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ABSTRACT. We examine the perennial ice concentra-
tion in the Beaufort Seca using, active and passive mi-
crowave observations. The definition of multiyear ice
provides a condition which states that area of multi-
yeat ice during the winter should be nearly equivalent to
the ice area during the previous summmer’s minima. We
compare the ice type and concentration estinates from
SSM/I and RS- 1 SAR data over a scasonal cycle from
January 1992 to January 1993. We found that the mul-
tiyear ice concentration cstimates from the SAR data
to be very stable and are nearly equivalent to the ice
concentration estimated at the end of the previous suin-
mer. We contrast this with the variability of the MY ice
coneentration and ice fraction estinates obtained using
SSMI data. The passive inicrowave algorithins provides
ice concentration and multiyear ice estimates which are
consistently lower than those from the SAR data. We
discuss reasons for these discrepancies and the possible
biases introduced by the active and passive algorithins.

Introduction

T'he radar imagery from the BRS-1 Synthetic Aperture
Radar (SAR) provides an alternate view of the sea ice
cover inaddition to the relatively long record provided
by the SSMI multichannel radiometer. The operational
NASA scaice algorithin or Teamn algorithn [ Cavalicri
et al., 1984] routinely estimates ice type and ice con-
centrations from passive microwave obscrvations. How-
ever, the procedures used to estimate these same pa-
rameters from aclive microwave observations (Kwok ¢t
al. [] {)02]) Comiso and Kwok,[1993]) arc still relatively
new. Large scale (temnporal and spatial) comparative
studies between the estimates from the active and pas

sive datasets ave limited by the coverage and the data
volume of high resolution KRS 1SAR data, ‘tThe objec-
tives Of this study are: to comnparce the retrieval results
obtained using the active and passive procedutes; Lo
understand the physical ineaning of these diflerences;
and, theit implication about the state of theice cover.

If records of the Team algorithin results are examined,
one finds that the estimat es of multiyear (MY )ice con -
centration in the winter are much lower (by up to 30%)
than that of the summer ice concentration. Irom an
ice balance perspective, such large discrepancies need
1o be resolved. M ice which survives the sumimer is clas-
sificd as MY ice, then the MY ice concentration during
the winter should be nearly equivalent to the ice con-
centration during the previous surmmer’s minima, dif-
fering, by an amount due to melt, ridging, new/young,
ice formation and export of ice from the Arctic. This
mismatch was noted by a number of investipators from
the point of view Of this variability of the multichan-
nel mnicrowave signatures of scaice onreg ional studies
[77,0f/tas,1993], from comparison wit h surface measure-
ments [Grenfell and Lohanick, 1985; Grenfell,, 1992],
and from an ice balance perspective [Comiso, 1990,
Rothrock and Thomas, 1990; 771 mas and Rothrock,
1993).

Data Description

The comparative analysis of the active and passive ice
type and concentration estitnates was done in the re
gion shown in Fig. 1. This covers an arca of approx-
imately 1500 ki by 900 kin. The region is sclected
based on the dataset available to us, a the time of this
study, through the Alaska SAR Facility. All data used
here were acquired between January 1992 and January
1993,

aridded SSM/T brightness temperatures friom al |
SSM/I channels were used in the ice type and open
water retrievals. Daily averages were mapped to a 304
by 448 matrix with a grid size of 256 kin by 25 k. The
19 and 37G Hz channels were used in the retrieval of to
tal and MY ice concentrations and the 22GHz channel
was to provide an ocean mask.

A total of 571 ERS 1 SAR images, approximately 44




images permonth, were used in this study. The RS 1
SAR is a C- band (5.3C311z) radar operated with ver -
tical transmit and receive polarizations at.look a1
gle Close! to‘'m”. The antenna’s elevation beam illuini-
nates an across {1 ack swath of approximately 100 km
in width. The image data used in this study were re
ceived and processed a the Alaska SAR Facility (A SE)
in laitbanks, Alaska  Ancillary data are provided with
cach image product for calibration and conversion of
the 8 bit digital data into normalized backscatter moss
sect ions.

ata Analysis

Weuse the NASA “'eamn algorithn [Cavalieri et 01.,
1984;Glocrsen ar ud Cavalieri, 1986)to compute the con-
centration of open water, first-year (1Y) ice and MY
ice at each 25 ki cell. The Team alporithm is based
onh a mixing formulation to resolve the the MY ice, Y
ice and open water within each grid clement. The ice
and water signatures are assumned to have temporally
and spatially stable gradient and polarization ratios.
T'he precision o { the open water estimates, in the Beau-
fort and Chukchi Seas, ranges between -2.143.1% and
0.6:4 7.4% [Cavalier, 1992). The variance in the MY ice
estitates, when compared with estimat ¢s from other
sCpasors, are higher and trends are not evident. The
readeat is referred to Cavalieri [1992] for a suinmary of
the differences between the Teamn algorithim ice concen-
trations and those derived by other se nsors.

Weuse a brwkscatter-based classification algorithin (de-
scribed in Kwok ¢t af. [1992]) to identify ice types in
the SAR data. Fhach pixel is classified into one of the
three categories: MY, Y and simooth ice/open wa-
ter. No attempt ismade to resolve thewixture of ice
types withinn a pixel. The persistent backscatter con-
trast between MY ice and 1Y ice [Kwok and Cunning-
haim,1994] was used to as a discriminant between the
two ice types. The winter algorithin sometimes fails to
correctly classify open water and new ice due to overlap
in their backscatter distributions. Fetterer ¢f at. [1994]
assessed the performance of this algorithm and reported
that the precision of MY ice concentration est imates are
better than 6%. In their comparative study with Land-
sat data, Steffen and Heinricks {1994] pointed out that
IY ice and old ice could be clearly separated based on
their scattering cocflicients; their study showed an er-
ror of 8% for compactice conditions, Our evaluation
of the MY ice retrieval procedure, using, ten pairs of
SAR image data of the geographic location from the
3 day FRS-1repeat cycle, show differences of less than
1%. The results suggest that the signatures are stable
at least over the short term and that the higher uncer-
tainty obser ved by Fetlerer et al. {1994] could be due
to a combination of spatial 01 temporal variability of
the ice signature over the longer term. The higher than

normal backscatter of frost-flower covered sea ice could
also be problematic due to their time dependent signa-
ture [Kwok and Cruvnanghan, 1993], but we expect that
the arca fraction of thisice catepory to be less than a
few p ereent in the winter Arctic away from the coast.
A limitation with this backscatter-based classification}
is the potential confusion between deformed FY ice and
MY ice especially inthe region of transit jonbetweent he
scasonal and perennial ice zones [Rignot and Deinkwa-
ter, 1994). Both ice types have similar backscatter and
based on thenn analysis of aircraft SAR data, the MY
ice concentration could be overestimated by as much as
15%

Only ice concentration is derived from SAR data in the
summer. After the onset of melt in the spring, the cor 1-

trast between 1Y and MY ice at C-band is lost and
therc is at present no eflective means for ice type clas

sification in the summer time. The summer sea ice
cover at C-band has an average range of backscatter
that is between - 17dB and - 12dB. At C-VV, open water
backscatter is dependent on wind speed and is typically
higher than that of theice cover if the wind speed is
above 4-5mn/s. The aziinuthal 1ook dire ction introduces
only 1-2 dB of modulation of the backscatter at RS-
look angles. We estinate open water in leads by us

ing an algorithm [Comiso and Kwok, 1993] which takes
advantage of the higher backscatter of wind-roughened
openwater relative totheice cover. Using wind speed
as aninitial g uess, the thresholds arc adjusted visually
to discr iminate between water aud ice. The precision of
out ice concentration estitnates arc approximately 2-3%
during windy conditions (above 4-5 m/s). During calm
conditions ice concentrations are also derived, but the
uncertainties arc higher because of the decrease iv con -
trast. The precision of under these conditions, based on
1epeated visual classification] of theseimages, isapprox-
imately 10%. Since meltponds are blended in with the
backscatter of ice and snow on ice flocs, the meltponds
arc classified as sca ice in our algorithin. However, sub

resolution leads are not accounted for and contribute to
overestimates of the ice concentration. More extensive
obscrvations, preferably airborne surveys, are necessary
to better quantify this arror.

Results and Discussion

Coincident ice type and concentration data derived
from both SAR and SSMI data are plotted in IFig.2.
Theregion of study is divided into five latitude bands
with intervals of 2.5° starting at 70°N. T'he ice con-
centration results from both procedures were generally
consistent except during, the stumner, while the MY ice
concentrations difler substantially.

In the winter (from Jan- May), the total ice concents a-



tions apree to within the uncertainty of the estimates
at all latitude bands. The Beaufor | Sea is alimost ] 00%
ice-covered. When data points lic outside the region of
validity ingradient and polarization space, the Team a
por ithin oceasionally provides anomalous estimates of
ice concentrations t hat are greater t han 100% dwing
the winter.

‘1'he MY ice coneentrations from t he two analyses, how-
cver, are quite diflerent. The SAR-der ived M Y ice con-
centrations are quite stable at the higherlatitudes and
time is no significant increasc or decrease in the amount
of MY ice except near the transition between the peren-
nial pack and the seasonal ice zone. These MY concen-
t 1 a ions arc consistent with icel kinematics during t his
period and our expectation that this parameter stays
fair ly constant, especially in this part of the Beaufort
Sea and the central Arctic. Within the two lowest lati -
Lude trends, we att ribute the variability to the advection
of MY and 1'Y ice into and out of the region of study
and possibly to the ridging of Y ice.

The 'Teamn algorithin results as shown in Fig. 2 indi-
cat ¢ atrend of decr casing MY ice concentration at t he
higher latitude bands. Between 76°N and 77.5°N, there
is a greater than 30% decrease in the MY ice concentra-
tionb etween January and May. We check qualitatively
to sce whether this decrease 1S consistent with ice kine
miat its. Druing this period (between September 1, 1991
Apmil1,1992) the ice cover is actualy slightly conver -
gent (() 10%) which shiould yield an increase rather that
a decreasce in the MY ice concentration. With a mncan
velocity of 2 cm/s, the total displacement of the ice is
less that 240 kin, which is small comnpared to our region
which encompasses an area of 1500 kin by 900 kin. |t
is diflicult to explain this trend from the perspective of
ice cover diver pence o1 a net advect ion of M Y ice out
of owm study region.

Could the decreasing trend be explained if ice advee-
t ion and divergence wer ¢ not the causes? We examine
(Fig. 3) the daily gradient and polaiization ratios of
threc 100 km x 100 kin regions centered at the follow-
ing geographic locations: A(80°N, 130°W), B(77 .b°N,
135°W) and C(75°N, 140°W). At high ice concent ra-
tions in the winter, the gradient ratio is the principal
paramcter which allows the separation of MY ice from
I'Y ice. Inaddition to t he smal amplitude vatiations,
there is a slowly increasing trend in this parameter in
al threcregions and is especially obvious after day 100.
‘1 'he gr adient ratio var ies between () for 100% 1Y ice
and -().09 for 100% MY ice. Any increaseinthisratio
would tend to decrease the estimated M Y ice concentia-

tion. At 1 00% ice concentration, an increase of 0.01in
the gradient ratio would deerease the estimated MY ice
concentration by approximately 11 %. The increasing,

gradient ratio in the spring (before melt onset) would
therefore cause a decrease in the amount of MY ice in
the region. We do not speculate here on the reasons for
the increasing, pradient ratio except that the probable
causes are surface or atmospheric effects.

Only a comparative analysis of total ice concentrations
is possible since neither the active or passive alpor it hins
can est imat ¢ ice type concentrat ion in the suminer.
Comiso and Kwok [1993] provide a more comprehen-
sive analysis of the differences between active and pas
sive observations for this summer period.  After the
onset Of" meltin spring, there is a gradual increasc in
the areal fvaction of open water. The SA1l-derived ice
concent rations arc typically higher than those of the
Team alporithm estiiates and the diflerences are more
pronounced at lower latitudes. A possible cause of this
[discussed in Comiso and Kwok, 1993] is the contiibu-
tion of mel ponds to the open water estimates. Water
inmclt ponds has t he same passive microwave signature
as that of water in open leads causing an underesti -
tion of ice concentration. The larger difference in the
lower lat itude bands may be indicative of the latitude
dependence of melt pond fi act ion. We note again that
t he SA R estimates are biased toward over-cstimation
of ice coneentr at jon because sub resolution open leads
arc most likely classified as ice in the suminer time. We
do not know, in the cur rent observational liter ature,
the relat ive area contribution of sub resolution leads
and mcltponds in the summmner.  If the contribution is
small as we discussed earlier, for meltpond concentra-
tions of 20 30% the meltponds would scein to be the
dominant factor which affect the microwave signat ures.
In other words, the underestimation of the Team alpo-
rithin is more significant than the bias introduced by
stall leads. These biases can only be resolved with
hiph resolution aer ial survey.

At the end of the suminer, the surviving ice from the
previous spring becomes MY ice. The SAR results
show that t he MY ice concentration in ear ly October
isroughly equivalent to the SAI{-derived ice coneentra-
tion a sumnmer’s end. Based 011 the SAR analysis, thé
ice cover seeins to be fairly compact with high concen-
trations of MY ice at al latitude bauds. In the following
months, the concentration decreases (cspecially at the
lower latitude-s) andreturnsto alevel comparable to
that of t he previous winter. We attribute this decrease
to a convergence in the ice cover in the summer fol-
lowed by a diver gence of the ice cover in Novermnber and
[ Yeceinber. Indeed, t he velocity fields (between April
1- September 1, 1 992) also indicate a convergence of
theice cover iuthis region of approximately 1() 20% in
the sumnmer in the lower latitudes and divergence of a
smaller magnitude in the fall. The highly compact ice
covar (high ice concentration) can he seen in the SAR
hmage data. At this timne, the ice cover seems t0 be




composed of priarily MY ice with low FY ice con-
centration. In October, the ice cover has low IFY ice
concentrations whereas in Decemnber the characteristic
I'Y ice sipnature (lower backscatter) is more evident
due to the thickening, of the ice in the open leads cre-
ated in the previous months. The ice cover attains a
hackscatter character, in terms of MY ice and FY ice
concentrations, that is similar to that of the previous
winter.

The Teamn algorithin provide substantially different
(about 50%) ice concentrations at the end of the sum.-
mer and the MY ice concentration during the subse-
quent winter. Such a mismateh could only oceur if ice
growth can occur simultancously with the melt of a
large pereentage of MY ice. Irom the time sequence
(Fig. 2), it is diflicult to explain how melt and fieeze-
up of such magnitude could occur in the region. Our
expectation is that the amount of MY ice should re
main fairly constant especially in the higher latitudes
in the central Arctic.

There is also a large diflerence between MY ice con-
centration estimates from the SAR and the Team al-
gorithms. The diflerences are likely due to the spa-
tial variations in the anissivity of sca ice in the Are
tic 1egion [Carsey, 1982; Comiso, 1983]. One factor
which causes such spatial changes in the i ivity is
meltponding since frozen ineltponds are known to have
cmissivitics of first year ice [ Grenfell, 1992]. T'his can he
a substantial effect since 20-30% of the swmmer ice have
been observed to be ponded [Tucker, private commu-
nication, 1994]. 1t is not clear, however, how many of
these meltponds survive into the winter. Another fac-
tor could be unusually thick snow cover in some areas
that can causc flooding, (and subscquent refreezing) at
the snow ice interface. Such effects cause the snow fice
interface to be saline and the emissivity of the ice floc
to be similar to that of 1Y ic

Do the SAR algorithms overestimate MY jce concen.
tration? It has been reported [Itignot and Drinkwaler,
1994] that deformed 1Y ice has backscatter character-
istics similar to that of MY ice in single polarization C-
band datascts like ERS-1. "T'his would cause the SAR
winter algorithin to overestimate the MY ice concen-
tration. If this is the case, due to deformation of the
ice cover, the amount of deformed ice should increase
as the winter wears on resulting, in a gradual increase
in the estimated MY ice concentration. Indeced we do
not. observe such trend, at least not within the level
of uncertainty of the estimates. We discuss the effect
of the ridging process with an example. If there is a
15% convergence of the ice cover and this 1'Y ice area
is converted into deformed ice, what is the expected
bias in the MY ice concentration if the sipnaturc of de-

forned ice is identical to that of I'Y ice” When I°Y
ice ridpes, and here we assume that we only ridge the
very thinice from closing of leads, the area is not con-
served. The mechanical thickuess redistribution takes
the volume of ice participating, in a ridping, event and
creates an approximately equivalent volume of ice occeu.
pying a smaller arca. As a crude estimate, if we use the
assumption that all ridged ice is five times its original
thickness before ridging (parameter used by Thorudike
ct al., 1975) then the contribution of the FY ice arca af:
ter convergence is much smaller. The 5% undeflormed
lce arca now occupics an area of 3%.

This leads to a very interesting, question. If large vol-
umes of I'Y ice are piled onto MY ice, do we label this
arca as MY ice or I'Y ice? The SAR alporithms de-
seribed here would label the area as MY. The passive
algorithims might label that area diflerently depending,
on the emissivity of that ice. If the I'Y ice desalinates
quickly by gravity drainage, would that not look like
MY ice? 1t does not scemn to be important from the
heat flux point of view because thick ice has a rela-
tively small contribution to the total flux, but certainly
important from the mass balance point of view. I is
possible that deformed 1YY ice is piled onto the MY ice
and therefore do not increase the concentration of MY
ice even though the polarimetiic radar senses a surface
type [Rignot and Drikwater, 1994] which scems to be
diflerent than that of MY ice. We do not know the
arcal contribution of this deformed 'Y /MY ice type.
I the arcal fraction of this surface type is significant,, it
would affect the passive microwave retrieval alporithms
as well.

Summary/Discussion

Over the amual cycle, the total ice concentration re-
mained fairly high in our region of study. Fom the
Teamn algorithm estimates, we observe a significant. de-
crease in the amount of MY ice (almost 40%) hetween
January and spring melt and a slower increase in the
amount of MY ice between September and Decembor,
The MY ice concentration at freeze up is much lowet
than the ice concentration at the end of summer, an
inconsistency in the analysis which suggests an under-
stimation of MY ice in the winter time. Meltponds and
other surface effects scem to contribute significantly to
the underestimation of ice concentration in the sunimer.

The SAR analyses supgest an ice cover in the Beaufort
which is rather stable, throughout a scason, in terins of
MY ice concentration. I'he amount of MY ice remained
approximately constant, within the level of uncertainty
of the analysis. The averape MY ice concentration in
this part of the Arctic Ocean is approximately 80%.
At the end of the sunnmer, the MY ice concentration




is approximately equivalent 10 the ice concentration at
the end or the sumimet Thiese analyses seem to give a
consistent view of the annual eycle. The C-band 1 adan,
to first-order, is not aflected by snow cover when the
tempe rature IS below freczing and much less sensitive
to weather eflects t hant he higher fi equency radiometer
chamnels. The equivalence Letween sumnel ice minima
and winter MY ice concentr at ion, and the small fluc-
tuations in the SAR estimates in the winter lead us to
believe that these estimates are at least consistent. At
this point, the analysis of the SA R data ofters another
estimate of the MY ice, which seeins to be consistent
with the suminer ice concent ration. 11 the SAR is cor -
rect, then t he Team algorithim underest imates t he M Y
ice by even a larger a1 nount than previous studies have
shiown and imply a higher MY ice concentration in the
[ 3caufort Sca.

Because meltpools have signatures of open water and
t tic Team algorit hun dots not diseritninate bet ween the
Lwo surface Lypes, it underest imates the ice concentra-
tions in the summer. 1f the meltpond concentr at ion
is 30%, then theice concentr ation would be underes
timated by a similar amount. This s consistent wit b
the differences between the SAR analysis and the Team
algorithin anal ysis: the SAR estimates of total ice con-
centration is always higha than that of the Teamal -
gorithm estimates in the sur o ner. If Team algor ithm
underest itnates the total ice concent i ation due to welt-
ponds, especially in the icenargin in the surmner, then
cornputed totalice area would also be underestim ated.

T'he estimates from the SAR and 'Team algorithms pro
vialed two fairly diflerent views of the Beaufort Sea ice
cove'l. Thielimitations of bot halgorithis were dis
cussed. 1'he differences explain some of the possible bi -
ases of these algorithins due to variability in sig nature
as functions of wavelenigth and environmen tal condi-
tions, Future investipations using these datasets shiould
be cautious of the possible biases introduced by these
analysis algor ithms.

Acknowledgments

R. Kwok per for med this wor k at the Jet Propulsion
Laborator y, California 1 nstit ute of Technology under
contract with the National Acronaut ics and Space Ad-
ministration. J. C. Comiso performmed this work at the
Laboratory for Llydrospheric P rocesses at NASA God-
dard Space Flight Center. T'his project was supported
by the NASA Cryospheric Processes Programunder R
Il Thomnas.

References

Carscy, I, )., Arctic seca ice distribution at end of
sunnnel from satellite microwave data, J. Geo-

phys. Res., 87(C8), 6809 H83H, 1 982,

Cavalieni, 1. 1., 1. Gloersen and W. 1. Campbell, De-
termination of sea ice parameters from Nimbus
7 SMMR, J. Geophys. Res., 89(1 )4), 5H3hH 5369,
1984,

Cavalicri, 1). J./The validation of geophysical prod-
ucts using multiserisor data, in Microwave Remole
Scnsing of Sealce, Bid. 1*. 1). Carsey, (icophysical

Monograph 68, AG U, 1992,

Comiso, J. C., Sea ice microwave emissivities from
sate Hit e passive microwave and inft ared obser va-

tions, J. Geophys. Res., 88(C12), 7686 7704, 1983

Comiso, J. C., Arctic multiyear ice classification and
suminer ice covel using passive microwave satel-
lite data, J. Geophys. Res., 95(C8), 13411-13422,
1990.

)

Comiso, J. C. and R. Kwok. Summer Arctic lce
Concentrations and Characteristics from SAR and
SSM/I First RS- 1 Symnposium, ESA ST-350,
Cannes, 367-372, 1993.

I'ctterer, V., D). Gineris and R. Kwok, Sea ice type
maps from Alaska synthetic aperture radar facility
hagay: A assessinent, J. Geoplys. Res., 99
(C1J), 22443 22458, 1994,

Gloarsen, I and 1). J. Cavalieri, Reduction of weather
cfleets in the calculation 0f sea ice concent ra
t ion from inict owave 1 adiances, J. Geophys. Hes.,

91(C3) 39133919, 1986.

Grenfell, ‘I'. C., Swt face-t)asd passive nicrowave ob
scervations of sea ice in the Bering, and Greenland
Seas, IEEE Tran s.
24(6), 826831, 1986.

Geosci. Remote Sens., GF-

Grenfell, 1. C., Sur face-l)asc<! passive microwave stud-
ics of multiycar ice, J. Geophys. Kes., 97(C3),
34853501, 1992.

Gienfell) ‘I'. Coand A, W. Lohauick, Temporal varia-
tions of the microwave signatures of sca ice durin
the late spring aud ear ly simminer near Mould Bay
N W1, J. Geophys. Res. , 90(C3) , 50635074, 1985,

Kwok, R and G. F.Cunningham,13ackscatterCharac-
ter ist ics of the Winter Sea tee (Cover in the eau-
for t Sca, J. Geophys. 1tes., 99(C4), 7787-7803,
19).4

Kwok, R., I Rignot, B. Holt and R. G. Onstott,
Identification of Sca lee I'ypes in Spacebor ne SAR
Data, J. Geophys. Res., 97(( 72),2391-2402, 1 992.

Kwok, R slid G. F. Cunningham, Use of Thine Sc-
ries SAR Data To R esolve Tee Type Ambiguitics in
Newly-opened Leads, Proceedings of 1IGA RSS'94,
Pasadena, CA, 1024- 1026, 1994.



Rignot, 1. and M. Diinkwater, Winter sca ice map
ping from wmulti-parameter  synthetic aper tu e
radar, J. Glaciol., 40(134), 3-45, 1994.

Rothrock, 1). A. and ). R. Thomas, The Arctic Ocean
multiy car ice balance, 1979-82, Ann. Glaciol, 14,
2562- 255, 1990.

St effen, ]{. and ,1. Heinrichs, Feasibility of scaice typ-
ing with synthetic aperture rada1 (S AR): Merging,
of Iandsat thematic mapper and ERS- 1 satellite
imagery, J. Geophys. Res., 99(C11 ), 22413.22424,
1994.

Thomas, D. R. and D. A. Rothrock, The Arctic Ocean
ice balarice: A Kalivnan filter smoother estimate, J.
Geophys. ilk., {)8(C6) , 1 ()()54-1 ()()6'/, 1993.

Thomas, 1), R., Arctic sea ice signat ur es for passive
microwave algorithins, .1. Geophys. Res., 98(C6),
10037-1 0052, 1993.

Thorndike, A. S, D. A. Rothrock, G. A. Maykut and
R. Colony, The thickness distribution of sca ice, J.
Geophys. Res., 80(33), 4501-4513, 1975.

Figure Captions

Vigure 1. The comparative analysis uses ISRS-1 SAR
and SSMldata from thiel egion defi ned by t hese bound-
ares.

Figme 2. Comparisons of the total ice and multiycar ice
concentrations at. five latitude bands. (a) 70.0°-72.50.
(b) 72.5'°-75.0°. (c)75.0°-77.5°.(d) 77,5°-80.00. (c)
80.0°.

Figure 3. Plots of the gradient and polar ization cen-
ter ed at three difier ent 100 km by 100 kin regions.
(@ A (80°N,130°W).(b)B(77.5°N,135°W).(c) (T5°N,
140°W).
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