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ABSTRACT, Sequenti a l , 'isibl e a nd rad a r sa tellite image ry is used to d oc um ent 
th e flu ctu a ti o ns o r 39 o utl e t g lac iers on j a mes R oss Isl a nd !.JRI; 64° S, 58 \\' ). 
Antarcti c P eninsul a , The monito rin g timc intcn 'a l 0 1' 17,+ yea rs extends f'rom la tc 1975 
until ea rl y 1993 , The stud y is based on sy nerg isli e use of difTcrcnt scnso rs fo r 
mo nito ring g lacie r \'a ri a ti ons, Th e di g ital'" cnh a nccd La ndsa t T\[ im ages a lso 
all owed d efinition o r bound a ri es between g ro und ed a nd fl oa tin g ice \I'ithin R bhss Bay 
and detectio n o r ice rumples. res ulting in a n imprO\'ed m eas urement or th e a rea l ex tent 
o rJRI. In additi on to glac ier bounda ri es, th e a na lyzed ERS-l SAR im ages prO\' id e 
info rm a ti o n on m orph ological pro perti es of sno \l' a nd ice, Th e sa te llit e d a ta sho \l' a 
ge neral g lac ie r re treat since 19 75, resultin g in clea r d ecrease o r o\'e ra ll g lac ie r a rea on 
JR!. 0f' 39 g lacic rs meas ured , 33 g lac iers re treated in (he peri od 1975 93 , 15 of which 
showcd sig nifi ca nt re treat in compa ri son to g lac ier size , This is in acco rdan ce with th e 
prono un ced a tm os ph eri c-\l'a rming trend reco rd ed during th e las t (\1' 0 d ecad es on th e 
An ta rc ti c Peninsul a , The a na lys is o r g lacier a r eas onJRl thus prO\'id es a base lin e fo r 
d e tec tion o r ruture cha nges , 

INTRODUCTION 

j a mes R oss Isla nd (jRl ) is located on th e northeas tern 

cnd or th e Anta rc ti c Peninsul a; it ex tends north- so uth 
from C a pe L ac hm a n (63 47' S ) to C a pe Fos te r ( 6 c~ 27' S ) 
a nd eas t ""('S ( (i'o m C a pe G age (57 0+' \\' ) to Tumble
el m'\Il Clifl s (58 28' \\' ) (Fig, I ), Th e main pa rt o f' th e 
isla nd is cove red by a si ng le ice cap or 200 300 m in 

thickn ess, " 'irh th e hig hes t e le\'a ti on or 1609 m a t \J ount 

H a dding ton (l G\J , 1992 ), Th e ice cap is co ld-based 

(Aristarain a nd o th ers. 1990 ) a nd dra ins ma inl y o\T r 
stee p- to- \'e rti ca l cun'ed c ldE, g i\ 'ing o ri g in to o utl e t 
g lacie rs th a t ex tend into th e sca , i\ los t o f' th cse outl c t 
g laciers termin a te in \\'iel e ca king ice (i'onts, Ice a nd SIl O\l' 

a t lo\\'er e lc\'ati ons a rc stro ng ly a ffec ted by summer melt. 

\I ea n acc umul at ion ra res, measured a t a ltitud es a bo \'e 
11 90 m . sho\l' strong \'a ri a ti ons, wirh geogra phi c di stribu
ti o n p ro ba bl y influ enced b y th e so uth\lTs tcr ly \I'incl s 
(Ari sta ra in a ncl o th e rs, 1987 ), 

\[os t o r th e g laciers that termina te on th e la nd a re 

loca ted north of 64 S latitud e, in th e predom ina ntl y ice

rree pa rt or th e isla nd , a nd a re not conn cc ted to th e ma in 
ice ca p , A (e\l' additi ona l g lac iers th a t end on la nd a re 
fo uncl nea r th e eastern a nd wcs tcrn coas ts, ,\j a n), o r th ese 
10 \l'-a lti t ucl e glaciers a re po!:,th erm a l-t \'pe g lacie rs. pa r
ti a ll y \lT t-based , d e\Tloping bo th shea r a nd push mora in es 

(Strelin a nd \fa lagnillo , 1992 ), R a bassa a nd o th e rs (1982 ) 

ha \'e compil ed a preliminary g lacier il1\T ntory, classifying 
in towl 138 g lacins ofdifTe rcnt (\-pes fo r JR!. 

In thi s paper \IT present d a ta o n recent \'a ri a ti ons of 
39 o utl e t g lac iers di stributed a ro und th e isla nd, m os t or 

\\' hi ch arc te rmina tin g \\'ith Ooa tin g o r pa rti a ll y fl oa ting 

rronts, Onl y part o r th e g laciers tc rmin a ting O\'e r la nd 

co uld be a na l\'zed . due to maskin g b\' sno\l' cO\'er on some 
pa rts o f' th e isla nd in th e \'isible a nd nea r-infra red im ages , 
and clue to terra in d isto rti ons in S .\R im ages , This limiteel 
a na lys is. based on L a nd sLl t Multi spect ra l Sca nner ( ~j SS 

images \\'irh 79 m spa ti a l reso lutio n a nd on L a ndsa t 

Th em a ti c i\ Ja pper (T\I ) im ages \I'ith 28 m spa ti a l 
reso lution, indicatcd no pro no un ced cha nge fo r sm a ll 
la nd-basecl g lac ie rs w ithin th e peri od 1977 88 , 

Th e syn thnic a perture rada r SAR ) 5\'stcm , in ea rth 

orbit o n th e European R em ote Sensing Satellit e. ERS-l, 

since J Lil y 199 1, offers im prO\'ed tempora l resolution fo r 

m o nit o ring a rea l extent a nd pro perti es o r g lac ie rs (R Oll 
a nd o th ers, 1993. 199+; R ott and Nagler, 1994), This 
stu e!:' is based on S,\R a nd on \'isibl e a nd nea r-inCra recl 
sa tellit e im agery. d em onstra ting th c use fuln css o rS,\R If)r 
g lac ier studi es as \I'C II as th e po tenti a l o r sy nergism or 

diflc rel1t senso rs fo r monito rin g g lac ic r n lriations, 

DATA SOURCES AND ANALYSIS 

Th e a \'a ilablc data se t includes: K osm os KATE-200 

im age acquired on 3 O c to ber 1975 (film :\To, 1064, rram e 

N o, 596 ); L a ndsat \ISS im ages acquired on 3 1 j a nua r:' 
1977 rpa th / ro \l' 229 / 105 a nd 229 / 106 ,; La ndsa ( T\ l 
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Skl'arca alld ollters: Glacier 1'{{rialioll 01/ ] rlllle.1 Ross Islalld 

Fig. 1. Seclioll oJ Lalldsal T ,Il image ID +205+-12162-+ . band +.0[29 Feblll(lJ)' 1988. :, IIOWillg j ames Ros:, Is lalld. Tlte 
IIl11nbers 1 39 indicale lite ollllel glacier:, referred 10 ill l/ie le\! alld ill Table I. Tlte black lille ill lite Ilorllteaslem IJorl oJ 
Rollss Br£)' corresjJonds 10 l/ie gfOlllldillg lille . ( Re/Jrodllced ~J I /Jefmissioll ~/ EOS>J T) 

im age acquired on 29 Febru ary 1988 (2 15 / 105 ): La nd sa t 
T\l im age acquired on 5 l\O\'Cmber 1989 (2 16/105 ); and 

ERS-I SAR im ages of 13 Februa r y 1993 (orbit / fra m e 

82 70 /492 3 a nd 827 0/4941 ) . Additio na l ERS- l SAR 
im ages, cO \'e ring o nl y pa rts orJRf , ,,-e re acquired d uring 
[he peri ods J a nu a ry- Februa ry 1992. Jul y Aug ust 1992, 
December 1992 J a nu a ry 1993 a nd A ug ust 1993 . Pa rts of' 
th ese ERS-I SAR im ages ha \'e a lso been ava ila ble fo r this 
study . The m a in a na lys is ,,'as based on the pa ir o r E R S-I 

SAR im ages or 13 Febru a r~' 1993, because the island ,,'as 
comple te ly co\'e red by bo th im ages a nd beca use th e 
bo und a ri es of the g lac ie rs a p pea red c lea rl y on thi s da tc 
due to th e a bsence of sea ice. 

The \'e ry first space born e im age of'JRI was acq uired 

on 3 O ctober 1975, with the KATE-200 op ti cal ca mera on 

boa rd a K osmos sa tellite , This image was sd ec ted as th e 
sta rtin g point for a na lyz ing the glac ie r flu ctua ti ons a roun d 
JRI, A co p)' of th e o rig in a l im age beca me a\'a ila ble as a 
photogra phi c nega ti\ "C throug h Sojuz ka rt a, Th e nom ina l 
reso lutio n o f' KATE-200 pho togra phs is spec ifi ed as 15 
30 m , depending on the orbita l a ltitud e of th e sa tellite. 

Th e nega ti\'e of the 600-700 nm spect ra l cha nn el ,,'as 
se lec ted for th e a na lys is beca use it showed be trrr cont ras t 
th a n th e o th er two cha nnels. Th e ph otogra phic prod uct 
was digiti zed to ena ble combined a n a l ~ 's i s with th e o th er 
sa te llite d a ta \\'hi ch were ob ta in ed in d ig it a l fo rm , 
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Digi li za ti on was ca rri ed o u t wi th ovcr-sampli ng in ord er 
not to lose spa ti a l reso luti on , In additi o n, this ena bl ed th e 

a na lysis 01' poinl-spread runctions to d eri\'e the actua l 

spa ti a l reso luti on whi ch was ro und to be a bout 50 m. This 
\'a lue is poo rer tha n th e spec ifi ca ti on, possibl y as res ult or 
degrad a ti on in the photogra phic co pying a nd enla rge
ment p rocess , 

Of' th e avail ab le optica l image ry, the T .\J im age o f' 29 
Februa ry 1988 sho\\'ed th e leas t a rea l ex tent of sno\\' on 

th e la nd surfaces a nd of sea-i ce CO \ 'CI' (Fig , I ) . For this 
reason, a nd due to the compa ra ti vel y high spa ti a l res
olution 01' '1';''1 , thi s image " 'as se lected as th e geometri c 
refe rence to which th e o th er sa tellite images we re co
registered . The T'\l pi xcl size, co rres ponding approx i

ma tely to th e insta nta neo us fi eld of \'iew on ground 

(I FO\ ' ) , is 28 .5 111 X 28,5 111 . \\h ereas the :\lSS pixe l size is 
79 m x 79 111, In additi on , T"l \vith three cha nnels in th e 
\'isible, o ne cha nn el in th e nea r-infra red , two cha nnels in 
the mid-infi'ared a nd one cha nnel in th e th erm a l infra red 
shows the bes t spec tra l ca pa biliti es fo r di sc rimina tin g 
snow, ice, snow-free surfaces a nd clo uds. ?\ISS has two 

visible a nd t\\'O nea r-infi"a red cha nnels, thus offe rin g 
be tter spec tra l contras t be tween th e \'a ri o us ta rge ts th a n 
th e mo noc hro ma ti c KATE im age , 

SAR Ellipsoid G eocod ecl [m ages (ERS-LSAR,GE C) 
o f E R S-l ,,'e re o b ta in ed from th e Europea n Space 
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Agency; these im ages ,,·e IT acq uired a t the .-\n ta rctic 

reu: i,·in g sta ti o n at O'Higgins (ESA, 1993 ) . ERS-I SAR 

opc rates a t 5.3 GHz (5 .7 cm ,,·a\·c\cngth ); a single im age 
cO\"Crs an a rea of 100 km x 100 km. The p ixel size of a 

GEe im age is 12.5m x 12.5m. The spatial reso lution or 

ERS-I SAR is 25m in ground rang·e and 2Sm in azimuth 

direction, with three independen t az imuth looks. The 

im age is rect ifi ed onto a Illap p rojec ti on assullling flat 
eart h and radiolllctrically ca librated. enablin g deri,·ation 

or quantitati, ·C' back-sca tter ,·a lu es. Because th e image is 

not corrected for terrain enC.,us, considerable geometric 

distortions res ult in areas ,,·ith medium-to-high relief. 

P a rti c ul a rl y disturbing a rc shortening (" fore- shorten-
Ingo and lay-o,"Cr of slopes lacing to,,·ards the radar 
an tenna . . \ ccuratc digital c lC\·ation data . ,,·ith g l' id size 
comparable to th e scalc of the SAR pixel s. are Il eeded {or 

terra in-co rreCled geocod in g. Such data arc not <l,·ai lable 

for the il1\Tst iga ti on area . Therefore , the analysis of" 

g lacier boundaries ,,·as carried out onl:· for glacie rs 

tCl'minating at sca and thus close to sea k'TI. 
In addit ion to ice boundari e, . in{ormat ioll Oil S Ud;ICC 

and sub-su rface properties OrSnO,\· and ice can be deri, ·ed 

(i 'om SAR im ages . Figure 2 shows the so uth,,·es tcrn 

corne r of JRI in the ERS-I Si\l~ image of 13 February 

1993 . The boundaries or the noating glacier termini 
towa rds th e ocean can be clearly iclent ili ed because the 
,,·incl-rough e n ecl sea , wh ic h \\·as panh CO\T ITd by 
sca ttered sea- ice !l oes, ga'T ri se to higher back-sca ttering 

Sk/'{{rm {{lid olliers: (;Iacier 1'([rialioll 011 ]all/eJ R.o,1j IIland 

coefficients than the g laciers. The back-sca ttering 

coefTicients (J0 0[" the g lac icrs nea r th e bo und a ri es were 
around 8 dB \\·hich i, typical (or rough g lac ier ice at C
band. The I()\\ er pan, of the glaciers belo\\· th e ice C\ins 

sholl· th e 10'lcs t (J0 ,·a I Lll'~ abou t 17 d B ) : similar ,·a lu es 

lITre obscr\TcI for '\Tt summer sno,\· on ;\ Ipine g lac icr: 

( Rolt and .\ agleJ". 199+ ). (J() \"a lu es betwccn 0 and 2 dB 

obsern'c\ on th e icc cap at e ln·a ti ons abO\·e about 
1000 III a ., .1. indicate rcli'ozen {im perco lat ion facies 

This , ig nal i, made up by sca ltering contributions from 

th e , nO\I· ' ·01 um e dO\\"Il to sC'T ral meters depth beca use of" 

I()\\" dielectri c losses in dry snO\I·. I ce p ipes a nd ice layers 

in the fi'ozcn-s now ,·o lum e act as strong scatlere rs ( R ot t 

and other,. 1993,199+. ,\ t c\C\·at ions belol\· 1000m the 
(J0 ,·a lu !", are graduall~ cit'neasing \\·ith decreas ing 
altitudes. do\\ n to n dues a round 10 dB nea r th e marg in 

of" the fim pl'llcau of" the ice cap at an e le,'at ion or abou t 

SOO n1. Thi s decrease of" (J0 ca n be exp lained b,· 510\\·ly 

inereasing I\·('tness of the snolqnck R ott and others. 

1988 . I n ERS-I S.-\R im ages acquired during th e \\·inter. 
al l pans or the aeculllulation zone IT\Ta l high bac k
sca t teri ng ,·alues as typical fc) r froze n percola tion {acies. 

For co- regis terin g oC the , ·a riou s im ages to the T~ I 

im age or 29 Fe bruary 1988, bet II·een SO and 100 cont ro l 

points on ic('-f"ree s urf~lces arou nd th e island \ITIT se lectcd 
{Cl I' each regi st ration process. For co-regis trat ion or SAR 
\\·ilh yisible and near-infi'arccl i magery a ll co ntrol points 
I\TIT se lectec\ o n th e coast. I\·hi c h m ea ns th at t he co-

Fig. 2. ' 'eel ion of ERS-I S.1R ill1age~ of 13 Felm{(lIJ 1993 ( nrhil 8270. jiallle,1 -1923 ({lid -19-1 I ) .l/lOtt'illg lite .Iollllllcesl 
corner q/]{{III l'S Ro~~ !.slolld. Tlte wltile lilies illjiol1l o,/glacier.1 3, -I alld 10 corrl'.I/lOlId 10 lite boulldaries ill 1975. lite blark 
lilies 10 l/ie houlldaries ill 1988. ( (;o/~)'rigltl C /9.93 £S. I. ) 
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Skvarca and others: Glacier m riatioll all Jame; R OH i slalld 

registra ti on is acc ura te o nl y a t sea leve l. The residu a l rms 
errors in ra nge a nd az imuth direc ti on of th e co ntro l 
points in the co-registered images lI'e re: 17 m for T~l T~l 

registra ti on. 63 m [or ~ I SS-T~l registra tion. +5 m fo r 
K ATE- T:'l registra ti on , 52 m [or SAR T~l registra ti on. 
Consid erin g the hig h spa ti a l reso luti on of both se nso rs, 
the rms error is compa ra tivel y hig h fo r co-rcgistra ti on o f 
SAR a nd T~J , coming close to the error fo r J\I SS-T~1 

and KATE-T~1 registra ti on, This can be ex pla ined by 

p ro blems in the identifi ca ti on of co-loca ted ta rge ts in 
SAR a nd visiblc/nea r-inli'a red im age ry resulting from 
difle rent interac ti o n mecha ni sms gove rnin g rada r bac k
sca n erin g a nd o pti ca l refl ec ti \' ity (R Oll a nd o rh ers, 1988 ). 

CHANGES OF GLACIER EXTENT 

The \'a ri a ti o ns oC th e ex tent of 39 g lac iers for the peri ods 
1975- 88 a nd 1988 93, based on a na lysis of the KATE-
200 image fi'om 3 O ctober 1975, th e La ndsa t T\J im age 
fro m 29 February 1988, a nd th e ERS-I SAR images from 
13 Febru a ry 1993, a re summ arised in T a ble I. A sma ll 
part of th e 1988 T~/I im age (g lac iers 25 a nd 26 ) lI' as 
co\'e red b), clo ud s; th esc g laciers lI'erc a na l),zed in th e 
1989 T:'l im age instead, The loca ti ons of' th e g lac iers a re 
indica ted in Figure I , on ba nd 4 (760- 900 nm ) of th e T~l 

image , One of th e g lac iers li sted in th e ta ble (No. 39, 
Ag u<ts Cla ras ) cah 'es into a fresh-wate r la ke (Hidd en 
La ke), located on the lI'es t sid e ofJRf. Thi ny-th ree o f'th e 
glac iers a re ride-lI'a rCl' ca king glac iers, mos r of them 
fl oa ting (F) or parti a ll y a fl oat (PF) . Fi\ 'e g lac iers \\'ere 
fo und to be grounded (G), The class ifi ca ti on of' glac ier 

type was possible throug h th e interpreta ti on of di gita ll y 

enh a nced T\J images of 1988 a nd 1989 whi ch a llowed 
detec ri o n of' grounding zones based o n image brig htn ess 
a nd tex ture rela ted to subtl e \'a ri a ti o ns 0 (' sur face 
topogra ph y, 

Th e d igi la l enhancement of these scenes a lso hel ped to 

defin e the bound a ri es between gro unded g lac ier ice a nd 

fl oa ting ice (ice shelf) \I'ithin R o hss Bay (Fig , I ) as we ll as 
to id entify the ice rumpl es loca ted in th e Il ortheas tcrn 
pa rt o f' th e bay , \\' ith thi s mo rc acc ura tc position of th e 
coastlin e in R ohss Bay, th e cx tent oCJRl was m easured 
di g ita ll y ri 'om the T~l images, res ulting in to ta l a rea of 

2478 km2 This \'a lue is slightly hig her th a n th e number 
gi\'e n by R a bassa a nd o thers ( 1982 ), who cl assified 18.6% 
of th e isla nd as ice-fiTe , All g lac iers dra ining in to R ohss 
Bay a re still pro tcc ted b y th e sm a ll , thin ice shelf within 
th e Prin ce Gusta \' C ha nn el which was connec ted lI'ith the 

ma in pa rt o[,La rsen Ice Shelf until 1957 /58 , Th e so uthern 

a nd northern limits 0 [' this remna nt ice shelf are presentl y 
rapidl y re treating (Sha rca, 1993 ). 

For th e period 1975 88 onl y nin c slll a ll-to-lllediulll
sized g lac iers, compri sing 25% oC the o utl e t glaciers 
considered , show no cha nges or cha nges too sm all to be 

id entifi ed \I'ith th e a \'a il a ble satellite im age ry, Th e 

rema ining glaciers exhibi t a genera l recess iona ry trend 
\,\'hi ch is sig nifica nt in some cases , For th c to ta l tim e 
intern t/ ex tending ove r 1 7 , c~ yea rs ( 1975 93 ) onl ), six of 
the g lac iers mo ni to red rema in uncha nged a t their fi·ont . 
During the peri od 1975 88 (12.+ yea rs) th e to ta l d ec rease 

of g lac ier a rea \\'as 22 .8 km 2
, \I 'hereas during th e peri od 

1988 93 (4 ,95 yea rs) th e net a rea l loss a mo unted to 
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10 .3 klll ~ , During thi s shorter peri od three glac iers (~ os , 
11 . 12 a nd 17 ) showed a slight ach 'a nce whi ch may be 
due to short-term flu c tu a tions o f' th e fl oa ting fronts, 

During lh e peri od 1975- 93 th e glac ier a rea on J R [ \I'as 
, ? 

reduced In tota l by 33 ,1 km - , 
By compa ring th e t\\'o in ves ti ga ti on peri ods. it is 

o b\ 'io us th a t th e genera l trend or recess ion is continuing. 
Abo ul one- third oC the glaciers show a n acce lera ted ra te 
o[ re trea t during the second peri od . For som e glaciers th e 

re trea t ra te increases consid era bl y, as fo r glacier 3 (see 
T a ble I ) , loca ted on th e so uthern pa rt of JRl (F ig. 2) , 
Four glac iers show nca rl y the same recession ra te in bo th 
peri ods, wh ereas for a no th er one-third of th e glac iers th e 
ra te or re trea t sloll's dO\l'n s lightl ~ , . Onl y glac iers 26 a nd 

32 show a prono unced dec rease in the ra te o f' recess ion. 

It should be noted th a t H o bbs Gl ac ier ()io. 17) a nd 
G ord on G lacier (No, 18), loca ted nea r each oth er, sho\l' 
dirf'erent beha\'i o urs fix th e peri od 1988 93 . Whil e H obbs 
Glac ier was sli g htl y ad va ncing , Gord on Glac ier exhibited 
a n accelera ted ra te of recession, \\'ith th e a rea loss during 
th e second time inten 'a l (4.95 years) a lm os t the sa me as 
during th e previ o us 12,4 yea rs, 

In summ a ry, it is e\'id ent th a t th c ge nera l recession 
moni to red since late 1975 res ulted in a clea r decrease of 
g lacier a rea on JR!. This is in acco rd a nce \I'ith th e 
pronounced a tmosph eri c warming or a bout I c' C obse l'\'ed 

in the region of the Antarcti c Peninsul a during th e las t 

[\\ '0 decades, as revealed by tem pera ture d a ta from 
nea rby stati ons (HofTill a nn , 199 1), as lI'ell as by th e ice
core clim a ti c hi sto ry fro m D ye r Pla tea u (Th ompson a nd 
o th ers, 1995 ) , 

CONCLUSIONS 

The a na lysis of glac ier areas on JRl shows a consistent 
re treat of th e glac iers in the pas t two d ecad es a nd 

prO\'id es a baselin e fo r d etectio n or future cha nges within 

a region with a pronounced wa rming trend. In additi on 

to a rise in a tmosph eri c tempera ture, cha nges o f' ocea n 
circul a ti on a nd /or tempera ture may be o f import a nce fo r 
the obse l'\ 'Cd glac ier behm'iour bcca use all m ajo r cha nges 
in glac ier extent were o bsen 'ed fo r flo a ting termini . ?llos t 
of th e JRI tid e-wa ter o utle t g lac iers show consid erabl e 

re trea t during th e peri od 1975- 93 , as d eri\ 'ed li 'om 

an a lysis of sequen tia l sa tellite im age ry, Th e exceptions 
a re the g lac iers draining into R ohss Ba)" which a re still 
pro tec tcd by th e sma ll remn a nt ice sh elf in th e Prin ce 
Gusta \' Ch a nn el. During th e 5 yea r peri od 1988 93 lhree 

of the g laciers, loca ted on the southeas tern sid e o['JRI. 

show a sma ll increase in area a fte r clear re trea t in th e 
pre\'io us peri od , 

Th e data presenled d emonstra te th e utility of sa lcllite 
images from di[Tercnt sensors for Illonitoring g lac iel' 
\'ari a ti ons in rem ote a reas wh ere o th er da ta a re sca rce 

or do no t exist. Amo ng th e a \'a il a ble sa tellite senso rs with 

hig h spa ti a l resolution , synth eti c a perture radar (SAR ) 
ofTers the bes t capa biliti es for reg ul a r g lacier obse l'\ 'a ti ons 
a nd cl ose tim e sequ ences in reg io ns with fr eCJu ent 
cloudin ess. In additi o n to g lac ier bo und a ri es, SAR is 
a ble to pro\'id e info rm a tion on structura l a nd mo rpho

log ica l properti e o f snow and ice whi c h a rc o f 

glac iological a nd climatic reb'ance , 

https://doi.org/10.3189/S0260305500015962 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500015962


Skl'Orca alld olher:,: Glacier I'arialioll all ] (lIl7eS RO.ls iJland 

Ta ble I. lce:!i'o 11 I Nlrialioll.1 ~/ 39 oullel glaciers 011 ]iV. 1975 88 and 1988 93. deril 'ed ji-Olll sale/lite data. C;{'ograjJItic 
coordillale.1 oIglarierji-olll (ill 1975) ji-Olll 10j)ograj)hic cltarl I: lOO 000 ( IG'JI. 1992). Glacier ll'idlll ji-Olll 1988 T.I I image. F. 
}loalillg: PF. parl(J'}loalillg; G'. grounded . . \ 'allled glarier.1 are: Tail ( I) . ,':>'u'ift ( 10) . J-Job6.1 ( 17) . GOllrdoll ( 18). Cole,.J' (22) . 
Gringo (30), Gall/a (33). Reicherl (35) . ('illa r Fabre (37) . . 1guaJ Claws (39 ), 

G'larier Lal . LOllg . II'idlh 
. \ '0. 

S \ \ ' km 

64.36 58.24 0.85 
2 6ck 39 58 .20 0.81 
3 6+.38 58 .16 2.38 
4· 6+.39 58.05 +.54· 
5 6'~ . +3 58 .01 1.89 
6 6+.H 57.9+ 1. 39 
7 6+.43 57.9 1 1.73 
8 6+.+2 57.84 1. 22 
9 6+.39 57.82 0.8 1 

10 6+.38 57.76 +. 36 
LL 64.38 57.60 2.6 1 
12 6+.36 57 .55 2.89 
13 64.37 57.47 1.58 
14 64.39 57.39 1.71 
15 6+.33 .')7 .35 1.57 
16 64·.30 57 .39 0.93 
17 6+.29 57 .39 1. 89 
18 6+.25 57.3 1 2.+5 
19 6-1.2 1 57 .1+ 0.8+ 
20 6+. 19 .') 7. l a 0.58 
2 L 6·k 15 57 .13 0.65 
22 6+. 1 ·~ 57 .18 2.83 
23 6·L12 57 .1 7 1.00 
24 64.08 57 .1 6 2.02 
'r _J 64.07 57 .28 1.58 
26 6+.05 57 .36 2. ~7 
27 6+.02 57.50 0.92 
28 6+.00 57.70 1.28 
29 6+.05 57.70 1. 26 
30 6+.08 57 .73 2.32 
3 1 64.08 57.8 1 1.86 
32 6+.0 7 57.8+ 1. 35 
33 63.99 57.86 0.73 
34 63.90 58. 13 2.63 
35 63 .98 58.20 2.62 

36 6+.0 1 58.30 0.69 
37 6+.06 58.43 1. 77 
38 64.14 58 .37 2. 1+ 
39 6+.05 58.29 0.97 

I n la ke. 

** Glacier a ttac hecl to the ice shelf in 1975. 
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,(1'jJe Relreal Role ~/ relreal 

F 
F 
F 
F 
PF 
F 
F 
PF 
G 
F 

F 
F 
F 
PI" 
G 
C 
17 
F 
PF 
P17 
F 
F 
F 
F 
F 
F 
PF 
F 
PF 
F 
F 
F 
C 
F 
F 
G 
F 
I: 
F· 

1975 88 1988 93 1975 88 1988 93 
' ) 

km - km~ a I 

0.00 0.00 0.00 0.00 
0.00 0.32 0.00 0.06 
0.27 1. 27 0.02 0.26 
+.19 1.88 0. 3+ 0.38 
0.00 0.00 0.00 0.00 
0.00 0.05 0.00 0.0 1 
0.08 0.22 0.01 0.04 
0. 18 0.06 0.0 1 0.0 1 
0.03 0.00 0.00 0.00 
6.29 3.30 0.51 0.67 
0.56 0.28 0.05 0.06 
0.37 0. 16 0.03 - 0.03 
0.3 1 0.00 0.02 0.00 
0.55 0.07 0.0+ 0.01 
0.00 0.00 0.00 0.00 
0.05 0.00 0.00 0.00 
0.6+ 0.23 0.05 0.05 
0.+9 0'+7 0.0+ 0.09 
0.00 0.00 0.00 0.00 
0.0+ 0.00 0.00 0.00 
0.10 0.00 0.01 0.00 
1. 72 0.67 O. I ·~ 0. 1+ 
0.03 0. 10 0.00 0.02 
0. 16 0.05 0.01 0.0 I 
0.25 0.06 0.02 0.01 
I. +.~ 0.0 I· 0. 12 0.0 1 
0.00 0.03 0.00 0.0 I 
0.36 0.07 0.03 0.0 I 
0.06 0.02 0.00 0.00 
0.06 0 .1 8 0.00 0.0+ 
0.42 0.64 0.03 0. 13 
0.72 O.O·~ 0.06 0.0 1 
0.00 0.00 0.00 0.00 
0.85 0.32 0.07 0.06 
2.08 0.6 1 0. 17 0.12 
0.00 0.00 0.00 0.00 
0.39 0.08 0.03 0.02 
',",' OA5 :::* 0.09 

0.0.3 0.00 0.00 0.00 
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