluation is subjective and results cannot be verified, and (2) it
is dependent to some extent upon weather conditions. Observing snow
under the forest is difficult, regardless of the basic method used,
whether from ground or air. Supplementing aerial reconnaissance with
oblique aerial photos provides continuity between observationsand aids
in verifying subjective observation.

7-02,11 Various Corps of Engineers offices, including
Sacramento, Portland, Seattle, Walla Walla, and Omaha districts, have
made regular observations of snow cover by aerial reconnaissance for use
in flood evaluation and reservoir regulation. The methods used have
varied, depending upon the areas involved, aircraft available, weather,
and preference of those making the flights. In general, two procedures
have been used successfully. Both consist basically of observing
snow-covered areas and plotting them on a topographic map. In one case,
flight altitude is maintained LOOO to 5000 feet above the highest ridge
lines, thus enabling the observer to obtain a fairly broad view of the
basin as a whole. The other method is to fly in the canyons approximately
at the elevation of the snowline. The high-level flight requires better
conditions of ceiling and visibility, which often limits the time that
observations may be made; however, more comprehensive definition of the
snow-covered area may be made from high-level flight. Also in some cases
mountain ranges may be too high to permit the use of light planes in the
high-level flight procedures. Early in the season when snow generally
covers a large portion of the basin, only the lower portions of the
basin are exposed and there is less variability of the snowline. At
such time, low-level flight may be preferred. Whenever cloud conditions
prevent flying over mountain ridges, low-level flight must suffice. A
hand level is sometimes used to maintain the flight level at the approxi-
mate snowline elevation so that altimeter readings can be used to measure
the height of the snowline. When it is impossible to fly the entire
basin, a system of sampling the elevation of smnowline on various aspects
and areas may be used to evaluate an average basin snowline. This in
turn may be applied to an area-elevation curve to determine the snow-
covered area. When viewing heavily forested areas from low-level flight,
the line of sight being more or less horizontal, it is difficult to
determine snow cover under trees. Viewing the area vertically gives a
better opportunity to estimate snow cover under those conditions. Snow-
free patches, well within the snow-covered ares often occur on steep
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slops. These arecas appear relatively large when viewed horizontally or
obliquely; actually, they may represent negligibly small areas on a s
horizontal projection. A detailed report on aerial recommaissance of

snow cover in the Kootenai and Flathead basins by the Seattle District

office is contained in Technical Bulletin 15.

7-02.12 The following general recommendations are made for
conducting aerial snow-cover reconnaissance surveys:

(1) Trained personnel who know the basin hydrologic char-
acteristics should make the survey.

(2) The observer should be familiar with landmarks through-
out the basin, and ground features should be identified continually
during the flight.

(3) The snowline should be identified as to elevation or
location and plotted on the base topographic map.

(L) Where spotty or patchy fringe areas of snow cover exist,
an average snowline sho~ld be estimated and plotted.

(5) Aerial snow-cover reconnaissance flights should be
scheduled to coincide with ground snow-course surveys, insofar as
possible.

(6) Aerial snow-cover surveys should not be made immediately
after a new snowfall.

(7) Supplementary photographs should be taken which will
show progress of snow-cover depletion in a given area from flight-
to-flight. Photograph points should be established which are
easily recognizable. Pictures should be taken from the same point
each time, at a specific altitude. Areas photographed should show
both northerly and southerly slopes.

(8) Low-level flights should be made at the snowline level
and this level plotted on the topographic map.

7-02.13 The interpretation of the snow-covered area from
aerial reconnaissance surveys is made by planimetering the areas of snow
on the basin map. As an independent check, average snowline data may be
applied to area-elevation curves, but this latter method is less reliable.
Where basin coverage is not complete, area-elevation relationships must
of necessity be used. For this purpose, the average snowline should be
carefully weighted to reflect the various conditions of exposure through-
out the basin.
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7-03. SNOW-COVER ACCRETION

7-03.01 Although a simple method for quantitative evaluation
of snow-cover accretion has not been developed, a few qualitative state-
ments may be made concerning the processes involved. Broadly speaking,
there are two types of areas to be considered, namely, mountainous
regions and open plains. For mountainous regions, as was explained
earlier, the area covered with snow during periods of accumulation
varies primarily with elevation., Reference is made to section 3-04 for
a discussion of elevation effects on snow accumulation. While there may
be large variation in the depth of snow because of meteorological and
terrain effects on snow deposition, the amount of melt during the
accumulation period is small and generally is not sufficient between
storms to expose the lightly covered areas. The elevation of the snow-
line, therefore, is primarily a function of the form of precipitation in
individual storms, and accordingly is dependent upon elevation.

7-03.02 On wind-swept open plains, snow-cover accretion may
be irregular because of drifting. In such areas, the elevation range
is small and the effect of elevation on accretion is usually negligible.
The variation in snow cover in this case is a complex function of
meteorologic conditions, primarily of wind, temperature, precipitation,
and the sequence of these events, superimposed on small-scale terrain
irregularities. The relative magnitudes of these effects have not been
determined separately.

7-03.03 In some mountainous regions, the combined effects
of steep slopes, high wind, and lack of forest may result in local
patches of snow-free ground in an area which is generally snow-covered
during the accumulation period. Usually, the relative magnitude of
these areas is small when considered with respect to the drainage basin
as a whole.

7-03.0li The effect of forest on snow accretion is to cause
greater uniformity of cover than would occur in bare areas. The effect
of forest on snow accumulation may be considered analogous to its effect
on snowmelt, in that it tends to "level out" the variability of meteoro-
logic processes. In the case of snowmelt, forest influence permits the
use of temperature to index the radiation melt process. For snow accu-
mulation, a uniform forest stand provides a means for distributing snow
more equitably with regard to the rest of the terrain features and
minimizes the variability of deposition in locations of abnormally high
winds or steep slopes.

7-0L. SNOW-COVER DEPLETION AND ITS RELATION TO TERRAIN

7-04.01 General. - The factors affecting snow-cover deple-
tion are extremely complex and include the interrelationships between
terrain and meteorologic conditions during snow deposition, as well as
during melt periods. It is not feasible to attempt evaluation of snow
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cover depletion by rational procedures. Rather it is necessary to
derive empirical relationships with readily observed data for the
purpose of determining snow cover for individual basins. Not only do
these relationships vary from basin to basin but, with regard to snow-
cover depletion on a particular basin, each year has its peculiarities,
resulting primarily from the meteorological differences during the
accumulation and melt periods. Therefore, a precise quantitative
definition of snow-cover depletion applicable to all areas and to all
years is not possible from the limited observations which are available.
It is, rather, the intent of this section to present a qualitative
evaluation of the processes of snow-cover depletion and their relation
to terrain., These are based primarily on observations at the snow
laboratories. Later sections of this chapter deal with snow-cover
depletion as related to ablation of the snowpack and accumuilated runoff.

7-0L.02 Analyses of snow-cover depletion in relation to
terrain have been made on the basis of snow-cover observations at CSSL
and UCSL (as reported in Research Note 16). The results of the analyses
contained in Research Note 16 are summarized in the following paragraphs.

7-04.03 Analysis of the 1947 season at CSSL. - A detailed
analysis of snow-cover depletion during the 197 season at CSSL was
accomplished by subdividing the basin into twenty topographic units
of homogeneous character, as shown on figure 2, plate 7-1. The percent
snow cover was determined for each unit from analysis of aerial photo-
graphs of the entire basin which were made that year. Several flights
were made from which the progress of depletion could be determined.

7-0L4.0lL The 1946-47 season at the CSSL was deficient in
snowfall; the snowpack water equivalent was less than 70 percent of
normal. The melt season was warm and free of storms from 10 April until
the end of May when most of the snow was gone. Consequently, the
determination of snow cover during the melt period was not complicated
by new-fallen snow from spring storms. The initial streamflow rise
commenced on 10 April, and the snowmelt contribution of runoff term-
inated early in June. The peak discharge occurred on 1 May. In general,
the continuous nature of the melt season made it ideal for the study of
snow-cover depletion.

7-0L.05 Depletion of snow cover, 1947, at CSSL. - A gener-
alized description of the progress of depletion of snow cover during
19,7 is as follows:

a. On 31 March snow cover was substantially complete over
the entire basin, with minor exception of some steep slopes on Castle
Peak.

b. At the middle of April, cover was still high, averaging
about 92 percent over the basinj; bare areas had appeared on high parts
of Castle Peak and on the south side of Andesite Ridge.
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c. At the end of April, cover averaged about 80 percent.
Bare spots that had appeared in the middle of April were larger, and
snow cover in Uhlen Valley was also partly broken up. In the other
areas little change in extent of snow cover had occurred. Most of the
"topographic units still had more than 60 percent snow cover, and in the
upper basin there was a large block of units with more than 90 percent
cover.

d. At the middle of May, snow cover averaged 37 percent
over the whole basin, but the dispersion was quite large. In two topo-
graphic subdivisions, mostly in the upper part of the basin on both sides
of Willow Valley, snow cover exceeded 90 percent. On the other hand,
eight subdivisions, chiefly south-facing slopes in both upper and lower
basins, were nearly bare. Figure 7, plate 7-1, shows the areal distribu-
tion of snow cover on 30 April and 15 May, when the average basin snow
cover was 79 percent and 37 percent respectively. The similarity of
patterns on the two dates may be noted. The relatively stationary
status of the units with above average snow and the rapid depletion of
units that were initially below average in cover result in an increase
of dispersion.

7-0l.06 The sequence of depletion for 1947 is illustrated
in figure 6, plate 7-1. This diagram shows for each topographic unit
the number of days after active melt had begun before a snow cover of
60 percent was attained. It presents, therefore, a measure of the rates
of snow-cover depletion for various cénditions of terrain. Seven of the
units reached 60 percent snow cover within 25 days, while two of the
units required in excess of 50 days to reach 60 percent cover. The
shortest time was 13 days for the steep, south-facing slopes of Castle
Peak, while the longest time was 60 days for the sheltered north slopes
of Andesite Ridge. Figure 5, plate 7-1 illustrates schematically the
sequence of snow-cover depletion for an unforested area with relatively
steep north- and south-facing slopes. For the CSSL, the windward slopes
face south and the leeward slopes face north. As a result of local
topographic influences the accumulation of snow is greater on north than
on south slopes (see chapter 3). Also, since melt rates are greater on
south-facing slopes, the combined depletion effect results in south
slopes going bare well in advance of other areas. North slopes, with
their greater accumulation and reduced melt rates, exhibit the opposite
effect.

7-04.07 Topographic influences. - Watersheds differ from one
another in topography and orientation with respect to exposure to the
flow of airmasses and to solar radiation and other factors affecting
deposition and melt. The differences cause variation in depth of snow
and in the duration of the melt season between basins. Even within a
watershed, local differences in topography exist which cause variability
in the accumulation and melt of the snowpack, and consequently in the
snowpack ablation and snow-cover depletion. In relatively flat areas,
such as open meadows and valleys or in plains regions, the snow cover
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tends to remain in tact for a relatively long time until it becomes

quite shallow. It then exhibits a rapid change as large areas of thinned
snow become bare simultaneously. This tendency is characteristic of all
snowpacks of uniform depth subject to uniform melting rates. In mountain-
ous areas, on the other hand, there is wide variability in the snow-cover
depletion with area. TYet, for a given area, the depletion pattern is
remarkably similar from year to year. A characteristic effect of topo-
graphy is manifest in the appearance and development of bare patches,
which appear at the same sites and grow in nearly identical patterns each
year.

7-04.08 Orientation. - The basic considerations of the effect
of slope orientation on snow-cover depletion were mentioned in paragraph
7-04.06. The following tabulation, based on CSSL data for the 1947
season, shows the progress of depletion of snow cover as a function of
slope orientation:

DEPLETION OF SNOW COVER WITH RESPECT TO ORIENTATION, CSSL, 1947

Percent of

Orientation Percent of area snow covered basin area
31 Mar 30 Apr 13 May 16 May
N 100 83 76 57 i
NE 100 82 72 69 5
E 100 87 76 75 8
SE 98 7L 37 22 18
S 99 67 32 25 27
Sw 100 T4 35 27 15
W 100 79 58 38 1.3
Nw 100 83 69 56 10

The plotting of the above data in figure 3, plate 7-1, illustrates the
progressive decrease in snow-covered area for the various orientations
relative to one another. In extreme, the rate of change of snow-cover
depletion is from two to three times greater for south slopes than for
north slopes. (Actually the depletion rate tends to be least in the
northeast octant, which reflects the greater deposition of snow on the
lee side of local barriers during the southwesterly atmospheric circula-
tion accompanying storms, as well as the reduced melt rates on northerly
slopes.) Strictly speaking, slope orientation should not be evaluated
without also considering the steepness of slope. Very flat slopes of
north and south orientation would tend to be quite similar in depletion
characteristics while steep north and south slopes would be markedly
different. The effect of steepness will now be examined.
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7-04.09 Steepness. - In general, the accumulation of snow
varies inversely with the steepness of slope, as was pointed out in
chapter 3. For the CSSL, the fact that most steep slopes are for south-
erly orientation also results in greater melt rates. The combined
effect of below average snow depths and high melt rates causes snow
cover to deplete at a fast rate on these steep slopes. Separate evalua-
tion of the relationship between depletion and steepness of slope is not
practical from CSSL data, because of the interrelationship between
steepness and orientation.

7-04.10 Elevation. - The data from CSSL are inadequate to
relate depletion with elevation, because the entire basin is within the
headwaters area of the Sierra Nevada. The range in elevation is small
and other topographic influences at these high elevations obscure the
effect of elevation. Data from WBSL presented in chapter 3 showing the
variation in slope of the snow-wedg with time reveal the nature of
depletion in that type of area. As was pointed out in paragraph 3-04.06,
the slope of the snow-wedge increases through the accumulation period,
but after active melt is under way, there is little variation in melt
with respect to elevation, resulting in a nearly uniform decrease of the
snowpack water equivalent with elevation. Under these conditions, the
depletion of snow cover with respect to elevation is a function almost
entirely of the variation in snow accumulation, and only slightly of
the variation in melt. When considered over large ranges in elevation
(sea level to, say, 10,000 feet) elevation is of course the most impor-
tant single topographic variable in its effect on depletion of snow
cover.

7-04.11 There are several compensating factors affecting
variation of melt with elevation. What melt occurs during the accumula-
tion season is largely a function of elevation. Solar radiation melt
is small, hence air temperature mainly determines the amount of melt.
During the late spring melt season, however, solar radiation is the
prime source of energy for melting snow.

7-04.12 Figure h, plate 7-1 shows the snow cover-elevation
relationship for various dates of observation for CSSL during 19,7. This
diagram illustrates the depletion of snow cover with elevation and shows
that the relative magnitude of depletion in the various elevation zones
was greatest in the upper and lower portions of the basin, and least in
the mid-elevation zones. The effect of topographic features other than
elevation obscured any quantitative evaluation of elevation effect on
depletion.

7-04.13 Forest. - It is difficult to evaluate quantitatively
the effect of forest on snow-cover depletion. Studies from CSSL show
little relation between forest and depletion, but the results were
obscured by the effect of more significant terrain parameters. Figure 1,
plate 7-1 is an aerial mosaic showing the distribution of the forest
at CSSL. It was shown in chapter L when considering the interception of
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snow by the forest crown that the accumulation of snow under dense forest
may be less than 80 percent of that in adjacent open areas. Factors
affecting melt in various-sized forest openings have been discussed in
chapter 5, and in general, melt rates are highest in large clearings

and decrease to a minimum in small clearings protected from sunshine by
the surrounding trees. In a broad sense, the effects of forest on
accumulation and melt tend to balance each other, so that the depletion
rates would be similar in magnitude. It has been observed in the heavily
forested WBSL that the last remaining snow patches are in the small forest
clearings, which again shows the integrated effects of above-normal
accumulation and reduced melt in these locations.

7.04.1)l; Kittredge L/ performed an exhaustive study on the
influence of forest on snow in the central Sierra Nevada using observations
made over a period of seven years. Measurements included profiles of
snowpack water equivalents under various densities and species of forest,
made at various times through the snow season. Those conclusions from
the study directly pertinent to snow-cover depletion are quoted below:

"l. From 13 to 27 percent of the seasonal snowfall was
intercepted by the forest canopies.

"2. The maximum water equivalents of the total snow on the
ground or the amounts of water in storage in the snow are larger in red
fir and in the cutover stand with large openings than in the clearings,
and smallest in dense fir and ponderosa pine stands. The dates of maxi-
mums in the forested areas are usually later than in the open areas.
Maximum water equivalents in the cutover mixed conifer and in a few
other areas, for some years, vary inversely with the crown coverage
within a 20-foot radius.

"3, The effect of trees on the south side of the large
clearing on the water equivalents of the snow was to maintain greater
storage not farther to the north than the height of the trees, as com-
pared with the smallest amounts at greater distances where melting was
more rapid.

1);, Openings between the crowns showed average maximum
accumulations of 1 to 5 inches water equivalent larger than did areas
under the crowns.

"5, The first exposure of bare ground varied from March
28 to May 5 between extremes in different forest types, and more than
60 days in different years in the same type.

"6. The average date of disappearance of the snow varied
from April 17, in the old ponderosa pine, to June 1 in the red fir, and
by about 2 months between extreme seasons.
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7. The date of disappearance of the snow varied inversely
to the crown coverage within a 20-foot radius in the cutover mixed
conifer area, and in some other types in certain years.

"8, The average duration of the snow cover varied from 117
days, in the ponderosa pine, to 160 days in the red fir area.

"9, The percentage of area covered by snow decreased after
the first exposure of bare ground by from L.l percent per day, in the
red fir area, to 17.2 percent in the lower meadow.

"]10. The rates of melting tended to be lower under the crowns
than in openings, and lower in openings than in the large clearing, per
unit change in the independent wvariable in each case, but the influence
of trees in retarding melting was quite small."

7-0L4.15 Snow- cover depletion, UCSL. - To illustrate the
process of snow-cover depletion in an area of non-uniform deposition of
snow, successive aerial photographs of the progression of depletion
within the Blacktail Hills, UCSL, are shown on plate 7-3, for 1946 and
19)7. The area shown in each photograph is slightly over one square
mile. The growth of bare areas is apparent during successive periods
of melt. The wind-swept ridge of the Blacktail Hills possesses little
forest and conditions are favorable for low deposition and high melt of
snow. The ridge becomes bare of snow early in the season, but on the
lee side (northeast), snow remains much later in the season. These
photographs illustrate the uniformity of depletion patterns between the
two years (L1946 and 19)7) which serves to give confidence to the use of
index relationships for estimating snow cover in mountainous regions.
Plate 7-2 is an aerial photograph of the entire UCSL, taken on 2 May
1946, showing approximately the mid-season condition of snow-cover
depletion on the basin. Also outlined on this photograph is the area
of the Blacktail Hills contained in the successive photographs of plate
7-3. Notice the wide diversity of areas bare of snow for the various
slopes within the basin.

7-04.16 Effect of diversity of terrain on snow-cover
depletion. - The preceding paragraphs have discussed the variability of
snow-cover depletion caused by each of the primary terrain factors. The
integrated effect of all these factors on a basin area determines the
rate of snow-cover depletion. The greater the diversity of terrain, the
longer will be the time of depletion of snow cover. Areas having uniform
conditions of accumulation and melt will exhibit rapid changes in snow
cover from the time the first areas become bare to the condition of
complete loss of snow.
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7-05. SNOW-COVER DEPLETION VS. ABLATION OF THE SNOWPACK —

7-05.01 General. - The preceding section described in
general terms the variation of snow cover depletion with major terrain
factors, in order to show the fundamental processes involved in snow-cover
depletion. For the practical determination of snow-covered areas, however,
it is necessary to determine average relationships between basin snow cover
and commonly observed data. One such usable relationship is that with
ablation of the snowpack, or as a step further, accumulated runoff.

7-05.02 Figure 1, plate 7-L is a schematic diagram illustrat-
ing basic differences in the character of snow-cover depletion-ablation
relationships of deep snowpacks. Curve A represents the conditions for
heterogeneous basins, where snow accumulation and melt are affected by
topographic variability. Beginning with the time the basin first begins
to go bare, the area of snow cover decreases quite uniformly with
ablation of the snowpack, resulting in a curve which is slightly concave
downward. The reverse curvature near the bottom of the curve is caused
by the few remaining deep drifts which last long after the major portion
of the original snow-covered area has gone bare. Curve A is typical
of mountainous areas of western United States. Curve B shows the rate
of depletion on a homogeneous basin, where large amounts of snow are
uniformly distributed over the area, and where melt rates are relatively
uniform. Here, the snow-cover depletion with respect to ablation is
slow at first and then suddenly increases. This type would be expected
in the plains regions.

7-05.03 Depletion vs. ablation, CSSL. - Depletion-ablation
relationships are shown in figure 2, plate 7=l for several of the
homogeneous topographic units of CSSL for the 1947 melt season. Also
shown in the figure is a curve representing the basin as a whole.
Curves for each of the units lie above the one for the entire basin and
show that for areas of homogeneous character, there is a trend for a
more pronounced "knee" in the curve as discussed in the preceding
paragraph. When an area has a large variety of slope facets, as in the
case of the basin as a whole, the curvature becomes less pronounced.

7-05.0L Figure 3, plate 7-L, shows the depletion-ablation
relationships for four years at CSSL for the basin as a whole. Data
for 1948, 1950, and 1952 are less complete than those for 1947. It is
seen that the curve for 1947 lies below that of the other three years.
This is accounted for by the fact that the relationship is begun on
1 April at which time the 1947 snowpack was relatively less than in
the other years. Because of this fixed starting date, the curvature
in the relationship is greater for years of above-normal snowpack
accumulation while for years with below-normal snowpack the curvature
is less than it is for normal snowpack conditions. Beginning the
accumulated ablation-snowcover curves at 98 percent cover regardless of
date, these curves are all similar in shape.
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7-05.05 The difference between accumulated ablation of the
snowpack and accumulated runoff represents the net effect of losses
(evapotranspiration and soil-moisture increase) and ground-water and
other basin storage. Figure L, plate 7-lL, indicates the 1947 CSSL
snow-cover depletion as a function of accumulated runoff as well as
accumulated ablation of the snowpack. The displacement of the runoff
curve to left of the ablation curve is due to losses and storage. (In
the case of CSSL, storage is relatively small in proportion to the total
runoff.)

7-06. SNOW-COVER DEPLETION VS. RUNOFF

7-06.01 General. - Relating snow cover to observed runoff
during the active melt period provides a convenient method for estimating
snow-covered area continuously through the melt season. Snow cover
may be related directly to observed data, or a mathematical function
may be used to express the relationship. Data from Research Note T,
showing the relationships at the laboratories and a few miscellaneous
basins, are presented to illustrate the general character of the rela-
tionships. Runoff may be accumulated commencing either from (1) the
time of initial rise in streamflow, (2) the time of maximum snowpack,
or (3) an arbitrary date, such as 1 April. It is also useful to
accumulate historical runoff data from the end of the snowmelt runoff
season, backward through the melt period, and thus relate snow cover
to "future runoff." All values of accumulated runoff should be corrected
for spring precipitation (either rain or snow) so that the relationships
will express conditions resulting from the initial snowpack and thus
will be more consistent from year to year.

7-06,02 Examples of depletion vs. runoff relationships. -
Figure 5, plate 7-L shows curves of snow-cover depletion as a function
of accumulated runoff from snowmelt for the period 1 April through 31
July for the CSSL basin, Skyland Creek at UCSL, St. Louis Creek in
Fraser Experimental Forest, Colorado, g/ and for Kings River, California.
These curves reflect the effects of snow-cover depletion, ground-water
storage, losses, and the magnitude of the snowpack in individual years.
Similar curves could be constructed on the basis of generated rather
than actual runoff, and thereby eliminating the effect of storage. For
the cases shown, runoff from CSSL is the least affected by storage
(the curves are displaced farthest to the right). Skyland Creek at UCSL
and St. Louis Creek at Fraser Experimental Forest possess longer times
of storage delay to runoff, and accordingly their curves are displaced
to the left.

7-06.03 Figure 6, plate T7-L4 shows the snow-covered area
(in percent of initial snow cover) plotted against future runoff (in
inches over area initially snow covered). As would be expected, there
is wide divergence in amount of future runoff associated with a given
snow cover early in the season. When snow-covered area is high, the
future runoff depends principally upon the water equivalent of snowpack;
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as the melt season progresses, the lines converge to indicate future
runoff is largely a function of remaining snow cover. Such empirical
relationships suggest the possibility of forecasting from direct observa-
tion of snow cover the remaiming volume of snowmelt runoff after the

melt season is under way.

7-06.0L Mathematical expression for snow-cover depletion. -
In the absence of observed data, snow-cover values may be obtained from
a theoretical snow cover-runoff curve, (Research Note 19). The general
expression used to relate snow cover to generated runoff is as follows:

31

AS = 1.0 = {ZQgen}“ (?‘l)

where A4 is the fractional portion of the basin area which is siow
coverea_ Qgen is the generated runoff relative to the total seasonal

runoff from the initial snow-covered area, and n is an exponent express-
ing the characteristic basin snow-cover depletlon with runoff. For
basins which are initially 100 percent snow covered, the runoff summation
begins when the basin first begins to go bare. Runoff is expressed in
terms of generated flows, and hence, storage effects are not pertinent.
The value of n reflects the diversity of terrain effects on snow-cover
depletion. In the case of WBSL, where a snow wedge adequately defines
the variation in the snowpack water equivalent with elevation, a value
of n = 2 gave reasonable values of snow cover. The curve for the value
of m = 2 approximates closely the condition of a uniformly ablated snow
wedge for a basin with a typical S-shaped area-elevation relationship,
and with snowpack water equivalent proportional to elevation above the
snowline. A smaller value of n would be expected in areas of greater
diversity of terrain. In plains regions with uniform deposition of

snow and melt, the value for n may be 3 or more. Figure 7, plate ?—h
illustrates the rate of snow-cover depletion for various values of n in
equation 7-1. It is pointed out that these mathematically expressed
curves do not account for the reverse curvature which appears near the
end of season in some basins, as illustrated by curve A, figure 1.

7-07. METHODS OF ESTIMATING SNOW COVER FROM INDEXES OR DERIVED
RELATTONSHIPS

7-07.01 General. - In the derivation of design floods and
in seasonal-runoff or rate-of-flow forecasting, it is necessary to
evaluate the area of snow cover for the particular melt sequence. In
some such procedures, the area of snow cover is implicitly evaluated
by another wvariable which is related to snow cover. For example, many
procedures for forecasting seasonal runoff from snow-course data do not
account for the area of snow cover directly, but derived relationships
between snow-course water equivalent and runoff implicitly include the
average relationship between area of snow cover and snowpack water
equivalent, However, since there is variability in the relationship
between snowpack water equivalent and snow cover, the average relationship
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can at best only approximate the true volume of water stored in the .
snowpack,

7-07.02 The most reliable estimate of snow cover is one
made from direct observation, as described in section 7-02. In many
cases, however, such observations are not feasible, and estimates must
be indirectly made from other observed data. Also, once a sufficient
period of record of snow-cover observations have been obtained and
related to other data, the frequency of making snow-cover observations
can be reduced, and snow-cover estimates can be made more quickly and
more economically by indirect relationships than by direct observation.

7-07.03 In estimating snow cover from other observed data,
derived relationships are used in two ways. One is in obtaining a single
estimate of snow cover at a specific time and the second is for estimating
day-to-day changes in snow cover. Methods used for determining snow-
covered areas are listed below under these two categories:

A. Methods of estimating snow cover at a specific time.

1. Index relations of snow cover to fixed ground or
aerial observations, or photographs of snow cover at a point or
series of points.

2. Use of snowline observations and area-elevation
relationships. .

3. Relation of snow cover to point measurements of snow.

a. Water equivalent measurements.
b. Snow depth measurements.

B. Methods of estimating changes in snow cover.

1. Empirical relation of snow-cover depletion to
accumulated runoff.

a. Curves derived graphically from observed data.
b. Mathematical equation.

2. Relation of snow-cover depletion to temperature or
some index of melt.

3. Use of current precipitation and temperature data
to establish areas of new snow, within the accretion or depletion
period.

. Subdivision of basin into elevation zones or homo-
geneous sub-areas.
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7-07.0lL Indexes of snow cover. - Methods of observing snow
cover, from a point, either on the ground or from the air, have been
described in section 7-02. The quantitative evaluation of basin snow
cover using point observations as indexes, required simultaneous observa-
tions of the index and of basin snow cover until a relationship has been
established between the two. Average snowline elevations may be used
with area-elevation relationships to determine snow cover in mountainous
regions, particularly during the accumulation period, but care should be
exercised in their use during the melt period.

7-07.05 Snow course measurements of snowpack water equiva-
lent at one or more snow courses may be related to snow cover as a
simple function. Obviously, snow courses selected for use in this
relationship should be those on which snow remains for the longest
possible time. The principal deficiency of the method is that such a
simple correlation does not account for variation in slope of the snow
wedge. In Research Note 22, the area of snow cover of the North Santiam
River basin above Detroit Dam was expressed as a function of the ratio
between the snowpack water equivalents of two snow courses at different
elevations. Only one season's snow-cover observations were available,
however, so the reliability of the method on this basin cannot be
assessed. Snow-depth observations are useful primarily in defining the
times that areas become bare of snow for given locations and elevations.
Care should be taken in selection of the point(s) to secure representa-
tiveness of basin conditions, both with regard to snow deposition and
melt. In the West, snow-course measurements are made at monthly or
bimonthly intervals, so that their use is limited to the times of
observations. Snow-depth measurements at weather observation stations
are available daily during the period of snow cover.

7-07.06 Estimates of basin snow-cover depletion. - A
knowledge of the change in snow cover between times of observation
during the melt period is required for many snow-hydrology problems.

The most feasible method is to assume snow cover to vary with some
continuous function, such as runoff, time, or a melt index, Section
7-06 described relationships between snow-cover depletion and accumulated
runoff, based on snow-laboratory observations. The procedures have been
used by the Seattle District on the Kootenai and Flathead River basins,
as described in Technical Bulletin 15. The available observations are
insufficient, however, to derive general relationships for these areas.
Empirical relationships in graphical or mathematical forms may be used
to relate snow-cover depletion to runoff according to methods set forth
in section T7-C6. The use of a time function alone to express depletion
is not too reliable because of the variations in melt (and hence deple-
tion), with time. A simple index of melt, such as degree days, may be
used to evaluate depletion, but the use of accumulated generated runoff
is considered to be more practical because (1) it integrates all factors
affecting melt, (2) it is simpler to use than melt indexes, and (3) it
is readily available,
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7-07.07 During the period of snow depletion, snow-cover
estimates may be improved by use of current temperature and precipitation
data. The purpose is to delineate areas of shallow new snow which con-
tribute little to runoff. Once the areas covered by new snow are
evaluated the time required to melt the new snow in order to re-establish
the snow-cover depletion rate of the old snow can be determined.

7-07.08 A different approach to the determination of snow-
cover depletion is that of subdividing a basin area into zones of equal
elevation. Beginning with an assumed or known distribution of snowpack
water equivalent with elevation, values of snowpack water equivalent are
determined for each zone. By maintaining an inventory of snowpack accu-
mulation and ablation, the depletion of snow on successive elevation
zones is determined. The principal difficulty of the method is in the
evaluation of precipitation distribution with elevation, particularly for
heterogeneous areas. A refinement of the method is to assume a non-
uniform distribution of snowpack water equivalent within a given zone.

7-08. APPLICATION OF SNOW-COVER OBSERVATIONS TO BOISE RIVER BASIN

7-08.01 General. - Of recent years, the Walla Walla District
of the Corps of Engineers has determined the area of snow cover on
various drainage basins within their district by means of aerial recon-
naissance. Some of this information has been used by the Snow Investi-
gations in studies of daily snowmelt and streamflow for the Boise River
near Twin Springs, Idaho (D.A = 830 sq. mi.). Results of those studies
are presented in chapters 6 and 9. The importance of snow cover in
these studies led to a detailed analysis of snow cover on the Boise River
basin during the 195 and 1955 melt seasons. These analyses are
described in this section.

7-08.02 Description of 195l and 1955 seasons. - The snowpack
on 1 April was above normal in 195];, and somewhat below normal in 1955.
During April, 1954, melting conditions prevailed and light precipitation
fell, principally in the form of rain. April, 1955, on the other hand,
was characterized by below normal temperatures and above normal precipi-
tation, thereby resulting in a large increase in accumulation of snow.
The major portion of the snowpack ablation occurred during May of both
years. In 195 the last few days of May and the first half of June were
cold and wet, thereby retarding the melt of the remnants of the snowpack.

7-08.03 Progression of snow-cover depletion. - Plate 7-5
presents the results of the aerial observations of snow cover on the
Boise River basin above Twin Springs, Idaho, during the 195} and 1955
melt seasons. Principal streams and elevation contours are shown on
each of the basin maps to convey a general idea of the topography.

Figure 3 on plate 7-5 shows the location of hydrometeorological stations
within the basin and in the surrounding area. Plate 7-6 shows the hydro-
meteorological events for each of the two years, including estimated
basin precipitation (both rain and snow are shown separately), mean
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daily temperature at Atlanta (elev. 6000 ft msl), daily discharge
hydrographs for Boise River near Twin Springs, Idaho, for the period
March through June, and snowpack water equivalents for snow courses
within the basin or adjacent areas for those dates for which records
are available. Also shown are the observed snow-cover data, plotted on
the same time scale. For times between observations, the 1955 values
are interpolated by means of the snow cover-generated runoff relation-
ship (corrected for subsequent precipitation), shown in figure 3, plate
7-6. For 195l, estimates of snow cover between observations were made
by drawing a smooth curve drawn through the four observed points thus
defining the snow-cover depletion only in a general way. Precipitation
and temperature data, between dates of observation, suggest significant
deviations between the actual cover and that shown by the snow cover-
time curve.

7-09. SUMMARY AND CONCLUSIONS

7-09.01 Snow-cover information is, like temperature or heat
supply, an important hydrometeorological element. Snow cover is a
factor in all hydrologic problems which involve basin snowmelt. At
present systematic snow-cover surveys are being made in a number of
basins. Despite the complexity of the variables affecting the snow-
cover depletion, the hydrologist is able to approximate the snow-covered
area between snow-cover surveys using available hydrometeorological data.

7-09.02 The recession of snow cover is very slow early in
the melt season compared to ablation of the snowpack or runoff. Since
areas of homogeneous heat supply exhibit uniform melt rates, the snow
cover depletes gradually to a thin layer. A sudden increase in depletion
then takes place. In years with very deep snow, a large amount of snow-
depth reduction or runoff takes place before the appearance or substan-
tial enlargement of the snow-free areas in the basin. The principal
factors affecting the snow-cover depletion are the variations in snow
deposition and variations in snowmelt, both of which are affected by
terrain features, including orientation, steepness of slope, elevation,
and forest cover. The snow-cover depletion-runoff patterns vary between
basins in accordance with the difference in topography and ground-water
character. Variation is also expected within each watershed from year
to year on account of differences in the snowpack accumulation at the
onset of the snowmelt runoff season.

7-09.03 During the winter accumulation period the determina-
tion of the snow cover is relatively simple and accurate; the snowline
is well defined and coincides with an elevation contour. The area-
elevation curve is used in determining the snow-covered area. In the
absence of snowline or snow-cover surveys, a current snow-course survey
may be used to determine snowline elevations. The water equivalent-
elevation curve, even though poorly defined, will indicate the average
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elevation below which no snow exists on the drainage basin. The snow- . ——
covered area, as of the date of snow-course curvey, can be determined

from the area-elevation curve or from the snow chart, shown in figure

1, plate 4-2 of chapter L. The snowline elevation subsequent to the

most current snowline survey can be estimated by reducing the snow

wedge at the time of the survey, by an amount proportional to heat

supply, or by lowering the snowline elevation if subsequent precipita-

tion, in the form of snow, caused the snowline to advance to a lower

elevation.

7-09.0L During the active melt season, the determination
of an average snowline is not dependable because the snowline is not as
well defined as in the accumulation period. The lower portion of the
snow wedge is quite ragged or patchy for 1000 feet or more in elevation.
In general, this ragged zone is higher on southerly slopes than it is
on northerly slopes. It is less patchy and lower in a heavily forested
area than on an open slope of same exposure. During the period of
active melt season, the use of an average snowline elevation for deter-
mining the snow-covered area can be considered only a rough approxima-
tion. The most dependable basin snow-cover estimates are made from
aerial reconnaissance surveys. OSnow cover between surveys is determined
in accordance with runoff and with the meteorological events affecting
new snow cover. A characteristic of snow-cover depletion is the
definite pattern in which snow depletes from year to year on a given
basin. As a result of this year-to-year uniformity, only a few sites,
representative of the topography of the watershed, need be observed as .
an index to snow cover.

7-09.05 The determination of snow-covered area by means of
established "cover-runoff" or "cover-ablation" curves is accomplished
from analysis of historical data. If accumulated runoff is plotted in
percentage of the season's total from beginning of the appearance of
the effective spring melt at the stream gaging station, the curves will
tend to be close together and serve as guide for the extrapolation of
the snow-cover recession for the melt season considered. Undoubtedly
"cover-mass" relationships can be improved if a parameter such as the
initial basin snow cover is used. The relation between snow cover and
"future runoff" provides a method for estimating residual runoff.
Forecasts based on those relationships are particularly useful in
connection with regulation of reservoirs near the end of the filling
period.
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Notes:

l Flight alfifude, /4,250 Feef.

2. Solid line olefines the boundories of UCSL (20.7 sqmi).
3 Snow courses are ioentified by numbered circles.

4. The area within the dash-lined squore represents
the arec shown in Plote 7-3.

& This aeriol photogroph of UCSL {llvsirates

oif ferences in sriow cover deplefion af mid season,
resufting From topogrophic influences.
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SUMMARY OF WEATHER
YEAR MARCH APRIL [ MAY JUNE
Temperature slightly below normel. Temperature and precipitotion Above neormal temperatures. Subnormal temperature.
Prezcipitation B0% of mormal. slightly obove normal. Peak stream flow on May 2ist 3torms:1-2, 58, 8-13, I5-17, 76-79.
(954 |Periods of major storms: 812, 7-21, | Maximum snow sccumuletion during | Storms: |, 16, 21-23, 25-31

24-28. first weel.
Snowfall ot lowest elevotion on 20th. Storms: 3-T, 9-10, 1315, 18-19, 20-21, 27-7830]

Effective snow-melt runoff begon on 10th.
Tempercture considerably below normal. | Temperature below pormal. Temperoture below normal. Temperature below normal.
Precipitotion mear normal with snow Precipitetion obove mormal. Precipitation abeove normal. Precipitation mear morrmal.

1955 ot low levels. Storms: |-4, 10-30, Moximum snow accumulotion during | Peak stream flow on 10th.

Storms: (-5, 9-16, 22-24,28-31 Effective smow-melt runeff begoen first week. Storms: 2-3, (2-15, 24, 26, 28-29.

on ZBth. Storms: I-4,14-17,21-22, 25-28.
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