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ABSTRACT. A stud y of sea ice in th e north ern \V edd e ll Sea was d o ne, re la ting th e 
ice moti on , d etermin ed using a n a rray o f satellite-trac ked drifters, d e ployed into ice 
Ooes, to parameters d escribing th e na ture of th e ice cove r , o bta ined from a n ana lysis of 
Advanced Very Hig h R esolution R ad iometer (A VHRR ) imagery, I t was fo und th a t 
th e ice motion was predom inantly wind-dri\'en, res po nding to th e passage of low­
press ure sys tems across the a rea , The correlat ion leng th of th e stra in fi e ld ove r th e 
entire m easurement p e riod was a ro und 200 km, At hi g h concentra ti o ns the ice 
res po nd ed as a ri gid body with cohere nt motion, but below a concentra ti o n of a round 
93%, differentia l motion occurred , Th e n a ture of the ice motion was found to depend 
upo n th e lead pa ra m e te rs, with low val ues of pure con ve rge nce and d ivergence and 
large r va lu es ofvo rti c ity a nd deformation o f th e ice fi e ld. Th e \'orti city was fo und to be 
well co rrela ted with the a tmospheri c pressure, with a tim e lag of'l ess th a n 3 h , implying 
a n a lmos t insta nta neous response of the ice cO\'er to m e teoro logica l fo rc ing. 

INTRODUCTION 

The \ Veddell Sea is a n important a rea in the Antarctic for 
sea-i ce fo rm a ti on a nd bottom-wa te r generation. Para­
mete ri z ing th e cha ng ing na ture of th e ice cO\'e r in 
res ponse to a tmosph eric and oceanographic forcing is a 
crucia l step toward successfull y mod elling th e atmo­
sph ere- ocean coup ling a nd cl ima ti c effec ts, 

Th ere h ave been evera l studies of sea-ice motion in 
the W edd ell Sea region (Ackley, 198 1; Limbert a nd 
o th e rs, 1989; R owe and o th ers, 1989; \ \ 'adha ms a nd 
othe rs, 1989; :VIartinson a nd \Va m se r , 1990; :\I1as50m , 
199'2 ) , a ll d esc ribing the genera l n ature of the ice 
motion . Qualitative rela tionshi ps w ith tida l a nd atmo­
sph e ri c forci ng are prese nted a nd IV[artinso n a nd 
\Vamse r d eri\'e fi g ures for drag coe ffi cie nts a nd turning 
a ng les, Tee ve locit y vec tors from sa tellite im agery h ave 
been prev ious ly compa recl with those from drifting 
buoys in th e Wedd e ll Sea (Viehoff, 199 1; Vi ehoff a nd 
Li, 1994) , bu t the rel ationship between th e ice motion 
a nd th e rh eo logy of th e ice fi e ld h as not bee n 
inves tiga ted. 

This paper utili ses two se ts of data to address thi s 
problem. The first is a se ri es of Ad vanced Very Hi g h 
R esolu t io n R adiometer (AVHRR ) im ages, co\'e rin g 
parts of th e Wedde ll Sea, coll ec ted at P a lmer Station 

* Forme rly at Sco tt P ola r R esea rch Ins ti tute. 

a nd macle avail able by th e Scripps Institute of O cea no­
grap hy (S IO ), courtesy o r R. H . \\'hritne r. Th e second is 
position a nd sensor da ta from an ar ray o f ice-mounted 
drift ing buoys, dep loyed by th e Alfred-Wegener-lnstitut 
fOr Pola r-une! t\l ee r[o rsc hung (A \VI ) in 1989. Th e 

A VHRR ci a ta were processed to obtai n fl oe a nd lead 
parameters w hi ch co uld then be compa red w ith \'e locity 
\'ec tors, ice-ficld deform a ti o n a nd meteoro log ica l forcing 
obta ined from th e buoy d a ta. Fig ure I shows th e a rea of 
the stud y, , ,, ith the drifte r pos iti ons and AVHRR Im age 
li mits marked. 

AVHRR IMAGERY 

The AVHRR image d a ta from th e N OAA-I O a nd 
NOAA-Il sa tellites were se lec ted to co in c id e with the 
buoy-a rray d eployments. A se ri es of 77 im ages, covering 
th e peri od 19 O cto ber- 5 Dece mber 1989 , was examined. 
Of these, on ly nine conta in ed cloud -free area in th e 
vicinity o f the drifter array be ing used . Th e softwa re 
employed to process the im ages was a co mbina tion of 
T eraSca n software (SeaS pace Corpora ti o n , San Diego, 
U .S.A.) a nd software deve loped in-house . Th e raw image 
was first loaded , geoloca ted a nd ove rlaid with a coas tline 
a nd la titud e- longi tud e g rid. Th e des ired portion of th e 
image was se lected and regis te red to a maste r fil e defining 
th e a rea to be cove red , normally 5 12 x 5 12 pi xe ls 
(selected to be a power of 2) , cove rin g a n a rea of 
300000 km 2

. 
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Fig. 1. Area of study In the fl 'eddell Sea, showillg t/ie 
limits oJ the A VHRR images lIsed and the six drifter 
jJositiolls. 

The AVHRR imagery di splayed a yariation in 
brig htness across an im age, as a result of the rela ti\ 'e 
angl e of the sun , and it was necessa ry to remove this 
g rad a tion before allempting to threshold th e image. The 
brig htness vari a tion represented a wa\'e number much 
lower th a n th e \'ariations presented by the ice-Ooe- water 
interfaces, and so the effect was removed using a high-pass 
three-dimensional filter. Thc routine to do thi s tra ns­
form ed the da ta into th e wa \'e-number domain , remO\'ed 
the power at wave numbers lower th a n th e selec ted level 
(thi s was normally chosen to be three o r four cycles across 
th e whol e im age width ) and transform ed back into the 
space domain. 

The image haying been balanced, it was necessary to 
threshold the image to disc riminate between ice a nd 
water. A problem encountered here was the presence of 
eloud. Previous work (e.g. Ebert, 1989; K ey and Ba ITY, 
1989) h as indica ted that the reflec ti ve ra ti o between 
c loud a nd ice varies be twee n diffe r e nt AVHRR 
cha nnels, In this stud y the contras t was found to b e 
highest on cha nnel 4. Using thi s channel, the Image 
a r eas which were cl o ud were id entifi ed by visua l 
inspec tion , and rej ec ted. The remaind er of the im age 
a rea was then thresholded . Figure 2 displays an im age, 
from the area of th e study shown in Fig ure I , after th e 
filt ering and thresholding operation. The image vvas 
o btai ned on 28 O ctober 1989, a nd th e posi ti ons of th e 
ice-mounted drifters are indi ca ted. 

The fin a l step ill th e ana lysis was o bta ining th e 110e 
a nd lead properti es, in order tha t they co uld be compa red 
with the deforma ti on pat terns. The pa ra m eters used were 
lead leng th , width, area and orientation . A recursive 
m e thod was emplo yed , whereby each fea ture was 
id entifi ed and assigned a uniqu e cod e. A fea ture was 
d efin ed as an a rea with continuous interconn ec ting pixels 
wi th the \'alue chosen to represen t wa ter. Eac h [ea lUre 
was examined to determine its properties. The length of 
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Fig. 2. Filtered, thresholded AVHRR image with the 
positions oJ the drifters slljJerimjJosed. 

the fea ture was defin ed as the distance between the tl·\·O 
farthest-spaced pixels, and th e width as th e m ean dista nce 
between pixels a t ri ght-an gles to the length. Ori entation 
of the fea ture was along th e long ax is. Fig ure 3 depicts 
lea d-ori e ntati on probab ilit y for a ll of the im ages 
processed. The probability is weighted by lead length to 
gi\'e a be tter indi cation of th e area o[ open water in each 
image wi th a gi\'C n orien ta tion. 

Errors inherent with using the a utomatic fea ture­
identificati on a lgorithm stemmed fl'om the need to se t a 
threshold level which sepa rated the differentl y orientated 
features in th e image . To pre\'ent a large number of 
in terconnec ted leads bei ng iden ti fi ed as one feature, 
yielding e rroneous results, a rela ti\ 'ely hig h threshold 
level was se t, a nd line-tun ed by visual inspec tion. As can 
be seen from Figure 2, the effect of' this was to crea te 
breaks in what are clear ly continuous fea tures. In many 
cases this was beneficial as it separa ted parts of a single 
fea ture w'ith differen t ori enta ti ons. The worry was that by 
breaking a long fea ture down into a series of shorter 
fea tures, th e lead-orienta tion probabilities might ha\'e 
been a ltered. 

T o inves tigate the effec t of se tting a hig h threshold 
le\'el, the image of Figure 2 was ana lyzed m a nua ll y, to 
determin e th e lead-ori enta tion proba bility. In thi s 
analysis, breaks in obvio usly con tinu ous fea tures \I'ere 
identifi ed by eye from th e origina l unthresholded im age 
and removed. The resulting distribution was similar to 
that obta in ed with the a utom a ti c a lgorithm , wit h around 
75 % of direc tional occurrences being in th e north- south 
quadrant in both cases . \Vhereas th e a utom a ti c algorithm 
return ed a rela ti ve ly even distribution o[ direc tiona lity 
a round a north- south line , th e results obta ined with the 
manu a l a na lysis disp layed a preference for lead orienta­
tion a long a northwest- so utheas t axis. A comparison of 
ice concen tration, between the tll'O methods o[ anal ys is, 
indica ted that the threshold Je\'el required to sepa ra te 
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Fig, 3, Probabi/i{J' of lead orientation. divided into 10 
bins. The orientation jJrobabiLi{J' is weighted according 10 

lead Length . 

indi\'idual fea tures tend ed to und eres tima te th e a rea or 
open \I'a ter by a bo ut 20% , gi\' ing a maximum erro r in the 
ice concentra ti o n , a t th e h ig h le\ 'els meas ured in thi s 
stud y. or 2.5% . 

\ ' a lues o r sea-i ce concen tra tio n , ca lcu la ted as th e a rea 
of ice-co\'e red ocea n as a perce ntage of til t' entire im age 
a rea Llsed fo r a na lys is, \\'e re d e termin ed 1'0 1' each A \ 'HR R 
im age processed (Fig , 4), 1'0 1' compa ri son wi th thc ice 
mo ti on, Du e to the limited tempora l co\'e rage o r good 
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Fig, 4, Vallles cif sea-ice cOll cen/ra tion with ill the stud), 
area, determinedji'oll1 all ([ lIa(p is oJ ;-1 I H RR imagel)' ([lid 
from .\ '([1!J' !SOA A J oin/ Ice Cell tre sea-ire charls , 

Crane and I1 'ad/WillS: Sea-ice molioll ill the II 'eddell Sea 

A VHRR im age ry, \ 'alues for ice con centra ti on \\'er e a lso 
o bta ined rrom th e N a \'y!l\OAA J oint fee Centre U I C) 
ch a rts, Alth oug h g i\'ing a la rger d a ta se t, th e ice­
co ncen tra tion \'al ues g i\ 'en by th ese charts werc ve r y 
coa rse, being di\'id ed into la bins, Fig ures for th e a rea 
studied we re deri\'ed b y taking th e " a lue a t th e centre of 
eac h concentra ti o n bin a nd \\'e igh ting it proport iona ll y to 
th e rrac tion of a rea cO\'e red by th a t concent ra ti on, T his 
m e th od de tec ts ve r y cl ea rl y th c la rge drop in ice 
concent ra ti on a t th e o nset of spring, a nd sho\l's o th e r, 
sm a ller , \'aria ti ons th ro ughou t th e wi n ter, Compa ri son 
wit h the ice-concentra tion fi gures o btained from t he 
A VHRR im ages (Fig , 4 ) , howe\'e r , shows th a t whils t th e 
ge nera l trend or bo th m eth ods is in ag reement, the \ 'al ues 
o bta ined rrom the J Ie cha rts und eres t ima te th e \'a ri atio n 
in sea-ice concentra ti o n, 

DRIFTING-BUO Y DATA 

The dri rter a rray uscd fo r this stud y comprised six bu oys, 
d ep loyed into ice fl oes, trac ked via Service Argos , T h c 
buoy numbers a nd loca ti ons a re sho wn in Figures I a nd 2 
ro r 28 O ctober 1989 , The da ta were suppli ed by Dr C. 
K o tlm eier (AWl ) , e rro r-checked a nd in terpola ted to 3 
ho url y inten 'a ls, Fo r a ll drifters, \'a lues 1'0 1' la t itud e, 
lo ng itude, eas tward a nd north ward \T locity \'ec tors a nd 
a tm ospheri c pressure were obta ined , For dr irters 8066 
a nd 8069, in the centre or the a rray, a ir tempera ture, 
wind speed , wind direc ti on and buoy ori ent a ti on we re 
a lso su pplicd , 

A use rul meth od o r ex pressing th e motion or th e ice 
fi e ld , which ass ists in comparison w ith th e A \ 'HRR 
im age ry, is in te rm s of th e d i ffe r e n tia l kin em a ti c 
pa ra m e ters (DKPs) , The DKPs o f d iyc rge nce, \,o rti c ity, 
shea r ing deform a tio n ra te and norm a l d erorm a tion ra te 
(o r "s tretch" ) arc d efin ed here rollo \\'ing ~[ o l il1 a ri a nd 
Ki n\'an ( 1975 ) as: 

d ivero'c nce ,., 

\'o rti city 

shea r delo rm a tio n ra te 

no rm a l ciefo rm a ti o n ra te 

(~~) + G~) 
(~~) (~~) 
(~~) + (~~) 
(81£) (ov) 

ox ay 

Ph ys ica ll y, di\ 'C rgence is the ra te o r ch ange or a rea 
with o ut cha nge o r o ri e n ta ti on or sh a pe; \'o rti city is th e 
ra te o r ro ta ti on with o ut a rea or sha p e change; shea r ing 
d ero l'lll a li on is th e ra te or shape c h a nge produced b y 
di fre t-e nti a l moti ons o r th e sides or a n a rea para llel to th ose 
sid es, a nd stretch is th e ra te or sha pe c h a nge produ ced by 
diffe re nti a l moti ons of th e sides or a n a rea norm a l to th ose 
sid es , T he kin em a ti c pa ra meters we re calcu la ted 1'0 1' a 
loca ti o n a t th e centre o f' th e a rray, re m o ving th e eUrc ts o f 
lo ng-term drift. 

At a ny point (x , y ) rela ti H to th e spec ifi ed locat io n 
(0.0) ro r whi ch th e DKPs a re required , th e \'elocity m ay 
be ex pressed as T aylo r ex pansions o r th e x and y comp-
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onents of th e velocity: 

U=Uo+ (au) (au) (a
2
u) - x+ - y + -ax 0 oy 0 ox2 

0 

2 (02u) 2 
X + oy2 0 Y + ..... ..... . 

v = Vo + (~~) u x + (~~) 0 y + (~:~) 0 

x
2 + G:~) 0 y2 + .......... . 

(Sa ucier, 1955 ), where th e su bscript 0 indica tes the 
properti es a t the chosen origin. 

rf the distances x and y were small, th en th e higher­
order derivatives could be ignored and the distribution of 
veloc ity regarded as linea r. Howeve r, as the valu('s of x 
and y were large, a second-order T aylor expansion was 
used (the highest possible with six drifters) and the 
eq uations for a ll buoys so lved simultaneously to ob tain 
the va lues of au/ox, ou/ay, av/ox and av/ay at the 
chosen point. Figure 5 shows the res ulls of this a na lysis. 
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Fig. 5. Time series oJ divergence, 1'orticily, shear and 
stretch difonnatioll. r ortici ,-)! events dominate, with 
deformation values being between two and JOllr times 
smaller. 

The \'ariance of the error in es timating any of the 
velocity derivatives was approximately (Thorndike and 
Colon y, 1982) 4(}2t,C 2t,x - 2 , where (J"2 ~ 200 m 2 was the 
\'ari a nce in typical errors in th e position m easurement of 
th e Argos-tracked drifters, t,x ~ 200 km wa s th e 
separa tion of the measurem ent points and t:. t was the 
tim e step of 3 h. This gave a standard deviation of 
2.0 x 10- 7 

S '. The standard devia tions of the calculated 
deformations were 3.0 x 10 7 S ' fordi\ 'ergence , 6.9 x 10 
7 S ' for vortici ty and 4.9 x 10- 7 and 4.5 x 10 7 S ' for 
shear and stretch deformation , respectively. During 
periods of intense deformational ac tivity , su ch as days 
304-3 10, th e standard deviation of divergence remained 
the same, but for vorticity, sh ear and stretch deformatjon 
rose to 12.2, 7.8 a nd 6.3 x 10- 7 s " respec tively. Thus, 
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whil st changes in the di H rgence were indistingui shab le 
from the measurem ent error, vorticity and defo rm a tion 
\·a lues. especia ll y during periods of kinematic activity, 
cou ld be used with some confidence . 

DISCUSSION 

Fig ure 3 indicates th a t, with th e exception of the first 
im age, from 21 O c tober, the highes t probability was fo r a 
lead orientation in the north-south quadrant. This wou ld 
tend to promote d eformation of th e ice field a long the 
axes of the leads, gi\'ing higher values of the av/ox 
veloc ity deri\'a tive, leading to in creased shea r deforma­
tion and vorticity compared to pure divergence, a findin g 
supported by the DKP va lu es in Figure 5. This shows the 
magnitude of the vo rti city to have been morc than twice 
tha t of th e diverge nce, with both types of deforma ti on 
being about ha lfway in between . The rms value for 
vorticity was 6.9 x 10 7 S ' , for divergence 3.05 x 10 7 S ' 

and for shear a nd stretch 4.5 a nd 4.8 x 10 7 S '. 

r es pec ti\·ely. 
Noticea ble events of nega tive \·orti city occurred just 

after da y 280, at d ay 290, between days 304 and 3 10 a nd 
just before day 340. All o[ th ese events coincided with 
occurrences of lo\\' atmospheric pressure nea r th e centre of 
th e drifter array, as well as di ps in the \'a l ues of ice 
concen tration. \ Vi th simple offset ting and sca ling, the 
major features of the yorticity could be reprodu ced from 
th e measurements of a tmospheri c pressure (Fig. 6 ) . This 
ind ica tes that the cen tre of the IO\\'-press ure sys tem s must 
ha ve been near the middle of" the drifter a rra y, no t 
unex pec tedly as the a rray is sited nea r th e average 
lati tude of th e circumpolar trough (Deacon, 1984) . At 
each time there occurred a posi ti ve- nega tive- posi ti ve 
shear deformation event, indi cative of the differe ntial 
winds of a low-pressure sys tem passing O\'er the region . 

Th e la rgest of these e\'ents occu rred between days 304 
and 310, th e period CO\'ered by th e A YHRR im ages. 
Fi g ures 3 and 4 show that with the onset of thi s even t th e 
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Fig. 6. Com/Jarison oJ ice-jield vorticily alld scaled vallles 
oJ atmospheric /Jressllre. Major features oJ negative 
vorticity correspond to periods if low jJreSsllre. 
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ice concentrat io n dropped , with th e o ri enta tion of th e 
d e\"Clop ing open \n lt e r being pre fere nti a ll y in th e n o rth­
south quadrant, pea king, in th e case of both images 
a na lyzed , in a direct ion to th e no rth-northeas t. The lo\\,­
pressure sys tems pass ing O\'cr th e a rray at the tim e wou ld 
haye tended to indu ce a clockwise ro tat ion or the ice field , 
Th e preferred lead orienta ti on wou ld a ll ow motion w ith 
th e wind fi eld a lo ng a north- sou th axis in the \\'es tern and 
eas tern regions of th e area being studied, In the north and 
south , ho\\'e\'e r, the \\'ind-indueed moti on of the ice a long 
an cas t- west axis wo uld be preven ted, This is d emon­
s tra ted in th e sig nifi ca nt positi \"C shea r deformation 
(m ea n of 3,3 x 10 7 S 1) o\'e r thi s period, Eve n la rger 
\'alues of negati\ 'e yorti cit y (mean of - 8,2 x 10 7 Si ) 

indi ca te a rotation of th e enti re ice fi eld , These va lues 
would ha\'(> induced a 10° clockwise ro tation in th e lead 
orientation between d ays 304 a nd 3 10, Although th ere is 
som e cha nge in th e lead orien tati o n di stribution o\'e r this 
pe ri od (Fig, 3) , it is difTi cult to ascerta in whether th e re is 
a ny sig nifi cant rotation of th c ice fi eld , as 10 ' is th e limit 
of resolution of th e lead-ori enta ti o n m easurr ments, Th e rc 
is a lso the di st inct poss ibil ity tha t , measured oye r th e 
ra nges of a round 300 km , as in thi s ex periment , th e 
\ 'o rti cit y is due to loca l shearing eve nts, a ll owing th e ice 
Ooes to foll o\\' th e large-sca le circ ulati o n of th e O\ 'e rly ing 
low-press ure sys tem , 

A time-lag corre la ti on bet\I'een a tmospheri c press u re 
and the a rray yort ic it y shows a peak a t zero lag (Fig, 7) , 
Ea ch data se t was sm oo th ed with a 12 h runnin g m ea n 
be fore ana lysis, Sin ce the data we re a t 3 h intern tl s, this 
shows that the response of th e sea ice to the wind was 
imm ediate (i,e, less tha n 3 h), in contras t to d elays of 
seyeral hours obse ryed in Arct ic win te r ice, where stress is 

0.5 
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-0.5"--_3-'-00---_2--'0-0---_1-'-00-----'0---1-'-00---2---'0-0---3-'-0-0 ---' 

Time offset in hours (Vorticity re. Pressure) 

Fig, 7, Time-lagged correlatioll of atmosjJheric jJressllre 
and aru!)' vorticis)' , The corre/atioll jJeak.) at a value (if 0.7 
at ::.ero time lag, il7ljJ(),illg an almost illstal/taneous resjJOllse 
of the ice C01'fI' to meteorological fo rcillg, 

tra nsm itted O\'C r lo ng di sta nces , 
Anoth er method o f qua ntifying th e motion or th e ice 

field is by examining th e tempora l a nd spat ia l co rrelat ion 
o f th e \'eloc i ty com ponellls of th e ice, Fig ure 8 shows the 

Crane and II 'adlwms: Sea-ice 1I10tion ill the 11 'eddell Sea 

1.0 

C 
Cl> 0.9 

+ + 
+ + 

+ 
0 

Qj 
0.8 0 

0 

" 0.7 0 
;:; 

" 
~ 0.6 
0 

U 

0.5 
100 200 300 400 

Distance (km) 

Fig, 8, Cross-correlation of lhe II -COll1jJonent veloci~)1 

l'ectors . hetween jJairs of drifters at different sejJarations, 
showillg a gradual decrease with increasillg distance. 

corre la ti o n of the u component of th e ice velocity , at 
different di stances, for th e whole peri od o f the ex peri­
ment. Th e ice \'c1ocity was well co rre lated up to di sta nces 
ofaro uncl 200 km, T o co mpare the a bso lute \'a lues of th e 
\'C loc ity \ 'ec tors, as we ll as the simil a rity in varia nce, give n 
by th e co rrelat ion coe ffi c ients, stand ard de\'ia ti ons of th e 
di rre re n ccs between no rm a li sed \'eloc i t y \'ec tors were 
ca lcul a ted , As expec ted , the standard d e\'iation in­
creasecl from a \'a lu e or 0,3 at drifte r sepa ra tions of 
100 km to 0 ,7 a t 280 km, 

Running correla ti o ns of the u veloc ity components of 
threc pairs of drifte rs, at se parat ions o f ISO, 200 a nd 
300 km , a rc ShO\l'll in Fi g ure 9, It is apparc nt tha t dips in 
th e sea-i c<' concentrati o n coincide w ith troughs in the 
\'e loc i t y-componcn t corre la ti ons for a ll bu oy pairs. This 
emp has ises th e importance orthe ice co ncentration to th e 
cohes iveness of th e ice field, All of th ese res ults indi ca te 
tha t w h e n the ice conce ntration was hig h . abo\'e 95 %, th e 
ice te nd ecl to mO\'C as a ri g id bod y. Be low concentra tion s 
or 93 %

, differenti a l m ot io n became a pparent , domina ted 
by negative \'onicit)' but with some deformat ion present. 
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Fig , 9, Running correlations of the ll -comjJOnent l'elocity 
vectors, helween jJ([irs of drijiers at sej)(lrat io lls of 150.200 
alld 300 km . showing lower correlatioll with increasing and 
dijJS in the values at times of lOlL' ice cOllcentration. 
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CONCLUSIONS 

These resu lts demonstrate th e importa n ce of both 
atmospheric forcing and th e n a ture of th e ice field on 
the kinem atics of the sea-ice cove r. \ Vh e n the sea -ice 
concentra tio n was high, inte rna l ice stress was important. 
Th e ice field acted to som e ex tent as a rig id body, and 
coherent m ot ion occurred over la rge distances (e.g. days 
295- 300; a round day 320). 

Wh en the ice concentra tion dropped be low about 
93% the effect of interna l stresses \vas redu ced, the ice 
field stopped responding as a rigid bod y a nd differenti a l 
motion occurred. The dominance of the \'o rti city refl ec ted 
the main driving forces of the low-press ure sys tems 
passing across the stud y a rea, with the values ofvorticity 
being correl a ted to those of the a tmospheri c pressure nea r 
the centre of the a rray . Th e lack of any obvious change in 
the lead orientation during vorti city events indica tes th a t 
the large-scale rota tion o f t he ice fi eld cou ld be the 
produ ct of m a ny loca l shearing events. A sm a ll er but sti ll 
signifi cant amount of shear d eforma ti on supported this idea. 

Th e average co rrela tion length of the stra in field was 
found to be a round 200 km. This is only 50% of the \'a lue 
found by Thorndike ( 1986 ) for Arctic sea ice. This may 
be due to th e genera ll y lower values of ice t h ickn ess fOllnd 
in the Anta rcti c or to th e fact that, even in winter, the 
occurrence of leads in th e Anta rcti c is grea te r th an th a t in 
the Arctic. 
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