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ABSTRACT. Pin e Tsla nd Gl ac ier is o ne of th e maj o r ice strea ms dra inin g \\' es t 
Anta rctica . \V c ca lcu la ted a \T rage \'e loc iti es fo r bo th its g ro und ed a nd noatin g pa rts 
by trac kin g C1T\'aSSes a nd o th e r pa tte rn s mO\'ing with th e ice on t\l 'O sequenti a l images 
acq uirecl in Febru a ry a nd Decem ber 1992 b y ERS-I SA R (Europea n R em ote-Sensing 
Sate llit e. S \'l1lh e ti c AIJenure R a d a r ). \' eloc iti es in th e las t- mo \'in g' centra llJa n s of th e 

. I ' I 
g lac ier ra nge II'om a bo ut 1.3 km a on th e g ro und ed pa n to a bo ut 2.6 km a on th e 
[l oa tin g pa n. Ycloc ity in c reases ra pidl y just be lo \\ th e g rounding li ne. For th e [l oa tin g 
pa rt , ve loc ities a re approx ima te ly 0. 3 km a I r~l s t e r tha n pre\'ioush ' es tab li shed (i'om 
La ndsa t im ages I)\' o th e r work ers . This obsrrn llion sugges ts th a t th e di scharge is la rge r 
a nd. therefo re. th e mass ba la nce less pos iti \T th a n pre\'io usly th o ug ht ; hO\\'e\ 'e r, o ur 
st ud y a lso sho \l's that current inlo rm a ti o n is insu[Ii c ien t to a ll o \l' fo r p rec ise mass
ba la nce ca lcu la ti o ns. I mages o r th e g lac ie r li 'o nt sho\l' th a t a cah-ing e\T Ill re leased a n 
ice berg a bo ut 5 km wid e be tween Febru a ry a nd D ecember 1992 . Th e positio n of th e 
g lacier fro nt has no t cha nged substa ntiall y between 1973 (La ndsa t image ) a nd 1992 
(ERS-I images ). 

INTRODUCTION measu rement s fo r Pine r sla nd Gl acie r (Fig. I ) a nd 111 a y 
help to c la rir)· th e m ass-ba la nce iss ue (o r future studi es . 

Ch a nges in g lo ba l c lim a te a nd sea Je\-c l a rc intrica tely 

lin ked to cha nges in th e a rea a nd \'o lum e of pola r ice 
shee ts. Thus, meltin g of"th e ice sheets may se\ 'C' re ly impac t 
th e d ensely popul a ted coas ta l regio ns o n Ea rth . .\ Ielring 
o f" th e \Ves t Anta rct ic ice shee t a lone co u ld rai sc sea le\'(:1 
by 5 m. As this ice shee t res ts la rgely o n bedroc k belo \\' sea 

level , it is po tenti a ll y unsta ble a nd co uld , h ypoth e ti ca lly , 

d isintegra tc \I'ithin the nex t 100 a (l\l ercer, 1978; Thom as 
a nd o th e rs, 1979 ). In spite o f" th eir impo rta nce, th e m ass 
ba lances (th e net gains o r losses) of th e Ant a rc ti c ice 
shee ts a re still poo rl y kn o\l·n . 

I ntensi\ 'C studi es haw bee n mad e of ice strea ms 

dra ining th e \\'es t A nta rct ic ice sheet into th e R oss a nd 

R onn e Ice Sh eh-es , but rela t i\-e ly littl e is kn own a bo ut th e 
ice streams and g lac ie- rs dra ining th c ice shee t a lo ng th e 
l\1a ri e BYI'd L a nd coas t. Th e mos t consp ic uo us ice streams 
in th a t a rea a rc Pine Isla nd a nd Th\l'a ites G lac iers. Th e\' 

ha \'e been stud ied by Hug hes (198 1). era b tree a nd 

D oake ( 1982 ). \\' illi a ms a nd o th ers (1982 ), Linci strom 

a nd T yler ( 1984 ), and Ferri g no a nd o th e rs (1993). 
H ug hes (198 1) suggcs ted tha t th e loss o r a n ice she l I' in 
Pin e Isla nd Bay , pinned b>' isla nds, m a \' hm'e cau sed Pin e' 
I sla nd a nd Th\l'a ites Glac ie rs to surge . res ultin g in d own

dr3\\' of th eir dra in age bas ins a nd re trea t o f th e g ro unding 

lin es . Ind eed , Hug hes ( 1981 ) call ed Thwa ites a nd Pin e 

Isla nd Gl ac ie rs th e "wea k und erbe ll y o f th e W est 
Anta rc ti c ice shect ' · . l\Iore recent studi es ha \'C foc used 
o n mass ba la nces o f th ese g lac iers (C ra btree a nd D oa ke, 
1982, Lindstrom a nd H ug hes, 1984), whi ch were fo und to 

be hi ghly pos iti\·e . Our stud y repo rts o n new \ 'Cloc it )' 

METHOD 

\-\' c success ru ll ), used sequ enti a l L a ndsa t imagcs (acquired 

Fig . I . Loca/ioll 111([/) slLOLl ,ing /l'es/ An/arc/ica (relller) 
and Alllarc/ic Peninsl/ la (lajJ leJi ) . Area q/ /;; /?S-] images 
( see Figs 2 and 5: T able ] ) covering Pille [slalld Clacier 
oll /lilled lIear la /. - 74 , long. 2600

. 
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as much as 20 years a pa rt ) to obtain ave rage \'eloc iti es by 

trac king crevasse p a tterns on the Ooa tin g to ng ue of o utl e t 
glac iers a nd ice strea ms (Lucchitta a nd Ferg uson, 1986; 
Lucchitta a nd others, 1993, 1994b) . However , La ndsa t 
images ha \'C di sad n llltages: th e ea rl y im ages have low 
(a bout 80 m per pixel) resolutio n; the long pola r winter 

night redu ces acqui siti on opportuniti es; a nd clo ud cove r 

imped es recognitio n of fea tures . For this stud y we used 
ERS-I SAR im ages (Europea n R emo te-Sensing Sa tellite, 
Synth eti c Aperture R ad a r), " 'hich ha \'e 30 m reso luti on 
( 12.5 m per pixcl ), image qua lity ind epende nt of season 
a nd cloud cove r a nd simil a r vi ewing conditions if nea rl y 

identica l orbital pa ths a nd image-fra me locati ons a re used 

in sequen tia l im ages. Fo r exa mple, the hig h resolution of 
ERS-I im ages permits th e id entifi ca ti on of sma ll crevasses 
a nd other pa tterns o n ice streams o r ice shee ts a bove or at 
th e grounding lin e (where th e ice leaves la nd a nd begins 
to Ooat ), whereas th e lower reso lu tion o f th e ea rl y 

La ndsa t Multisp ec tra l Sca nn er (M SS) images permits 

identifi ca ti on of onl y th e la rge patterns in the Ooa ting 
pa rt of th e ice (to ng ues or shelves) . Kn ow'ledge o f 
\'eloc iti es at the g rounding line a ll ows ca lcula ti on of 
di scha rge rates from th e ice shee ts, provid ed th e cross
sec tio na l a rea o f the ice streams is kn own. 

\ " e acquired two se ts o f consecuti ve, geocod ed ERS-I 

SAR im ages - one set from 9 Febru a ry, th e oth er from 4 
D ecem ber 1992 (T a ble I; Fig . I ) . Geocoded Images a re 

T able 1. i mage s/Jeeijications ( ERS-J SAR, C-balld, 
geocoded) 

Orbit 

297 0 
2970 
725 1 

725 1 

Frame 

5589 
5607 
5589 
5607 

Date 

9 Febru a ry 1992 
9 Feb ru a ry 1992 
4 D ecember 1992 
4 D ecem bel' 1992 

Reference 
elevatioll level 

m 

673 
3 18 
673 
3 18 

Il1 U ni ve rsal Pola r S tereogra phic projec ti on using the 
"VGS 1984 ellipso id and a re processed to correc t for a 
reference mean eleva ti on level ass ig ned to th e fra me. The 
di splacement in ra nge within a fra m e is 2.3 times th e 

eleva ti on difference betwee n the ac tu a l eleva ti on of the 

point a nd the reference elevati o n level of th e fra m e (R oth 
a nd oth ers, 1993) . The ra nge displace ment is simila r in 
our repea t images , as th ey have close orbita l-pa th a nd 
fra me loca ti ons and are processed to the same reference 
eleva ti on leve ls by the G erm a n Process ing Facility (D

Paf) . Also, the glac ier surface slopes ge ntl y (a bout 350 m 

per 100 km according to the reference eleva ti ons used 
(T a ble I) ; therefore, tracked points th a t moved down
g lacier fo r I km ho ri zo nta ll y dropped a bout 3 .5 m 
verticall y. This slope creates a ra nge error of less th a n 

I % (a bo ut 8 m over the I km distance), 

W e co-registered the images acquired a t a n interva l of 

10 months by (I ) ma tching fix ed points, such as nuna ta ks 
(la nd masses projectin g through the ice ), a nd (2) using th e 
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furni shed coordina tes based on orbi ta l pa ra meters. \\' hen 

using th e llrstm ethod , th e im ages ma tched so well th a t the 
broad ou tlines of nuna ta ks suffi ced for co-registra ti o n a nd 
no spec ia l a lgo rithms needed to be a pplied lor geo metri c 
co rrections. Therefore, " 'e have no sta tisti cs on res idua l 
errors or co-registrat ion points. When using the second 
method for co-registra ti on , we obtained th e sa me fit. Th e 

obse rva ti on that co-registra ti on by ground fea tures a nd by 
orbita l pa ra meters yield ed the sa me fir increased our 
confide nce in the nomin a l locations o f th e images on th e 
gro und , which is acc ura te to 50 m according to R o th a nd 
oth ers ( 1993 ). A hypo theti cal 50 m error in no min a l 

loca ti on between the two im ages wo uld res ul t in a 5% 

error in measured displ ace ment betwee n a tracked point 
tha t moved a di sta nce of I km ; the la rge r the d isp lace
ment, the less th e percentage error. Our di splacemen ts for 
th e centra l parts of Pin e I sla nd G lac ier ra nge ri"o m a bout 
0. 9 to 1.8 km fo r the 10 month interval betwee n im age 

acquisitions, so a hypoth etica l misma tch of 50 m in im age 

location wo uld result in a n erro r of less th a n a bout 5% . T o 
red uce speckl e, we compressed the images to 25 m per 
pixe l by ave raging sq ua res o f fa ll I' pi xels. 

Initi a ll y, visua ll y trac ked crevasse pa tterns (Lu cchitta 
a nd oth ers, 1993 ) yield ed a prelimin ary se t of ve locity 

\'a lu es (Lucchitta a nd o thers, 1994a) . L a ter, a n a uto

ma ted cross-co rrela ti on prog ra m d eve loped by Bindscha 
dl er a nd Scambos ( 199 1) a nd Sca mbos a nd o thers ( 1992 ), 
whi ch g ives th e di splace ments o f crevasses o r o th er 
recogni za bl e pa tterns th a t move with th e ice, a ll owed us 
to calc ul a te rh e \'e loc iti es from th e di sta nces moved in th e 
give n tim e interva l. Displ acement vec tors we re th en 

p roj ec ted onto a n im age of th e g lacier (Fig . 2). To 
obtain the distributi on o f ave rage veloc iti es ove r th e 
length 0(" th e g lac ier, wc a lso measured th e dista nce (i"om 
th e loca ti o n of each moving p oint on the earli er im age of 
th e pa ir to the positi on of the g rounding line as inferred in 

fi gure I o f C ra btree a nd D oake ( 1982) . T o closely 

dupli ca te th eir loca ti o n , we carefull y inspec ted a n 
enh a nced ve rsio n of the La ndsat im age used in th eir 
fi gure a nd tra nsposed th e line on to the rad a r im age. The 
measurement results a re represented in a gra ph (Fig. 3) 
th a t displays th e a\'e rage ve loc iti es per give n tim e interva l 
vs th e dista nce to the grounding line for a ll meas ured 

points o n the glac ier . 

DISCUSSION 

Observations 

Th e im ages sh ow re m a rka bl e c urv ilin ea r c revasse 
p a tterns across the entire g lac ier, wh ere th e Oowlines 
conve rge towa rd a mo re confined cha nnel (Fig. 4) . The 
crevasses form a concave (dow nstream ) fracture pa ttern 

that is di storted to a convex pa ttern by the faster Oow in 

the cen te r of th e ice stream. This se t of crevasses has never 
been d escribed. Perh a ps it is cove red by a thin laye r of 
snow a nd is visibl e onl y on rad a r im ages . A new se t of 
crevasses ca n be see n a t th e ups tream end o f the 
D ecember 1992 im age, shown in green on thi s multi

tempora l im age . The se t a ppa ren tly form ed in th e 

interva l betwee n th e two im age acqui sitio ns. 
Th e terminus of th e g lacier re trea ted a bo ut 4 km in 
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Fig. 2. ["pper /J({rl ~f Pine islalld Glacier. M 01'eI7wllloward 
bollom; north toward leJi. ERS-/ 2970-5589 . 9 Febu/QI)I 
/992. Smal! white lines aTe disjJlacement vectors s/lOlI'ing 
17l0 1'ement ~ glacier in 10 month intm'al. Dashed line is 
grounding line as inferred b), Crablree and Doake ( 1982). 

th e 10 months be twee n im age acq ui sitions, as seen in th e 

multi-tempora l im age of Fig ure 5. The fi g ure a lso shows 

that th e g lac ier a ppa rentl y ca k ed a n ice berg abo ut 5 km 
wid e be tween the February a nd D ece mbe r im age 
acqui sitions; thi s loss has a lread y been part ly o rEet b y 
a n ach-a nce of th e caking front by about 2 km since th e 

acq uisition of th e February im age . Overall , th e position oC 
the g lac ier front between 1973 (L a ndsat im age ) a nd 1992 
(ERS-I images ) has not cha nged substa nti a ll y; th e 
ap pa relll se tbac k a nd rate of re trea t or advance d epends 
on th e location o f the g lac ier ri"o nt a t th e time of image 
acq ui sitio n. For insta nce, a ret rea t of 0.2- 0.3 km a I is 
sugges ted w hen meas uring from th e contac t of the g lac ie r 

front with ope n \rate r in 1973 to th e pos itio n of th e post

ca lving front shown in Februa ry 1992 (Fig . 5). H owe\'e r , 
p lacing the 1973 ice front a t a ri"acture ma rkin g a future 
cah-in g front and meas uring ri"om there to th e Feb ruary 
1992 post-cah- i ng posi tio n, 5ho\l's the se tbac k in th e 

19 years to be o nl y a bout I km , a rate of re treat of a bo ut 

50 m a 1 \\'hen th e 19 73 posit ion of th e fi"ac ture is 
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Lllcchilla and olhen : r e/otilies ~f Pine island Glacier 
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Fig . 3. Glacier l'elocil)' /llolled against distance frolll 
grounding line of Crablree ({nd Doake ( 1982) . Posili1'e 
values ill grounded jJart of glacier, lIegalive mlufJ in 
floaling part. Seatter reflects l 'eloci~)' differences arross 
width ~ glacier. ,\ 'ote ra/lid increase ill velocif)' slarliJlg 
near grollllding line and e"lending 20 km dowll -glacier. 

compa red with the read\'aneed g lac ie r front in the 

D ecember 1992 im age, th e g lac ie r has ac tu a ll y m O\'CC1 

beyond th is fra c ture by a fe \~' tens o f' me te rs. Our 
o bsen'at ions show th a t on'" th e tracking of imm edi a te 
post-ca h-in g pos itions on this fast-mo\' ing g lacier \I'ill 
reli a bl y estab li sh re trea t rates a nd trends. 

Our obse l'\'alions suppo rt a sma ll er recen t re treat ra te, 

if a ny, th a n th e 0.8 km a I reported by K ellogg a nd 

K ell ogg ( 1987 ) from pos i ti ons of th e g lac ier fron t in 1966 
(photograp hi c obsern lli on ), 1973 (Landsat obsen'a ti on 
a nd 1985 (inspcc ti o n on loca ti on ) . K e ll ogg a nd K e ll ogg 
( 198 7) contend th a t th is rate of re trea t supports th e 

ex istence o f' a n ice shelf in Pine Island Bay less th a n 

100 yea rs ago. C lose m oni tor ing of fu ture ca king e\'en ts is 

need ed to \ 'C rif)' th eir h ypoth es is. 

Velocities 

W c m easured a \'e rage \ 'eloc ities for the 10 m onth period 

on both th e g ro und ed a nd noa tin g pa rts of Pine Isla nd 

G lacier (Fig. 2) . Th e \e loc i ties fo r th e fas t-mO\'ing een tra l 
pa rts of th e g lac ier ra nge (i"om a bo ut 1.3 km a I about 
50 km a boye th e g round ing line to a n interpolated 
1.9 km a I a t th e gro unding li ne to 2.6 km a I beginning 

a bout 20 km belm'\' th e g rounding lin e on th e noa ting part 

o f th e g lac ie r (Fig. 3) . The sca tter of points on the g rap h 

(Fig. 3) co rrespo nding to 50 km a bove th e g rounding line 
is due to rh e low velociti es nea r th e ma rg in of th e g lac ier 
reco rd ed by th e a utomated cross-co rrela ti o n program 
( Fig. 2) . £\'Cn th oug h trackable cre\'asses a ppea r to be 
presen t at the g ro unding line, th ey were no t recogni zed 

by the program. 

The g ro unding lin e, commonh' consid ered to m a rk 
th e pl ace where th e g lac ier sepa ra tes h om the g ro und a nd 
begins to fl oa t, was inferred by C ra btrec and Doake 
( 1982 ) to li e \lithin a reg ion of ro lling topography on the 

g lac ie r surface. Th ey based thi s placemen t on profil es of 

t\\'o radi o-echo-sounding ni ghts a long th e g lac ier. The 
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Fig. 4. E wer/)I of mulli-Iem!)oral co ll1/Josile image qf Pille Island Glacier, showing cllrvilinearji-aclllre /){llterl/ . /1/ovemel7l 
loward bot/om lefl: lIorlh loward lap left. ERS-I 2970-5589, 9 Februw} J992. ill red; ERS-l 7251-5589 , 4 December 
1992, ill green . Radar illllminatiollJroll1 bol/om: ascending orbit. ,I/atcltedfeatllres ill illlages show ill ),e!low. llIlInalclzed 
fealllres sZ/ch as crevasses ill red or green . . /1, 'ole cons/JiCIIOllS lIew ern'asse set in green al 10j) ( arrow) alld dislorliOIl of 
crevasses do wn-glacier ji'om concave 10 conve \" ~y fas ler ice lIIol lemenl ill cm/er . 
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Fig . 5. Multi- temjJoral cOln/Josile image oJ Pine i sLand ClacierJrolll . M 01'e/lW11 loward bo//om; Ilorliz IOlC'ard le.fl. ERS-J 
2970-5607,9 Feblltal)' 1992, ill red: ERS-I 7251-5607. -I December 1992. ill green , Radar iLllllllillaliol1jrom bolloll1 right: 
ascending orbit . ,\ 'ote glacier Font oj Februm), 1992 (red); jJart£y aI/ached tablllar iceberg eltendillg Fom red FOllt to 
thicker. conslJiwolls green lille Ileal' fron t; alld absence oj iceberg and readl'ance !if glacierjrolll thicker green lille to jrollt oj 
December 1992 (yellow) , 

location is surpri sIng, as \'isua l inspec ti on of the images 
sugges ts th a t th e g rounding line li es 20 km f ~lrther d own
glac ie r. where th e ro lling topograp hy g i\'es way to a n 
a ppa rentl y le\'e l surfa ce w ith man y la rge tra ns\,e rse 

crevasses. This 20 km segment co inc id es with a rapid 

inc rease in \·c\oc iti es . In the gro unded pa rt a bO\'e th e 
infe rred g rounding line of Cra btree and Doake ( 1982 ), 
\'e loc iri es in crease o nl y g ra du a ll y, suppo rtin g th e ir 

sugges ti on th at th e li ne is held on a roc k bar, In th e 
noa tin g pa rt belo \\' th e 20 km segm ent , \'e locities a lso 
in c rease \'e ry lillle, Th e data sugges t that th is tra nsitio na l 
segmen t m a rk s a grounding zo ne, where the g lacier is 

o nl y p a rti a l\ ~ ' or li g htl y g ro unded. This tra nsiti ona l 

segment a lso co in cides w ith a zone where. acco rding to 
C ra btree a nd Doake ( 1982, fi g , 2a ) , surface c1e\'a ti o ns o n 
th e g lacie r ha\'C le\'elkcl o ut but li e abou t 50 m a bO\'e the 
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downstrea m , floa ting ice a nd a re sepa ra ted from it by a 
scarp . Perh a ps the regio n is a nalogo us to wha t h as been 
te rm ed , informall y, a n " ice pla in " a t I ce Strea m B 
(persona l communica ti o n from R. Bind chadl er, 1994) . 

The \'e locities we d e te rmin ed fo r th e fl oa ting pa n o f 
th e glacier a re somewh a t hig her th a n ve locities previo usly 
es ta bli shed. C ra b tree a nd D oake ( 1982 ) used Landsa t 
im ages of 19 73 a nd 1975 to measure a n ave rage \'e locity 
a t th e ice front of 2 . I ± 0 .2 km a I. Willi a ms a nd o th ers 

( 1982 ) measured 2.2, a nd Lindstrom a nd T yler ( 1984) 

a pproxima tely 2 .4 km a- I, a lso a t th e front. Th e la tte r 
a uth o rs fo und velociti es o f a bout 2.2 km a- I in four 
meas urements ap p rox ima tely 30 km upst ream fro m the 
terminu .', ve lociti es o f a bo ut 2.1 km a I in one meas ure
ment a pproxima tely 40 km upstream , a nd veloc iti es o f 
a bout 2.0 km a I in one m easurement a pproxim a tely 

50 km upstrea m . Only th is las t point ove rl a ps with our 
meas urements. Lindstro m a nd Hug hes ( 1984) used a 
ve loc ity of O. 712 km a I a t th e g rounding lin e, referrin g to 

meas urements mad e in I indst rom a nd T yler ( 1984) . Wc 
d o not know if the di sc repa ncy be tween o ur meas ure

ments a nd earli er ones is ca used b y a n ac tu al increase in 

glac ie r velocity within th e las t 10- 20 yea rs or if o ur va lu es 
refl ec t different a nd perh a ps more acc ura te measuremen ts 
beca use of a new im age se t th a t has better inte rn a l 
geo metry, locati o n acc uracy a nd co-registra ti on . 

Mass balance 

\l ass ba la nces [o r Pin e I sla nd G lacier h ave bee n 
ca lc ul a ted by C ra btree a nd D oake ( 1982 ) a nd Lind 
strom a nd H ugh es ( 1984) . C ra btree a nd D oake ( 1982 ) 
d efin ed th e drainage basin of Pin e Isla nd Glac ie r by 

surface e le \'ations based o n press ure a ltim e try a nd 

o bta ined th e acc umulat ion rate fro m th e lite ra ture 
(G iovine tto . 1964; Bull , 197 1) . Th ey ca lcul a ted the 
d isc ha rge based on th e \'e loc ity, wid th a nd thi ckn ess o f' 
th e Doatin g ice front a ft er a ppro pria te mod el- based 
adjustments, a nd th ey a rri\ 'ed a t a mass ba la nce of 
+6 1 ±30 x 1012 kga- l Lindstrom a nd Hughes ( 1984) 

d efin ed the drain age bas in by surface eleva ti ons give n in 
Drewry ( 1983 ) , a nd th eir acc umul at io n ra tes we re 
obta ined fr o m sno w-pit str a ti g r a ph y a lo ng trac to r 
trave rses ( input m ass Dux 65 .9x 1012 kga I) . Th ey 

calcul a ted th e discha rge a t th e grounding line by using 

a velocity (0.71 2 km a- I) a nd width (26 .2 km ) from th eir 

own L a nd sa t-im age meas urem ents a nd a m ea n ice 
thi ckn ess ( 1.564 km ) from C ra btree a nd D oake's ( 1982 ) 
radi o-cc ho-so unding da ta (ice d ensi ty 900 kg m 3) . Th ey 
obta ined a mass ba la nce of + 40 x I ~ kg a I a nd ass ig ned 
a n uncertainty 0 [7 Gt a I to this va lue (no reasons gi\·en ) . 

Th ey furth er ex pla ined tha t th e width of 26 .2 km includ es 
onl y th e ice-stream segment be twee n th e m a rgina l shea r 
zo nes, a nd thus, they asse rted, onl y th e infe rred plug now 
in th e centra l part of' th e glacie r was considered fo r the 
discha rge calcul a tion. 

Beca use Lindstro m a nd H ug hes's ( 1984) discha rge 

ca lcul a ti on was perform ed [or th e same g ro unding lin e as 
th a t used in this stud y, o ur re\·ised ve loc ity \'alue of 
1.9 km a I fo r th e gro unding line ca n be ap plied to th eir 
o th er ou tpu t para mete rs. Th us, we com pu ted a di scha rge 
of + 70 x 1 0 1 ~ kga- l . Com bining thi s di scha rge Du x with 

Lindstrom a nd Hughes's input flu x, wc a rri ved a t a mass 
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ba la nce of ~4 .2 Gt a I. These res ul ts a re a t odds wi th 
ea rli e r res ults in th a t th ey sugges t th a t Pin e Isla nd G lacier 
is nea rl y in ba la nce. However , th e radi o-ec ho-so un d ing 
c ross-pro fi le in fi g. 3b of C ra b tree a nd Doake (1982 ), 
giving ice thi ckn ess , is loca ted 20 km d ownstream from 
th e gro unding line used in this report (Fig . 2) and used by 
L ind stro m a nd Hug hes ( 1984 ), so the cross-sec ti ona l a rea 
of th e glacier a t th e g ro unding li ne is not known prec ise ly. 
Thus, th e ice cross-sec ti o na l a rea used in th e di scha rge 
calcul a ti o ns fo r th e g ro unding line is qu es ti ona ble. If'th e 

glacier-bo ttom cross-secti ona l sha pe we re simila r to th e 
one profi led 20 km downstream in C ra btree a nd D oa ke 
( 1982 ), showing sloping sid es, th en th e c ross-sec tio nal 
a rea wo uld be less th an th a t used by Lindst rom a nd 
Hug hes (1984). A lso, our meas urements indica te tha t 
Pine Isla nd Glac ier may no t ex hibit plug fl ow, so sloll'e r 

ve lociti es nea r th e ice-stream ma rg ins must be ta ken into 
acco unt. All these consid era ti ons wo uld d ecrease th e mass 
flu x ac ross the gro unding line, thus shifting th e ba lance in 
a pos iti\'e direc ti on . 

In summar y, our stud y sholl's th a t th e velociti es of 

Pin e I sla nd Gl ac ie r m ay be som ew ha t fas te r th a n 

prev iously thoug ht a nd th a t, consequently, th e mass 
ba la nce may be less positi ve th a n indica ted by ea rli e r 
studi es. However, the sha pe a nd now regime of th e g lac ie r 
a t the gro unding line are not ye t es ta blished i n sufIi cien t 
d e ta il to a llow fo r prec ise disch a rge calcula ti ons, a nd 

uncerta inti es in th e input para meters rem ain la rge, so 

tha t, ove ra ll , th e mass ba la nce o f Pine Isla nd G lac ie r 
rema ins poorl y kn own . 
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