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Snowfield Assessment
from Landsat
Area measurements are readily possible, and variations in
snow density or moisture content may be determined.

INTRODUCTION

I N RESPONSE to a request from the I ew
Zealand National Parks Authority, the

New Zealand Forest Service and the Remote
Sensing Section of the Physics and Engi
neering Laboratory, Department of Scientif
ic and Industrial Research, initiated a joint
study to assess the relative merits of extend-

instantaneous field of view, of 56 m (cross
track) by 79 m (along track) hom a nominal
satellite altitude of 920 km. This effective
field of view, combined with multispectral
sensitivity and potential for sequential cov
erage, provides a likely source of val uable
information for snowfield assessment. The
particular questions of access, wind expo
sure, and general terrain conditions appli-

ABSTRACT: The potential use of Landsat MSS data for routine
monitoring of the area and condition of a snowfield is explored.
Area measurements are read'ily possible from both the photographic
product and the eeT data. The eeT data also may -reveal variations
in snow density and/or moisture content, and have a spatial
resolution equal to, or better than, the photographic product. A non
subjective analysis technique based on the GGT data product is
advanced and is used, together with isodensitometric techniques
applied to the photographic product, in this snowfield assessment.
This study demonstrates that Landsat MSS data have the potential
for contributing to rapid assessment and management of snowfield
resources, especially if repetitive satellite coverage is obtained.

Although further work relating actual snow conditions to the
recorded radiances is necessary, the importance of using absolute
radiance values from eeT data and of considering the effect of
topography on recorded snow reflectance is demonstrated.

ing an existing skifield (Mt. Robelt-41.85°S;
172.800 E) or opening a new area (Six Mile
Creek Basin-41.88°S; 172.85°E) for such
development.

The Landsat Multispectral Scanner (MSS)
records data in four wavelength bands: MSS
4 (0.5-0.6 Mm), MSS 5 (0.6-0.7 Mm), MSS 6
(0.7-0.8 Mm), and MSS 7 (0.8-1.1 Mm). It has
an effective resolution, derived from the

* On leave li'om the Depaltment of Geography
and Anthropology, Louisiana State University,
Baton Rouge, Louisiana.

cable to any ski field assessment are left to
the skiing fraternity.

The acquisition of meaningful informa
tion on snow cover and snow conditions
hom Landsat data has been the object of
many projects. One NASA publication deals
entirely with such observations from satel
lite data (Rango, 1975). It is repeatedly
reported (Rango, 1975, and references cited
therein) that the accurate determination of
snowline and sno\v cover area is easily
accomplished. However, Bartolucci et al.
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(1975) have suggested that spectral varia
tions within the snow may not always be
readily determined from Landsat data be
cause of detector saturation. Consequently,
deductions concerning snowfield parame
ters such as type, density, surbce moisture,
etc., are difficult to extract from Landsat
data.

In this paper "snow type" is taken as an
amalgam of snow crystal size, crystal pack
ing density, and, to a celtain extent, temper
ature and specular reflectance. "Type" thus
is taken to range from powder snow through
fim to blue ice. In the absence of simulta
neous ground truth for the two snowfields,
no definitive conclusions as to the actual
type of snow in the various regions can be
made in this study. Rather, the snow typing
side of the study is directed at setting up the
analysis techniques to differentiate various
snowpack regions without tying these re
gions to particular snow types.

The overall objective of this study is the
development of an analytical package that
permits a non-qualitative comparison of the
extent of various snow types in two basins.
This is accomplished through the subsidiary
objectives:

(1) To use Landsat data in positioning a
transect line in the Six Mile Creek Basin
for a continuing series of ground snow
pack measurements;

(2) To measure the area of different types of
snow in the two snowfields;

(3) To assess the applicability of Landsat data
to differentiating snow types;

(4) To develop a repeatable and non-subjec
tive technique for differentiating snow
type boundaries from Landsat data;

(5) To use Landsat MSS data to fix the topo
graphic boundaries to such snow type
regions; and

(6) To pose questions for fLuther study as this
application of remote sensing develops.

METHODS

The study has been divided into three
stages: transect selection, areal planimetry,
and analysis of the Computer Compatible
Tape (CCT) data for snow type variations.
This last stage compares radiance data along
three transects within the Six Mile Creek
Basin with those along one transect line in
the existent ski basin-the Mt. Robelt ski
field. All stages use the one cloud-free
Landsat scene available of the study area
(Scene ID no. 2282-21252 recorded on 31
October 1975 (GMT)).

TRANSECT SELECTION

The first stage was the selection of a
suitable transect line within the Six Mile
Creek Basin for a continuing program of

ground measurements on snow depth/type.
This transect line was located on the basis of
an analysis of the MSS 4 positive trans
parency, using a Datacolor 703 isodensi
tometer, and the topographic data from the
basin. The processed Landsat MSS 4 data, as
shown in Plate 1, readily allowed the snow/
bush line to be delineated. The extent of
this snow cover over suitable skiing terrain
led to the selection of the ground transect as
indicated in Figure 1. (Because the current
ly available topographic mapping of the area
is expressed in Imperial units, topographic
references are retained in these units
throughout this work.)

Field inspection of snow depth and type
over this transect commenced at the end of
the 1976 Southern Hemisphere ski season.
New Zealand Forest Service staff now also
routinely overfly the color coded depth
markers and assess basic snowfield parame
ters.

PLANIMETRY AND SNOW AREA MEASUREMENTS

The second stage of the study used the
color-coded isodensitometer product, ob
tained fi'om the MSS 4 positive transparency,
to derive the area covered by each of the
three highest differentiable radiance ranges
recorded on the photographic product.
Whereas the wavelength region 0.6-0.7 iLm
is usually preferred to that used here, 0.5-0.6
iLm, on the grounds of lesser atmospheric
scattering, the contrast differentiation with
in the snowfield in the supplied MSS 4 prod
uct was superior in this case to that of the
MSS 5 transparency.

Photographically enlarged and contrast
enhanced transparencies were then pre
pared of the MSS 4 sub-image, raised on the
Datacolor 703 color isodensitometer, and
color slides were taken of the output. These
were then projected onto a base map.
Suitable orientation of this map/projector
system compensated for scale differences
and small distortions introduced in photo
graphing the isodensitometer screen.

The three highest "radiance" ranges were
discontinuously separated by some 5 CCT
levels from the adjacent lower radiance re
gion. Consequently, they were advanced as
representing the snowfield, with the lower
radiance region being associated with the
bare ground and bush-covered terrain.
These higher radiance regions in the two
basins are denoted by purple, white, and
yellow in Plate 1.

After transferral of the three highest re
gions, standard planimetric techniques led
to the deduced percentage areas presented
in Table 1. The regions chosen in each basin
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PLATE 1. Color-coded isodensitometer image of the MSS 4 positive transparency of part of scene
2282-21252 that was used in assessing the area of snow in the two basins and selecting the location of
the transect. Inset: location map for the study. (The color coding used in the two basins is discussed in
the text and summarized in Table 1.)

for this area assessment were bounded on
three sides by ridge lines. The fourth side,
closing the area, was a line drawn between
the lateral spurs to the basin (see Plate 1 and
Figure 1), with the bare ground and bush
covered terrain being excluded. Compari
son with the CCT product led to the de
duced radiance ranges given in Table l.
ANALYSIS OF THE CCT DATA

Snow of all types has MSS radiances that
usually place it in a region of compressed
dynamic range on the non-linear photo
graphic "scene-radiance/film-density" curve.
Linear CCT data is thus more appropriate
for achieving the objectives (3) to (6) out
lined previously.

PRODUCTION OF CODED PRINTOUTS FROM THE

CCT DATA

In order to relate the picture element

(pixel) radiance data to ground topography, a
47 character set was linearly allocated to the
0-127 CCT level range. This enabled sub
images to be output onto a lineprinter hom
an IBM 370/168 computer for each MSS
band in turn in such a way that the ground
topography could be recognized. The radi
ance level for each pixel was then deduced
from the non-overprinted character set.

The computer user has no control over the
column or row spacing, or over the character
size used in the lineprinter output. Conse
quently, mapping distOltions are present in
the lineprinter products, particularly when
sampling is oblique to the Landsat scan
lines. To overcome this distortion, control
points were established by measuring direc
tion and distance either parallel to or per
pendicular to scan lines from identified
locations. As a consequence a positional
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TABLE 1. PERCENTAGE OF THE TOTAL AREA IN EACH RADIANCE CATEGORY, FROM THE
COLOR COOl 'G OF PLATE 1, FOR THE MT. ROBERT AND SIX MILE CREEK BASINS

Percent of total area studied
Radiance Category

in Plate 1

I Purple'
II White'

III Yellow'
IV Unclassified'

Approximate
radiance intensity range3

(mw ster-' cm-' bandwidth-I)

Above 1.0
0.6 - 1.0
0.2 - 0.6

Less than 0.2

Mt. Robelt

26%
36%
35%

2%

Six Mile Creek

43%
30%
19%
7%

Total Area (hectare) 193.9 (ha) 498.4 (ha)

Source: ~lSS band 4 positive, Scene No. 2282·2]2.52
I The ('olors are those portrayed in Plate 1 (see <llso Probine et al., 1976).
:! This .. UIl(;]assifiec!" category filils between those regillJ1S exhibiting the high radiances or SHOW and the low radiances of the hare and

husIH.:o"crcd terrain (see text).
:\ The raclialH.:e illtensitv ranges were derived from the CCT data and have an associated tolerance of :!:O.2 Ill\\' ster-1Cl11-t integrated over

the channel bandwidth. (This was derived li'om the spread in the ,\ISS 4 CCT val lies along the "iso-color" contours in each basin.)

accuracy of ± 1 pixel may be ascribed to the
relationship between a ground feature and
its location on the coded printout.

CCT TRA:-ISECT LINE SELECTION AND DEDUCED

RADIANCE PROFILES

Four transect lines were selected for

t
N

:~
~-

w ,
~.LLJ:.LL.II.....L~c....LIlLLLL.l..I//

study, one approximately along the existent
Mt. Robelt skifleld towline and three in the
Six Mile Creek Basin (Figure 1). Transect
(D-A) was placed along the previously
determined New Zealand Forest Service
snow sampling line. Transect (D-C) was
established to approximate the sun illumina-

FIG.!. The location of transect lines for CCT radiance comparisons in the Mt. Robert and Six Mile
Creek Basins. The shaded area signifies bush, and the solid circles, marking the ends of the transects,
indicate also the positional unceltainty of ±l pixel in the use of the CCT product.
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tion angle on the Mt. Robert transect (F-E),
and transect (D-B) was set up on the pre
dominantly sunward slope approximatelv
opposite the (D-A) transect. These transect
lines were then located on the printouts and
the radiance profile, in each band, was
deduced from the relation between the
coded characters and the CCT levels.

These CCT level data were now con
verted to radiance data (in milliwatt per
steradian per square centimeter integrated
over the channel bandwidth) for the follow
ing reasons:

(I) Small variations in spectral radianee
could signify dillerent melt/freeze histor
ies or density regimes in the snow
(O'Brien and Munis, 1975). For these
variations to be assessed and inter
related, it is desirable Icn the recorded
radiances to be expressed in common
units.

(2) The low-gain mode in three of the four
MSS channels has approximately the
same full-scale radianee response, but
such is not the case for MSS 7.

(3) The CCT data lor MSS 4, 5, and 6 are
decompressed (range 0-127), whereas the
~ISS 7 data are in the linear mode (range
0-63).

(4) The spectral bandwidths of 1\1554,5, and
6 are all nominally the same at 100 nm,
but that for 1\155 7 is nominallv 300 nm.

(5) Radiance is often expressed as ;'mw ster- I

cm-2 nm- 1
." The use of such terminology

here would require knowledge of the sen
sors' spectral response and the spectral
h'ansmission characteristics of each chan
nel's optical filter. Neither data are read
ily available. Consequently the radiance
recorded in each band is expressed as
being "integrated over the channel
bandwidth" (abbreviated to "band
width-I").

The pixel radiance values were plotted
together with the topographic elevation pro
me and are presented in Figures 2, 3, 4, and
5. (The uncertainties in the four MSS band
radiances are ±O.03 (mw ster- I cm-2 band
width-I) for MSS 4, ±O.02 for MSS 5; ±O.02
for MSS 6, and ±O.09 for MSS 7, derived
li'om ± V2 the CCT level range used in the
coded pri ntouts).

CRITERIA FOR BOW'IDARY SELECTIO:\

Three criteria were now advanced through
which regions containing difTerent types of
snow could be repeatably discriminated.
The first, or "radiance gradient," criterion
rests on the sympathetic positive or negative
response in all MSS channels to different
sno\v types (Ii'om O'Brien and Munis, 1975).
The second, or "radiance block," criterion

relies on each snow type having a different
spectral signature. The higher probability
regions within the radiance level occur
rence fi"equency plot for each \ISS channel
yield the prelerred "radiance blocks" for
each snow type for each \·ISS banel. The
third criterion relies on various snow types
occurring within a common altitude range
over a restricted area. This last criterion is
used to check the boundaries suggested by
the first two criteria.

"Radiance gradient" criterion. The first
criterion relies on all four 1\ISS channels
responding in sympathy as the sampling
proceeds over pixel areas containing dilh~r

ent snow types. If this trend were main
tained in this analysis over all channels for
at least two pixels, a ,"radiance gradient"
boundary was allocated to that position along
the transect.

"Radiance Block" Criterion. The second
criterion involved (1) plotting the li'equency
of occurrence of radiance values within se
lected intervals for each MSS band (Figure
6), (2) noting the groupings of increased
fi'equency of radiance occurrence ("radiance
blocks"), and (3) determining the boun-
daries to these blocks.

Data from all fou I' transects were used in
these plots so that the "radiance block"
criterion would apply to both the 1\1t. Robert
Basin and the adjacent Six \lile Creek
Basin. A three-point running mean of the
frequency data for each band was then
plotted. Boundaries were selected at the
minimum value on the lower radiance side
of the maxima. A range of at least one
radiance sampling interval was assigned to
each boundary about the minimum, greater
ranges being given to minima having greater
radii of curvature. These boundaries are
presented in Table 2.

On the basis of Skylab S192 scanner data,
Barnes and Smallw'ood (1975) concluded
that the retlectance of snow decreased with
increasing wavelength. Consequently, MSS
4 is expected to reveal more variations in the
snowpack than MSS 7 due to the greater
snowpack radiance dynamic range being
retlected in MSS 4. Acting against such an
expanded radiance dynamic range for l\1SS 4
over 1\ISS 7 is the increased atmospheric
scattering present in the shorter wavelength
channels. It was decided to examine the
fi-equency of occurrence plot (Figure 6) of
the linear radiance values derived from the
CCT product to determine which channel,
;\ISS 4 or 5, showed the more evident
maxima to minima ratios. On both counts
greater radiance dynamic range and more
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FIG. 2. The variation in MSS radiance along the D-A transect, and the ground
topography profile. Suggested snow region boundaries marked by vertical bars.

evident maxima to minima ratios-the ~ISS

-t channel was superior for such snowpack
studies in the Six ~Iile Creeknlt. Robert
area for scene 2282-21252. Accordingly, the
boundaries advanced in Table 2, in particu
lar those from ~·ISS 4, were combined with
the first criterion for boundar" selection.

Criterion based on a common topograph
ic altitude for similar snowpack states. The
Six ~lile Creek Basin contained three tran-

sect lines spanning a range of sun irradiance
aspect angles under essentially similar cli
matic conditions. vVithin this "control" bas
in a "similar" altitude would be expected for
the boundary to each class of snow. Upon
inspection of the Six ~lile Creek Basin
topograph\', and comparing snowpack dis
tributions in subsequent years, this "similar
ity" was taken to be: 'general agreement
within ±150 feet in altitude.'
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FIG. 4. As for Figure 3 for transect D-C.
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BOUi\DARY SELECTIO:-i

The "radiance gradient" criterion was
used first to indicate the like!v location of
the boundaries between diff'erent snow
types along each transect. If the MSS -t
radiance values at these possible locations
fEdl within the previouslv determined "radi
ance block" boundary ranges and, in general
terms, satisfied the .\1SS 5, 6, and 7 "radi
ance block" ranges, the locations were sug
gested as marking the boundaries between

regions of differing snowpack. The topo
graphic altitudes of these suggested bound
aries were now intercompared within the
Six ~lile Creek Basin (transects D-A, D-B,
D-C). If "similarity" was found between
these altitudes, the locations were regarded
as the snowpack boundaries and were
marked by vertical bars in Figures 2, 3, 4,
and .5. The topographic altitudes of these
houndaries are presented in Table 3 (with
the associated tolerances arising from the
positional accuracy of ± 1 pixel)_

CO~IPARISO:-J OF THE SUGGESTED SINGLE BAND

(COLOR ISODEi\SITOMETER) Ai'\D FOUR BAi\D

(CCT) DERIVED BOUNDARIES

Plate 1 presents the three highest ~ISS 4
radiance ranges for the two basins. The
topographic altitudes of each colour coded
MSS 4 photographic density region were
t(mnd b·om this analysis and are presented
in Table 4.

On comparing these single band results
(Table 4) with those obtained b·om the four
~ISS channels (Table 3), good agreement is
noted for the boundaries between the postu
lated snow types 1/2 and 2/3 within the Six
~lile Creek Basin. The "ground/snow type
1" boundary shows less close agreement
between Tables 3 and -t. This is suggested
as being principally due to the regions with
a high contrast ratio on the photographic
product less bithfully following the actual

FREQUENCY OF RADIANCE OCCURRENCE
TRANSECTS A-D. B-D. C-D. E-F FOR MSS 45.6.7
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TABLE 2. S:-iOWFIELD "RADIA~CE BLOCK"
BOC:-:OARIES FRO~I FIGURE 6

\ISS oJ \1555 \ISS 6 \ISS 7

0.1 - 0.3 0.1 - 0.3 0.2 - O.oJ OA - U
0.6 - 0.8 0.8 - 1.1 0.6 - 0.8
1.0 - 1.2

l'llit .. ill"(: all (111\\ ... tt:r I elll 2 hand\\ idth I)

radiance region boundary as recorded on the
CCT product, due to the flare and chemical
ad.iacenc~ effects present in the photograph
ic emulsions. In general a "migration" of the
apparent lower radiance region into areas of
higher radiance would be expected when
using positive photographic transparencies.
Consequently, a general trend for the bound
ary to the "ground/snow type I" regions to
progress towards higher altitudes could be
expected. This trend is seen in comparing
Tables 3 and 4, but hnther studies of this
migration effect are necessary.

Inspection of the radiance profile for the
F-E transect (Figure 5) led to the rejection of
the h\'o bou ndaries at -1800 and -1900 ft.,
suggested bv the single band anaJ~'sis which
led to Table 4, as neither fully satisfied the
"mdiance gradient" nor "radiance block"
criteria. The use of lour band CCT based
analysis consequently refines the general
snowfield classification procedure, as could
be expected. In particuLlr, the pixel-by
pixel analvsis, made possible by the CCT
product, avoids any of the spatial integration
effects present in the photographic product.

CO\IPARISOi': OF Si\:O\\,PACK CO:\DITIO:'-iS Ii':

THE BASl:'-iS C:\DER SI\IILAR CLl\lATIC

CO:\DITIO:\S TO THOSE THAT EXISTED FOR

SCE:\E 2282-21252
In the absence of simultaneous ground

truth for scene 2282-21252, comparative air
craFt and ground asscssments of snowpack
conditions were made under similar climatic
conditions in late October 1976.

~Ionthly summaries of temperature and
precipitation for the Lake Hotoiti station
(located between the two basins) indicate

that there was little difference between the
two years 1975 and 1976. ~lonthJy mean
temperature di flerences were less than 1°C
and monthly precipitation differences were
less than 4 mm. The snowhl11 record for the
Lake Hotoiti station indicates that, at the
times of both the overpass and the over
flight, conditions were similar. One week
before, in each case, fresh snm\' fell to the
same altitude (2500 £1:).

\Vhereas such a retrospective surve~' can
not categorically confirm the snowpack
assessments deduced fi'om the CCT data,
the similarit~' was such that these assess
ments are be lieved to represent the general
conditions prevailing at the time of the
Landsat overpass on 31 October 1975.

CO:\CLUSIO:'-iS

Conclusions ii'om this study f~lll into two
categories: those related to the application
of Landsat to this monitoring role and those
conclusions that can be drawn about the
actual di fferences between the ~It. Hobelt
and Six ~Iile Creek snowfields.

CO:\CLCSIO:\S 0:\ THIS APPLICATIO;\, OF

LA:\DSAT DATA

The potential use of Landsat data in as
sessing the type and area of different regions
in a snowfield has been established. A re
peatable analysis S\'stem has been advanced
and fills the analysis requirements for
ftllther studies.

Several general observations have been
made from the data that should help future
interpretation of ~ISS radiance values from
snow-covered areas, The most important of
these is the effect on the recorded snowpack
r,ldiance frol11 local slope angles and orienta
tion along an altitude contour line. This
enhanced specular reflection eHcct is evi
dent in a comparison of transects D-A (Fig
ure 2), a south-bcing slope directed away
ii'ol11 the sun, and D-B (Figure 3), a north
facing slope directed towards the sun.
Higher radiance values, and even detector

TABLE 3, TOPOGRAPHIC ALTITUDE OF THE VARIOUS BOU:-iDARIES TO THE S:-iOWPACK REGIO:-lS
(\155 SD:SOR SATURATlO:-: OBSCURED A:-:\" POSSIBLE FURTHER REGIO;-;S

ABOVE Sl'iO\\' TYPE 3 FOR TRA:-iSECTS D-B, D-C)

Transect D-A (ft.) D-B (ft.) D-C (ft.) F-E (ft.)

Ground/Snow Tvpe 1 4550 ± 50 4500 ± 200 -1550 + 100 4600 ± 50- 200

Snow T~"pe liSnow Type 2 5100 ± 50 5000 + 100 4900 ± 150- 200

Snow Type 2/Snow Type 3 5300 ± 50 5oJ50 ± 50 5300 ± 50
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TABLE 4. THE TOPOGRAPHIC ALTITUDE OF TIlE BOL;\;DARY TO EACH OF THt: THREt: HIGHEST
\ISS 4 HADIA;\;CE HEGIONS, DEDVCED FRO~I THE COLOR CODED PHOTOGRAPIIIC DENSITY

HEGIONS PRESENTED IN PLATE 1, ALONG THE TRANSECTS USED IN Tilt:
CCT A"ALYSIS IN TI-IE SIX \IILE CREEK AND :--!T. ROBERT BASINS.

501

Radiance Category in Plate 1 D-A (ft.) D-B (ft.) D-C (ft.) F-E (ft.)

IV UnclassifiecllIII Yellow 4700 ± 50' .5000 ± 100 4600 ± 100 4,500 ± 100
1II Yellow/II White 5000 ± .50 .5150 ± 50 ,5100 ± 100 4800 ± 50
II White/I Purple 5300 ± 100 5450 ± 50 .5300 ± 50 4900 ± .50

I Tht.',e altitudl' loleralH.'l''' .lft' <.!eri\t·d frolll thl' nUl.!!(' in altitude .dong the i"IH._·olor !1011Ild<ll") ill the \ i('illil~ "ftllt' intt'r't'ditlll \\ ilh lht.'
I rall ,ct...t.

saturation in three bands, were recorded for
the sunward slope.

It has also become apparent that coordi
nated ground-satellite data collection is
necessary for further progress to be made in
re lati ng snow type to recorded Landsat rad i
ances. Such ground data should be on an
,lreal scale compatible with the Lands,lt
pixel resolution and should include data on
snow age, densitY, temperature, moisture
content, type, depth, and crustal hardness.

Greater use, too, should be made of the
CCT data in snowpack monitoring.

CO:,\CLL'SIO:-';S 0:'\ CO~IPARI:'\G THE S:-';O\\·P.-\CK
1:'\ TilE TWO BASI:'\S

The ;\ISS 4 cbta reaclih veilds the area ofa
snowfield. From Tahle i the area of each of
the three higher radiance regions ma\' be
deduced and, hence, total snowpack area
ma~' be inferred. The Six )'lile Creek Basin
is thus conc:luded to have contained a great
er extent of snow at overpass ti me on 31
October 1975 (G)'IT). This is reinforced b\·
the "patchiness" suggested as being present
in the ),It. Robert Basin on comparing the
radiance profiles deri\'ed in the multi-hand
anal\·sis.

Comparison of ),[SS CCT radiance values
along the transects from Six ),Iile Creek
(Figure 4) and ;\It. Robelt (Figure .5) sug
gests that there were other differences be
tween the snowpack in the two basins. The
Six ;\[ile Creek Basin transect (D-C) has
similar radiance values below 4600 ft, slight
ly higher \'alues between 4600 and .5000 ft,
and much higher radiance \',liues above
5000 ft than the "It. Robelt Basin transect
(F-E). Over 50 percent of the transect in Six
)'lile Creek Basin has radiance values high
er than the maximum radiance values in the
;\[t. Robert Basin.

The general increase in radiance values in
the three Six ),1ile Creek Basin transects
strongly suggests that the snow is fresher
anel elrier as the altitude iJl(;reases. Such a
relationship of snow radiance and the concli
tion of the snow was reported bv O'Brien

and ),Iunis (197.5). It has acted as the basis
for the chrssification procedures used here
to divide the radiance profiles along each
transect into fewr regions. The two higher
levels are interpreted to be potentially ski
able snow; the two lower levels are probab
Iv non-skiable with the lowest radiance rc
gion in cach basin being bclow the snow
line.
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.3. Each article should include an ab-

stract, which is a digest of the article.
An abstract should be 100 to 150 words
in length.

4. Tables should be designed to fit into a
width no more than five inches.

5. Illustrations should not be more than
twice the final print size: glossy prints
of photos should be submitted. Letter
ing should be neat, and designed for
the reduction anticipated. Please in
clude a separate list of captions.

6. Formulas should be expressed as
simply as possible, keeping in mind
the difficulties and limitations en
countered in setting type.
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