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ABSTRACT. T he perennial icc concentration in the Beaufo rt Sea was cxamined using 
act ive- a nd pass i\'e-microw<lvc obse rvations. \ Vc compa red the icc type and conccntrati on 
estima tes from SSM /I a nd ERS-I SAR da ta ove r a scasonal cycle fromJa nua ry 1992 to 
J a nuary 1993. It was fou nd the multi-year ( ~lY ) ice-concentra ti on estima tes from the 
SAR da ta were \ 'Cry sta ble and were nearl y equi\'alent to the ice concentration estimated 
at the end of the pre\ 'inlls summer. Wc contras t thi s with thc va ri ability of the MY ice­
concentrati on and iee-I'racti on es tim ates obtained using the NASA l earn a lgo rithm . The 
pass i\'C- and ac ti\ 'C-microwave algo rithms prov ide tota l ice conccnt ra ti ons that a re com­
parabl e du ring the winter, but the passi\'e estimatcs a rc significantl y lowcr during the 
summer. Pass ivc-microwa\'c es tim a tcs or multi-year-ice concentrati ons a re consistentl y 
lower (up to 30%) tha n those from th e SAR data . Wc di sc uss reasons for these di screpa n­
cies and the possible biases introduced by the ac tiYe and passive a lgorithms. 

INTRODUCTION 

The radar im age ry fro m the ERS-I Synthetic Aperture 
R adar (SAR ) prO\'ides an alterna te \·iew of the sea-ice cover 
in addition to the rcl ati\'e1 y long record prO\'ided by the 
ss~r/ r multi channel rad iometer. T he NASA sea-ice algo­
rithm, or "Team" a lgo rithm (Cava lieri a nd others, 1984), 
ro utinely estimates ice type and ice concentrati ons from 
pass ive-microwave obsen ·ations. H owe\'er, the procedu res 
used to es tim ate these same para meters from active-micro­
wave observati ons (K wok and others, 1992; Comiso and 
K wok, 1996) a re still relativel y new. La rge-sca le (temporal 
a nd spati a l) compa rati ve stud ies betwee n the esti mates 
from the ac ti ve and pass ive datase ts a re limited by the cov­
erage, and hampered by the \'olume of high-resolution 
ERS-I SAR data . H ere, we present a regiona l scale com­
pa ra ti ve study or the ice-cover pa ra mete rs inferred from 
the acti\'e- a nd pass ive-microwa\,(, datase ts. The obj ecti ves 
or this study a rc: to compare the retri eva l results obtained 
using the active and passive procedures, a nd to understa nd 
the physicalmeani ng of th ese di fTerences a nd what they i m­
ply about the state of the ice cover. 

If records or the Tea m algo rithm res ults a rc exam ined, 
onc find s that the estim ates or multi-year (l\IIY ) ice concen­
Lrati on in the winter a rc much lower (by up to 30% ) Lh an 
those or the summer tota l-ice concentrati on. From a mass­

ba la nce perspec tive, such large di sc rcpa ncies nced LO be re­
solved. If ice that survi ves the summer is classified as MY 
ice, then the ~lY-ice concentrati on d uring the winter should 
be nea rl y eq ui va lent to the ice concentrati on d uring the pre­
vious summer's minim a, differing by an amo unt due to melt , 
ridging, new/yo ung icc fo rmati on a nd export or ice from the 
Arc tic. This mismatch was noted by a number of iJ1\'Cs tiga­
tors in terms of the vari ability of the multichannel micro­
wa\'C signatures of sea ice on regiona l studies (Thomas, 
1993), rrom comparison with surface measurements (G ren-
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feil a nd L oha nick, 1985; Grenfell, 1992), and from a mass­
ba lance perspec tive (Comiso, 1990; Roth rock and Thomas, 
1990; G loersen and others, 1992; Thomas and Rothrock, 
1993). 

DATA DESCRIPTION 

The comparative a na lysis of the acti\ 'C and passi\ 'e ice type 
a nd concentration es timates was conducted in the region 
shown in Figure I. This covers an a rea or approxim aLely 
1.35 x lO t; km2

. The selection of this region was based on 
the da taset avail abl e to us at the time or the stud y, th ro ugh 

Fig. I. The comparative ana£ysis llses ERS-I S/IR alld SSJIJ/ I 
dalaji'DIll the region dffined k)l tizese boulIdaries. 
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the f\l aska SAR Fac ilit y. All d a ta used were acquired 
bc tweenJa nua ry 1992 a ndJan uary 1993. 

G riddecl SS;\1/1 brightness temperatures f'rum a ll SS1\I/ I 
cha nnels were used in t he ice type and open-water retri e­

yaIs. Da ily a\'erages were mapped to a 304 x 448 matri x 

with a g rid size 01'25 km x 25 km, T he 19 a nd 37 G H z cha n­
nels were used in th e retri eval o f' to ta l a nd 1\lY-ice concen­
tra ti o ns, and the 22 G H z cha nnel was used in cOI~unc ti o n 

with the o ther channels to prO\' ide a n ocea n mas k. 
A tota l of 571 E RS-l SAR images (approx im ately H 

images pCI' month ) were used in thi s study. The ERS-I 
SAR is a C-band (5.3 G Hz ) radar operated wit h \'C rti ca l 
transmit-a nd-rece i\'l' p ola ri zati ons a t a look a ngle dose to 
20 . The a ntenna's c1 e\'ati on beam illuminates a n ac ross­
t rac k swath o[ approx imately 100 km in \\'id th . The image 
data used in thi s st ud y we re recei\ 'ed a nd processed a t the 
Alas ka SA R Facil ity (ASF ) in Fairba nks, Al aska, T he im age 

p ixel di mensions are 100 III X 100 111 , a nd a ncill a r y da ta pro­
\' ided with each im age product are used to CO I1\ 'Crt thc da ta 
into norma li zed bac kseatte r cross-sect ions, 

DATA ANALYSIS 

The i\ASA Team a lgorithm (Ca\'a li eri a nd uth ers, 198+ 
G loe rsen a nd Ca\ 'a li eri , 1986) is used to com pute the con­
centra ti on of' upen wa ter, fi rs t-yea r (FY ) ice a nd .\IY ice a t 
each 25 km cell, T he Tea m a lgo ri thm is based on a mi xing 

formul ati on to reso h-e th e ?\lY ice, FY ice a nd open water 

within each gri d clemen t. The ice a nd water signatures a re 
ass umed to have tem porally a nd spati a lly stable g radient 
a nd pola r ization rati os. T he prec ision of the open-water es­
tim ates, in the Beaufo rt a nd C hukehi Seas, ra nges between 

2. 1 (3. 1) 'Y., a nd 0.6 (7.+) % (Ca\'a l ieri , 1992). The \ 'aria nce in 

the i\.IY-ice esti mates, \I'hen compared with estim ates from 

other senso rs, a re h igher a nd trends are not e\,ident. The 
reader is referred to Ca\'a li eri (1992) fa r a sum mary of' th e 
d i n'c rences be tween the 1eam a lgo ri th m ice concenLrat ions 
a nd th ose deri\'cd by o th er senso rs. 

i\ backscatter-based classifica ti on a lgorithm (desc ribed 

in K\I'ok a nd o th ers, 1992) is used to identify ice types in 

the SAR data, Each pixel is class ifi ed into onc of the three 
catego ri es: 1\ TV, FY a nd smoo th ice/open water, No a ttempt 
is m ade to reso lve th e mi xture of'i ce types within a pixel. 
T he persisten t hackscatter contras t betwee n 1\IY ice and 
FY ice (Kwok a nd C unningham, 199+a ) was used to disc ri­

mina te be t\l'Cen th e t\\'o ice types, The winter a lgorithm 

sometimes fa il s correc tl y to c lass ify o pen \Va ter a nd new ice 
due to o\'erl ap in their backscatle r di stributi ons. re tterer 
a nd o th ers (1994) assessed th e pe rfo rma nce o f' thi s a lgo­
rit hm a nd reported th a t th e prec ision of '\lY-ice-concentra­
ti on esti mates are bette r than 6%. In their compa ra ti\ 'C 

study \\' ith La ndsal d ata, Steffen a nd H einrichs (199+) 

pointed out th a t FY ice a nd old ice co uld be c learl y sepa­
ra ted based o n th eir scattering coe ffi cients: th eir st ud y 
sho\\'Cd a n error o f' 5 80/0 [o r compact ice cond itions. Our 
e\'a lua ti on or th e .\IY-ice-re tri e\'a l procedure, using ten 
pa irs o f' SAR-im age d a ta of th e geog raphic locati o n ('rom 

th e 3-d ay ERS-I repeal cycle, show differences of less th a n 
1%, T he res ults suggest tha t the sig na tures a rc stable a tl eaSl 
o\'Cr the shor t term a nd tha t the higher unce rt a int y 
obse J'\ 'ed by Felterer and o th ers (1994) could be cl ue to a 
combination uf'spat ia l or tempora l \'ar iabilit y in th e ice sig­
nature O\'CJ' th e longe r term, T he hig her-th a n-norma l back-
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scatt er of f'rost-no\Ver-coH'red sea ice co uld a lso be 
problemati c d ue to it s time-dependent signa ture (K\\'ok 
a nd C unningha m, 199+b ), but it is ex pec ted th a t the a rea 
fract ion of thi s ice ca tegory \I'i II be less th a n a fe\l' pe r cent 

in the \\' inter Arctic a\l'ay from th e coast. i\ limi tat ion \\'ith 

thi s backscatter-based class ifi cati on is the potenti a l confu­
sion be t\\'Ce n defa rmed F Y ice a nd J\lY ice, es peciall y in 
the region of'transiti on be t\\ 'Ce n th e seasona l a nd perenni a l 
ice zones (Ri gnot a nd Drinkwater, 1 99 c~). Both ice ty pes 
hm'C simil ar bac kscatter, a nd, based o n a na lys is of a irc ra f't 

SAR da la. the J\fY-ice concent ra ti on could be O\'Cresti­
mated by as much as 15 %. 

Afte r th e onse t o f' melt 111 th e sp r ing, th e contras t 
be tween FY a nd ]\lY ice a t C -ba nd is los t, a nd th ere is a t 
p resent no efrec tiH' means fix iCl,-t ype classifica ti on in the 
summer, The summer sea-ice Co\Tr a t C-band has a n an' r­
age range ofbacksca t le r th a t is be t\\'een 17 dB a nd 12 dB. 

For C- \'\ ', opell-\\,a ter bac ksca tte r is dependent on wind 
speed, and is typica lly higher th a n tha t of' th e ice Co\Tr if' 
the " 'ind speed is abO\'C .], 5 III S I. The az imuth a l-l ook 
d irect ion int rod uces 1-2 dB of' backsca tte r modula ti on a t 
ERS-I look a ngles, Open ,,'a ter in leads is estim ated by 
using an a lgo rithm (Comiso a nd Kwo k, 1996) lha t ta kes 

ack antage or the hig her backscatter of wind- ro ug hened 
open \I'a ter rcla ti\ 'C to the ice CO\'Cr. Using wind speed (from 
th e i\a ti olla l ;\leteol'O logical Center (:'\OAA )) as a n initi a l 
g uess, th e thres holds a rc \ 'isua ll y adjusted to di scri minate 
between \\'a ter a nd ice, The prec isio n of o ur ice-concentra­

ti on es tim ates a re approx imatel y 2 3°1<, d uring \I'indy con­

diti o ns (abm'C + 5 m s \ During ca lm cond itions ice 
concent ra ti ons ca n a lso be dc ri\'ed. but th e unce rta inti es 
a rc hi gher because o rthe dec rease in contrasl. T he prec ision 
unde r th ese conditi ons, based on repea ted \'i sua l class ifica­
ti on o r th e images, is approx ima tely IO U!.,. Since melt ponds 

a rc blended in with the bac kscatter 0 (' ice a nd snm\' on ice 

fl oes, the ponds a re class ifi ed as sea ice in our a lgo rithm, 
H O\\'C\'Cr, sub-resolutio n leads a re not acco unted ror, a nd 
contribute to o\'C res timates (approxima tely 2 %

) or the ice 
concentra ti o n, i\j ore cxtensi\ 'C obsen 'a ti o ns, prefe rabl y a ir­
borne sun'el's, a rc necessary to q ua ntify thi s error be tter. 

RESULTS AND DISCUSSION 

Co-registe red ice t vpe and concentration da ta deri\ 'Cd from 
both SAR a nd SS.\[fl da ta a rc plo tted in Fig ure 2. The 

region of stud y is d i\ 'ided into fi\ 'C la titude ba nds \I'ith inter­

\'a ls 01' 2.5 sta rting a t 70 K 
[n ge nera l, the tota l ice concentra ti ons in the \I'inter 

( fi 'um J a nua ry to .\lay ) fi"om both the act in' a nd pass iH' 
es timates a rc simil ar, The Bea ufa rt Sea is a lmost 100% ice­

cm'ered . "'hen da ta points I ie out side the regio n of \'a lid it y 
in gradient a nd pola ri zati on space, th e Team algorithm 

occasiona ll y prov ides a noma lous es tim ates or ice concentra­
ti ons t ha t a rc g reater than 100% d uring the wi nte r, but th e 
fin a l \'a lues are co nstra ined to less th a n or eq ua l to 100°!'" 

The .\ 1 Y-i ce' conce11l ra ti ons, as in fC rred fro m the two 
da tase ts, are q uite different. The SAR-deri\'Cd MY-ice con­

centra tions a re quite stabl e a t higher latitudes, a nd there is 
no sig nificant increase or decrease in the a mount 01' ]\lY ice 
except near the transition be twee n th e perenni a l pack a nd 
the seasona l-ice zone. These ,\ I Y concent ra t ions arc cons is­
te nt with ice kin emat ics d ur ing thi s p eri od, a nd th e exp ec­
ta ti on is th a t thi s para meter remains fa irl y consta nt, 
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especia ll y in thi s pa rt of the Beaufort Sea and th e centra l 
Arctic (Kwok and C unningha m, 199+a ). \ Vithin the two 
lowest latitude ba nds, wc a ttr ibute the \'ariabil it y to th e 
advect ion of MY and FY ice into and out or the region o f' 
study, a nd possibly to the ridging ofFY ice. 

The Team algorithm res ults, as shown in Fig ure 2, indi­
cate a trcnd of dec reas ing MY- ice concentra ti on in th e high­
er latitude bands. Between 75° and 77.5° N, there is a g reater 

th a n 30 % decrease in the MY-ice concentra ti on be tween 

J a nuary a nd M ay. Qua li ta tive checks were conducted to 
see wheth er thi s dec rease was consistent with ice kin em atics 
thal were derived from buoy measurements. During thi s 
period (be tween I September 1991 a nd I A pril 1992) th e ice 
CO\'er is actu ally slight ly convergent (0- 10 % ), which sho uld 
yield a n increase ra ther th a n a decrease in th e M Y-ice con­
centra ti on. \ Vith a mean \ 'elocityof 2 cm s I, the to ta l displa­
cement of the ice is less th a n 240 km , which is sma ll 
compa red to the study regio n, which encompasses a n a rea 
of approx imately 1.35 x IOli km 1

. This trend is thus unlikely 

to be caused by ice-cover divergence or ne t ach 'ec tion oDIY 

ice outside the stud y region. Over a region, the MY concen­
trat ion be tween two observa ti ons is dependent onl y on th e 
net di ve rgence or com'erge nce during th e interva l, with the 
reasonable assumption tha l there is ve ry li ttl e ridging o f 
MY ice. 

Cou ld thc decreas ing trend be expla ined by factors 

o ther th a n ice advec tion a nd divergence? Fig ure 3 shows 
th e da il y polari zati ons a nd g rad ient ra tios of three 
100 km x 100 km regions centered a t th e fo llowing geo­
g raphic locations: 1\ (80 - 1'\, 130 0 

\\ ' ) , B(77.5° N, 135 \\1 ) a nd 
C (75 N, 140° W ). At high ice concentra tions in the winter, 
the gradient rat io is the principal pa ra meter tha t a ll ows 

the sepa rat ion of !\JY ice from FY ice. In addit ion to the 

small a mpli tude va r ia tions, there is a slowl y increas ing 
trend in th is pa rameter in a ll three regions, a nd thi s is espe­
cia ll y obvio us a ft e r day LOO. The gradi ent ratio va ries 
between 0 [or 0 % ;\I Y ice a nd - 0.09 for 100% 1-. I Y ice. 
Any increase in thi s ra tio wo uld cause a dec rease in th e esti­

m ated MY-ice concentrati on. At 100 % -ice concentra ti on, 
a n increase 0[0.01 in the g radient ra ti o wo uld dec rease the 
estimaled ;\ I Y-ice concentra ti on by a pproxim ately 11 °It). 
T he increasing g rad ient ra ti o in the spring (befo re melt on­
set ) wou ld therefo re cause a dec rease in the a mount of 1-. IY 

ice in the region. The reasons for the increasing g radient 

ra tio are not spec u la ted on here, except to note tha t th e 
probable causes a re surface o r atmospheric efTects, since 
lhe SA R data showed a consta nt ice cm·e r. The poss ibl e 
causes of th e lrencls in the g radi ent ra l io a rc d isc ussed in 
G loersen a nd others (1992) a nd recent ly Kwok a nd o th ers 

(1996). 

I n the summer, on ly a compa ra tive a nalysis or tota l ice 
concentra t ions is m ade since neither th e active or pass i\'(' 
a lgorithms can estimate ice-type concentra lion. Comiso 
a nd K wo k (1996) provide a more comprehensi\,(, a na lysis 
of the differences be tween active and pass ive obsen 'ati ons 

fo r th is summer peri od. Aft er the onse t of melt in spring, 

there is a g ra dua l increase in the a rea l frac ti on of open 
water. The SAR-deri ved ice concentra tions a re typicall y 
h igher th an lhose o f the Team-a lgorithm esti ITlates, and th e 
d ifferences a re more pronounced a t lower la titudes. A poss i­
ble cause of this (di sc ussed in Comiso a nd K wok, 1996) is 
the contr ibution of melt ponds to the open-water est imates. 

\ Va ter in melt ponds has th e same passive-microwa\'e sig na­
ture as th a t of water in open leads, ca using a n underestima-
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tion of ice concentration by the passiye-microwave algo­

rithms. melt ponds should be considered as sea ice covered 
by a layer of water, and contain ice areas that ha\'e \Try 
different characteristics than open water from a radiati\'c 
and mass-balance point or view. The largcr dilIcrence in 
the lower-Iatitudc bands may be indicati\T of the latitude 
dependenee of melt-pond fraction. H o\\"Cyer. note again 

that the SAR estimates are biased to\\'ard O\"Cr-estimation 

of ice concentration, because sub-resolution open leads are 
most likcly classified as ice in the summer time. The rclati\'(' 
area contribution or sub-reso luti on leads and melt ponds in 
the summer is not known. II' the contr ibuti on is small, as 

discussed ea rli er, for melt-pond concentrations of 20- 30% , 
the melt ponds would . eem to be the dominant factor that 
affects the microwave signatures. In other words, the under­
estimation or the Team algorithm is more significant than 
the bias introduced by snl.all leads. These biases can only 
be resolved with high-resolution aerial suryey. 

At the end of the summer, the sUr\' iying ice from the pre­

vious spring becomes MY ice. The SAR results shO\\' that 
the MY-ice concentration in ea rly October is roughly 
equ ivalent to th e SAR-derived ice concenLration at the sum­
mer's cnd (sce Fig. 2). Based on the SAR analysis, the ice 
cover seems to be rairly compact with high concentrations 
of MY ice at a ll lat itude bands. In the following months, 
the concentration decreases (especia ll y at the lower lati­
lUcks ), and returns to a level comparable to that of the pre-

!l'l.l'ok ([lid Calli ISO: l\Iir1'011'al'e obsen'([tiolls qf Bealifort Sea ire 

\'ious winter. \\'e attribute this decrease in the ~rY-ice 
concentrat ion (especia ll y in the lower latitudes ) to a COl1\'er­
gence in the ice Co\Tr ill the summer. follo\\'ed by a diyer­

gence of the ice cO\"Cr in :'\o\'embcr and December. This 
rcsults in a slightly higher ?-.IY concentration than that or 
the minimum ice concentration in thc summer. I ncleed , the 
\'Clocit)' fields (between I April and I September 1992) also 
indicate a com'ergence of the ice cover in this region. of 

approximately 10- 20(Yo in the summer in the lower lat itudes 

and dil'Crgence of a smaller magnitude in the fall. This 
highly compact ice coyer (high ice concentration ) can bc 
secn in the SAR image data. At this time, the ice cO\'Cr 
seems to be composed orprimari ly ?-.IY ice with low FY-ice 
concentrat ion. In October, the ice cO\'Cr has lo\\' FY-ice con­

centrations whereas in Dccember, the characteristic FY-ice 
signature (Io\\'er backscatter ) is more e\'ident due to the 
thickening or the icc in the leads created in the pITyious 
months. At this time, the icc cover atta ins a backscattcr 
character, in terms of ?-.IY-ice and FY-ice conct'ntrations, 

that is similar to that of the prC\'ious \\'inter. 

The ice concentration at the cnd of t he summer and the 
?-.IY-ice concentration during the subsequent \\'inter, as 
inferred by the Team a lgorithm, arc substantiall y different 
(about 50 % ). Sueh mismatch cou ld occur on ly ir a large 
percentage of ~IY ice melts or ach'ects out of the area of 
study during the autumn. Our analysis of the time sequence 

of SAR images (Fig. 2) indicates that adl'ection of melt of 
such magnitude did not occur. The SAR images re\'eal that 
thc MY-ice co\'er was fairly constant, especia ll y at high lati­
lUdes, during this period. Gloersen and others (1992) pro­
\'ided an explanation ror this discrepancy, but it is not felt 

that the loca l temporalminimul11 of summer-ice concentra­

tion at each pixcl is an accurate indicator of the fall ~lY-ice 
concentration bccause ice motion and melt ponding arc not 
properly accounted ror, 

There is a lso a large c1iflcrence bct wcen :-IY ice-concen­
tration estimates from the SAR and thc Team a lgorithms. 
The differences are likely to be due to the spat ial \'ariations 

in the emiss ivity of sca icc in the Arctic region (Carsey, 1982; 
Comiso, 1983). Onc factor that causcs such spatial changes in 
the emissi\'ity (as high as that or FY ice ) is melt ponding, 
since frozen melt ponds are known to ha\'C cmissiyities of 
first-year icc (Grenfell , 1992). This can be a substantial effect, 
since 20 30% of the summer ice has been obsen'ed to be 

ponded (personal communication from \ \'. B. Tucker, 1994). 
Another factor cou ld be unusually thick snO\\' cO\'er in some 
arcas that can causc flooding (and subsequent rcfreezing ) at 
the snow ice interface. Such effccts cause the snow-ice in­
terface to be saline and the emissi\' it y of the ice 110e to be 
simil ar to that of FY ice. \Ve also note that the depth of the 

snow cover tends to decrease the gradient ratio that would 
lead to a positive bias in the ~IY concentration. 

Do the SAR a lgorithms overest imate :-IY-ice concentra­
tion? It has bcen reported (Rignot and Drink\\'ater, 199+) 
that deformed FY ice has backscatter characteristics simi lar 

to that ofr.. rV icc in single polarization C-band datasets like 

ERS-1. This \\'ould cause the SAR \\'inter algorithm to O\'er­
estimate the ~IY-ice concentrat ion. Due to deformation of 
the ice co\'er, the amount or deformed ice shou ld increase 
as the winter wears 011 , resulting in a gradual increase in 
the est imated ,\IY-icc concentration. Such a trend was not 
observed in the data, at least not within the Jewl of uncer­

tainty of' the estimates. The effect of the ridging process is 
discussed , \\'ith an example: ir there is a 15% cOll\'ergence 
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of the ice cover, and this FY-ice area is converted into 
deformed ice, what is the expected bias in the MY-ice con­
centration if the signature of deformed ice is identical to that 
or FY ice? When FY ice ridges, and here it is assumed that 
wc only ridge the very thin ice from closing of leads, the 
area is not conserved. The mechanical thickness redistribu­
tion takes the volume of ice participating in a ridging event, 
and creates an approximately equivalent volume of ice 
occupying a smaller area. As a erude estimate, if the 
assumption is made that all ridged ice is five times its origi­
na l thickness before ridging (a pa rameter used by Thorn­

dike and others, 1975) then the contribution of the FY ice 
area a fter convergence is much smaller. The 15 % unde­
formed-ice area now occupies a n a rea of 3 % . 

This leads to a very sign ifi cant question. Iflarge volumes 
ofFY ice a re piled onto MY ice, is thi s a rea labelled as MY 
ice or FY ice' The SAR a lgorithms desc ribed here would 
label the area as MY. The passive algorithms might label 
that area dilTerently, depending on the emissivity of that 
ice. Tt does not seem to be important from the heat-nux 
po int- o f~v i ew, because thick ice ma kes a relatively sma ll 
contribution to the total nux, but it is certainly important 
from the mass-balance point-of-view. It is possible that 
deformed FY ice is piled onto the MY ice, and therefore 

does not increase the concentrat ion of MY ice, even though 
the pola rimetric radar senses a surface type (Rignot and 
Drinkwater, 1994) whieh seems to be d ifferent than that or 
MY ice. The arcal contribution of thi s deformed FY/MY 
ice type is not known. If the a real fraction of this surface 
type is significant, it would alTcet the passive-microwave re­
tri eval algorithms as well. 

SUMMARY/DISCUSSION 

Over the annual cycle, the total-ice concentration remained 
fairly high in the region of study. From the Team-algorithm 
estim ates, a significant decrease was observed in the amount 
of MY ice (almost 40% ) between J anuary and prior to 
spring melt, and a slow increase in the amount of ]\I[V iee 
between September and D ecember. The MY-ice concentra­
tion at freeze up (O ctober) is much lower than the ice con­
centration at the end of summer (August ), an inconsistency 
in the ana lysis tha t suggests an underestim ation of]\lIY ice in 
the winter time. 

The SAR a nalyses suggest an ice eover in the Beaufort 
Sea that is stable away from the seasona l ice zone, through­

out a season, in terms of MY-ice concentration. The amount 
of MY ice remained approximately constant, within the 
level of uncertainty of the a na lysis. The average MY-ice 
concen tra ti on in this part of the Arctic Ocean is approx­
imately 80%. The IVIY-ice concen tration is approximately 
equiva lent to the ice concentration at the end of the summer. 
These anal yses seem to provide a consistent view of the 
annual cycle from an ice-balance perspective. The C-band 
radar, to fIrst-order, is not affected by snow cover when the 
temperature is below freezing, and is mueh less sensitive to 
weather elTects than the higher frequency radiometer chan­
nels. The equi\"alence between summer ice minima and 

winter MY-ice concentration, and the small fluctuations in 
the SAR estimates in the winter, suggest that these estimates 
are at least consistent. At this point, the analys is of the SAR 
data offers another estimate or the r-. ',v ice, which seems to be 
consisten t with the summer ice concentration. 
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Because melt ponds have signatures of open water and 
the 1cam algorithm does not discriminate between the two 
surrace types, the Team algorithm underestimates the ice 
concentrations in the summer. 11' the melt-pond concentra­
tion is 30%, then the ice concentration would be under­
estimated by a simila r a mount. This is consistent with the 
dilTerences between the SAR a nalysis a nd the Team a lgo­
rithm analysis: the SAR estim ates of tota l-ice concentration 
is a lways higher than that of the Tea m algorithm es timates 
in the summer. If the Team a lgo rithm underestimates the 
total-ice concentration due to melt ponds, especiall y in the 

ice margin in the summer, then computed total-ice a rea 
would also be underestimated. 

The estimates from the SAR and Team algorithms pro­
\·ided two rairly different views of the Beaufort Sea ice cO\·er. 
The limitations of both algorithms were di scussed. The dif~ 
ferences explain some of the possibl e biases of these algo­
rithms due to variability in signature as function s of 
wavelength and environmental conditions. Future investi­
gations using these datase ts should exercise caution in terms 
of the possible biases introduced by these analysis a lgo­
rithms. 
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