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ABSTRACT: The aim of this work was to examine the suitability of false colour aerial photographs and

space SAR images for distinguishing of snow types. The results suggest that false colour infrared aerial pho-

tographs obtained in the season of well-advanced ablation or at its end form very good remote sensing mate-

rial for distinguishing of glacier zones. After appropriate digital processing it was possible to separate all

snow types excluding superimposed ice. The interpretation of radar image gave much worse results particu-

larly due to employment of the image, which was not acquired at the appropriate time (at the end of ablation 

season instead of in winter). In spite of this some interesting features of glaciers were obtained. It is clearly

seen that because the radar images are registered in the microwave range, they supply slightly different infor-

mation and they may offer valuable auxiliary and supplementary material. 

INTRODUCTION

Glaciers cover on the whole about % of the land 
area which amounts approximately to  3 % of the to-
tal Earth’s surface. Because they function under 
their own, exactly specified  rules , it is possible  to 
treat them as separate, dynamic, natural system, 
which the most important feature is  participation in 
mass circulation (especially of ice, snow and water) 
and energy exchange on the Earth. The phase 
changes related to ice formation and melting are re-
sponsible for 35% of heat exchange, which occurs 
on the Earth. Glaciers being a huge reservoir of wa-
ter in solid state have the basic influence on its cir-
culation speed within hydrological cycle. They store 
also 75 per cent of fresh water resources (J. Jania, 

997). All this factors cause very strong need to 
monitor the processes of growth and shrink of gla-
ciers and their response on present climatic changes. 
This is possible through investigation of equilibrium 
line and distribution of snow types within glaciers.  
Due to the inhospitality and inaccessibility of glaci-
ated terrains and their extent area, the best way to 
obtain this goal is to take advantage of remote sens-
ing data and methods. The aim of this work was to 
examine the suitability of false colour aerial photo-
graphs and space SAR images for such studies. 

2 STUDY AREA 

The study area (76°59’-77° 4’N and 5°2 ’-

6° 0’E) is located on the northern side of Horn-

sundsfiord, which is the smallest and the most ad-

vanced towards the south fiord of the west coast of 

Spitsbergen (Fig. ). It occupies an area of about  

Figure . The study area. 
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480 square kilometers and more than 70% of the 

area are covered with glaciers. Most of the terrain is 

occupied by three tidewater glaciers: Hansbreen, 

Paierlbreen and Mühlbacherbreen. 

3 REMOTE SENSING AND TOPOGRAPHIC 
DATA

In this work the false colour infrared aerial photo-

graph of Hans glacier in the scale of :50 000 has 

been used. It was obtained on 2th august 990 at 

9: 5 a.m. by aerial camera with focal length of 

52,83 mm. It presents nearly the whole Hans gla-

cier. Remaining photographs which cover study area 

were not used, because of errors occurred while the 

film developing or due to different time of obtaining 

photographs, which unable to carry out homogenous 

image classification for the whole study area. 
There was also used a part of ERS-2 SAR image 

acquired at C band (5,3 GHz frequency). The scene 
was registered on 28th October 995 thus at the end 
of ablation season, which is not appropriate time for 
research of glacier types on the base of microwave 
images. In the summer whole glacier surface is wet 
and backscattering coefficient from particular parts 
of the glacier is very similar. The best results can be 
obtained by employment of winter images (Engeset, 
Ødegård, 999). Unfortunately, because this paper 
has been written on the base of the author’s master 
thesis, the author could use only this image, which 
was available at Silesian University, and he had not 
the possibility to buy better one. The detailed discus-
sion of processing steps and interpretation of radar 
image was not included to this paper due to very 
poor results, which were obtained. For geometric 
and radiometric correction of the image, the Digital 
Elevation Model made by author on the base of 
topographic map in the scale of : 00 000 published 
by Norsk Polar Institutt in 994 was employed. 
Unfortunately, the glaciers geometry on this map 
comes from 936, so it was necessary to update it. It 
was performed on the base of location of glacier 
terminus in 990 and knowledge about position and 
height a.s.l.  of 0 stakes located at the glaciers sur-
face (Kolondra, personal information). In considera-
tion of very small inclination of the glaciers (less 
than 2°) it was possible to obtain sufficient accuracy 
of the DEM for purposes of this study. 

4 SNOW FACIES 

Currently the most widespread and most often used 

is scheme of snow types proposed by C.S. Benson 

( 96 ) and modified by F. Müller ( 962). Müller 

distinguished six zones on the glacier. Five of them 

occur in accumulation area. Starting from the upper 

part of the glacier there are: dry snow zone, percola-

tion zone, wet snow zone, slush zone, superimposed 

ice zone and blue ice zone of ablation area. Their 

position changes during the year and the uppermost 

position states the end of ablation season. 
On sub polar glaciers of south Spitsbergen, it is 

possible to distinguish, only five from six snow 
types proposed by Müller at the end of ablation sea-
son. Relatively mild climate of this region causes 
that dry snow zone doesn’t appear on these glaciers. 
The most extensive area is covered with slush and 
superimposed ice zones. The reason of this is very 
gentle inclination of glacier surface, which makes 
the surface run-off difficult. The small inclination in 
connection with local topography of glacier surface 
is responsible for discontinuity and complex 
boundaries between snow types.  The strong eastern 
winds cause deflation and redeposit ion of the snow 
in depressions of glacier surface, which is very 
clearly seen on aerial photographs. 

5 OPTICAL PROPERTIES OF SNOW AND ICE 

Within the glacier it is possible to distinguish some 
zones in which snow and ice differ in grain size, 
their mutual composition and packing density and as 
a consequence have also different optical and dielec-
trical properties.

In the visible and near infrared part of the elec-
tromagnetic spectrum particularly significant is their 
ability of absorption and reflection of electromag-
netic radiation. Spectral signatures vary dependably 
on wavelength. The highest values are assumed in 
visible band. In the range between 0,3 and 0,7 µm, 
albedo remains nearly constant but start dropping off 
steeply with wavelength in the near infrared between 
0,8 and ,5 µm and remain generally low for longer 
wavelengths. Local maxima occur at . , .3, .8
and 2.2 µm corresponding to local minima of the ab-
sorption coefficient of ice. (Warren, Wiscombe, 

980a).
The quantity of radiation reflected from snow 

varies accordingly to increase of its transformation 
into ice and amounts to 80-90% for pure dry snow 
(in visible band) and about 20-40% for contaminated 
glacier ice. This differentiation results from distinct 
snow grain size and presence of liquid water. As 
snow grain sizes vary considerably in particular 
parts of the glaciers, it seems that spectral range sen-
sitive to this variable could be very useful tool for 
discrimination between glacier types and for obtain-
ing other information about glacier surface. 

To attain this goal the most suitable are wave-
lengths for which given particular substance has 
middle absorption power. Then the quantity of ab-
sorbed radiation increases accordingly to growth of 
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grain size. For ice the range amounts to 0,7 to ,3
µm. However wavelengths shorter than  µm are 
also very sensitive to various types of snow con-
tamination, the range from ,0 to ,3 µm has been 
recognized as the most suitable (Warren, Wiscombe, 

980b). Unfortunately it exceeds the range of sensi-
tisation of false colour infrared photograph used for 
the purposes of this work. 

6 DATA PROCESSING 

Digital processing of remote sensing data started 

with dividing false colour infrared aerial photograph 

into three separate spectral bands. It was performed 

automatically during scan process of contact print. 

This way three channels that correspond to the spec-

tral bands: blue-green, red and infrared were ob-

tained. In the next step the glaciated areas were 

separated from other terrains, which were covered 

with the mask as not to take them into consideration 

in further analysis. 
The aim of further work with aerial photograph 

was such processing of the data as to obtain as much 
information about researched glaciers as possible. 
The first applied method was Principal Component 
Analysis (PCA). As a result of PCA three new non-
correlated images were obtained. The first compo-
nent represents entirely brightness of the photograph 
so it doesn’t give in principle additional information 
about glaciers. The most useful information is given 
by second component. First of all it gives very god 
contrast enhancement between particular parts of the 
glacier.  The image tone changes from white in the 
case of dry snow to black for blue ice. Comparison 
of PC2 with images obtained by means of other me-
thods showed, that it is nearly the same as image ob-
tained by subtraction of blue-green from infrared 
channel. This fact seems to indicate, that PC2 is 
strongly correlated with such features of glaciers as 
snow grain size and snow wetness. The contrast be-
tween blue-green ( ) and infrared (3) channel is the 
next very interesting image that can be obtained by 
dividing the sum of channels by their difference 
( +3)/( -3). It was the only one algorithm with the 
help of which it was possible to detect clear bound-
ary between areas recognised as wet snow zone and 
slush zone. The boundary between wet snow and 
percolation zone is also clearly seen. It is perfectly 
seen on this image how strongly the change of wet-
ness of surface snow layer is dependent on location 
of supraglacial streams. It refers especially to the 
upper boundary of slush zone. The next applied al-
gorithm was RGB to HIS transformation.  It was 
performed two times by changing every time dis-
playing order of source channels through base col-
ours. As a result of this transformations six new im-
ages were obtained. The most interesting are two 

images that represent hue of source photograph. On 
the one of them the nearly white tone of the upper-
most parts of the glaciers, which corresponds most 
likely with dry snow is clearly seen. On the other 
hand on the second, blue ice of ablation area and lo-
cation of supraglacial streams in the wet snow zone 
can be recognized. 

7 IMAGE CLASSIFICATION AND RESULTS 

The maximum likelihood supervised classification 

of aerial photograph was carried out on the base four 

earlier produced images: PC2, contrast of blue-green 

and infrared channels and both images representing 

hue of the photograph obtained during RGB on IHS 

transformation (fig. 2). Figure 3 shows the results of 

classification. These images are consistent with each  

Figure 2. Colour composition: R – contrast between blue-green 
and infrared channel;  G – hue of image derived from RGB on 
IHS transformation (channels ,2,3); B – hue of image (chan-
nels 3,2, )
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Figure 3. Classification of aerial photograph.

other what can be clearly seen. Comparatively the 

smallest area is occupied by dry snow. It was possi-

ble to distinguish this zone because the photograph 

was taken before the end of ablation season. It oc-

curs only in the uppermost parts (higher than 450 m 

a.s.l.) of side glacier basins. The altitudes of occur-

rence of other facies strongly overlap. Their distribu-

tion seems to be dependent more on the inclination 

angle of glacier surface and its local topography than 

on the altitude above sea level. 
The dependence between the type of snow and 

inclination angle of glacier surface is particularly 
clearly seen within the scope of percolation zone. 
Beside of small parts of main tongue in upper part of 
photograph it occurs practically only on its steeper 
side basins. The lower boundary of this zone occurs 
in any case at other altitude (200, 250, 300 m a.s.l.), 
however always terminates in the place of conflu-
ence of main tongue, where the surface inclination is 
smaller. 

More than a half of main tongue is occupied by 
wet snow and slush zone but they occur in discon-
tinuous manner also in side basins. They exist re-
spectively at altitudes 250 – 400 and 200 – 350 m 
a.s.l. The snow wetness seems to be dependent espe-
cially on local topography and consequently on oc-
currence of supraglacial streams, which is clearly 
seen in the upper limit of slush zone.  

The upper limit of ablation zone occurs at 200 m 
a.s.l., however beneath this altitude it is still possible 

to meet small areas of slush in depressions of glacier 
surface. During image processing and classification 
it was not possible to separate superimposed ice 
zone. That is, why it has the same signature as slush 
zone in classification image. The photograph was 
taken in the middle of August. At this time, super-
imposed ice is not yet continuous and has only epi-
sodic character; it can melt and is very similar to 
slush.

CONCLUSIONS 

The results of this work suggest that false colour in-

frared aerial photographs obtained in the season of 

well-advanced ablation or at its end form very good 

remote sensing material for distinguishing of glacier 

zones. After appropriate digital processing it was 

possible to separate all snow facies excluding super-

imposed ice. 
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