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Pattern Recognition Analysis of Snowdrifts
W. J. Rawls and T. J. Jackson
USDA-SEA-AR, Hydrology Laboratory, Beltsville, Md, USA

Terrain features and prevailing wind patterns play a dominant role in how
snow is accumulated. Research was conducted to determine the location of
snowdrifts on a 0.41 km2 subbasin of the Reynolds Creek Experimental
Watershed located in the Owyhee Mountains in southwestern Idaho. Snow
depths at maximum accumulation were determined on a 7.6 m grid using
aerial photography. The terrain variables used in the analysis were ground
slope, ground aspect, elevation, distance from the top of the ridge, in the
direction of the prevailing wind and the difference in elevation between the
top of the ridge and the point. A pattern recognition technique called cluster
analysis was used to determine the best terrain variables for locating
snowdrifts. Our analysis indicated that slope and aspect were the best
variables. Discriminant functions using these variables and the prevailing wind
were developed to predict the location of snowdrifts. The functions were
tested on a 16.7 km2 area.

Introduction

Falling snow is strongly influenced by wind interacting with vegetation and local
topography so that snow is deposited in irregular spatial patterns. In some
circumstances much of the snowfall is concentrated within a small area of the
watershed. As the snowmelt season progresses, each snowdrift functions as a
small reservoir, supplying water over a prolonged period of time. Determining the
size, shape, and location of these snowdrifts is essential to the developing and
management of this water resource (Cox 1975).
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Much research has been conducted relating snow accumulation and distribution
t o climatic, vegetative, and topographic factors. Gray (1978), Meiman (1970),
Packer (1962), Kuz'min (1960), Anderson (1968), and Dickison (1978) summarized the relationships developed between snowcover depth and elevation, slope,
aspect, and other factors in forested regions with rolling topography. Adams and
Rogerson (1968) and Adams (1976) studied the snowcover character in different
vegetational zones. McKay (1963) illustrates the importance of terrain and wind in
establishing snow cover patterns on the prairies. Steppuhn and Dyck (1974)
suggested that the areal variation of snowcover within units having similar
landscape features was similar. Similar frequency distributions of depth, density,
and water equivalent which may be found within similar areal units are cited as a
statistical symptom of this phenomenon. Broader scale studies (McKay 1972)
demonstrated differences in certain snowcover properties that may be expected in
different climate and vegetative regions.
Thus relationships describing snow accumulation and distribution may be
developed for hydrological purposes using climatic, vegetative, and topographic
factors. However, Adams (1976) cautioned researchers about extrapolating these
relationships to other regions or even to the same region during extreme climatic
years. The purpose of this study was to develop techniques for determining the
location of snowdrifts based on climatic and topographic features for mountainous
rangeland, an area that has not been studied in the literature.

Study Area

The study area is located in the Reynolds Creek Experimental Watershed in the
Owyhee Mountains in southwestern Idaho, about 80.5 km southwest of Boise,
Idaho (Fig. 1). Reynolds Creek Experimental Watershed, operated by the
USDA-SEA-AR Northwest Watershed Research Center, ranges in elevation from
1,402 to 2,195 m and is covered with sagebrush rangeland, except for scattered
stands of douglas fir and aspen and mountain meadows. The topography has
north- and northwest-trending ridges with gently inclined windward slopes and
steep north- and east-facing lee slopes. Annual precipitation ranges from about 25
cm at the lower elevations to 152 cm at the higher elevations. Most precipitation at
the higher elevations is in the form of snow with a predominately southwestern
wind (Johnson and McAuthor 1973). This area represents large areas of southern
Idaho, Oregon and Washington.
The Reynolds Mountain East Watershed located in the upper part of the
Reynolds c r e e k Experimental Watershed (Fig. 1) was used for developing
functions to describe the location of drifts. This 41 km2 watershed ranges in
elevation from 2,012 to 2,134 m and has the vegetation as the larger experimental
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Fig. 1. Location Map.

watershed. The vegetation and topographic characteristics of the watershed are
summarized in Table 1. The data base included on a 7.6 m square grid system
(6,776 ponts) the elevation, ground slope, ground aspect, the distance from the
top of the ridge in the direction of the prevailing wind, the elevation difference
from the top of the western ridge and the snow depth for the March 7, 1966;
March 17 and May 15, 1967; March 12, and April 30, and May 23,1969 dates. The
snow depths were determined using a photogrammetric technique (Cooper 1965)
with a standard error of
15.2 cm. According to the snow course located in the
Northeast part of the watershed (Fig. I), the March dates represent maximum
accumulation for 1966, 1967 and 1969 where the other dates represent depletion.
Table 2 shows that compared with the 16 year snow course record the three
maximum depths of accumulation represented a good range of maximum depths
of snow accumulations.
An independent data set was used for testing the prediction equations
developed from the Reynolds Mountain East Watershed data. These data were
from the upper half of the Tollgate Watershed located in Reynolds Creek
Experimental Watershed for which the Reynolds Mountain East Watershed is a
part. This 16.7 km2 area ranges in elevation from 1,524 to 2,194 m and has
vegetation resembling that found in Reynolds Mountain East Watershed (Table
1). Except for snow depths, the same data as described for Reynolds Mountain
East Watershed was found on a 305 m grid (414 points) on May 23, 1969. Since
snow depth data were not available for this date we determined whether or not the
grid points had snow and used this information to determine where snow drifts
were located.

+
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Table 1 - Percentage of Watershed Area in Vegetation, Slope and Aspect Classes.
Watershed
Vegetation Cover Classes (%)

Tollgate
Reynolds Mt. East

0-25

26-50

50-75

76-100

25
16

15
18

15
6

45
60

Slope Classes (%)

Tollgate
Reynolds Mt. East

26
13

54
48

15
21

4
16

1
2

Aspect Classes (0)

--

Tollgate
Reynolds Mt. East

36
32

21
4

8
11

35
53

Table 2 - Snow Course (176007) Characteristics
Snow Course (176007) Depth
(centimeters)
Year
1966 Maximum
1967 Maximum
1969 Maximum
Maximum (1975) 16 Year ~ a x i m u m '
Minimum (1977) 16 Year Minimum1
16 Year ~ v e r a g e '
1Standard Deviation about 16 Year Mean1
Period of record 1961 to 1978
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Methods

Pattern recognition involves detecting of patterns or categories within data sets
and developing of efficient classifiers for assigning of observations to known
categories. It is a collection of mathematical and statistical procedures that vary
both in complexity and types of applications. A good overview of the concepts of
pattern recognition is presented in Swain (1972). A more detailed description is
presented in Fukunaga (1972), Duda and Hart (1973), and Young and Calvert
(1974).
This investigation utilized a pattern recognition technique called cluster analysis
to identify snow drift categories based on snow depths (Anderberg 1973). Cluster
analysis utilizes various mathematical and statistical analyses to identify groupings
within a data set. Groups will exhibit a high degree of association and will be
distinct from other groups. To perform this task a distance function-similarity
measure was used. We utilized Ball and Hall's (1963) clustering algorithim with
some minor modifications.
Once we identified the categories within the data set using cluster analysis, the
next step was to design a classifier that would categorize all of the observations
into these categories. Discriminant analysis was used to develop the classifier in
this investigation. Discriminant analysis utilizes a calibration data set to develop a
function that separates groups based on observed variables. The mathematics of
discriminant analysis are described in Duda and Hart (1973). In this investigation,
a package routine described in Barr et. a1 (1976) was utilized. Classification is
based upon a generalized distance function that utilizes the centroid vector and
covariance matrix of each group.

Results
As an initial step, correlation and factor analysis were performed on the data. This
analysis indicated that the snow depths at the three maximum accumulation dates
were highly correlated (0.68, 0.82, and 0.86) and were grouped in the same factor
indicating they were representing the same information. Of the topographic
variables only elevation, distance from the ridge, and difference between the ridge
elevation and point were highly correlated (0.72, 0.76, and 0.55). Ground slope
and ground aspect were not significantly intercorrelated or correlated with any of
the topographic variables.
T o determine if there was a significant spatial grouping of snow depths, cluster
analysis was performed on the March data for 1966, 1967, and 1969 and on the
May 1969 data separately and in combination. Cluster analysis produced two
significant groupings of snow depths which correspond to observed drift and nodrift areas. We felt that the groupings produc~dby the combination of the March
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dates (maximum accumulation) were best because they would not be time
dependent. The spatial distribution of these groups is illustrated in Fig. 2. When
we compared these with the spatial grouping produced for the May 23, 1969 data
cluster analysis when only snow drifts remained (Fig. 3) we observed that the
spatial patterns were quite similar. The mean snow depths for the three dates
ranged from 0.79 to 1.19 m for the no-drift cluster and from 1.65 to 3.57 m for the
drift cluster. The mean snow depths of the clusters were significantly separated by
between one and three standard deviations. The means for the May 23, 1969 data
gave similar results.
In attempting to explain the drift and no-drift cluster pattern given in Fig. 3, we
performed cluster analyses separately and in combination on the following
variables - elevation, ground slope, ground aspect, the distance from the top of
the ridge in the direction of the prevailing wind, the difference in elevation
between the top of the southwestern ridge and the point. These analyses indicated
that a combination of ground slope and ground aspect were the best variables for
explaining the drift pattern shown in Fig. 2. The mean slopes for the drifts and nodrift clusters were 20.6 and 11.7% respectively and were separated by one
standard deviation. The mean aspects for the drift and no-drift cluster patterns
were 125.2 and 211.1' respectively; however, they were not separated by one
standard deviation. With this information we developed a discriminant function,
using ground slope and aspect and the classifications of snow depth determined
from the cluster analysis for the three March dates. The accuracy of the
discriminant function was very poor. When we plotted the classification against
slope and aspect, we observed that the discriminant function accuracy degraded in
the aspect range between 210 and 240'. Thus we felt that to develop an accurate
relationship, a variable that would explain the above problem needed to be
added. Since the prevailing wind was from the southwest (225') (Johnson and
McAuthor 1973), we felt that dividing the discriminant function at 225' would
account for the specific meteorological conditions and allow the functions to be
more universally adaptable. Also, dividing the function would eliminate the
problem that occurs in developing discriminant functions with this type of data
because 0 and 360' aspect are the same. Discriminant functions were developed
with the break at 210, 225, and 240' and with no significant change in accuracy.
Therefore, the general prevailing wind pattern, 225' was chosen as the break. The
discriminant function is illustrated graphically in Fig. 4.
The discriminant function predicted 80% of the no-drift points and 83% of the
drift points for an overall accuracy of 81% for the calibration data set.
Discriminant functions were also developed for the May 23, 1969 data and these
are graphically illustrated in Fig. 4. This discriminant function predicted 83% of
the no-drift points and 92% of the drifts points for an overall accuracy of 84%. In
Fig. 4 the three date and one date functions are compared. The one date function
has a narrower drift range for the 0 to 225' aspect range than does the data for the
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SNOWDRFT AREA

Fig. 2. Snowdrift classification derived from cluster analysis of Mar. 12, 1969, Mar. 7,
1967, and Mar. 17, 1966, data.

Fig. 3. Snowdrift classification derived from cluster analysis of May 23, 1969, data.
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DATE (MAY 23,1969)

- - - 3 DATES

(MAR 12, 1969, MAR 7,
1967. MAR 17. 1966)

NO DRIFTS

260

.

225

2

NO DRIFTS

. Fig. 4. Snowdrift driscriminant function

regions.

three dates; however, in the 225 to 360' aspect region the lower slopes have a
narrower range and the higher slopes have a wider range. The three date and one
date discriminant functions were very similar, however, because of the variety of
conditions included in the three date function we felt that this was the best
discriminant function for discriminating between drift and no-drift areas based on
snow depth.
The three date and one date discriminant functions were tested on the data base
for the upper part of the Tollgate Watershed. This watershed had the same
prevailing wind pattern as the Reynolds Mountain East Watershed. The three
date discriminant function (Fig. 4) predicted 64% of the no-drift points and 65%
of the drift points with an overall accuracy of 64%. The one date discriminant
function (Fig. 4) predicted 72% of the no-drifts points and 49% of the drift points
with an overall accuracy of 62%. The accuracy for the three date and one date
discriminant functions indicated that the range between the functions (Fig. 4) is
very sensitive and this area needs further clarification. Discriminant functions
developed from the test data did not produce any increase in accuracy; thus
further confirming the validity of the three date discriminant functions. The lack
of prediction accuracy obtained for the test data can be attributed to scale of the
data (305 m grid) and the time of year the data were obtained (late May). Also,
the differences in relief, and slope and aspect distributions (Table 1) for Reynolds
Mountain East Watershed and Tollgate Watershed could have contributed to the
poor prediction accuracy obtained on the test data set. Considering the problems
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associated with the test data set, our results adequately validated the derived
function for locating snow drifts. Further work is needed to expand the functions
for a variety of topographic and metrological conditions so that the derived
functions can be universally applied.

Conclusions
Terrain features and prevailing wind patterns play a dominant role in how snow is
accumulated. Research was conducted to determine the location of snowdrifts
based on climatic and topographic features for mountainous rangeland. The
terrain variables used in our analysis were ground slope, ground aspect, elevation,
distance from the top of the ridge in the direction of the prevailing wind, and the
difference in elevation between the ridge and the point. A pattern recognition
technique called cluster analysis was used to classify drift and no-drift areas and to
determine the best terrain variables for locating snowdrifts. Our analysis indicated
that slope and aspect were the best variables. Discriminant functions using these
variables and the prevailing wind were developed to predict the location of
snowdrifts. The functions were tested on a 16.7 km2 area which included the test
area and satisfactorily predicted the location of snowdrifts. Such relationships for
predicting the location of snow drifts will enable better management of the vast
amounts of water stored in snow drifts which is needed in making management
decisions for irrigation, stock water, municipal water supplies hydro electric
power generation, recreation, navigation and pollution control.
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