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ABSTRACT

The spatial distributions of snow depth and snow water equivalent are known to be
related to vegetative cover type and physiographic parameters such as elevation, slope and
aspect. This paper examines some of these relationships for the Saint John River Basin.

A number of objective techniques including multiple curvilinear regression and trend sur-
face analysis are used to estimate snow water equivalent values for 100 km? grid elements
within the basin. The snow courses were divided into forested and non-forested data sets
and the models applied separately to each data set. The grid values, derived from each
model, were used to calculate areally weighted snow water equivalent values for each of 56
sub~-basins. This approach is being further extended by the inclusion of more accurate
forest cover information derived from the analysis of satellite data.

Through this study it is hoped to evaluate the suitability of the current snow course
network for flood forecasting in the Saint John River Basin.

INTRODUCTION

The accumulation of snow at a point and its subsequent ablation in the spring are
affected by both regional and local factors. Large scale factors such as topographic
relief, proximity to large open water bodies and predominant storm tracks affect the type
and amount of precipitation at a point. These factors, through their influence on the
regional climate, will also affect the rate of snowmelt in the spring. Because of the
NW-SE orientation of the Saint John River Basin and the moderating effect on the climate
of the Bay of Fundy more snow falls in the northern part of the basin and it melts more
slowly. However, snow, once it has fallen, is also affected by local site conditions such
as exposure and vegetation cover. Less snow tends to accumulate in open areas than in
forested areas because of redistribution by the wind and accelerated melt in the spring due
to increased insolation. The distribution of snow courses should reasonably reflect these
regional and local factors as should the mapping technique used to interpolate between data
points.

From information obtained from Peters and MacNeil (1975), the Fredericton Flood
Forecast Centre (J.G. Devenney), and the Atmospheric Environment Service (B.E. Goodison),
Trivett and Waterman (1979) examined the network of snow courses used to map the water
equivalent of the snow cover in the Saint John River Basin during the '"flood" season in the
spring of each year. Generally speaking, the spatial distribution of snow courses is
concentrated along the main stem of the Saint John River north of Fredericton and two of
its tributaries, the Arocostook and the Tobique (Figure 1). The south-eastern portion of
the basin south of Fredericton has very few stations. The north—eastern Quebec portion of
the basin above St. Rose du Degelis is also conspicously blank. Geographically speaking,
there are insufficient snow courses cutside the basin to allow adequate mapping past the
basin boundaries and too many concentrated along the above mentioned tributaries.
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Vegetation cover has a significant influence both on the accumulation of the snow
cover and 'its depletion. The most significant factors are the redistribution of snow from
fields and other open areas by wind scouring and the more rapid melting of snow in the
fields due to increased insolation. Two survey sites, both having an open and forest snow
course (Figure 2), were selected for comparison by Power et al (1980).
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Figure 2 Comparison of snow water equivalent data from nearby open
and forest snow courses in the northeast corner of the
Saint John River Basin, St. Quentin, and the central portion
of the basin, Royal Road (from Power, et al, 1980).

In years of very heavy snowfall, for example in 1977 when maximum snow water
equivalents reached 400 mm, the snow cover water equivalent at both St. Quentin sites is
very similar until late in the season when melt in the open site is proceeding at a faster
rate than under the forest. It should be noted that in 1977 there was still a consider-
able amount of snow in the basin at the end of April which is the last snow survey date.
In periods or places (e.g. Royal Road) with less snowfall, Figure 2 indicates that
generally less snow accumulates in the open sites and it disappears earlier than in the
forested sites. This fact must be taken into account when designing snow course networks
and the subsequent mapping of the data.

Using detailed snow course descriptions, where available, and drawing on the personal
knowledge of the FFC staff, the snow cover network was divided into three separate vegeta-
tion classes - forest, open and split. The class designated split includes snow courses
that are partly forested and partly open such as courses which traverse an electric power
transmission line.

Vegetation cover characteristics for the Saint John River Basin were available for
the 10 km by 10 km UTM (Universal Transverse Mercator) grid system (Saint John River Basin
Board Report No. 2, 1973). Information available for each grid included the percentage
cover of sea, lake, forest, swamp, and open areas. For this study the swamp and open
areas were treated as one class under the '"open'" designation. Both the sea and lake areas
were excluded from any analyses.

Snow water equivalents for each vegetation class were estimated for each grid cell
using one of the mapping techniques described in the next section. An average value for
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each grid cell was calculated by weighting the vegetation class estimates by their
respective areas. Sub-basin averages were then calculated from the averaged grid cell
snow water equivalents.

SNOW COVER MAPPING

In large basins like the Saint John River Basin, snow courses may essentially be
considered as point data. Some form of interpolation scheme is necessary to extrapolate
the information over the basin for calculation of the spatial averages for each sub-basin
required by the flood forecasting model. The interpolation may be done manually by a
skilled technician using conventional isoline analysis or it may be done by computer using
one of a number of objective techniques. Three techniques were chosen as readily adapt-
able to the type of data under study: trend surface analysis, multiple regression analysis
and nearest neighbour, or proximity analysis. These techniques were applied to the snow
course data for each survey date. No attempt was made to generalize the relationships
between snow cover and the physiographic data. Each survey date was treated as a unique
event. Since it is not the purpose of this report to compare the techniques per se, they
are only briefly outlined below. Further information may be obtained from Davis (1973)
and Davis and McCullough (1975).

a) OPERATIONAL SNOW COURSE MAPPING

The various agencies in Maine, Quebec, and New Brunswick which collect snow course
information send itby telephone to the Fredericton Flood Forecast Centre within several
days of the survey dates. These data are coded onto cards and are analyzed by computer
to calculate the following: the mean density of the snow along the survey: the length of
the record averages (referred to as 'mormals™) of snow water equivalent. snow depth and
snow density; and the current data as a percentage of the "normal'". Using selected long
duration stations, mean snow water equivalent is calculated for the upper portion (above
Beechwood) and the lower portion of the Saint John River Basin. Employing a shaded topo-
graphic underlay, an isoline map of snow water equivalent is prepared and the average
for each sub-basin is estimated by eye. An isoline map of the percent of normal data
is also prepared but without the use of the shaded topographic underlay. Since 1974 the
U.S. National Environmental Satellite Service (NESS) has provided the Fredericton Flood
Forecast Centre with snow line maps derived from NOAA satellite imagery. These maps
were used as as an aid in evaluating the distribution of snow in data sparse areas
especially late in the season as the snowline generally recedes to the north-west.

It is important to note that it is difficult to integrate subjectively the effects
both of elevation and of cover type on the distribution of the snow course data. Since
all data are given equal weight, open snow courses, which tend to have less snow and lose
it more quickly, will distort the maps. Split snow courses are often used as a compromise.,
but the data should be reported separately for the forest and open segments of the course.
The cover type of the snow courses assigned to each sub-basin during the mapping pro-
cedure should reflect the vegetation distribution within the sub-basin.

b) TREND SURFACE

Trend surface analysis assumes that the value of the mapped variable at a point in
space can be segregated into a regional component and a residual component. The regional
component results from large scale processes whereas the residual component is presumed

to result from local factors affecting the variable being analysed.

The general form of the trend surface is as follows:

Y., = f(x, . + u 1
L= EGy, y ) sy (1)
where Yi = the observed value of the surface at the ith snow course

X, = the x-axis coordinate of the ith snow course
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y. = the y-axis coordinate of the ith snow course
u, = the residual at the ith snow course

= some function which describes the spatial distribution of Y

+y

A polynomial function of the form:

£lx,y) = (x; + yi)“ (2)

where n = the degree of the polynomial (limited to the range 1 to 5)
was solved using the least square criteria to minimize the deviations giving

2 2
Y = bo + b1 X + b2y + b3 X+ b4y + bsxy (3)

where Y = the estimated trend surface value

bO to b_ are the least squares coefficients in this case for a polynomial of
degree n = 2

Once the coefficients are known the trend surface estimates of snow water equivalent for
each grid cell can be calculated from its x and y coordinates.

¢) MULTIPLE REGRESSION

In a similar manner the more familiar multiple regression analysis was applied to the
snow course data set. The effect of elevation on the spatial distribution of snow course
data was examined by including it as an independent variable available for selection by the
step-wise multiple regression program.

The resulting equations were of the form:

Y = bo + b1 X + b2 vV o+ b3 E (4)

where E = elevation of the snow course
bO to b3 are the multiple regression coefficients

The squares and cubes of x, y and E were also included as independent variables in the
multiple regression analysis. A second regression analysis was also done using the cross
products of the independent variables (i.e. x.y, x.E and y.E) instead of the squares and
cubes. The step-wise multiple regression program only included the most significant para-
meters in the final equation. Estimates of snow water equivalent for each grid cell were
calculated using the x and y coordinates of the grid cell and its average elevation.

d) PROXIMITY ANALYSIS
In the proximity analysis, the snow water equivalent for each grid cell was calculated

as the average of the nearby snow courses weighted by the distance of the snow course from
the centre of the grid cell.

i=1 ~ (5)

23



where Y = snow water equivalent of the nth grid

n
Si = snow water equivalent of the ith snow course

-~k . . . .

di = distance from grid n to snow course i raised to the power -k

j = the number of nearby stations used to calculate the average for the grid

SUB-BASIN AVERAGES

In addition to distributing the point snow course data over space by one of the
previously described techniques, it is necessary to calculate sub-basin averages of snow
water equivalent. A separate program, SNOSUB, which uses either gridded data from the
trend surface program or the proximity analysis program or the multiple regression
equation, maps the snow water equivalent for each grid cell separately by cover type. A
weighted average snow water equivalent value for each cell is calculated using the area
of each cover type in the cell. Up to four vegetation classes may be mapped in this way
to determine the weighted average for the grid cell. Each grid, or a percentage thereof,
is assigned to a sub-~basin in order to calculate the sub-basin averages of the distributed
snow course data. A composite map of the weighted grid cell data is printed along with
the sub-basin averages of snow water equivalent and its corresponding volume.

COMPARISON OF TECHNIQUES

From the snow course information encoded on cards by the FFC, snow water equivalents
were abstracted for 62 snow courses: 42 Forest, 12 Open and 8 Split. The three computerized
distribution techniques were applied to all 62 snow courses as one data set and the sub-
basin averages were compared to the '"eye-ball' estimates supplied by the FFC. Although
the FFC estimates are used as the control in this study, they are not considered to be
the '"true" or even best estimates of snow water equivalent in each sub-basin. Unfortu-
nately there is no direct test to determine which technique is best. These techniques were
also applied separately to the forest and open snow course data sets and the distributions
were combined using SNOSUB to calculate sub-basin averages. Although this latter approach
is not expected to reproduce the FFC sub-basin averages, the results are compared to the
FFC values in order to evaluate the differences arising from the segregation of snow
courses into vegetation classes.

a) SNOW COVER DISTRIBUTION WITH UNCLASSIFIED SNOW COURSES

Seven snow survey dates from 1977 were selected to test the three techniques because
of their completeness relative to the 1976, 1978 and 1979 data sets. Each technique was
applied separately to the data from each snow survey date. As Table 2 indicates, there is
very little difference between the trend surface analysis and the multiple regression
analysis in terms of the correlation coefficients (r) or the standard errors. The third
degree trend surfaces (n = 3, Equation 2) are marginally better than the multiple regres-
sion surfaces. No comparable statistics are available for the proximity analysis.

Two dates in 1977 are examined in greater detail: March 15 was selected as
representative of the time when snow water equivalent is near its maximum in the basin;
and April 30 as severe test of the techniques when snow water equivalent is at its lowest
value, snow cover is patchy, and often many snow courses fail to report. Unfortunately,
snow water equivalent maps from the FFC were not available for visual comparison for the
1977 period.

For the March 15 period, the maps produced by all three techniques are very similar
(Figure 3) with some minor differences. In the north west corner of the basin both the
trend surface and multiple regression techniques tend to overestimate some of the grid
cell values by 50-100 mm when compared to the proximity estimates. Along the Bay of
Fundy the trend surface seems to reflect better the expected snow distribution in the
highland areas. Both of these areas are data sparse and the seemingly better map produced
by the trend surface may be fortuitous.
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Table 2

. Correlation coefficients (r) and standard errors (s.e.) for the multiple
regression equations and trend surfaces generated from the 1977 snow water
equivalent data combined data set (FOREST +0PEN +SPLIT).

a) Multiple Regression

Date r s.e. Parameters

31 Jan 0.84 41 X,%.¥,X.E,x

15 Feb 0.86 43 YsX.¥,X.E,x !
28 Feb 0.87 48 ¥yX.¥,X.E

15 Mar .83 52 YiXe¥,%,X.E

31 Mar 0.81. 55 ¥,X.E

15 Apr 0.78 73 y,x.E

30 Apr 0.84 46 x.E,y,y.E

b) Trend Surface

FIRST DEGREE SECOND DEGREE THIRD DEGREE
Date r B.8. T 8.é. T B.e.
31 Jan 0.81 43 0.84 39 0.86 36
15 Feb 0.84 44 0.86 40 0.91 32
28 Feb 0.86 48 0.86 . 46 0.91 37
15 Mar 0.77 56 0.83 49 0.86 45
31 Mar 0.80 55 0.81 53 0.87 45
15 Apr 0.77 72 0.80 67 0.85 60
30 Apr 0.74 54 6.79 49 0.83 45

The snow water equivalent maps produced for the end of April are more dissimilar
and reflect how well the three techniques cope with missing data (Figure 4). The number
of snow courses reporting in April was reduced to 38 from the 55 which reported for the
March 15 period. The snow courses which are most frequently missing are those in Maine
along the Aroostook and the ones in New Brunswick east of the basin. Although the
correlation coefficients and standard errors are virtually identical for the multiple
regression and trend surface analyses, the multiple regression map better reflects the
data in Figure 4. The trend surface map shows larger values than the multiple regression
map in the area north of Fredericton to Perth-Andover and in the area north-east of Sussex.
The proximity analysis tends to produce a smooth surface when six snow courses are used
(j = 6, k = 2 in Equation 5) to calculate the value for each grid. This tends to produce
small, but non-zero values, for grids even through the nearest snow course station may

indicate no snow.

When comparing the sub-basin averages prodiced by computer interpolation with the
FFC estimates for all snow survey dates in 1977 (Table 3), the trend surface and proximity
techniques seem to simulate better the manual isoline analysis than does the multiple
regression approach. The multiple regression technique, produces similar sub-basin esti-
mates of snow water equivalent to the trend or proximity techniques for very high water
values around 400 mm but consistently exceeds the FFC estimates at lower snow water
equivalents. Since the number of snow courses reporting in each snow survey period varies,
the comparisons given in Table 3 should be considered as a guide only.

Considering the more limited data set used to produce the computerized maps, and
considering the lack of other aids, such as satellite derived snow-~line maps or first hand
knowledge to massage the data, it is encouraging that these techniques performed as well
as they did. The effort required to produce the sub-basin averages for the flood forecast
model would be considerably reduced if one of these computerized techniques were to be

adopted operationally.
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Table 3

Sub-basin averages of snow water equivalent derived from trend surface,
multiple regression and proximity analysis are compared using linear
regression to the FFC sub-basin estimates obtained from isoline analysis
for all snow survey pericds in the years 1976 to 1977.

Model Intercept Slope Correlation Standard
mm Coefficient Error

Trend
Surface (3)* 13.3 0.99 0.96 33
Multiple
Regression 56.4 0.89 0.89 54
Proximity
Analysis (3)** 11.8 1.00 0.94 39
Proximity
Analysis (6) 7.4 1.02 0.95 35

* Third degree trend surface

%%  Brackets indicate the number of nearest snow courses used

SAINT JOHN RIVER BASIN
_ ~ -

Figure 4 Snow course data for 30 April, 1977. The data given ave in mm
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Table &

Correlation coefficients (r) and standard errors (s.e) for the multiple
regression equations and trend surfaces generated from the 1977 snow water
equivalent data classified by vegetation type - FOREST and OPEN,

a) Multiple Regression

FOREST OPEN

Date r s.e, Parameters 4 s.e. Parameters
31 Jan  0.89 26 v.E,E,x.y 0,88 46 y,x,E2
15Feb  0.90 31 y.E,E, 0.88 45 y,x,E?

28 Feb  0.88 41 y.E,E 0,92 51 y,x,E

15 Mar 0,79 47 ¥,¥.E,E 0.92 46  x,y

31 Mar 0.84 46 y,¥.E,E 0.92 49 %,y¥.E,x.E
15 apr  0.74 75 y,x.E 0.91 54 y,x,El

30 Apr 0.89 41 x.E,y 0.88 50 VeX

b) Trend Surface

FOREST "~ OPEN
Date r s.e, Degteé T s.e. Degree
31 Jan  0.86 28 3 0.86 40 1
15 Feb 0.90 29 3 0.85 40 1
28 Fedb 0.90 35 3 0.91 42 1
15 Mar  0.82 42 3 0.93 38 1
31 Mar 0,87 39 3 0.84 53 1
15 Apr  0.86 54 3 0.88 52 1
30 Apr  0.87 40 3 0.89 37 1

b) SNOW COVER DISTRIBUTION WITH CLASSIFIED SNOW COURSES

Segregating the snow courses into forest and open vegetation classes gives a slight
increase in the correlation coefficients for both the trend surface and the multiple
regression analysis (Table 4). Snow water equivalent maps for the forest and open cover
classes are given in Figure 5 and 6 for March 15 and April 30, respectively. Each of the
three computer techniques produces essentially similar distributions for the forest cover
type in the upper part of the basin. The major difference in the forest distribution is
along the Bay of Fundy where the trend surface values overestimate the others by 125 to
150 mm. With respect to the open class the trend surface over-estimates the other
techniques by a similar amount in the northwestern part of the basin. Both the trend
surface and the multiple regression maps exhibit a strong gradient, with snow water
equivalent values decreasing to the south-east more rapdily than might be realistic. This
is rather hard to confirm since there are no open snow courses south of Fredericton and
Royal Road, both of which indicate snow water equivalents around 100 mm.

Differences between the three techniques are more apparent in the maps for April
30 (Figure 6). Both the trend surface and multiple regression surface forest maps indicate
that, in the north central part of the basin from Ashland to Edmunston, the grid values
are underestimated (see input data mapped in Figure 4). The trend surface over-estimates
along the northern border of the basin and it is especially serious in the Sussex area.
This problem results from the distribution of missing stations in the northeast area.

The decision as to which interpolation technique to use depends to a large extent
on the spatial distribution of the input data. The proximity analysis will cope with
missing data without grossly distorting the distribution surface. It does so by extend-
ing the influence of each snow course over a much larger area. There will still be a
tendency to over-estimate late in the season since snow courses with little or no snow
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Table 5

Sub-basin averages of snow water equivalent, weighted by the area of
forest and open area in each sub~basin are compared through linear regression to
the FFC sub-basin averages derived from isoline analysis.for four survey dates
in March and April, 1977. The type of analysis applied to the forest and open
data sets are indicated in brackets.

Model Intercept Slope Correlation Standard
om Coefficient Error

Forest - (TR) 39.6 1.02 0.93 42
Open - (TR)
Forest - (MR) 16.7 0.97 0.95 37
Open =~ (MR) .
Forest - (PR3) ~11.0 1,09 0.94 40
Open - (PR3)
Forest - (PR6) 1.0 1.03 0.92 44
Open -~ (PR6)
Forest - (TR) 13.3 1.02 0.93 43
Open - (PR3)
Forest - (TR) -27.6 1.03 0.93 43
Open  ~ {(PR6)

TR 3rd degree trend surface

MR - multiple regression

o

x

w
i

proximity analysis with 3 nearest neighbour and the inverse of the
distance cubed :

PRo - proximity analysis with 6 nearest neighbour and the inversc - of the
distance squared

are probably the ones that fail to report thereby extending the influence of the northern
snow courses to the southern part of the basin. However without an adequate spatial dis-
tribution of snow courses, both the trend surface and multiple regression surfaces can
become seriously distorted outside the boundaries defined by the reporting network. This
problem can occur with the open class network throughout the flood forecasting season
(due to its limited size) and to the forest class network near the end of the flood fore-~
cast season, due largely to stations failing to report. It is for precisely this reason
that the program SNOSUB does not require the same interpolation technique to be applied
to each vegetation class. As Table 5 indicates the multiple regression technique when
applied to both vegetation classes is marginally better at reproducing the FFC isoline
estimates. Because the forest class is the dominant vegetation class in terms of areal
coverage and because of the limited number and distribution of the open snow courses, the
success of any of the interpolation techniques, when compared to the FFC isoline sub-
basin estimates of snow water equivalent, is determined by the distribution of reporting
snow courses. This can be confirmed by comparing the distribution of "forest'" snow water
equivalent in Figure 5 and 6 with the corresponding distributions produced by combining
the areally weighted .forest and open grid values given in Figure 7 to 12.

Analysis of the remaining snow course data, 1976 to 1979, was restricted to the
proximity analysis which was applied separately to the forest and open data sets and to
the trend surface which was applied only to the forest data set. Sub-basin averages were
calculated in two ways: a) the forest and open proximity distributions were combined using
SNOSUB and b) the forest trend surface distributions and the open proximity distributions

~were combined using SNOSUB. The proximity analysis was chosen because, conceptually, it
more closely resembled the FFC isoline analysis. The trend surface technique was only
applied to the forest data set because of the limitations of the open network discussed
previously. Of the two, the trend surface technique is the preferred since it filters out
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the '"noise' in the data set; that is, the deviation of individual snow courses from the
regional trend is considered to be due to some local influence.

Two parts of adjacent sub-basins were selected to compare the FFC estimates of mean
snow water equivalents derived from isoline maps with those derived from the two pre-
viously discussed objective techniques. One sub-basin of each pair is predominantly
forested whereas the other contains a significant amount of open areas. Sub-basins #3
and #5 are in the north-western part of the Saint John River Basin in the State of Maine
(Figure 13). Sub-basin #3 is in an area previously identified (Trivett and Waterman,
1980) as one with few snow courses due to its inaccessability. Sub-basins #17 and #20
are in the central part of the basin. Sub-basin #20 also borders a very large data
sparse area.
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Figure 13 "0ld" Saint John Basin FFC Sub-Basins

"It is worth noting here that, whereas the operator producing the isoline map may
draw upon secondary sources, such as snow cover maps derived from satellite data
(Schneider, 1977) or personal knowledge, to complement his snow course data base, the
proximity analysis extends the area of influence of the nearest reporting snow courses
to cover the data sparse area. The trend surface on the other hand uses the regional
trend to extrapolate into the data sparse area. When the data sparse area occurs near
the boundaries defined by the reporting network, all three of the above techniques can
lead to serious errors in the estimates of snow water equivalent for the nearby sub-
basins.

As expected both the trend surface and proximity techniques tend to underestimate
the FFC sow water equivalent estimates in the "open'" sub-basin #5 and #20 (Figures 14
and 15) and to deplete the snow in these sub-basins sooner. This observation supports
the proposal to segregate snow courses according to cover type before mapping. With
some notable exceptions the snow water equivalent estimates from the proximity analysis
agree more closely with the FFC estimates, whereas those from the trend surface
analysis tend to underestimate the FFC values. These exceptions occurred primarily in
years 1976 and 1979 and can be traced to two possible sources of error. Firstly, for
snow survey periods where the reporting network is reduced in number and, in particular,
where the missing stations are mainly in one segment of the basin, the trend surface
may become seriously distorted, especially near the boundaries of the basin. The proxi-
mity analysis will extend the 'area of influence' of the reporting stations far beyond
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Figure 14 Comparison of FFC isoline Figure 15 Comparison of FFC isoline

sub-basin averages of snow water sub-basin averages of snow water
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what could feasibly be considered "representative™. Secondly, in cases where the FFC
isoline map exhibits large gradients over short distances (see Figure 16). it is very
difficult to estimate the sub-basin averages by eye.

SUMMARY

The division of snow courses into vegetation classes is considered to be essential.
Figure 2 clearly indicates the problems that will arise if vegetation cover is not taken
into account. To do so using the manual isoline analysis would require a level of
mapping skills possessed by few people. Snow courses classified as SPLIT should have
the data for their open and forest segments reported separately.

The trend surface analysis shows considerable promise as a mapping tool. It is
easily implemented and the products are easily interpreted by the operational hydrologist.
It is especially suited to snow survey data considering the problems in selecting the
snow survey location and its '"'representativeness™ of the surrounding area.

Both the multiple regression and the proximity analysis place more emphasis on the

individual survey points and for that reason are less suitable for mapping snow course
data.
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Regardless of the mapping technique used it is essential that the input data not be
geographically biased; that is to say, that the location of snow survey sites be uni-
formly, though not necessarily regularly, distributed over the basin. It is also
important that there be sufficient snow survey sites outside the basin boundaries to
allow the snow water equivalents to be correctly mapped to the basin boundaries.

As might be expected the major problem in using any computerized mapping technique
occurs in the late spring when snow cover is patchy. Accordingly, the next major step
in this study will be the incorporation of snow cover from satellite information into
the grid system. Since the FFC is already distributing temperature and precipitation
on a grid basis (Trivett, 1977) to calculate sub-basin averages, it would now seem
feasible to incorporate a snowfall/snowmelt procedure to update the snow water equivalents
between survey periods.
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