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Abstract 

This report describes a method currently being used to 
produce accumulat ion, ablat ion, and net balance maps as 
part of the mass balance studies on selected glaciers in 
Western Canada. The method uses associations between 
snow depth and terrain geometry to extrapolate the 
measurements made at sampl ing locations to unvisi ted 
parts of the glacier. The grid square technique has proved 
very efficient for computer manipulat ion of data bases and 
for calculations and tabulat ions of results. The rationale 
behind the method and instructions for implementat ion, 
including a program l ist ing, are presented. A l though the 
system has been developed for Canadian Cordi l leran 
condit ions, the approach could be used with equal success 
on glaciers with substantial ly different surface geometry 
characteristics. 

Resume 

Le present rapport traite d 'une methode qui sert 
actuel lement a etablir des cartes de I 'accumulation, de 
I'ablation et du bilan glaciaire, dans le cadre d e l u d e s du 
bilan matiere de quelques glaciers choisis de I'Ouest du 
Canada. La methode utilise les relations etablies entre 
I'epaisseur de la neige et la configurat ion du terrain pour 
extrapoler pour les parties du glacier qui n'ont pas ete 
etudiees les resultats des mesures effectuees aux points 
d 'echant i l lonnage. L'uti l isation d 'un gri l lage a donne de 
tres bons resultats lors de l 'uti l isation par ordinateur des 
banques de donnees, ainsi que pour le calcul et la mise en 
tableaux des resultats. Le rapport expl ique egalement les 
pr inc ipes de la m e t h o d e et donne des ins t ruc t ions 
concernant son u t i l i sa t ion, y compr i s I 'enonce d ' u n 
programme. La methode a ete mise au point pour les 
condit ions qui prevalent dans la Cordi l lere du Canada, 
mais elle peut servir avec les memes avantages sur des 
glaciers tres differents pour leur geometr ie de surface. 
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An Approach to Glacier Mass-Balance Analysis Utilizing 
Terrain Characterization 

Gordon J . Young 

INTRODUCTION 

Dur ing the per iod 1 9 6 5 - 1 9 7 4 , the G lac io logy 
Division, Inland Waters Directorate, Environment Canada, 
has conducted glacier mass-ba lance studies on five 
International Hydrological Decade (I.H.D.) representative 
basins located on an east -west transect through southern 
Alberta and British Co lumbia (Figure 1). General outl ines 
of the work carried out on these glaciers have been 
provided by Ostrem ( 1 9 6 6 ) , U k e n (1970 ) and Stanley 
( 1 9 7 0 , 1 9 7 1 ) . 

B R I T I S H 

Figure 1. Location of glaciers: Sentinel, Place, Woolsey, Peyto 
and Ram. 

The purpose of this paper is to describe a largely 
automated system for reducing the snow accumulat ion 
and ablation measurements to a readily understandable 
mapped and tabulated form. 

B A C K G R O U N D INFORMATION 

Characteristics of the Glaciers Studied 

It can be seen from Table 1 and Figure 2 that there is 
considerable variety wi th in this group of five glaciers. The 
var iety inc ludes: (a) m e a n e levat ion and range in 

elevation above sea level ; (b) mean surface slope; (c) size, 
al though no large glacier is inc luded; and (d) regime. 
Compared with the eastern glaciers, the west coast 
glaciers are more dynamic wi th larger winter accumu la ­
tions and larger summer melts. It should be noted that 
whi le there is considerable variety wi th in the group of 
glaciers, all are smal l , a lpine, val ley glaciers lying in 
temperate latitudes; there are no icecaps represented. 
Cau t ion shou ld therefore be used in app l y i ng the 
methodology out l ined in this paper to glaciers wh ich are 
very different in size, shape and regime from the glaciers 
unders tudy. 

Nature of the Data 

Identical programs of measurement were conducted in 
all glacier basins during the I.H.D. The procedures have 
been described in detail in the manual by Ostrem and 
Stanley (1969 ) . A brief s u m m a r y is g iven here regarding 
the collection of data relating to snow accumulat ion and 
ablat ion. 

Sampling Network 

A network of stakes was establ ished and maintained 
on each glacier. A typical sampl ing network is shown for 
Peyto Glacier in Figure 3 . The stake networks were 
establ ished in a manner as objective as possible, all major 

PLACE WOOLSEY PETTO 

IKO-

AREA (km*) 

Figure 2. Area/altitude curves for Sentinel, Place, Woolsey, 
Peyto and Ram glaciers. 
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Table 1. Comparison of glaciers. 

Sentinel Place Woolsey Peyto Ram 

Area of glacier (km )̂ 2.03 4.01 3.92 13.40 1.80 

Highest elevation 
(meters a .s . l . ) 2100 2543 2640 3185 2990 

Lowest elevation 
(meters a . s . l . ) 1548 1828 1930 2125 2565 

Mean slope of 
surface (degrees) 15.7 10.5 17.5 12.9 13.5 

Mean azimuth of 
surface (degrees) 333 5 22 33 10 

Mean net winter 
accumulation 
(m̂  X 10̂  w.e.) 6.84** 7.90** 9.85* 19.71*** 1.67* 

Mean specific accumula­
tion (meters of w.e.) 3.37** 1.97** 2.52* 1.47*** 0.93* 

Mean net sununer loss 
(m̂  X 10̂  w.e.) 6.92** 10.09** 11.97* 28.11*** 2.61* 

Mean specific net loss 
(meters of w.e.) 3.41** 2.52** 3.05* 2.30*** 1.45* 

* Mean 1966-70 ** Mean 1966-71 *** Mean 1966-72 

Table 2. An example of a stake observation form (Peyto Glacier, 1970, stake 90). 

Date Top to: 
Snow Ice 

cm 

Snow 
Sound Calc. Dens. W.eq. Check 

Difference 
Super ice Snow 

cm w.eq. cm 
Ice 

w.eq. 
Abl. 

Cum. 
acc. 

W.eq. 
Abl. 

Net 
w.eq. 

13 5 33 241 0.41 99 274 •f 99 
23 5 49 226 0.45 102 274 3 3 +102 
31 5 66 214 0.45 96 280 6 6 3 + 96 
7 6 105 164 0.50 82 269 5 4 14 10 13 * 86 

15 6 158 121 0.49 59 279 23 4 27 40 + 59 
1 7 229 46 0.50 23 36 36 76 + 23 

15 7 354 23 80 72 95 171 - 72 
31 7 lost readings inferred from 78 70 70 241 -142 

stake 99. 
241 -142 

31 7 230 
1 8 234 4 4 4 245 . -146 
2 8 240 6 5 5 250 -151 
4 8 260 20 18 18 268 -169 
5 8 265 5 5 5 273 -174 
6 8 273 8 7 7 280 -181 

11 8 295 22 20 20 300 -201 
21 8 335 40 36 36 336 -237 
25 8 359 24 22 22 358 -259 
6 9 400 41 37 37 395 -296 



Figure 3. Peyto Glacier - Stalce locations in 1970. Note: Maximum movement is about 10 m yr' ; therefore, these 
positions are all correct to within +50 m over the I.H.D. period. 

areasof a glacier being sampled evenly. It should be noted, 
however, that on many glaciers large parts of the surface 
are heavily crevassed or very steep, causing restricted 
accessibility. A simple map of accessibility for Peyto 
Glacier is shown in Figure 4. 

Surveys 

Measurements of snow depth and/or amounts of melt 
were made at all stakes throughout each melt season. The 
interval between successive surveys varied from glacier to 

glacier from once every 10 days to once every month. At 
each survey, snow depth was measured at each stake 
location and mean snowpack density was measured at two 
or three pit locations on the glacier. An example of a typical 
stake observation form is shown in Table 2 . The accuracy 
of snow depth readings and melt measurements at stakes 
can vary considerably from one glacier to another. On 
Peyto, Ram and Place glaciers, where snowfall is relatively 
light, the overall accuracy of snow depth soundings is 
high, i.e. ± 2 0 cm in the most difficult parts of the 
accumulation area. There are very few places on these 
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Blank - Easy access at all times. 

m - Crevasse or avalanche danger, 

g - Access dangerous or iji^xjssible at all times. 

Figure 4. Peyto Glacier - Accessibility over the glacier surface. 

glaciers where the measurement wou ld be grossly in error. 
O n Sentinel and Woolsey glaciers, however, where snow 
depths can be much greater, errors are likely to be larger, 
especial ly in the accumulat ion areas of the glaciers where 
the f i rn /new snow contact is often indistinct. On these 
glaciers, with snow depths of up to 10 m, inaccuracies in 
snow depth measurement of as much as 1 m may occur. 
During the surveys of spr ing accumulat ion, addit ional 
depth soundings were taken between stake locations to 
produce accumulat ion maps by the standard method. 

Standard Method of Data Reduction 

Maps have been produced and tabulat ions made for 
surveys taken at the end of the accumulat ion and ablation 
periods. The maps of winter accumulat ion and summer 
ablation (and net annual balance as the combinat ion of the 
two) are p roduced as fo l lows. M e a n pack dens i ty 
measurements are assumed to be val id for large areas 
surrounding the density pits; these values are appl ied to 
the snow depth values at stake locations to give water 
equivalent values. The snow water equivalent values at 
stake locations are then plotted on a base map after wh ich 
isolines of water equivalent are drawn in by hand. 
Tabulat ions of specific water equivalent within 1 0 0 - m • 

altitude zones are derived from the map by planimetry, 
and graphs of water vo lume variation wi th altitude are 
produced. 

In summary, the standard method is subject to three 
main problems, which vary in their relative importance 
from one glacier to another: (1) the difficulties in making 
depth and density measurements at specif ic locations; 
(2) the sampl ing problem of how many measurements to 
make and exactly where to make them; (3) the difficulties 
associated with interpolation from the measur ing sites to 
unvisited parts of the glaciers. 

The new method, descr ibed below, is still subject to the 
l imitations of the first two problems, but the mapping and 
tabulation procedure is substant ial ly different. 

A NEW AUTOMATED METHOD FOR ANALYZING 
MASS BALANCE DATA 

Basic Principles 

Background to the Method 

The assumption basic to the method is that wi th in a 
given watershed or research area, spatial variations in the 
extent and character of the snowpack and variations in the 
rate of change of the snowpack from place to place are 
associated with the geometry or shape characteristics of 
the underly ing surface. 

The idea that there are associations between terrain 
variables and snow amounts is not a new one. Me iman 
(1 968 ) has provided a comprehensive review of the North 
Amer ican literature concern ing these associations. Of 
particular relevance here are papers by Mixsel l ef al. 
( 1951 ) , Grant and Schleusener ( 1 9 6 1 ) , Leaf (1962 ) , 
Court ( 1963 ) , Anderson and Wes t ( 1965 ) , Curry and 
M a n n (1 965 ) and Gary and Col tharp (1 9 6 7 ) . Papers by 
Salamin (1961) and Mart inel l i (1 9 6 5 ) are also relevant, 
al though not listed by M e i m a n . Several studies of polar 
regions have considered the inf luence of topography on 
snow accumulat ion and melt. The Antarct ic was the 
research area for Rubin and Giovinetto ( 1962 ) , Black 
and Budd (1964) and Gow and Rowland (1965 ) . 
Potter ( 1 9 5 8 , 1 9 6 5 ) , Jackson (1960 ) , and Benson 
(1967 ) deal with general Arct ic subjects, whi le Corbel 
( 1 9 5 8 ) , H a t t e r s l e y - S m i t h ( 1 9 6 0 ) , Long ley ( 1 9 6 0 ) , 
MiJIIer ef a/. (1 9 6 3 ) , A rno ld (1965 ) and Mock (1968) 
perform more detailed studies. Langbein (1 965 ) e m p h a ­
sizes the potential uses of terrain variables as estimators of 
hydro log ica l var iab les . S o m e of the most advanced 
analysis in this field has been done by H.W. Anderson 
(1968 ) . 
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Al l the investigators ment ioned so far have been 
concerned, in either a quanti tat ive or descript ive way, with 
associations between snow amount and terrain variables. 
In particular, they have stressed the increase in snow 
depth with altitude. Wh i l e there have been many attempts 
to show links between terrain shape and snow amount , 
relatively few studies have gone one step further to use the 
associations to estimate or predict amounts of accumu la ­
tion or melt for areas wh ich cannot be visi ted. 

Empir ical and semi -empi r ica l formulae have been 
developed by the U . S . A r m y Corps of Engineers (1 9 5 6 , 
1 9 6 0 ) . The Stanford watershed studies (Anderson and 
Crawford, 1 9 6 4 ; and Crawford and Linsley, 1 9 6 6 ) and 
the study by E. A . Anderson (1 9 6 8 ) have used an energy 
ba lance equat ion app roach for snowme l t p rocesses. 
Range in elevation and s imple exposure to solar radiation 
indices are used to modify energy income over a basin. 
Hendrick (1971) has shown how an area can be classif ied 
by forest type, by slope and aspect and by elevation so that 
general principles of snowmel t can be deduced; but 
quantitative estimates of snowmel t at unvisited locations 
are not made. 

So lomon ef al. ( 1 9 6 8 ) and Pent land and Cuthbert 
( 1971 ) have used basically the same approach as is taken 
in the research presented here, but have considered a 
sl ightly different problem. In some river basins in Eastern 
Canada, data were available on river discharge. In all 
basins, drainage basin characterist ics (e.g. size, amount 
of forest cover, area of lakes, etc.) could be obtained from 
topographic maps. By associat ing discharge with basin 
characteristics within monitored basins and by apply ing 
the associations to unvisi ted basins, for wh ich only basin 
characteristics were known, discharge could be simulated 
over very large areas. Gr ind ley (1 9 7 0 ) has used a similar 
me thod for es t imat ing and m a p p i n g evapora t ion in 
Britain. 

The phys ics of the processes invo lved in snow 
accumulat ion and ablation are complex. The amount and 
character of the snowpack at any particular location are 
associated with such terrain variables as alt i tude, slope 
angle, slope azimuth, local relief of the surface, forest 
characteristics and so on at that location. Variat ion in 
snowpack character from place to place is associated wi th 
variation in the surface geometry parameters. The nature 
of the association is usual ly complex and the main 
problems in elucidating it are l inked strongly wi th : 

(1) being able to measure the snowpack characteristics 
accurately at wel l - chosen sampl ing locations; 

(2) being able to choose signif icant and measurable 
surface geometry parameters; 

(3) the assumption that processes of accumulat ion and 
ablation are the same or at least very similar over the 
entire research area. 

Description of the Method 

It was found in the many s tud ies quoted by 
Me iman (1968 ) that st rong associat ions exist between 
snow depth and alt i tude. If wi th in the research area 
sampl ing locations are chosen and snow depth measure­
ments made, then alt itude versus snow depth can be 
plotted and an associative equation can be derived wh ich 
has the form 

Snow depth = a + b. alt i tude 

where a and b are constants. 

This equation can then be appl ied to any altitude within 
the research area and so estimates of snow depth at all 
altitudes can be made. In v iew of this relationship and the 
conclusions which could be derived from it, the fol lowing 
points deserve special considerat ion: 

1. It has been assumed that there is a linear relat ion­
ship between the two variables. A curvi l inear or 
much more complex relationship might be nearer 
the truth. A l though some studies have indicated 
that snow depth may decrease with altitude above a 
critical elevation, there is no evidence that this is so 
on the glaciers under study. 

2 . The sampl ing points must be representative of their 
respective altitude zones. 

3 . The altitudes of the sampl ing points wi th in the 
research area must be wel l chosen. If the range in 
altitude within the area is great and if the difference 
in altitude between sampl ing points is sma l l— 
especial ly if sampl ing points are either low down or 
high up within the area—extrapolat ion below the 
altitude of the lowest point or above the altitude of 
the highest point may produce highly erroneous 
results. 

4 . Great importance must be attached to the accuracy 
of the measurements of snow depth (or water 
equivalent, whichever is being considered) at the 
sampl ing points. 

More variables than alt itude alone may be introduced 
into the equation to explain snow condit ions. Therefore, 
snow depth might be expla ined as a function of altitude, 
slope angle, local relief, etc. A g a i n , mult iple linear or more 
compl icated mult iple curvi l inear relationships can be 
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assumed. There can be sampl ing bias, measurement 
inaccuracy and the problems associated with extrapolation 
too. If orthogonality cannot be assumed for the variables, 
transformation of the variables themselves may have to be 
performed before the associative equat ions are generated. 
Conf idence in the results, if means and variances are being 
calculated directly from the samples, is inf luenced by the 
type of sampl ing network and the extent to wh ich the 
sampl ing distributions of variables approach the normal 
frequency distr ibution. 

A n associative equation is, then, generated for a 
particular t ime and for the sampl ing locations wi th in the 
research area under d iscussion. In the equation snow 
character (the measure usual ly being water equivalent) is 
l inked to the surface geometry parameters. 

The same surface geomet ry parameters are a lso 
calculated for all points on a square grid covering the entire 
research area. These parameters do not change through 
t ime unless the terrain itself is chang ing quickly relative to 
the t ime difference involved, wh ich is an unusual case. The 
associative equation can then be successively appl ied to 
each point on the square grid and values or estimates of 
snow amounts returned. Once these values are known, 
they can be mapped (the square gr id, as pointed bu l by 
Solomon etal., 1 9 6 8 , being very suitable in this regard), 
or total volumes or mean depths can be calculated for any 
given zone within the research area. 

Summary 

The method outl ined above consists of two distinct 
phases: 

The description of the surface geometry of the 
glacier. 

A program wh ich (a) l inks accumulat ion or ablation 
amounts at point locations to glacier geometry at 
those locations and (b) uses the associations so 
p roduced to make maps and tab les of snow 
amounts. 

These two phases are descr ibed below. 

1. 

2. 

Description of Glacier Surface Shape 

Geometry Measures 

A program has been wr i t ten by the author 
(Young, 1973) to describe the shape of the surface at a 
regular array of points wi th in a basin. A square grid 
(Universal Transverse Mercator) wi th a grid interval of 

1 0 0 m is laid over a map of the basin, and altitudes at grid 
intersections are read and stored. These altitudes are used 
in the generation of surface shape measures. The maps 
used were specially compi led by the Glaciology Division at 
a scale of 1 : 1 0 , 0 0 0 with a contour interval on the glacier 
surface of 10 m. The contours were probably accurate to 
±2 m at the time the maps were made; and only in relatively 
conf ined areas, near the snouts of the glaciers, could there 
have been cons ide rab le sur face c h a n g e dur ing the 
decade. 

'LOCOI relltf' 
(in this COM 
positive) 

Rsgrfltsion plane 
fitted to five 
Z co-ordinotet 

Z co-ordinate of 
0 grid point 

Point on grid with 
its four nearest 
neighbour points 

lOOm grid interval 

Figure 5. Geometrical relations used to derive 
geometry measures. 

For the purpose of the mass balance analyses, only 
three measures of surface shape were considered: altitude, 
slope angle and local relief. These measures are calculated 
for each grid point by fitt ing a regression plane to the 
altitude of the point itself plus the altitudes of the four 
nearest ne ighbour points (Figure 5) . The ang le of j 
max imum slope of the plane is the slope angle for that 
point and the extent to wh ich the grid point is above or 
below the plane is taken as the measure of local relief. 

Significance of Geometry Measures 

A s quoted above, many studies of snow accumulat ion 
have shown that the amount of snow has often been 
strongly correlated wi th alt i tude, slope angle, and aspect. 
It may also be connected wi th local relief of the surface in 
the sense that, in general , there wi l l be more snow in 
hol lows than on ridges after redistribution by w ind has 
taken place. The situation can be very compl icated: for 
example, some hol lows may actually be caused by 
deflation, whereas hol lows of the same size and shape in 
other parts of the glacier may be snow traps and receive 
much more accumulat ion. 
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It is important to realize that the grid interval of 1 0 0 m 
was subject ive ly chosen more for conven ience than 
anything else. If a grid interval of 5 0 0 m or 10 m had 
been chosen, then the local relief indices and the slope 
angles might have been substantial ly different. It is 
bel ieved, however, that many characterist ics of the glacier 
surface are adequately descr ibed using a grid interval of 
1 0 0 m. 

Processes of ablation are definitely l inked to topo­
graphic variables. Al t i tude is especial ly important through 
its effect on air temperature. Slope angle in association 
wi th azimuth affects greatly the amount of incident 
incoming direct solar radiation (although albedo may be 
critical in determining the amount of absorbed, shortwave 
radiation). Local relief of the surface is also important in 
that a ridge wi l l , in general , modify the turbulent heat 
transfer. Ridges on glaciers are often crevassed, i.e. they 
have large areas of ice exposed to the air and are, therefore, 
more likely to gain heat from both turbulent and radiative 
heat transfer processes. Karlen (1965 ) has suggested 
that crevassed areas produce 1 7 % more melt than 
surrounding uncrevassed areas. 

The geometry parameters chosen for this study are 
reasonable because previous studies have shown that 
similar measures of shape have inf luenced the processes of 
accumulat ion and ablat ion. 

Calculation of Geometry Measures at Stake Locations 

Besides know ing the geomet ry measures at al l 
locations on the square gr id , it is necessary to know the 
geometry measures at each stake location. The positions of 
all stakes are known to wi th in a few metres at any t ime, for 
theodolite surveys of their posit ions are made at least once 
a year. Geometry measures have been calculated by the 
grid square technique for every 1 0 0 m on the glacier 
surfaces. It was initially thought that geometry measures 
at stake locations should be interpolated between the four 
nearest neighbour grid points. On further investigation it 
was found that little was to be gained from an elaborate 
interpolat ion rout ine, for the geomet ry measures so 
generated were only sl ightly different from the values of 
the nearest grid point to the stake location. Thus the 
geometry measures for any stake location are s imply the 
measures at the nearest 1 0 O - m grid point. 

Computer Program M A S B A L 

Program Description 

The basic function of the program is to provide maps 
and tabulations of accumulat ion or ablation from a set of 
measurements made at stake locations at a particular t ime. 

The program has been set up to maximize simpl ici ty of 
operation whi le retaining flexibil i ty. Problems for a series 
of t imes on one glacier can be solved consecut ively in one 
computer run. 

For each mass balance problem the user must supply 
snow depth and bulk density data at as many locations as 
he likes. Each depth and density must be accompanied 
either by a stake name or by x and y co-ord inates to locate 
it on the glacier. The number of depths and densit ies and 
the order in which they are given is not restricted. For a 
typical problem there might be 10 to 5 0 depth measure­
ments and 1 to 4 density measurements . 

A second form of input is automatical ly suppl ied by the 
program: from a data bank containing non-var iab le 
information, the appropriate glacier geometry measures 
(altitude, slope angle and local relief) are abstracted for 
every point on the square grid and for all stake locations. 
The structure of this data bank (described below) is of great 
importance for the smooth running of the program. 
A l though the glaciers vary in size and shape, information is 
ordered in the same sequence for each glacier. 

The first compu ta t i ons of the p rog ram are the 
transformations of snow depths to water equivalents at 
stake locations. Mean pack density is assumed to vary 
linearly with alt i tude; a l inear regression equation l inking 
density with altitude is performed and the appropriate 
density for each stake location is calculated. Water 
equivalent at each stake location is thereby calculated. The 
decision to make mean pack density vary l inearly with 
altitude was taken for the fol lowing reasons: (a) density 
pits are usually made over a wide alt itude range; (b) at the 
end of winter, before the pack begins to r ipen, there is 
usual ly little variation in mean pack densi ty from place to 
place on the glacier; (c) later in the ablation season the 
snowpacks low down on the glacier wi l l tend to ripen and 
become more dense earlier than those at higher elevations 
and thus there wil l probably be an inverse relationship 
between density and al t i tude; (d) a l inear rather than a 
curvi l inear association is assumed, for often only two or 
three density pits are made. 

The second stage in the computat ion is to link water 
equivalent at stake locations to geometry measures at 
those locations. The program provides the user wi th a 
cho ice of three di f ferent comb ina t i ons of predictor 
variables (In an earlier version of the program the user 
could choose any combinat ion of predictor variables he 
desired, but it was found that for convenience the 
fol lowing three options proved sufficient for most routine 
purposes): 

1. The predictions of snow depth can be based on 
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altitude, slope angle and local relief. Tfie equation 
wil l hiave tfie form: 

sd = a + bZ + cR + dS (1) 

where sd is the snow depth; a is the intercept value; 
b, c and d are regression coefficients; Z is the altitude 
of the point; R is the local relief; and S is the surface 
slope angle. 

This is the default opt ion, i.e. if the user does not 
specify any choice, thisf irst option wil l beassumed. 

2. The user can choose that predict ions be made solely 
as a function of alt i tude. If there are too few sampl ing 
locations to allow the first option to be implemented, 
there is an automatic default to this second option. 
The equation wil l have the form: 

sd = a + bZ (2) 

where the same notation as in equation (1) is used. 

3. A third option al lows a regression of snow depth with 
altitude, and then user -supp l ied coefficients for 
slope angle and local relief can be applied to modify 
snowpack depth. The main purpose of this third 
option is to allow the user to simulate better likely 
patterns of snow distr ibut ion, al though snow depth 
measurements may only be available at two or three 
locations on the glacier. Equation (1) is used again, 
but " c " and " d " are suppl ied by the user. 

Once the equation has been generated l inking snow 
water equivalent to chosen geometry variables, it is 
appl ied to every point on the 1 0 0 - m gr id. A n older version 
of the program has been sl ightly modif ied at this stage. 
Often the slope angles of the terrain at stake locations show 
a much smaller range in values than for the entire glacier. If 
a partial regression coefficient generated for slope angles 
of between, for example, 2° and 1 5° is appl ied to slope 
angles of 40°, usually the results are obviously wrong. To 
avoid gross errors of this sort, any slope angle greater than 
the max imum slope angle at stake locations is considered 
equal to that max imum angle; any slope angle smaller 
than the min imum slope angle at stake locations is 
considered equal to that m in imum slope angle. The same 
procedure is appl ied to the local relief index. It should be 
noted that this modification has appreciable effect only on 
small areas of the glaciers wi th very steep slopes and high 
local relief. On most glaciers no more than about 1 0 % of 
the surface is affected and the areas are usually at very 
high elevations. In these high and steep areas few 
measurements are taken and processes of accumulat ion 

and ablation may be very different from most areas on the 
glacier (e.g. cornicing and avalanching) ; and there is least 
confidence in results no matter wh ich method of data 
reduction is used. 

Once the equation l inking snow water equivalent to 
surface geometry has been appl ied to every point on the 
1 0 0 - m gr id, it is a straightforward procedure to tabulate 
and map the results. The basic tabulation provides the 

I START I 

READ GEOMETRY INFORMATION FROM 

PERMANENT DATA BANK 

I READ HEADER CARD STATING 0PTI0NS~1* 

I READ IN SNOW DEPTH VALUES| 

I READ IN DENSITY VALuis] 

I ASSOCIATE DENSITY WITH ALTITUDE~| 

CALCULATE AND TABULATE WATER 

EQUIVALENT VALUES AT STAKE LOCATIONS 

ASSOCIATE WATER EQUIVALENT WITH 

GEOMETRY VALUES AT STAKE LOCATIONS 

I APPLY EQUATION TO ALL POINTS ON GRID 

TABULATE. MAP AND STORE RESULTS 

[END 

Figure 6. Simplified flow chart for MASBAL program. 
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fol lowing information for the whole glacier and for each 
1 0 0 - m altitude zone: mean, standard deviat ion, max ­
imum, min imum and range in snow water equivalent. The 
altitude zone may be changed from 1 0 0 m to any size the 
user desires. The program also provides a l ine-pr inter map 
with a max imum of 10 class intervals for the whole 
glacier. M a p size and class interval may be provided by the 
user. By default a convenient size and interval are 
automatical ly chosen. 

The user also has the options of having the tabulations 
automatical ly graphed on a Ca lComp (California Computer 
Products, Inc.) plotter a n d / o r the final matrix of snow 
water equivalent values stored on disc in a form that can be 
taken as a direct input to a contour ing package program 
utilizing a Ca lComp plotter. The contour ing package used 
in the examples given in the section "Resu l t s Obtained by 
S tanda rd Me thod V e r s u s those Ob ta ined by New 
Automated M e t h o d " is the Ca lComp General Purpose 
Contouring Program (GPCP) . 

MASBAL progrom 

minimize the number of instructions needed to operate the 
system. 

In the current version of the system, there are three 
disc files for each glacier, the contents of wh ich are as 
fol lows: 

FILE 1 contains the M A S B A L program. The program is 
identical for all glaciers except that core storage require­
ments are tailored to the particular glacier so that the 
program can run as cheaply as possible. A lso , constants to 
determine map and graph sizes are made unique to the 
particular glacier. The program is stored in such a way that 
the user may, if he wishes, make further modif ications 
wi th little effort. 

FILE 2 contains the non-var iab le geometry measures 
for all points on the 1 0 0 - m grid and at stake locations. In 
detail , thef i leconta ins: 

M , N, J , (IS (I), (A(I,L), L = 1 , 3), 1 = 1, J ) , ((ALT(I,K), 
RE(I,K), SL(I,K), MR(I ,K), K = 1 ,N), 1 = 1, M) 

Gr idded output 
stored on disc 

Disc storage ot base-map 
information (outline, grids, 
legends, etc.) 

j I Attocti disc I 
G.R C P 

input 

1 

Editing ot bose-mop 
information for particular 
computer run 

[ Run G. P progrom | 

Figure 7. 

f F i n a l map~ | 

General structure of system to produce final map of 
the CalComp plotter with the General Purpose 
Contour Program (GPCP). 

Figures 6 and 7 show simpl i f ied f low diagrams of the 
M A S B A L program itself and the overall structure of inputs 
and outputs from the sys tem. Append ix A contains the 
program listing wi th input instructions, and Append ix B 
g ivesanexampleo f a typical output. 

Data Banks and File Structures 

Programs and data can be stored and retrieved in many 
different ways. Several options were tried dur ing this 
project. Finally, one was chosen wh ich was designed to 

where 

M =numbero f r ows ing r i d 
N =numbero f co lumns in grid 
J =numbero f stake locations 
IS =stake names 
A =alt i tude, local relief, and slope angle for each stake 
A L T = matrix of alt itudes for grid 
RE =matr ixof local relief for grid 
S L =matr ixof s lopeang les fo rg r id 
M R =matr ix containing a mask to blank out non-g lac ier 

areas 

The size of this file varies considerably between glaciers 
depending on glacier area. 

FILE 3 contains card images of information used to 
produce the base map for the G P C P . The card images can 
easily be modified or deleted so that the scale of the final 
map, the contour interval, legends and so on may be 
altered for a particular job. 

RESULTS OBTAINED BY STANDARD METHOD 
VERSUS THOSE OBTAINED BY NEW AUTOMATED 

METHOD 

The aim of this section is to compare the results 
produced by the standard method (i.e. calculated by the 
procedures outl ined by Ostrem and Stanley, 1 9 6 9 ) with 
those produced by the new method (i.e. the M A S B A L 
program). This section is d iv ided into two parts. In the first 
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ALTITUDE 
(ni,o.s.l.) 

31 - 3200 

3 0 - 3100 

29- 3 0 0 0 

2 8 - 2 9 0 0 

2 7 - 2 8 0 0 

2 6 - 2700 

2 5 - 2600 

2 4 - 2500 

2 3 - 2 4 0 0 

2 2 - 2300 

21 - 2200 

NUMBER OF STAKES 
IN EACH ZONE 

0 

0 

0 

0 

I 

4 

10 

5 

8 

STAKE DENSITY 
(number per km^) 

0 

0 

0 

0 

0.43 

1.53 

2.80 

4.00 

9.30 

12.31 

28.57 

AREA 
(km2) 

TOTAL NUMBER OF STAKES • 38" 
MEAN STAKE DENSITY FOR WHOLE 
GLACIER. 2.84 PER km^ 

« ACTUAL NUMBER OF STAKES 
VARIES SLIGHTLY FROM YEAR 
TO YEAR 

Figure 8. Peyto Glacier - Stake distribution related to altitude. 

part comparisons are made using specif ic accumulat ion 
and ablation for a whole glacier; in the second part 
comparisons are made on the basis of totals for altitude 
zones. It would be logical to go one stage further and make 
comparisons on a po in t -by -po in t basis. However, the 
output from the standard method is not in this form and 
therefore comparisons at this scale cannot easily be made. 
A l l examples are taken from Peyto Glacier. Of the five 
glaciers in the Western Cordi l lera wh ich have been 
studied, Peyto is in size the largest and in shape the most 
complex. Compar isons between methods on the other four 
glaciers yielded substantial ly closer results. In general , the 
simpler the shape of the glacier and the more evenly 
spread are the sampl ing locations, the better is the 
correspondence between methods and , presumably, the 
nearer are the results to the truth. Figure 8 shows the 
considerable bias in stake locations on Peyto Glacier in 
terms of altitudinal spread. Uncertainty in results and 
differences in results between methods can largely be 
explained by this uneven sampl ing spread. Of particular 
impor tance is the lack of any s a m p l i n g locat ions 
above 2 8 0 0 m. 

Whole Glacier Comparisons 

Mean specific water accumulat ion and mean specif ic 
net annual balances were calculated for Peyto Glacier for 

the period 1 9 6 6 - 7 2 . Readings on approximately 38 
stakes were made at the beginning and end of the ablation 
season. These measurements formed the bases for all 
analyses. Addi t ional sounding profiles were used in the 
analysis of accumulat ion by the normal method. It should, 
however, be pointed out that al though an addit ional 1 0 0 
to 2 0 0 measurements of snow depth were thereby 
provided, these measurements were biased towards lower 
elevations in a manner similar to the bias exhibited in 
Figure 8 . 

STANDARD METHOD NEW METHOD 

Figure 9. Peyto Glacier - Accumulation and net balance totals 
calculated by the standard method vs the automated 
method. 

Figure 9 shows graphical ly the comparison of results 
by two methods. Consider ing the substantial sample bias, 
discussed above, the f igures for mean specif ic accumu la ­
tion are surprisingly close between methods. Figures for 
mean specif ic net annual balances are not in such close 
agreement on a year - to -year basis, but are still remark­
ably close when the whole 7 -year period is considered. 

Zone-by-zone Comparisons 

The mean specific accumulat ion and mean specif ic net 
annual balance were calculated and plotted for each 
1 0 0 - m altitude zone on the glacier. Figures 10 and 11 
show that the greatest discrepancies are in the upper 
elevation zones of the glacier. A l though the areas covered 
by the upper zones are smal l in compar ison to the areas 
covered in the middle zones of the glacier, the d iscrepan­
cies between methods in the upper zones are great enough 
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AREA/ALTITUDE 
CURVE 

1 i 
1 
1 / 

1966 / f 
/ 

/ / 
/ / 

/ / 
/ 

/ / 
/ 

/ j / 
/ I / I 

1 / 
-4-3-2-1 0 I 2 3 4 5 -5 -4 -3 -2 -1 0 I 2 3 4 

1970 ^4 

-4 -3 -2 - 1 0 1 2 3 4 -5 -4 -3 -2 -1 0 I 2 

UNITS m. WATER EQUIVALENT (SPECIFIC FIGURES) 

- 4 - 3 - 2 - 1 0 1 2 3 4 

NET WINTER ACCUMULATION CURVES / 

/ 
NET ANNUAL BALANCE CURVES / 

-4 -3 -2 - 1 0 1 2 3 4 5 

- 4 - 3 - 2 - 1 0 1 2 3 4 

Figure 10. Peyto Glacier - Mass balance curves by the standard method. 

/ 

-4 -3 - 2 - 1 0 1 

1970 ^/ 

1967 

/ 
/ 

/ 
/ 

/ 

/ 

/ 
/ 

1 \ 
5 -4 -3 -2 -1 3 1 2 3 4 

/ 

/ 
/ 1 

1971 A 
/ 

/ 
/ 1 

/ 
/ 1 1 

/ 
/ 

- 4 - 3 - 2 - 1 0 1 2 3 4 -5 -4 -3 -2 -I 0 

UNITS- m. WATER EQUIVALENT (SPECIFIC FIGURES). 

-4 -3 -Z -I 0 1 2 3 4 

NET WINTER ACCUMUUTION CURVES 

NET ANNUAL BALANCE CURVES / 

/ 

.4 -3 -2 - 1 0 1 2 3 4 5 

// 

- 3 - 2 - 1 0 1 2 3 4 

Figure 11. Peyto Glacier - Mass balance curves by the automated method. 



to explain the differences in overall results shown in 
Figure 9. 

The automated method almost certainly underest i ­

mates summer ablation in the higher parts of the glacier. 

The standard method may be nearer the truth in these 

higher zones, although the procedure used does not take 

into account the poss ib i l i ty of in ternal a l imenta t ion 

(i.e. meltwater from the annual snowpack being trapped 

in lower layers of firn and thereby not being lost from the 

glacier). Therefore the true values for upper parts of the 

glacier probably lie somewhere in between the values 

obtained by two methods. 

Conclusions 

(i) It is encouraging that there is fairly close agreement 

between a standard and an automated method on a 

glacier as complex as Peyto. There is much better 

agreement on less complex glaciers. 

(ii) Discrepancies between methods can be almost 

entirely attributed to differences in estimates within 

the highest zones on the glacier. 

(iii) Both methods suffer from sampl ing bias. A lmost 

cer ta in ly , there w o u l d be better ag reement if 

samples could be taken in the highest zones of the 

glacier. 

(iv) The main advantage of the new method lies in speed 

of data reduction. 

R E F E R E N C E S 

Anderson, E.A., 1968. Development and testing of snow pack energy 
balance equations. Water Resources Res.,S/o\. 4, No. 1, 19-
37. 

Anderson, E.A. and Crawford, N.H. , 1 964. The synthesis of continuous 
snowmelt runotf hydrographs on a digital computer. Tech. Rep. 
No. 36, Dept. of Civil Eng., Stanford University, California. 

Anderson, H.W., 1 968. Snow accumulation as related to meteorological, 
topographic and forest variables in Central Sierra Nevada, 
California. In: Hydrological Aspects of the Utilization of Water. 
l U G G / I A S H , General Assembly of Berne, 25 Sept. -
7 Oct. 1967, Pub. No. 76, pp. 2 1 5 - 2 2 4 . 

Anderson, H.V\/. and West, A . J . , 1 965 . Snow accumulation and melt in 
relation to terrain in wet and dry years. Proc. Western Snow Conf., 
33rd Annual Meeting, 2 0 - 2 2 April 1965, Colorado Springs, 
Colorado, pp. 7 3 - 8 2 . 

Arnold, K.C., 1965. Aspects of the glaciology of Meighen Island, 
Northwest Territories, Canada, J . G/ac/o/., Vol. 5, No. 40 , 3 9 9 -
410 . 

Benson, C.S. , 1967. Polar regions snow cover. In: Physics of Snow and 
Ice, (Oura, H., ed.),Vol. 1, Part 2, (Sapporo), Hokkaido Univer­
sity, Japan, pp. 1 0 3 9 - 6 3 . 

Black, H.P. and Budd, W. , 1 964. Accumulation in the region of Wilkes, 
Wilkes Land, Antarctica. J . 6/ac/o/., Vol. 5, No. 3 7 , 3 - 1 5 . 

Corbel, J . , 1 958. La neige dans les regions hautement polaires (Canada, 
Greenland) au-dela du 80 latitude nord. Revue de Geographie 
A/pine (Univ. Grerjob/e), Tome 46 , Fasc. 2 , 3 4 3 - 3 6 5 . 

Court, A . , 1963. Snow cover relations in the Kings River Basin, 
California.y Geophys. Res.,Vo\. 6 8 , 4 7 5 1 - 4 7 6 1 . 

Crawford, H.H. and Linsley, R.K., 1 966. Digital simulation in hydrology: 
Stanford watershed model no. 4. Tech. Rep. No. 39, Dept. of 
Civil Eng., Stanford University, California. 

Curry, G.E. and Mann, A .S . , 1965 . Estimating precipitation on a remote 
headwater area of Western Alberta. Proc. Western Snow Conf., 
33rd Annual Meeting, 2 0 - 2 2 April 1965, Colorado Springs, 
Colorado, pp. 5 8 - 6 6 . 

Gary, H.L. and Coltharp, G .B . , 1 9 6 7 . Snow accumulation and 
disappearance by aspect and vegetation type in the Santa Fe Basin, 
New Mexico, U.S. Forest Service, Rocky Mtn. Forest and Range 
Expt. Sta. Res. Note R M - 9 3 . 

Gow, A . J . and Rowland, R., 1965 . On the relationship of snow 
accumulation to surface topography at "Byrd Station", Antarctica. 
J. Glacial..yo\. 5, No. 4 2 , 8 4 3 - 8 4 7 . 

Grant, L.O. and Schleusener, R.A., 1961 . Snovrfall and snowfall 
accumulation near Climax, Colorado. Proc. Western Snow Conf., 
29th Annual Meeting, 1 1 - 1 3 Apr i l , Spokane, Washington, 
pp. 5 3 - 6 4 . 

Grindley, J . , 1970. Estimation and mapping of evaporation. l A S H -
U N E S C O - W M O Symposium on World Water Balance, Pub. 
No. 92, pp. 2 0 0 - 2 1 2 . 

Hattersley-Smith, G., 1 960 . Glaciology studies: snowcover, accumula­
tion and ablation. Defense Research Board, Report D. Phys. R(G) 
Hazen 10, Ottawa, Ontario, 1 5 p. 

Hendrick, R.L., 1971. Effects of watershed environments on snowmelt. 
Proc. 28th Eastern Snow Conf., 4 - 5 February 1971 , Frederic-
ton, N . B . p p . 2 5 - 3 2 . 

Jackson, C.I., 1960. Snowfall measurements in northern Canada. 
Quart J. RoyalMeteorol. Soc. Vo\. 86 , No. 3 6 8 , 2 7 3 - 2 7 5 . 

Karlen, V. 1965. Ablation inom sprickomrlden. In: Glasio — Hydrolo-
giskeUnders(ikelser;Norge 1964 (Pytte, R. and Ostrem, G. ed.), 
pp. 6 5 - 6 6 . Norges Vassdrags — og Elektrisitetsvesen, Med-
delelsenr. 14 fra Hydrologisk Avdeling (92 p). 

Langbein, W.B. , 1 965. National networks of hydrological data. W.M.O . 
and I.A.S.H. Symposium on the Design of Hydrological Networks, 
1 5 - 2 2 June 1965 , Quebec City, Quebec, Pub. No. 67 , 
Vol. 1,pp. 5 - 1 1 . 

Leaf, C P . , 1962. Snow measurement in mountain regions. M.Sc. 
Thesis, Colorado State University, Boulder, Colorado. 

L(iken,O.H., 1 970. Glacier studies in the Canadian I.H.D. Program. In: 
Glaciers, Proc. of Workshop Seminar, Canadian National Commit­
tee for I.H.D. and University of British Columbia, Vancouver, B.C., 
September 2 4 - 2 5 , pp. 1-4. 

Longley, R.W., 1960. Snow depth and snow density at Resolute, 
Northwest Territories. J . G/ac/o/., Vol. 3 ,No. 2 8 , 7 3 3 - 7 3 8 . 

Martinelli, M. Jr. , 1965. Accumulation of snow in alpine areas of central 
Colorado and means of influencing it. J . G/ac/o/., Vol. 5, No. 4 1 , 
6 2 5 - 6 3 6 . 

Meiman, J .R . , 1 968. Snow accumulation related to elevation, aspect and 
forest canopy. In: Snow Hydrology, Proc. of Workshop Seminar, 
Canadian National Committee for I.H.D. and the University of 
New Brunswick, 2 8 - 2 9 February, pp. 3 5 - 4 7 . 

Mixsell, J . W . , Miller, D.H., Rantz S.E., and Brecheen, K.G., 1951 . 
Influence of terrain characteristics on snowpack water equivalent. 
U.S. Army Corps of Engineers, Analytical Unit, Res. Note 2, 
San Francisco, California. 

Mock, S . J . , 1 968. Snow accumulation studies on the Thule Peninsula, 
Greenland, J . G/ac/o/., Vol. 7, No. 4 9 , 5 9 - 7 6 . 

Mijller, F., and Members of the Expedition, 1963 . Jacobsen-McGil l 
Arctic Research Expedition 1 9 5 9 - 1 9 6 2 . Preliminary Report, 
1 9 6 1 - 6 2 . Axel Heiberg Island Research Reports, McGill Univer­
sity, Montreal, Quebec. 

Ostrem,G., 1 966. Mass balance studies on glaciers in Western Canada, 
1965. Geoff/-. So//. , Vol. 8, No. 1 , 8 1 - 1 0 7 . 

Ostrem, G. and Stanley, A .D. 1969. Glacier mass balance measure­
ments. A manual for field and office work. Dept. of Energy, Mines 
and Resources, Ottawa, Ontario, and Norwegian Water Resources 
and Electricity Board, Glaciology Section, 129 p. 

12 



Pentland, R.L. and Cuthbert, D.R., 1971. Operational hydrology for 
ungauged streams by the grid square technique. Water Resources 
Res..Mo\. 7, No. 2,283-291. 

Potter, J.G., 1 958. Mean duration and accumulation of snow cover in 
Canada. I.A.S.H., General Assembly of Toronto, 3-14 Septem­
ber 1957, Vol. 4, pp. 82-87. 

Potter, J.G., 1965. Snow Cover. Canada Department of Transport, 
Meteorological Branch, Climatological Studies, No. 3,69 p. 

Rubin, M.J. and Giovinetto, M.B., 1 962. Snow accumulation in central 
west Antarctica as related to atmospheric and topographic factors. 
J. Geophys. Res..yo\. 67, No. 13,5163-70. 

Salamin, P., 1 961. Influence du relief sur laccumulation et la fonte des 
neiges. I.A.S.H., General Assembly of Helsinki, 25 July to 
6 August 1960,Publ.No. 54, pp. 108-131. 

Solomon, S.I., Denouvilliez, J.P., Chart, E.J.. Wooley, J.A., Ca-
dou, C , 1968. The use of a square grid system for computer 

estimation of precipitation, temperature and runoff. Water 
Resources Res.,Vo\. 4, No. 5,919-929. 

Stanley, A.D., 1970. Combined balance studies at selected glacier 
basins in Canada. In: Glaciers, Proc. Workshop Seminar, Canadian 
National Committee for I.H.D., and the University of British 
Columbia, Vancouver, B.C., 24-25 September 1970, pp. 5-9. 

Stanley, A.D., 1971. Mass and water balance studies at selected glacier 
basins in Western Canada. I.A.S.H., General Assembly of Moscow, 
1971. 

U.S. Army Corps of Engineers, 1 956. Snow Hydrology. U . S . Army Corps 
of Engineers, North Pacific Division, Portland, Ore., 437 p. 

U.S. Army Corps of Engineers, 1960. Runoff from Snowmelt. 
U.S. Army Corps of Engineers, EM. 1 1 10-2-1406. U.S. Govt. 
Printing Office, Washington, D.C. 

Young, G.J., 1 973. A computer program to describe terrain characteris­
tics of a drainage basin. Department of the Environment, Inland 
Waters Directorate, Ottawa. Ontario, Technical Bulletin No. 76. 

13 



Appendix A 
Program Listing 



APPENDIX A. Program Listing. 

PROGRAM M A S B A L ( I N P U T , O U T P U T , T f t P E 5 = I N P U T , T A P E 6 = 0 U T P U T , T A P E l , T A P E 2 ) 
C 
C 
c 

PROGRAM BY G . J . Y 0 U N 3 197i» 

5 
\j 
C 
/* 

CARO INPUT 

c 
c 

1 HEADER CARO 

c PARAMETER TYPE POSSIBLE COLUMNS 
10 c VALUES 

c J l I N T . 0 , 1 , 2 1 
c J2 I N T . 0,1 2 
c J 3 INT . 0,1 3 
c Jl* I N T . 0,1 <• 

15 c J S C A L E I N T . 0 TO 9 5 
c BASE REAL ANY 6-10 
c AJUMP REAL ANY 11 -15 
c 89(2) REAL ANY 16-20 
c 83(3) REAL ANY 21 -25 

20 c Z REAL ANY 26-30 
c T I T L E ALPHA. ANY 31-80 
C 
C EXPLANATION OF PARAMETERS 
C 

25 C J l 0 PREDICTICNS BASED ON A L T I T U D E , LOCAL R E L I E F AND SLOPE ANGLE 
C 1 PREDICTIONS BASED ON A L T I T U D E ALCNE 
C 2 PREDICTIONS BASED ON ALTITUDE ANO FORCED C O E F F I C I E N T S , 
C BB(2) FOR LOCAL R E L I E - ANO 88(3) FOR SLOPE ANGLE 
C J2 0 NO OENSITY VALUES GIVEN 

30 C 1 DENSIT IES GIVEN 
C J3 0 NO GRAPHICAL OUTPUT 
C 1 GRAPHICAL 0UTi>UT GIVES* 
C J I , 0 MAP NOT STORED ON D I S : 
C 1 HAP STORED ON DISC FOR CONTOURING 

35 C J S C A L E 0 DEFAULTS TO A CONi/ENIENT MAP S I ^ £ FOR L INE PRINTER 
C 1-9 AS VALUE OF J S C A L E I N C R E A S E S , L INE PRINTER MAP 
C BEC01ES SMALLER 
C BASE VALUE OF LOWEST CLASS LIMIT FOR f-AP 
C AJUMP CLASS INTEf?VAL FOR HAP 

"fO C IF AJUMP = 0 A CONVENIENT CLASS I N T E R \ A L IS CHOSEN FOR MAP 
C 8 3 ( 2 ) , B B ( 3 ) COEFF IC IENTS FOR LOCAL RELIEF AND SLOPE ANGLE 
C WHICH ARE FORCiO INTO EQUATION IF J l = 2 
C Z S IZE OF ALTITUDE ZONE FO? SUMMARY TABLLS DEFAULTS TO lOOM 
C T I T L E ANY SO-CHARACTER T I T L E FOR JOB 

kB C 
C 2 ANY NUMfJER OF CARDS, ONE FOR EACH STAKE LOCATION CONTAINING 
C STAKE NAME,SNOW DEPTH FORM AT t 6 X , I i , , F o . 0) 
C 
C 3 END OF RECORD CARO 

50 C 
C U ANY NUMBER OF CARDS, ONE FOR EACH LOCATION CONTAINING X ANO Y 
C COORDS. AND SNOW DEPTH F O R M A T ( 2 1 2 , F 6 . 0 ) 
C 
C 5 ENO OF RECORD CARO 

55 C 
C 6 ANY NUMBER OF CARDS, EACH COSTAINING X ANO Y COORDS. ANO 
C OENSITY FORMAT(2 I2 , ' ^6 .0 ) 
C 
C 7 END OF RECORD CARO 

60 C 
C LIBRARY SUBROUTINES USED 
C IBM NAME EMR NAME 
C CORRE ACSOOl 
C ORDER ACS002 

65 c MiNv G a s o a 2 
C MULTR ACS003 
C T A L L Y AAS003 
C 

17 



DIMENSION ALT ( 5 3 , U 81 , R E (53 8) , S L ( 5 3 , !• 8) , R15 3 , i» 8) , MR (5 3 , U 8) , 
• I S S ( 1 2 < 4 ) , X ( 1 2 ' » l , I S ( 1 2 i # ) , V ( 1 2 < f , « f ) , A ( 1 2 ' » , 3 ) , C B ( 1 3 « » 0 ) , Y ( 1 2 V » 

DIMENSION T I T L E ( 5 ) , 3 U F F ( 1 B 2 * ) , VMAX(l») , VMINti*) , V O E N ( 1 0 , 2 ) , S { 3 » 1 0 » , 
• V A ( I . ) , S 0 ( i 4 ) , AVER («•) . T O T (<•) , i/MI (2) , VMA ( 2) , IJB (3) , IS AVE ( ) . R X ( 1 6 ) , 
• R R ( I O ) , 0 ( ( » ) , 
• T ( i » ) ,B (« f ) ,RY(< t ) ,ANS(10 l , S B ( ! » > , PRC ( t̂) , 0 1 ( IH 0 ) , 02 (10 0 > 

1 F 0 R M A T ( 1 H 1 » PEYTO G L A C I E ? — BASIC S T A T I S T I C S » / I X ' A L T I T U D E INFO 
• R M A T I O h ' l 

2 FORMAT( IHO'LOCAL R E L I E F INFORMATION WITHIIJ ALTITUDE ZOMES») 
3 F O R M A T d H O ' S L O P E AM3LE INFORMATION WITHIN ALTITUDE ZONES* ) 

10 F O R M A T ( 5 I 1 , 5 F 5 . 0 , 5 A 1 Q ) 
11 FORMAT I1H15H* , 5 F 1 2 . i » , 5X , 5 A 10 / / I X ' S TAKE " l * ( ' tX , A i » ) / ) 
12 F O R H A T ( 6 X , I i . , F 6 . 0 ) 
13 F O R M A T d H ' S T A K E ' I S * NOT IH SVSTEM»» 
It* F O R M A T d H I 5 , 6 F 8 . 1 ) 
22 F O R M A T d H O ' C O O R Q I N A T E MISTAKE* ) 
23 FORMAT (1HO»TOTAL NUMBER OF STAKES CONSIOEREO = » I l » ) 
2i» F O R M A T d H O * COORDS. A L T . DENSITY* ) 
30 F O R M A T d H • ME ANS'i^Fe . 1 / 3 X ' S T 0 • ' •F8 . 1/2 X •MINS*<.F 8 . 1 / 2 X A X S ' l ^ F d . 1) 
31 F O R M A T d H 0 * N O DENSIT IES G I V E N * ) 
32 F 0 R M A T ( 2 l 2 , F 6 . ' . l 
33 F O R M A T d H 0 2 I « f , F 9 . 0 , F 1 0 . 1 » ) 
3tt F O R M A T d H O ' l OENSITIT VALUE = * F 5 . 3 ) 
35 FORMAT d H O I < » * DENSITY V A L U E S * ) 
36 F O R M A T d H • D E N S I T I E S - - M E A v | * F 6 . 3 * S T 0 * F f . 3 * M I N * F 6 . 3 * H A X * F 6 . 3 » 
37 F O R M A T d H ' A L T I T U D E S — MEA>J*F6.0* S T 0 * F 7 . 1 * M I N * F 6 . 0 * M A X * F 6 . 0 ) 
38 F O R M A T d H ' D E N S I T Y = * F 1 0 . 2 * • • F 1 0 . 3 * X A L T I T U D E * ) 
39 FORMAT(1HO*STAKE r I . E . * ) 
tfO F O R M A T d H l * S E L E C T I O M =*I2* ogSERVATIONS = * I 1 | » 3 INDEPENDENT VARIA 

• B L E S * / / 1 X • C O R R E L A T I O N M A T R I X * / / l O X itCfX ,Al^) / ) 
m F O R M A T d H 2X, A ' 4 , i 4 X , ' - « F 8 . 3 > 
i*Z FORMAT ( 1 H 0 2 9 X ' I N T E P . : E P T * 3 (6< ,A i f ) / 21X*AM0UMT =*£ .F10 . 3 / l X * S T A N O A R O D 

* E V I A T I O N S OF REGRESSION C O E F F S . * F 7 . 3 , 2 F I O . 3 / l X ' T - V A L U E S * 3 0 X 3 F 1 0 . 3 / 
• 1X*STAN0ARD PARTIAL REGRESSION C O E F F S . 3F10 . 3 / 1 X * MU LT I P L E CO^RE 
* L A T r C N C 0 E F F I C I E N T * ' ^ 2 7 . 3 ) 

i»3 F O R M A T ( I H 0 2 9 X * I N T E R : E P T * 6 X , 1 ! » / 2 1 X * A M O U N T - * 2 F 1 0 . 3 / 1 X * S T A N O A R O DEVI 
• A T I O N OF REGRESSION C O E F F . • F 9 . 3 / l X * T - VALlie*Fi« 1. 3 / I X ' C O R R E L AT I ON 0 
* 0 E F F I C I E N T ' F 3 6 . 3 ) 

itt* F O R M A T d H 'STANOARO ERROR OF E S T I M ATE * F 3 3 . 3 / 1 X ' S U M OF SQUARES ATTR 
• I B U T A B L E TO R E G R E S S I 0 N * F 1 8 . 3 / 1 X * 0 E G R E E S OF FREEDOM ASSOCIATED WITH 
• S S A R * F 2 0 . 3 / 1 X ^ H E A N SQUARE OF S S A R * F i « 0 . 3 / 1 X ' S U M OF SQUARES OF DEVI 
•AT IONS FROM R E G R E S S I 0 N * F 1 5 . 3 / 1 X * 0 E G R E E S OF FREEDOM ASSOCIATED WITH 
• S S 0 R * F 2 0 . 3 / l X * M E A N S Q U A R E OF SSOR^FU D . 3 / I X ' F - V A L U E * F e . 2 . 3) 

F O R M A T d H 0 * O N L Y * I 2 * 03SERVAT I O N S * / 3 0 X • I N T E R C E P T • b X * A L T . * / 
*21X*AMCUNT = *2F10 .3J 

1.6 FORMAT d H l * S U M M A R Y OF D E P T H VALUES FOR WHOLE GLACIER *5A10) 

(*7 F O R M A T ( 1 H O * R A N G E IN A L T I T U D E S O F S T A K E S * ) 
i»3 F O R M A T d H O * R A N G E I N L O C A L R E L I E F O F S T A K E S * ) 
i»9 FORMAT d H O * R A N G E I N S L O P E A N G L E S O F S T A K E S * ) 
50 F O R H A T ( A i » , l X , 3 F 1 0 . 2 , i t 5 X ) 
51 FORMAT (Ai t .ZSX) 

O A T A ( ( S ( J , K ) , K = 1 , 1 0 ) , J = 1 , 3 ) / 1 H . , 1 H - , 1 H * , 1 H * , 5 ( 1 H 0 J , 1 H I , 5 ( I H ) , 
• l H - , l H » , 2 d H X ) , l H M , 8 d H ) , H t , l H W / 

DAT A (VA=i *HALT. ,itHREL . , HSLO. , HSNOW) , ( ISAVE=1, 2 , 3 , <•) , 
• (CNTL=^HCNTL) , <8EN0 = ' . H 8 £ N 0 ) 



c 
125 C READ GLACIER INFORMATION 

C 

READ t2)M,N, JK, (IS(I» , ( A (I ,N1) ,N1=1,3) , 1 = 1, JK) , ( t A L T d , J ) , R E ( I , J » ,S 
• L ( I , J) ,MR(I,J) ,J = 1 ,K|) ,I = 1 , M ) 
HRITE{6,1)JCALL ZONE(M,N,ALT,MR,ALT,100.,VV,VX,Ol,D2,KK,0» 

130 WRITE (6,2)«CALL ZONE(M,N,ALT,MR,RE ,100.,VV,VX,01,02,KK,0) 

WRITE(6,3)?CALL ZONE(H,N,ALT,MR,SL ,100.,VV,VX,DI,02,KK,0) 
JX = 0 

60 REAO{5,10|Jl, JH,J3,J1», JSC ALE, BASE, AJUMP, BD( 2) , BB ( 3), Z, TI TLE 
IF(E0Ft5l)1000,61 

135 61 HRITE(6,11) J1,J2,J3,J1,,JSCALE,BASE,AJUKP,!;Q(2) , BB ( 3) , Z , TI TLE, V A 
1F(J3)72,72,71 

71 JX = JXfl$IF( JX.EQ.DCALL PLOTS ( BUFF ,102 D 
72 NUM=1 

C 
I'.O C READ IN AND COUNT DATA CARDS 

C 
90 READ(5,12)ISS(NUM> , V ( NUM, i») $1F (EOF <5) ) 100, 92 

C 
C CHECK THAT STAKE INFORMATION IS IN THE DATA BANK 

1'.5 C 
92 DO 95 J=1,JK 

IF(IS(J).EO.ISS(NUM))GO TO 96 
95 C0NTINUEJHRITE(6,13)ISS(NUM)SCO TO 90 
96 DO 97 JJ=1,3 

150 97 V(NUM,JJ)=A(J,JJ) 
WRITE<6, 1£») ISS (NUM) , ( V ( NUM, J J J I , J JJ=1, «.) 
NUM=NUM+1$G0 TO 90 

100 NUM1=NUM 
C 

155 C READ DATA CARDS REFERENCED 3Y X,Y COOROINATES 
C 

101 READ (5,32 ) IR, IC,V( NUM, i«)$IF(E0F(5) ) 110 ,10? 
102 IF(IR.LE.M.OR.IC.LE.N)GO TO 103 

WRITE(6,22)SGO TO 101 
160 10 3 V(NUM,1)=ALT(IR,IC)SV(NUM,2)=RE(IR,IC)$V(NUM,3)=SL(IR,IC) 

C 
C V NOW CONTAINS ALL THE RELEy/ANT STAKE INFORMATION 
C TABULATE DATA CARO INPUT 
C 

165 HRITE(6,llt) ISS(NUM>, ( V ( NUM, J J J) , J J J=l , 
NUH=NUM+1$G0 TO 101 

110 NUM=NUM-1SWRITE{6,23)NUM 
DO 111 J=1,NUM 
X( J)=C8( J) = V( J , l ) fCB( J«-NUM) = tf ( J , 2 ) $ c a ( J * NUM»2) =V(J,3) 

170 111 C B ( J t N U M » 3 ) = V ( J , l , ) 
CALL AAS0 03 (CB,X , TOT, A V E R , SO, VMIN, VMAX ,NUH, <•) 

WRITE<6,30)AVER,SD,VMIN,VMAX$IF(J2)169,169,170 

169 W R I T E ( 6 , 3 1 ) « G 0 TO 200 

170 N0EN=1 
175 C 

C READ OENSITY VALUES 
C 

171 READ(5,32) IR, IC, VDEN( NOEN, 2) $IF (EOF (5) )175,17i» 
i.71* IF(NOEN.EQ.l) HRITE{&,2'») 

180 V0EN(N0EN,1)=ALT(IR,IC) 
WRITE(6,33)IR,IC,V0EN(N0EN,1),VDEN(NDEN,2) 
NDEN=N0EN<-1$G0 TO 171 

175 NDEN = NDEN-1$IF (NOEN-1) 176,17 6,180 

176 HRITE(6, 31.) VOEN(NDEN, 2) 
185 00 177 J=1,NUM 

177 V( J,<*) =V( J,(») •V0EN(1,2) 
GO TO 20Q 

180 WRITE(6,35)NOEN 
00 181 J=1,N0EN 

190 X(J)=VDEN(J,1)$Y(J)=V0EN(J,2) 
181 X( J*N0EN)=Vl")EN(J,2) 

CALL AAS00 3(X,X,TOT,AVER,SD, VMI,VMA,NOEN, :M 
WRITE(6,36)AVER(2),S0(2),VMI(2 ),VMA(2) 
WRITE(5,37)AVER(l),S0(1),VMI(1),VMA(1) 

19 



1 9 5 C 
C A S S O C I A T E D E N S I T Y K I T H A L T I T U D E 
C 

C A L L R E G ( Y , X , N O E N , C O E F F , X I N T ) S W R I T E ( 6 , 3 8 ) X I N T , C O E F F 
C 

2 0 0 C C A L C U L A T E A N D T A 9 U L A T E W A T E R E Q U I V A L E N T S 
C 

W R I T E ( 6 , 3 9 ) 
DO 182 J = 1 , N U M 
O E N S = X I N T « - C O E F F » C B ( J ) $ C B ( J » N U M » 3 ) = C Q ( J t N U I I ' S ) • D E N S 

2 0 5 1 8 2 W R I T E i e , ! * * ) I S S < J ) , C 3 ( J + N U M » 3 ) 
C 
C A S S O C I A T E W A T E R E Q U I V A L E N T S W I T H G E O M E T R Y M E A S U R E S 
C 

2 0 0 I F { J 1 - 1 ) 2 1 0 , 2 2 0 , 2 2 0 
2 1 0 2 1 0 I F ' « N U M - i t ) 2 2 0 , 2 2 0 , 2 1 1 

2 1 1 C A L L A C S 0 0 1 ( N U M , i » , l , C B , A V E R , S O , R X , R R , O , B . T ) 
M R I T E < 6 , 1 « 0 ) J 1 , N U M , V4 
0 0 215 1 = 1 , 1 * 
0 0 21(# J = l , < f 

2 1 5 I F ( I - J I 2 1 2 , 2 1 3 , 2 1 3 
2 1 2 K K = I + ( j » J - J ) / 2 

G O T O 21U 
2 1 3 K K = J + ( I » I - I ) / 2 
2 1 ' » T ( J ) = R R ( K K » 

2 2 0 2 1 5 W R I T E C B , ! * ! ) V A ( I ) , ( T t J ) , J = l , ! » ) 
C A L L A C S 0 a 2 ( i » , R R , ' » , 3 , I S A V E , R X , R Y ) $ C A L L G B S Q 0 2 t R X , 3 ,OET , Q B , T) 
C A L L A C S 0 0 3 { N U M , 3 , A V E R , S O , 0 , R X , R Y , I S A V E , B B , S B , T , A N S ) 
DO 2 1 6 KK=1,3 

2 1 6 P R C ( K K ) = 3 B ( K K ) » ( S 0 ( K K ) / S D ( ' * ) ) 
2 2 5 W R I T E ( 6 , i . 2 ) ( V A t J ) , J = l , 3 ) , A N 5 ( l ) , ( e a < J ) , J = 1 , 3 ) , ( S B ( J ) , J = 1 , 3 ) , 

• I T ( J ) , J = l , 3 ) , ( P R C ( J ) , J = l , 3 » , A N S ( 2 ) 
0 0 2 1 7 J = 1 , N U M 

2 1 7 C B ( J + N U M ) = C 8 ( J t N U M » 3 ) 

6 0 TO 2<.0 
2 3 0 2 2 0 I F I N U M - 3 ) 2 5 0 , 2 5 0 , 2 2 1 

2 2 1 0 0 2 2 2 J = 1 , N U M 
2 2 2 C B ( J + N U M ) = C B ( J * N U M » 3 ) 

C A L L A C S O O l ( N U M , 2 , 1 , C B , A V E R , S O , R X , R R , D , B , T > 
C A L L A C S f l 0 2 ( 2 , R R , 2 , l , I S A V E , R X , R Y ) $ C A L L G B S 0 0 2 ( R X , 1 , D £ T , 8 8 , T ) 

2 3 5 C A L L A C S 0 0 3 ( N U M , l , A V E R t S O , D , R X , R Y , I S A V E , 8 n , S B t T , A N S ) 
W R I T E ( 6 , i * 3 ) V A ( 1 ) , A N S ( 1 ) , B B ( 1 ) , S B ( 1 ) , T ( 1 ) , A N S ( 2 ) 

2«fO WRITE(6,'«'») ( A N S ( J ) , J = 3 , 1 0 ) 
G O T O 2 6 0 

2 5 0 DO 251 J = 1 , N U M 

2 i » 0 C B ( J f . N U M ) =C8( J « - N U M » 3 ) 
2 5 1 X ( J » = C 8 ( J f N U M ' ' 3 ) 

C A L L R E G ( X , C a , N U M , 8 3 ( 1 ) , A N S ( 1 ) ) S W R I T E ( 6 , » N U M , A N S ( 1 ) , B B ( 1 ) 

C 
C L O O P 2 7 0 A P P L I E S R E G R E S S I O N E Q U A T I O N T O W H O L E G L A C I E R 

2 1 . 5 0 
2 6 0 0 0 2 7 0 J = 1 , M 

0 0 2 7 0 K = 1 , N 
I F { M R ( J , K ) . N c . 0 ) G O TO 2 7 0 
R ( J , K ) = B 0 ( 1 ) ' ' A L T ( J , ! C ) $ I F ( J 1 . E Q . 1 ) G 0 TO 26<) 

2 5 0 I F ( R E ( J , K » . G T . V M A X ( 2 ) ) R ( J , K ) = R ( J , K ) + V M A X ( 2 . ) * B B ( 2 ) 
I F ( R E ( J , K ) . L T . V M I N ( 2 ) ) R ( J , K t = R ( J , K) * V M I N ( ! ' ) ' a B ( 2 ) 

I F ( R E ( J , K ) . L E . V M A X ( 2 ) . A N O . R £ ( J , K ) . G E . V M I N ' 2 ) ) R ( J , K ) = R ( J , K ) t R E < J , K ) 

• • B B ( 2 ) 
I F ( S L ( J , K ) . G T . V M A X ( 3 ) ) R ( J , K) = R ( J , K ) * V M AX (: ') •88(3) 

2 5 5 I F ( S L ( J , K ) . L T . V M I N ( 3 ) ) R ( J , K ) = R ( J , K ) f V M I N ( 3 ) • 8 3 ( 3 ) 
I F ( S L ( J , K ) . L E . V M A X < 3 > . A NO. S . ( J , K) . G E . V M I N ( 3 ) > R ( J , K) = R ( J , K> • ^ S L ( J , K) 

• • B B ( 3 ) 
2 6 9 R ( J , K ) = R ( J , K ) * A N S ( 1 I 
2 7 0 C O N T I N U E 

20 



260 C 
C TABULATE RANGES OF GEOMETRY MEASURES AT S/^MPLING LOCATIONS 
C 

W R I T E f b , * * / ! SCALL R A.M GE ( M, N ,H R, A L T , VMAX J l ) v VMIN (1) ) 
WRITE(6 , ' *8 ) t C A L L R ANGE ( M, N, •IR , R E , VMAX < 2) , \ 'MIN(2) ) 

265 WR1TE(6,1*9) SCALL RANGE t M, N, MR , S L , V MAX ( 31 , V MIN ( 3 )) 
C 
C TAOULATE ANO MAP FINAL RESULTS 
C 

W R I T E ( 6 , i » 6 l T I T L E S C A L L Z ONE (^ , N, ALT ,MR, R, Z , tfV, V X , 0 1 , D 2 , KK , 0) 
270 C A L L M A S M A P ( M , N , R , M R , J S C A L E , T I T L E , B A S E , A J U M P , S , V V , V X ) 

I F ( J 3 . N E . 0 ) C A L L GRAPH t M , N , A L T , R , M R , C 8 , N U M , B U F F , T I T L E , X , I S AVE) 
C 
C STORE R FOR CONTOURING IF REQUIRED 
C 

275 I F ( J t . ) 60 ,60 ,300 
300 DO 310 1=1,M 

00 310 J = l , N l ; I F t M R ( I , J ) . N E . 0 ) G O TO 310 
IF(MOD ( I , 2 ) ) 3 0 5 , 310 

305 I F ( M O O ( J , 2 ) ) 3 0 6 , 3 1 Q 
280 306 CONTINUE 

R O M = I $ C O L = J $ W R I T E « 1 , 5 0 ) C N T L , R O W , C O L , R t I , J ) 
310 C0NT INUESHPITE(1 ,51 IBENOSGO TO 60 

1000 I F ( J X . G T . 0 ) C A L L P L O T ( 0 . , 0 . , 9 9 9 ) 
STOPfEND 

SUBROUTINE R E G ( X , Y , N , R , Q ) 
DIMENSION X t l ) , Y ( 1 ) 

C S IMPLE LINEAR REGRESSION BETWEEN 2 VARIABLES 
C X IS VECTOR OF DEPENDENT VARIABLE 

;r,5 C Y IS VECTOR OF INDEPENDENT VARIABLE 
C N IS NUMBER OF OBSERVATIONS 
C R IS REGRESSION C O E F F I C I E N T 
C Q IS INTERCEPT 

A=D = Xa = Y!1 = 0 . 
10 00 10 J=1,N 

X B = X B * X ( J ) 
10 YB=Y34 -Y (J ) 

XN=NJXB=X6/XN3YB=YB/XN 
00 2 0 J = l , N 

15 A = A t ( X ( J ) - X B ) • ( Y ( J ) - Y B ) 
20 a=Bf ( Y ( J ) - Y 3 ) * » 2 

R = A / S S Q = X 0 - Y 3 » R 
RETURNiENO 

SUBROUTINE RANGE ( I , J , M, B , ZHI , ZLO)' 
C 
C SUBROUTINE TO CALCULATE NO. OF POINTS AND PERCENTAGE OF TOTAL A?EA 
C BELOW, WITHIN AND ABOVE GIVEN L IMIT ING VALUES OF A VARIA3LE 

5 C 3 MATRIX OF VARIABLE ( I , J ) 
C M MASKING MATRIX ( I , J ) 
C ZHI HIGHER L IMIT ING VALUE 
C ZLO LOWER LIMITING VALUE 
C 

10 DIMENSION M ( 5 3 , < » 8 ) , 3 ( 5 3 , ' • 8 ) 
1 F O R H A T d H ' T O T A L NO. OF GRID C E L L S = » F 5 . 0 ' ABOVE LIMIT = * F 5 . 0 » ( 

• • F 6 . 2 * PERCENT OF A R E A ) • / 3 3 X » H I T H I N LI MITS = » F 5 . 0 • ( • F 6 . 2 * PERCENT 
•OF A R E A ) » / 3 3 X » 8 E L 0 W LIMIT = » F 5 . 0 » ( • F 6 . 2 " PERCENT OF A R E A ) » ) 

AR=AHI=AM=ALO=0. 
15 00 10 L=1 , I 

DO 10 N=1,J 
I F « M ( L , N ) . M E . 0 ) G O TD 10 
AR = A R t l . S I F (B (L ,N ) . L E . Z H I . AND. 8 ( L , N) . G E . Z L C ) AM = AM«-1. 
IF (B{L ,N) . G T . ZHI) AHI = AHI + 1 . S I F ( B ( L ,N) . L T . / L O ) ALO = A L O H . 

20 10 CONTINUE 
A l = A H I » 1 0 D . / A R £ A 2 = AM»10 0 . / A ? i A 3 = A L O » l O f l . / j \ R 
W R I T E ( 6 , 1 ) A R , A H I , A l , A M , A 2 , A . O , A 3 
RETURNSEND 21 



SUBROUTINE M A S M A P C H , N , R . M R , J S C A L E , T I T L E , B A , B , S , V M A X , V M I N J 
C 
C INPUT NEEDED FOR MAP 
C R{M,N) MATRIX OF VALUES TO BE MAPPED VM/,X = HIGHEST VALUE 

5 C VMIN = LOWEST VALUE 
C MRtM.N) MASK ONLY ZERO ELEMENTS MAPPED 
C J S O A L E = SCALE OF MAP DEFAULTS TO i» I F N(iT GIVEN 
C T I T L E = T I T L E OF HAP UP TO 50 CHARACTERS LONG 
C 6A LOWER L IMIT OF LOWEST CLASS NEED NOT BE GIVEN 

10 C B CLASS INTERVAL NEED NOT BE GIVEN 
C S = SYMBOLS 
C AL DIMENSION MUST BE ( 3 , N » 1 0 > 

DIMENSION R(53 , i f a ) , M R ( 5 3 , i » 8 ) , 0 (111 , A L ( 3 , ( » f c O ) , S ( 3 , 1 0 ) , T I T L E ( 5 ) 
1 F O R M A T d H 135A1) 

15 3 F O R M A T d H ) 
tt F 0 R M A T d H * l 3 5 A l ) 
5 F O R M A T d H 0 1 1 F 7 . 1 ) 
6 F O P M a T d H » l X , 1 0 ( 6 X , A l ) ) 
7 FORMAT (IHOE AID >" 

20 10 F O R M A T ( 1 H 0 * J S C A L E CHANGED TO 
NN = N»10$VMAX = V M A X 4 - . 0 00 01?J 1=1$ JJ=11 

C 
0 REDUCE S IZE OF MAP IF NECESSARY 

I F { J S C A L E . E Q . D > J S C A L E = 8 
25 I F ( J S C A L E . E Q . 0 ) J S C A L E = (f 

20 I F ( N N / J S C A L E - 1 3 3 t 2 2 , 2 2 , 2 1 
21 J S C A L E = J S C A L E * 1 3 W R I T E < & , 1 0 | J S G A L E $ G O TO 20 
22 JCOUNT=0 

I F ( B > 3 0 , 3 0 , 5 0 
30 C 

C CREATE CLASS INTERVAL AND LOWEST LIMIT IF NOT PROVIDED 
C 

30 RA=VMAX-VMIN 
B=5 0 . $ I F ( R A . L E . 2 5 0 . ) B = 2 5 . $ I F ( R A . L E . 1 0 0 . ) B = 1 0 . $ I F ( R A . L E . 1 0 . ) 8 = 1 , 

35 I F ( V M I N ) 3 1 , 3 1 , 3 ' » 
31 BA=B 

DO 32 J = l , l f l 0 
3 A = B A - 8 $ I F ( B A . L £ . V M I N ) G 0 TO 50 

32 CONTINUE 
1*0 8A = - B 

00 35 J = l , 1 0 0 
0A=8A+e$ IF (8A.GT.VMIN-BJG0 TO 50 

35 CONTINUE 
50 X=BA-B 

1*5 C 
C CREATE CLASS L IMITS 
0 

00 55 J = l , l l 
X = X t B $ C ( J ) = X $ I F ( C ( J l . L E . V M I N ) J 1 = J J I F ( C ( J » . L E . V MAX)JJ = J • I 

50 55 CONTINUE 
I F ( C ( 1 ) . G T . V M I N ) C ( 1 ) = V M I N $ I F ( C ( l l ) . L T . V M A X » C ( 1 1 ) = V M A X 
I F ( J J . G T . l l ) J J = 1 1 $ J 2 = J J - 1 

C 
C PRINT T ITLE AND CLASSES 

55 C 
W R I T E ( 6 , 7 ) T I T L E $ W R I T E ( 6 , 5 ) C ( J ) , J = J l , J J ) S W R I T E ( 6 , 3 > 
00 117 J = l , 3 

117 H R I T E ( 6 , 6 ) f S ( J , L ) , L = J l , J 2 ) S W R I T E ( 6 , 3 ) 
C 

60 C CONSIDER EACH ROW IN TURN 
C 

00 200 J=1 ,H 
JCO = 0 
00 200 L = l , 6 

65 . C 
C S K I P IF COUNT NOT A MULTIPLE OF J S C A L E 
C 

JC0UNT=JC0UNT + 1$IF(M00(JC0U>IT, JSCALE) ) 20 0 , 1 1 8 , 2 00 
118 JC0=JC0+1 

70 I F ( J C 0 - 1 > 1 1 9 , 1 1 9 , 1 6 5 
C 
C BLANK OUT AL 
C 

119 00 120 JK=1,NN 
75 00 120 J X = 1 , 3 

120 A L ( J X , J K ) = l H 
J P = 1 



c . 
C CONSIDER EACH COLUMN IN TURN 

SO C 
DO 160 K=1,N 

C 
C S K I P OUT IF POINT NOT TO BE CONSIDERED 
C 

85 I F ( H R ( J , K ) . N E . 0 ) G O TO 160$Kl = K » 1 0 $ K 2 = K 1 - 9 
c 
C LOOP 1146 C L A S S I F Y POINT IN QUESTION 
C 

00 1<»6 J5 = l , 1 0 
90 I F < R ( J , K ) . G E . C ( J 5 ) . A N D . R { J , K ) . L T . C ( J 5 * 1 ) )G0 TO l<f7 

1«»6 CONTINUE 
C 
C J J J INDICATES HOW MANY OVERPRINTS HILL BE NECESSARY 
C 

95 1U7 J J J = 1 $ T F ( J 5 . G T . 5 ) J J J = 2 3 I F ( J 5 . G T . 8 ) J J J = 3 
C 
C J9 (FRCM K2 TO K l ) INDICATES THE 10 ELEMENTS IN AL TO BE F I L L E D 
C WITH SYMBOLS 
C 

100 DO 150 J 9 = K 2 , K 1 
00 150 J 7 = 1 , J J J 

150 A L ( J 7 , J 9 ) = S ( J 7 , J 5 ) 
C 
C JP IS THE NUMBER OF ROWS IN AL TO BE PRINTED 

105 C 
I F ( J P . L T . J J J ) J P = J J J 

160 CONTINUE 
165 W R I T E ( 6 , 3 ) 

00 170 J 6 = 1 , J P 
110 C 

C AL IS PRINTED IN JUMPS OF J S C A L E 
C 

170 W R I T E ( 6 , ' » ) < AL C J 6 , J 3 ) , J 3 = 1 , N S , J S C A L E ) 
200 CONTINUESENO 

FUNCTION XMI(A) 
I F ( A ) 1 0 , 2 0 , 2 a 

10 X M I = F L C A T { I F I X ( A / 1 0 0 . ) ) » 1 0 0 . - 1 0 0 . 
RETURN 

20 X M I = I F I X < A / 1 0 0 . ) » 1 0 0 
ENO 

FUNCTION XMA(A> 
I F ( A ) 1 0 , 2 0 , 2 0 

10 X M A = I F I X ( A / 1 0 0 . ) » 1 0 0 
RETURN 

5 20 X M A = F L C A T ( I F I X ( A / 1 0 0 . ) ) » 1 0 0 . « - 1 0 0 . 
ENO 

SUBROUTINE YAX I S ( A , Y , B U F F ) 
OIHENSION BUFF (102i:») 
C A L L P L O T ( 0 . , A , J ) $ C A L L P L 0 T ( 0 . , 0 . , 2 ) £ Y Y = Y - l O O . S L = A + 1 . 
DO 10 J = 1 , L 

5 YY = YY + 1 0 0.*Z= F L O A T < J ) - 1 . I C A L L N U M B E R ( - . 5 , Z - . 0 5 , . 1 , Y Y , 0 . , - 1 ) 
C A L L P L O T ( - . 0 5 , Z , 3 ) 

10 CALL PL0T(C.,Z ,2) 
C A L L S Y M i 3 O L ( - . 5,Z * . 1 5,.l,i» H A L T . , 0.,i.) SEND 
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SUBROUTINE GR APH (M ,M , A L T , R ,>1R , C B ,NUM , BUFF , T I T L E , X , IS AVE) 
C 
C SUBROUTINE TO PLOT SNOW DEPTH V . ALT ITUDE AT STAKE LOCATIONS 
C AND TO GRAPH MEAN S P E C I F I C SNOW DEPTH V . A L T . AND VOLUME V . A L T . 

5 C CURVES FOR WHOLE GLACIER 
C 

DIMENSION ALT (53 , f»8» , R ( 5 3 , i f 3 ) , MR (5 3,i» 8 ) , Cll (13<»0 ) , X ( 1 2 « » ) , BUFF ( 1 0 2 i » ) 
$ , T I T L E C 5 ) , B t 2 ) ,AV{2) , S D ( 2 ) , I S A V E ( ' * ) , R X ( i » ) , R R ( 3 ) , 0 ( 2 ) , T ( 2 ) , R Y t 2 ) , 
• A N S ( 1 0 ) , S B t 2 ) , 8 3 ( 3 ) . S I Z E d O D ) .AVER (10 0 ) 

10 I F ( N U M - 3 ) 5 0 , 5 0 , 6 0 
50 CALL R E G ( X , C B , N U M , 8 3 ( 1 ) , A N S ( 1 ) > 

GO TO 70 
60 CALL A C S 0 0 1 ( N U M , 2 , l , C B , A V , S O , R X , R R , O , B , r ) 

CALL A C S 0 0 2 ( 2 , R R , 2 , 1 , I S A V E , R X , R Y ) S C A L L G B S 0 O 2 ( R X , 1 , O E T , B 3 , T ) 
15 CALL A C S 0 0 3 ( N U M , 1 , A V , S D , O . P X , R Y , I S A V E , B 3 , S 8 , T , A N S ) 

70 C A L L Z C N E ( M , N . A L T . M R , A L T , 1 0 0 . , V V , V X , S I Z E , A V E R . K , l ) 
C A L L Z O N E ( M , N , A L T , M R , R , 1 0 0 . , V 1 , V ? , S I Z E , A V C R , K , 1 ) 
C A L L P L O T ( 0 . , - 3 0 . , - 3 » $ C A L L F ACTOR t . SS'*) SCf.LL PLOT ( 2 . , 2 . , - 3 ) 
AK = K3YMIN = I F I X (VX/100 . ) ' l O 0 J Y M AX = Y MIN«-AK*i 00 . 

20 A 1 = A N S ( 1 ) t e 8 ( 1 ) » Y M I N $ A 2 = A N S ( 1 ) + B B ( 1 ) » Y M A X 
0 
C IF REGRESSION C O E F F . L E . O REGRESSION LINC WILL NOT BE DRAWN 
C 

I F ( B B ( 1 ) ) 9 0 , 9 0 , 8 0 
25 80 X M I N - X M I ( A l ) f X M A X = X M A ( A 2 ) J l F ( X M A X - X M I N - 1 0 0 0 . ) 1 0 0 , 1 0 0 , 9 0 

90 00 91 J=1,NUM 
91 X « J ) = C E ( J + M U M ) 

C A L L AAS0 0 3 ( X , C 8 , T 1 , T 2 , T 3 , A l , A 2 , N U M , 1 ) 
XMIN = XMI (Al )SXMAX=XMA(A2)SI - (XMAX-XMIN-1000 . ) 1 1 0 , 1 1 0 , 2 0 0 

30 C 
C PLOT REGRESSION LINE 
C 

100 CALL P L O T ( ( A 1 - X M I N ) / 1 0 0 . , 0 . , 3 ) 
C A L L P L O T ( ( A 2 - X M I N ) / 1 0 0 . , ( Y M A X - Y M I N ) / 1 0 0 . , 2 ) 

35 C 
C ANNOTATE GRAPH 
C 

110 C A L L Y A X I S C A K , Y M I N . B U F F ) 
C A L L SYMBOL ( 0 . 1 , 8HCM (K , E . ) , 0 . , 8) 

1,0 C A L L S Y M 8 O L ( 0 . , - . 6 , . l , T I T L E , 0 . , 5 0 ) 
C A L L S Y M B O L ( 0 . , - . 8 , . 1 , 2 5 H W . E . = • ' A L T . , 0 . , 2 5 ) 
C A L L N U M 9 E R ( . 5 , - . 8 , . l , A N S ( l ) , 0 . , 1 ) 
C A L L N U H 3 E R ( 1 . 3 , - . 8 , . 1 , B 0 ( 1 ) , 0 . , a ) 
C A L L S Y M B O L ( 0 . , - l . i » , . 1 2 , 2 1 H 3 N O W DEPTH / A L T I T U D E , 0 . , 21) 

itS C A L L S Y M 8 O L { 0 . , - 1 . 6 i » . . 1 2 , 1 6 - l RELAY I ONSHIP, 0 . , 16) 
I F ( N U M . L E . 3 ) G 0 TO 115 
CALL S Y M 9 O L ( 0 . , - l . , . l , 2 5 H C O R R E L A T I O N C O E F F I C I E N T = , 0 . , 2 5 ) 
CALL N U M 8 E R ( 2 . 6 , - l . , . l , A N S ( 2 ) , 0 . , 3 ) 

115 XM= ( X M A X - X M I N ) / l O O . 
50 C A L L P L O T ( X M , 0 . , 3 ) 5CALL PL OT { 0 . , 0 . , 2) $ L = XM»-1 XX = XMI N-10 0 . 

DO 120 J = 1 , L 
XX=XX<-10 0 . ? X l = F L O A T ( J ) - 1 . SCALL P L O T t X l ,0 . , 3 ) S C A L L PLOT ( X I , - . 0 5 , 2) 
I F ( X X ) 1 1 6 , 1 1 9 , 1 1 6 

116 CALL N U M 8 E : ' ( X 1 - . 1 5 , - . 2 , . 1 , X X , 0 . , - 1 ) 
55 GO TO 120 

119 CALL N U M 3 E R ( X l - . 0 5 , - . 2 , . l , X X , 0 . , - l ) 
120 CONTINUE 

C 
C PLOT STAKE VALUES 

60 C 
00 130 J=1,NUM 

130 C A L L S Y M B O L ( ( C B ( J * N J M ) - X M I N ) / l O O . , ( C 8 ( J ) - Y H I N ) / l O 0 . , . 0 5 , 0 , 0 . , - 1 ) 
C A L L PLOT (XM4-2 . , 0 . , - 3 ) 
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c 
65 C START SECOND GRAPH ANNOTATE GRAPH 

C 
200 CALL Y A X I S ( A K , Y H I N , 3 U F F ) 

C A L L SYH90L ( 0 . 1 , T I T L E , 0 . ,50) 
CALL S Y M 8 O L ( 0 . , - . 7 5 , . 0 5 , 2 , 0 . , - 1 ) 

70 C A L L S Y M Q O L ( . 3 , - . 7 5 , . 0 5 , 2 , 0 . , - 2 ) 

C A L L SYMOOL ( . ( . , - . 8 , . l , 1 6 H S P i C I F I C W.E . (M) , 0 . , 16) 
C A L L I f j S 0 i e ( 0 . , - . 9 5 , . 3 , - , g 5 , l ) 
C A L L S Y M 3 0 L ( . , . 1 , 1 2 H 1 0 H W A T E R , 0 . , 3 2 ) 
C A L L SYMBOL ( . 6 , - . 9 , . l , ' t H 6 3 , 0 . , U > 

75 CALL A f l S 0 C 3 ( A V E R , S I Z E , T l , T 2 , T 3 , A l , A 2 , K , l ) 
XMIN = XMI ( A l ) / ' 100 .$ IF (XMIN.GT . 0 .) XMIN=0 . 
X H A X = X M A ( A 2 ) / 1 0 0 . $ R A= X M A X - X M I N 
CALL P L O T ( R A , 0 . , 3 ) 3 0 A L L P L O T ( D . , 0 . , 2 ) 
X L = X M I N - 1 . $ X 1 = - 1 . S L 1 = R A * 1 . 

80 00 210 J - l , L l 
X l = X l + l . $ X L = X L t l . S C A L L PL O U X 1 , 0 . , 3) SC ALL PLOT t X l , - . 05 , 2 ) 

210 C A L L N U M ( 3 E R ( X l - . 0 5 , - . 2 , . l , X L , Q . , - l ) 
I F ( X M I N ) 2 1 1 , 2 1 5 , 2 1 5 

211 CALL P L 0 T ( - X M I N , Q . , - 3 ) 
95 C A L L P L O T ( C . , A K , 3 ) 5 C A L L P L O T ( 0 . , 0 . , 2 ) 

C 
C ORAW AREA / ALTITUDE CURVE 
C 

215 C A L L P L O T ( 0 . , 0 . , 3 ) 
90 DO 220 J=1 ,K 

A J = F L O A T { J ) 3 S I = S I Z E ( J ) / l O O . S C A L L P L O T ( S I , A J - 1 . , 2 ) 
220 C A L L P L O T ( S I , A J , 2 ) S S A L L P L O T ( 0 . , A J , 2 ) 

C 
C ORAH MEAN S P E C I F I C SNOW DEPTH / ALTITUDE CURVE 

95 C 
C A L L S Y M B O L ( A V E R ( 1 ) / 1 0 0 . , . 5 , . 0 5 , 2 , 0 . , - 1 ) 
00 230 J=2 ,K 

230 C A L L S Y M B O L ( A V E R ( J ) / 1 0 0 . , F L O A T ( J ) - . 5 , . 0 5 , 2 , 0 . , - 2 j 
C 

100 C DRAW VOLUME / ALTITUDE CURVE 
C 

00 2(,0 J = 2 , K 
2<fO C A L L I Q S f l i e ( S I Z E ( J - l ) » A V E R ( J - l ) / 1 0 0 0 0 . , F L 0 A T ( J - l ) - . 5 , 

• S I Z E ( J ) » A V E R ( J ) / 1 0 0 0 0 . . F L O A T ( J ) - . 5 , l ) 
105 C A L L P L O T ( X M A X + 3 . , 0 . , - 3 ) 

ENO 
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SUBROUTINE ZONE(I,J,A,M,3,Z, VV,VX,SIZE.AVER,K,JJ) 
C 
C INPUT — A MATRIX OF ALTITUDES II,J) 
C M MASKING MATRIX »I,J) 

5 C B MATRIX OF VARIftBLE <I,J) 
C Z ZONE SIZE DEFAULTS TO lOOM 
C JJ IF JJ.EQ.O PRINTOUT GIVEN 
C OUTPUT - VV MAXIMUM VALUE IN B 
C VX MIMMJM VALUE IN 8 

10 C SIZE VEOTO? CONTAINING NO. OF GR]0 CELLS IN EACH ALT.ZONE 
C AVER VECTOR CONTAIMING MEAN VALUF OF B IN EACH ALT. ZONE 
C K NUMBER OF ZONES 

C 
DIMENSION M(53 ,4a),B(53,i»B),A(53,i,8) , C (13i,0) , 0 (1 Sf̂ O) 

15 DIMENSION SIZE ( 1 0 0 » , A V E R t 1 0 5 ) 
1 F O R M A T t l H 0 l 8 X » M E A N STO MAX MIN RANGE NO. 
lOF GRID C E L L S » / / 2 X » W H 0 L E AREA 'SF10.2 ,111.//6X•ZONE*/) 
2 FORMATdH F5.0* - 'FS . 0 , 5F10 . 2,110 ) 
3 FORMATdH ) 

20 K=0 
00 10 L=1,I 
00 10 N=1,J 
IF(M(L,N).NE.0)GO TO 10 
K=K*1$C(K) = B(L ,N)$Q(K)=A(L,N) 

25 10 CONTINUE 

CALL AAS0 0 3(C,D,T,AV,SO,VX,VV,K,1) 
IF( JJ.NE.OGO TO 20 
RA=VV-VX$WRITE (6,1)AV.SO.VV,VX,RA,K 

20 CALL AAS003 (O,D,T ,AV,SD ,VMn, VMAX,K,1) 
30 I F ( Z . £ O . 0 . ) Z = 1 0 0 . « z 2 = - Z 

K=0 
DO 100 Ll=l,1000 
Z2=Z2tZSIF(Z2.LE.VMIN)G0 TO 100 
Z1=Z2-Z$IF(Z1.GT.VMAX)RETURN 

35 K=K+1$JX=0 
DO 50 L=1,I 
00 50 N=1,J 
IF(M(L,N).NE.0)GO TO 50 
IF{A(L,N).LT.Z1.0R.A(L,N).GE.Z2)G0 TO 50 

40 JX=JX+13C(JX)=B(L,N) 

50 CONTINUE 
IF(JX)55,55,60 

55 HRITE(6,3) 
GO TO 100 

US 60 CALL AAS003(C,O,T,AV,SO,VHI,VMA,JX,1) 
SIZE(K)=JXJAVER(K)=AV 
IF( JJ.NE.OGO TO 100 
RA = VMA-VMIJWRITE(6,2)Zl ,Z2,AV,SO,VMA,VHI,RA,JX 

100 CONTINUE 
50 RETURNJENO 
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Appendix B 
Program Output 



APPENDIX B. Program Output. 

PEYTO GLACIER — BASIC STATISTICS 

ALTITUDE INFORMATION 

WHOLE AREA 

ZONE 

MEAN STD MAX MIN RANGE NO. OF GRID CELLS 

E63(».g9 188.03 3185.00 2125.03 1060.00 13i»0 

2100. - 2200. 2168.1«» 2i..9i» 2197.00 2125.00 72.00 7 
2200. - 2300. 2270.57 23.70 2299.00 2205.00 9i«.00 65 
230 0. - 2i»00. 2333.12 26.07 2398.00 2300.00 98.00 86 
21,00. - 2500. 21*58.55 27.'•7 2«»98.00 2i»OO.OI3 98.00 125 
2500. - 2600. 25'«5.H» 30.13 2599.00 2500.03 99.00 280 
2600. - 2700. 261+5.75 28.59 2699.00 2600.00 99.00 262 
2700, - 2800. 271*5.18 28.39 2798.00 2700.03 98.00 233 
280 0. - 2900. 281,6.82 27.37 2898.00 2800.0) 98.00 177 
290 0. - 3000. 29if0.58 31.37 2997.00 2900.00 97.00 86 
300 0 . - 3100. 3033.91. 25.50 3090.00 3000.00 90.00 17 
3100. - 3200. 3175.00 l l * . ! ! . 3185.00 3165.0) 20.00 2 

LOCAL RELIEF INFORMATION WITHIN ALTITUDE ZONES 

WHOLE AREA 

ZONE 

MEAN STD MAX MIN RANGE MO. OF GRID CELLS 

-.65 6.16 1«2.20 -55.60 97.80 13i,0 

2100. - 2200. -3.86 3.67 .80 -9.60 10.1*0 7 
2200. - 2300. -.25 1.82 2.00 -7 . 63 9.6 0 65 
2300. - 2i»00. -.6i» 2.87 5.30 -13.83 19.60 86 
2i»00. - 2500. -.1*1 2.8i» 15.00 -9 . 6 3 21*.60 125 
250 0. - 2600. -1.12 <».16 12.20 -50.83 63.00 280 
2600. - 2700. -1.92 5.67 8.if0 -55.60 61*.00 262 
2700. - 2800. -.92 it.97 17.1.0 -36.1.0 53.80 233 
2800. - 2900. -.01 7.37 30.80 -35.83 66.60 177 
2900. - 3000. .68 11. £1* if2.20 -30.00 72.20 86 
3000. - 3100. 11.38 li».5i» 35.60 -18.03 53.60 17 
3100. - 3200. 32.00 1*2.00 22.00 20.00 2 

SLOPE ANGLE INFORMATION WITHIN ALTITUDE ZONES 

WHOLE AREA 

ZONE 

MEAN STD MAX MIN RANGE tlO. OF GRIO CELLS 

12.93 8,i*S 53.26 .57 52.69 131*0 

2100. - 2200. 12.95 2. 70 18.32 10.53 7.79 7 
2200. - 2300. 5.79 2.31 13.10 2.53 10.51* 65 
230 0. - 21*00. 6.39 i*.71 23.38 1.15 22.23 86 
21*00. - 2500. 8.1.7 5.13 31*.82 3.5!* 31.28 125 
2500. - 2600. 9.51 5.35 53.08 2.03 51.08 280 
2600 . - 2700. It*.23 7.58 53.26 2.5b 50.70 262 
2700. - 2800. 11*.21* 8.92 50.35 1.62 1*8.73 233 
2800. - 2900. 16.67 7.1.2 1*6.82 5.71 1*1.11 177 
2900. - 3000. 25.09 8.29 1*6.65 2.70 1*3.95 86 
3000. - 3100. 22.98 12.11* 1*2.1.8 1*1.90 17 
3100. - 3200 . 23.58 .1.1* 23.49 23.2? .52 2 
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PEYTO 1 9 6 8 - 6 9 WINTER ACCUMULATION. 

- 0 - 0 1 - 0 -0 - 0 . 0 0 0 0 - 0 . 0 0 0 0 - 0 , 0 0 0 0 -o .oono -o.oooo 

STAKE A L T . R E L . S L O . SNOW 

10 2 l i » 8 . 0 - 1 . 8 1 « . . 7 6 6 . 0 
20 2183.0 . 8 1 1 . 3 6 6 . 0 
21 221.5.0 l . i » 7 . 6 6 6 . 0 
22 2238 .0 1 .8 1 0 . 3 « 7 . 0 
30 22<.g.O . 6 7 . 9 7 1 . 0 
31 2261.0 . 8 6 . 5 7 6 . 0 
32 2252 .0 1.0 7 . 8 6 5 . 0 
<,0 2277 .0 1.6 5 . 6 8 1 . 0 
t»l 2275 .0 . 2 •..1. 6 9 . 0 
42 22R7.0 2 .0 5 . 3 5 9 . 0 
50 2 310 .0 1 .2 3.1. 6 6 . 0 
51 2300.0 - . 6 3 . 7 8 9 . 0 
52 2312.0 .1. 2 . 7 8 0 . 0 
60 2331.0 l . i » I..3 8 0 . 0 
61 2310.0 - 2 . 0 3 . 8 6 6 . 0 
62 2326 .0 0 .0 3 . 8 6 2 . 0 
70 23t.3.0 0 .0 3 . 7 8 2 . 0 
80 2365 .0 - . 2 7 . 9 7 3 . 0 
90 2 ' » 5 8 . 0 - . 6 ( f .O 1 2 3 . 0 
99 24*52.0 - 2 . 0 (•.1 1 1 5 . 0 

110 24.69.0 - 1 . 2 ? . 8 1 1 8 . 0 
111 21.37.0 - . 6 6 . 7 101 .0 
119 2506.0 2 .0 1 1 . 0 13^ .0 
120 2517.0 1 .6 7 . 0 8 7 . 0 
122 2571.0 - . 6 9 . 9 1 3 2 . 0 
129 2509 .0 - 3 . 2 I . .9 1 0 3 . 0 
130 2581.0 2 .0 9 . 2 1 3 7 . 3 
131 2597 .0 - 5 . 2 10. I f . . 137 .0 
l«tO 2635 .0 2 . 8 2 . 6 11 . 3 .0 
160 2502 .0 . 2 3 . 8 122 . 0 
162 24.98.0 1.0 5 . 1 113 .0 
170 2581.0 i t .6 1 1 . 0 9 0 . 0 
171 2609 .0 0 .0 5 . 6 1 1 3 . 0 
172 2516.0 0 .0 2 . 2 1 2 0 . 0 
17<» 2528 .0 0 .0 6 . 6 110 .0 
180 2611..0 - .<f 3 . 7 1 3 2 . 0 
162 26 8 7.0 - . 1 . 9 . 1 180 .0 
190 2729.0 . 2 1 . .3 11.3.0 

TOTAL NUMBER OF STAKES CONSIOEREO = 
MEANS 21.21.3 .2 6.1+ 9 9 . 0 

S.TD 153 .1 1 .7 3 . 0 3 0 . 3 
MINS 211.8.0 - 5 . 2 2 . 2 5 9 . 3 
MAXS 2729.0 i » . 6 i.ii.7 1 8 0 . 0 

NO DENSIT IES GIVEN 
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SELECTION =-0 OBSERVATIONS = 38 3 INOEPENOENT V A R H B L E S 

CORRELATION MATRIX 

A L T . 
R E L . 
S L O . 
SNOW 

A L T . 

1.000 
- . 0 7 1 
- . 1 1 3 

. 878 

R E L . 

- . 0 7 1 
1 .000 

.028 
- . 1 6 5 

S L O . 

- . 1 1 3 
.028 

1.000 
. 0 1 3 

SNOW 

. 87 8 
- . 1 6 5 

. 0 1 3 
1.000 

AMOUNT = 
STANDARD OEVIAT 
T - V A L U E S 
STANDARD PARTIA 
MULTIPLE CORREL 
STANDARD ERROR 
SUM OF SQUARES 
DEGREES OF FREE 
MEAN SQUARE OF 
SUM OF SQUARES 
DEGREES OF FREE 
MEAN SQUARE OF 
F - V A L U E 

INTERCEPT 
- 3 3 1 . 5 8 0 

IONS OF REGRESSION C O E F F S . 

L REGRESSION C O E F F S . 
ATION C O E F F I C I E N T 
OF ESTIMATE 
ATTRIBUTABLE TO REGRESSION 
DOM ASSOCIATED WITH SSAR 
SSAR 
OF DEVIATIONS FRCM REGRESSION 
OOM ASSOCIATED WITH SSDR 
SSOR 

A L T . 
. 1 7 5 
. 0 1 5 

11 .288 
.88t» 

R E L . 
- 1 . 8 7 3 

1 .378 
- 1 . 3 5 9 

- . 1 0 6 
.892 

I f . .306 
27020 .098 

3 .000 
9 0 0 6 . 6 9 9 
6 9 5 8 . 8 7 5 

31*.000 
20 i t .673 

i f i . .005 

S L O . 
l . l f>3 

.7'J3 
1. I .77 

. 1 1 5 

RANGE IN ALTITUDES OF STAKES 
TOTAL NO. OF GRID C E L L S =13<*0. ABOVE LIMIT = <«36. ( 32.5 '* PERCENT OF AREA) 

WITHIN LIMITS= 903 . ( 6 7 . 3 9 PERCENT OF AREA) 
BELOW LIMIT = 1 . ( . 0 7 PERCENT OF AREA) 

RANGE IN LOCAL R E L I E F OF STAKES 
TOTAL NO. OF GRID C E L L S = 1 3 l » 0 . ABOVE LIMIT = 8 2 . ( 6 . 1 2 PERCENT OF AREA) 

WITHIN L IMITS=1096 . ( 8 1 . 7 9 PERCENT OF AREA) 
BELOW LIMIT = 162 . ( 1 2 . 0 9 PERCENT OF AREA) 

RANGE IN SLOPE ANGLES OF STAKES 
TOTAL NO. OF GRID C E L L S = 1 3 t » 0 . ABOVE LIMIT = <»11. I 3 0 . 6 7 PERCENT OF AREA) 

WITHIN LIMITS= 9 2 3 . < 6 8 . 8 8 PERCENT OF AREA) 
BELOW LIMIT = 6 . ( .k5 PERCENT OF AREA) 



SUMMARY OF DEPTH l /ALUES FOR WHOLE GLACIER PEYTO 1 9 6 8 - 6 9 WINTER ACCUMULATION 

MEAN STD MAX MIN RANGE UO. OF 1 

WHOLE AREA 11,2.56 3 6 . 0 5 234,.01 61 .95 172 .06 131,0 

ZONE 

2 1 0 0 . - 2 2 0 0 . 6 7 . 5 5 ' , . 16 7 3 . 1 1 , 61.95 1 1 . 2 0 7 
2 2 0 0 . - 2 3 0 0 . 7 2 . 6 7 3 .36 86 .83 67.31 1 9 . 5 7 65 
2 3 0 0 . - 2ifOO. 81 , .35 9 . 57 1 0 9 . 3 2 72 .93 3 6 . 3 3 86 
21,00. - 2500 . 1 0 8 . 3 5 6 .53 1 2 8 . 7 3 9 1 . 6 i , 3 7 . 0 9 125 
2 5 0 0 . - 2 6 0 0 . 1 2 5 . 6 5 9 .90 1 1 , 8 . 9 9 1 0 3 . 0 5 1,5.91, 280 
2 5 0 0 . - 2 7 0 0 . 1 1 , 6 . 6 9 9 .22 1 6 6 . 3 1 125 .20 1,1.11 262 
2 7 0 0 . - 2 8 0 0 . 1 6 2 . 3 9 9 .31 181,.67 1 3 6 . 5 3 1,8.11, 233 
2 3 0 0 . - 2 9 0 0 . 182.1,7 7.=0 201 .61 , 163 .63 3 7 . 9 6 177 
2 9 0 0 . - 3 0 0 0 . 2 0 0 . 5 1 , 9 .60 219.1,8 171 .03 1,8.1,2 86 
3000 . - 3 1 0 0 . 210 .20 1 1 . 1 3 2 3 2 . 3 7 188 .8? 1,3.56 17 
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Figure B-1. Peyto Glacier - Snow depth vs altitude. 
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Figure B-2. An example of final mapped output. 


