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ABSTRACT 

The results from helicopter-borne laser profiling of the ice surface in the Baltic Sea for March 
1988 are presented. The laser was a PRAM III system with a measurement frequency of 1-4 kHz, 
a footprint of approximately 20 cm at a flight elevation of 100 m and a single-shot vertical resolu­
tion of 12.5 cm. The laser profiles were calibrated to remove aircraft motion and averaged to 1-m 
intervals which combined to produce an elevation accuracy of 1.8 cm. A total of 51 profiles with 
varying lengths from 6 to 24 km, in all 662 km, are analyzed. The data were stratified into 5 
groups representing different ice fields. The standard deviation of the surface elevations ranged 
from 7 to 14 cm. The spectrum of surface roughness displayed a red noise form (slope about 
-1.5) through the wave-lengths 4 to 100 m. Ice ridges were identified using the Rayleigh 
criterion with a cutoff height of 40 cm. The mean ridge height ranged from 52 to 59 cm, the 
standard deviation 12 to 20 cm, and the maximum ridge height sampled was 197 cm. The 
number of ridges was 1.4 to 9.5 km_, for 4 of the groups and up to 17.4 km - 1 in one group 
representing an intense shear zone. Ridge heights were exponentially distributed whereas the 
log-normal distribution provided the best fit for the ridge spacings. Mean ridge height and ridge 
density were not strongly correlated. The amount of ridged ice was estimated to account for 
1 to 18 cm of equivalent ice thickness while based on a crude extrapolation method rubble fields 
summed up to 2-10 cm. Deformed ice constituted 15-40 % of the total ice volume. 

1. Introduction 

In the northern part of the Baltic Sea ice forms 
every year. Depending on the location, the average 
ice season is 3-6 months and the maximum annual 
ice sheet thickness 10--120 cm. Frequent storms 
induce mechanical deformation. The deformed ice 
has fairly rough surface topography and appears 
as rubble fields and as ice ridges, with thick but 
long and narrow accumulations of ice blocks. The 
thickness of ridges is typically 5-15 m and over 
large areas their mass accounts for, on the average, 
up to one-third of the total ice mass (Lepparanta 
and Hakala, 1992). Only 1st-year ice occurs in the 
Baltic Sea. 

Ice ridges are a major obstacle to winter naviga­
tion and when in motion cause the largest forces 
on offshore structures in the Baltic Sea. Conse­
quently, detailed information on the statistical 
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properties of ridges is needed for routine ice map­
ping and for planning and conducting marine 
operations. In sea ice geophysics knowledge of 
ridging characteristics greatly aids the understand­
ing and modeling of large scale ice mechanics. 
However, for the Baltic Sea quantitative informa­
tion on this subject is relatively limited. 

To increase our understanding of ice ridging 
in the Baltic Sea, a comprehensive research 
programme was undertaken in the late 1980s. The 
work included detailed field investigations of 
the geometry, internal structure and strength of 
individual ice ridges (Kankaanpaa, 1989; Lep­
paranta and Hakala, 1992) and the large scale 
mapping of the ice surface topography, in par­
ticular the statistics on the size and spacing of 
ridges. This paper presents the results of these 
latter investigations performed with a laser 
profilometer. 
































