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Background

- Airborne laser scanner (ALS) measurements werduxiad in
The Baltic Sea in March 2005. ALS is a 3-D lasamnser
providing cross-track scans of sea ice surfacegiaminy.

- Nearly coincident with the ALS acquisitions onérch one
ENVISAT APP image with HH- and VV-polarization wascalired.
The ALS and ENVISAT data were acquired under coldditions;
mean air temperature on 14 March was -13.4°C.

© Finnish Institute of Marine Research, 2008



L FIMR
Data sets

- The ALS measurements utilized in this study cstesi of two
approximately 400 m wide lines; line 1: 68 km lotige 2: 179 km long.

- The ALS lines were divided into successive nonragping 300 by
300 m windows centered at the flight path. From3Ad&R data
windows of 315 by 315 m (21 x 21 pixels) co-locatath the ALS
data were extracted.

- To compute e.g. slope statistics, a grid withssokgtion of 5 m

was formed from ALS data sets by averagindnaiheasurements
inside a grid cell. In the case of missing measerdmthe value dfi;
was determined with a linear interpolation. Torgwgrid point was
assigned also a sigma0O-value using the nearestrplggthe image was
sampled into pixels with a resolution of 15 m).
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- Due to usually thin snow cover the elevations messsoy ALS
were roughly equal to the elevation of the iceatef The ALS
data were processed to ice freebo&yddata from which

various statistical parameters were calculated (eegnh).

Theh; data can be converted to the total ice thicknesgltiplying it
by factor K where K depends on ice and snow cover
characteristics (typical range for K is from 5 {0 8

-Because the thermodynamically grown ice thickmes$lse study area

was at maximum about 50 cm, the larger ice thicknatuesif; >10cm)

are due to mechanical deformation. Hencehtinepresents also the degree of
ice deformation.

-t
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DEM image from ALS data displayed as a ’hill sfladhage. The left part
of line is open water and the ’holes’ in the image due to missing data.
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Descriptive data analysis

- The linear relationships between the mean sigmaiddferent h_f statistics
(computed over a window of resolution of 300 m) evguantitatively studied
by correlation analysis using both the origihalalues and th; representation
iIn the 5 m grid.

-The correlation coefficients varied from 0.7 t8 @ the statistics shown
in the following figures.

- Many of theh; statistics are strongly intercorrelated.

- Due to its explicit physical interpretation theandy (which
IS directly related to the mean ice thickness) wrassen for further analysis.

-t
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fraction of deformed area (fbo=10cm)

1
.*. I
0ot - * .
L # _
0.8 : .*.* "
.*.
07t o w -
.*.
06+ "y * ]
v F
* 4, +¥ #
-2 051 . 4::& ¥4 -
+ ¥
04f + _
¥ *.*.-*
# b
0.3 N .
# 4, o+
i * X 3 i
02 ety
01k #* -## i
¥+ 4 * *
-ﬁ -*- | | | | |
22 20 -18 -16 14 12 10 a b
1]
')

The relative area covered by the deformedicel0cm) .
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The spatial distribution of deformed ice (the meme
of deformed ice area).
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The mean slope between 5m by Bmalues as
a function of sigma0.
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50 ws. mean(fb) when (fb=10cm)

a0

0t

201

10F

The mearh; value in the deformed ice areas.
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50 vs. sumifb) when (fb =10cm)
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Inversion schme

- The inspection of Figs. 1 and 2 suggest to appiygple exponential
model for the inversion:

h; (cm) = a * exp( b * sigma0(dB)).

- The model fitting was performed using the Markdwa{h Monte Carlo
(MCMC)-methodology where the model parameters asermed to be random
variables. The uncertainty in the model fitting do¢he random nature of the
(a,b)-parameters is taken into account by compuhegredictive

envelopes around the modeled regression curvd-(ge8).
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Fredictive envelopes of the model
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Fig. 1. The uncertainty of the model is quantifiete using the predictive
envelopes. The grey areas in the figure correspamdlopes computed from
the 50%, 90%, 95% and 99% posterior regions. Thelepes begin getting
wider from the sigma0 value —15 dB upwards.
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Predictive envelopes of the model
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Fig. 2. The uncertainty of the model is quantifiestte using th predictive envelopes
grey areas in the figure correspond envelopes ctedgtom the 50%, 90%, 95%

and 99% posterior regions. The envelopes begtmgetider from the

sigma0O value —15 dB upwards. J
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Fosterior distributions of (@, ©.)

0.27

026+ Diata set 1 (blue S
(blue) : {}+-&

0.25 Data set 2 (red) -

0.24
0.23
0.2
0.21

0.2

019 14

D']B | | | | | | | | 1 1
250 300 350 400 450 500 550 BOO BSO 700 750 8O0

,

Fig. 3. For this ALS/SAR data set the relationdbgween sigmaO and
freeboard height remained quite stabile as carbe By comparing
the posterior distributions of the model parameitethe two data sets.
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Regression based prediction

- When we predict & -value using the regression model we must
take into account the additional uncertainty duth&o

observation errors (here stdlpfvas assumed to be 5 cm). The
resulting posterior predictive range for theestimate is

shown in Figs. 4 and 5 as a "tube" surroundingeignates.
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Fredicted fb-values with a predictive envelope
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Fig. 4. fb-estimates for transect 2. Model basedata of transect 1. Also
the posterior predictive envelope (90 %) indicqtpeen tube).
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Fredicted fb-values with a predictive envelope
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Fig. 5. fo-estimates for transect 1. Model basedata of transect 2.
the posterior predictive envelope (90 %) indicqgéen tube).
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Each pixel in the SAR-image (14.03.2005) is an agerover the

300 m by 300 m window. Using sliding windows thegt$ are
computed with a sampling interval 100 m in the homtal and vertical

direction.. '
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fb-image 14.03.2005. Using the nonlinear regressiodel.
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The histogram for the sO values in the ENVISAT ASARP-image.
The image resolution is 300m by 300m.
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The histogram for the fb-values obtained from ENVISAT ASAR
APP-image using the nonlinear regression. The shap@& much longer
tail than the corresponding sO-distribution.
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Conclusions

-In this sea ice data set the correspondence betiiedENVISAT-derived
C-band backscatter and the ALS-based estimateddaee was unexpectedly
strong. The contrast between deformed featureseamedlice

varies a lot at C-band and is in many cases quatkw

- In the current case one of the factors contrilgutmthe distinctive separation
between deformed ice areas and level ice was th&th snow

cover. Also the long freezing period prior the iragquisition

caused that the small-scale surface roughnesstioagly

associated with level ice age and, hence, alsoiwegtkhickness.
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-One of the reasons for the success was that thends analyzed in a
scale (300 m) appropriate for the dependence stuyextremely difficult
to identify separate ridges from a C-band SAR im&geur approach the
magnitude of sigma0 was large only if severaleglgccurred

in the area of interest or the ice field consisiEdummocked or

rubble ice.

- The presented case study demonstrates that iddhkeconditions

the dependence between sigmaO and ice thickaedsecvery strong.

A total opposition for the current case is représaiy very wet snow/ice
field where the contrasts between different iceesygisappear.

Usually the dependence is somewhere between thesextreme cases.
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- Usually the dynamic range of sigmaO values fromise&over is
from 10 to 14 dB inside a single scene.

- In the light of the field measurements performethie Baltic Sea
the measured differences in the small scale (cihe)sica surface
roughness can generate sigma0 differences upd® Hecording to
the IEM model (strongest modeled radar responsealBlal
iIncidence angle 20 deg and HH-pol.). The restgrha0 variation is
due to the large scale ice surface roughnessalnene scattering
and the properties of snow layer.

- By monitoring the seasonal evolution of the ra@@ponse on the

fast level ice area we have observed variation® updB due to
the differences only in the snow conditions (dmng\s -> wet snow).
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- Perhaps a rather typical depedence between idendss and
the radar response at C-band can be seen in theifod figure.

- There a large amount of HEM ice thickness measents were
compared to the backscattering strength in the RRBAT-1 images.
The total length of HEM profiles were about 400 km.

- Due to the time gap between the different data @&t field movement)

the registration accuracy is not as good as iAtHf&/SAR data set. This
partially explains the extreme values in the disition tails (for level

ice and for highly ridged ice). On the other hahe, radar response from

rafted ice varies a lot. Also other uncertaintyrses exist in the HEM/SAR data.

- We do not have an estimate for the snow deptlatran.
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Three ice thickness categories according to the HfteMhickness
measurements: 1-50 cm (blue), 51-100 cm (greem), D0 cm (red).
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