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Abstract - - Derivations of the microwave signatures of sea
ice have often been focused on the backscatter coefficient go.
It is well known that 6'' is rather stable during winter and
varies a lot during summer due to the complex mechanisms
related to melting. However, less work has been carried out
into the research of other statistical features of the sea ice
than the mean value and also their seasonal variations. This
paper investigates the backscatter coefficient and texture of
different sea ice types and water by using calibrated precision
images (PRI) acquired by the Synthetic Aperture Radar (SAR)
on board the ERS-1 satellite. Seasonal variations have been
related to the meteorological conditions and t h e radar system
parametaerS.

since V M R = P M R

1. VMR is defined as

V l W R { X } = V { X }/ E { X } 2

(1)

where E{X} is the expected value and V { X } is the variance.
During a classification process, large segments of water,
multiyear ice and first-year ice were evaluated with respect
to VMR. For water it was found t o be 0.35-0.47, for multiyear ice 0.57-0.77, and for first-year ice 0.34-0.88. T h e
ranges are derived from [3] using the most extreme values
of ,u & r , where p is the mean value of VMR a n d (T is the
standard deviation.

DATA AND METHODS

INTRODUCTION
This work has primarily been dealing with investigation
of the backscatter coefficient and variation from areas containing either first-year ice, multiyear ice or water. T h e
work has concentrated on the area of the North East Water Polynya (NEW Polynya) extended into the Greenland
Sea.
T h e ice situation in the N E W Polynya is both during winter and summer affected by wind a n d ocean currents guided by bathymetry. Strong wind froin North has
been observed t o extend the area of the polynya dramaticly, even during winter. T h e bathymetry causes an anticyclonic current going northward very close t o the eastern
coast of Greenland. This also seems to be an important
factor in the rnoveinent of the ice.
During winter the sea ice is rather stable in terrns of
microwave backscattering. Depending on ice type, the
measured backscatter values are affected by backscattering mechanisms at the surface or in the sea ice layer. A
layer of dry snow on t,op of the ice, will react invisible t o
the microwaves.
T h e onset of melting affects the microwave signatures
dramatically. Wetness of the snow layer causes a large attenuation. T h e penetration depth decreases and the mirrowave signat,ures are affected by scattering in the usually
very smooth air-snow surface. Later cooling, drying and
drainage of the ice floe can cause (TO t o increase [l].
Studies in Antarctic areas have shown t h a t layers in the
ice can be affected by a melting-freezing process during a
day-night cycle, causing the backscatter coefficient to be
dependent on the acquisition time of the scene
In [3] it was foiiiid t h a t the power-to-mean-squared rat,io
(PMR) adds importarit inforrnation when ,.discriminating
water from ice. T h e text,ure parameter variance-to-nieansquared ratio (VMR) can be directly derived from PMR,,

[a].
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A total of 42 scenes from 15 different orbits have been
received as precision products (ERS-1.SAR.PRI) from the
ESA Processing and Archive Facilities in U.K. and Germany (ITK-PAF and D-PAF). All images have been compensated for illuminated area following the algorithm in
[4],and stored in an internal image format used at the
Electromagnetics Institute. Images not compensated for
range spreading loss or antenna pattern when received
from D-PAF or UK-PAF, have been corrected when processing the scenes t o the internal image format.
The scenes covered the period 28 May 1992 t o 25 July
1993. Within the scenes different areas of first-year ice,
multiyear ice and water were selected and the statistical
properties were investigated. Beside the rnean value, also
VMR was used in the analysis.
To handle the large amount of d a t a , all scenes have been
reduced in size by a factor of 8 in both directions. T h e
averaging process was performed as

where i , j is the index of the pixel, A is the amplitude
of the received signal, and I = A' is the intensity. This
process does not affect the measured mean value of (TO,
but texture parameters are indeed affected. Reduction of
speckle in this way is denoted multilook by spatial diuersit y.
If an area is inhomogeneous, i.e. contains some kind
of variation in the backscatter coefficient, the V M R will
be higher than VMR for a homogeneous area. IfLthe real
backscatter coefficient of the area follows a Gaussian distribution, and the speckle effect from the radar system
follows a g a m m a distribution, then the distribution of the
measured intensity I is given by

I E

r(lc,X)jv(<uo>,a$)

(3)
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where k is the form parameter and X the scale parameter in
the gammadistribution , and < U @ > is the mean value and
coothe standard deviation of the backscatter coefficient.
Since the mean value of the intensity is equal t o the mean
value of the backscat>tercoefficient, the scale parameter is
given by X = l / k .
If t,hP two stochastic processes are independent, VMR
can now, according to [6], he approximated by

VMR(1) = l/k

+

(Uuo/

<a">)?

(4)

Traditionally areas of water are considered as homogeneous in SAR images if the wind field is uniform. However
according to the CMOD4 model [7] relating backscatter
levels with wind speed and direction, the change in U'
can exceed 1 d B per degree change in incidence angle.

RESULTS
Meteorological d a t a from an automatic weather station a t Kroyers Holme (80.651°N, 13.722'W) run by the
Danish Meteorological Institute, shows t h a t the first day
when two consecutive measurements of the temperature
are above the freezing point, is located on 15th June (k
1 day) for 1993 and 1994. T h e last day is observed to be
2nd September (& 3 days) during 3 years.
Figure 2 shows U" from areas of multiyear ice, first-year
ice and water. From Figure 2, t h a t clearly shows the seasonal variation in the backscatter, a summer period is defined as from late May t o start of September, and a winter
period is defined as the remaining part of the year.

In a PRI image (orbit 291 frame 2439) located east of
Sweden, a subset of 4096 lines (azimuth) and 512 samples
(range) with center a t 57.6993@N,20.8562"E has been used
t o investigate the influence of the averaging process. T h e
subset was found in a very homogeneous area. It is narrow
in the range direction in order t o reduce the variance of
U' related t o different incidence angles.
1

Figure 2 : no of various areas with indications of
dates with positive temperatures.
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Figure 1: Variance-to-Mean-squared Ratio (VMR) of water
area when using skip and average filter. A VMR level of 0.0011
corresponds to a relative standard deviation of 0.14 dB. Equivalent number of looks (ENL) can be found as l / V M R .

In Figure 1 it is shown how VMR decreases as the image
values are speckle reduced by averaging. VMR is plotted
against the side length of the averaging window. When
a new subset is made by skipping pixels, the pixels are
expected t o be less correlated. Already by skipping every
second row and column, the measured VMR is close to
the VMR modelled by (4) where the VMR coming from
the Gaussian distribution is estimated to 0.0011.
From Figure 1 it is also concluded that the Equivalent
Number of Looks (ENL) from an ERS-1 SAR PRI image averaged by 8x8 pixels is 39 2 looks. This should be
compared to the ENL of 2.84 in case the image is not
averaged.

first and last

During winter, U' from multiyear ice is very stable. T h e
maximum observed variation within the same floe is I dB,
and the total variation is 2.4 dB from -5.5 t o -3.1 dB. T h e
onset of melting is clearly observed in Figure 2, as U" drops
more than 8 dB when the surface becomes wet. During
summer, U @increases and reach a stable value at the latest
by start of September. First-year ice could not be identified in the summer periods except for a single observation
in the early summer 1992. In the winter period large variations within the range -15.1 t o -6.7 dB occured. Water
areas show large variations from -25.5 t o -3.4 d B due t o
different wind conditions.
Figure 3 shows VMR from the same areas as Figure 2.
VMR also seems stable during the winter period for multiyear ice, but with a small trend of increasing values with
time. Values was observed within 0.09 t o 0.21 during winter and within 0.06 t o 0.19 during summer. T h e minimum
values in summer are observed after the minimum in the
mean value of U" occurs, and are explained by wet and
smooth surfaces. The increasing trend in VMR implies
an increased variance, since U" was observed t o be very
stable for multiyear ice.
First-year ice areas have much higher variations in V M R
than multiyear ice. T h e areas witlh low values of U @clearly
show high values of VMR in the range 0.40 to 1.80. Areas
with higher U @have lower values of VMR.
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Water areas are observed to have very low V M R values
(less than 0.06) as expected, since water is usually considered t o be homogeneous.
Table A shows the range of ( T O , and the standard deviation of U’ estimated from V M R by (4) with k = 39.2.
~

Type

U0

I FY-1

I

FY-2
MY-W

MY-S
WATER

-13.8 dB
-15.1 dB

-5.5 dB
-16.8 dB
-25.5 dB

I

-6.7 dB I f 0.4 dB 1 f 1.7 dB
-10.9 dB
f 2.1 dB f 3.7 dB
f 1.0 dB f 1.6 dB
-3.1 dB
f 0.7 dB f 1.5 dB
-6.9 dB
-3.4 dB
f 0.3 dB f 0.7 dB
~

I

DISCUSSION
T h e variation in the real backscatter coefficient was derived in P R I images averaged by 8x8 pixels. Variations
were lower than else reported since the real U” was also
averaged by 8x8 pixels.
Multiyear ice showed t o be very stable from September
to May in terms of backscatter, but after onset of melting
large drops in both U” and V M R occured due t o wet and
smooth surfaces.
First-year ice showed large variations in both U” and
VMR. T h e variations in U’ were related t o the age of the
ice and caused by cooling and drying, and the variations
in V M R was related to ridges.
Water showed large variations in U” due t o different
wind conditions, but was very stable in terms of VMR.
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Figure 3: VMR of various areas with indications of first a n d
last d a t e s with positive temperatures.
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