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ABSTRACT. Th e first Europea n R emo te Sensing Sa tellite (ERS-I ) synth e ti c 
a perture rad a r (SAR ) im ages offe r opportuniti es for stud ying glacier surface properti es 
a nd near-surface fea tures . Ana h-sis of bac k-sca tt er \'a lues from di gita l SAR da ta fro m 
18 Ja nua ry, 7 Jun e, 1 September a nd 25 O ctober 1993 o f'BrLl a lj okull , a n o utl e l g lac ie r 
on th e north eas tern ma rg in of th e V at najo kull ice cap , Ice la nd , th a t has a hi story o f 
episodic surges, revea ls se\ era l bac k-sca tter bo undari es th a t may re la te to g lac ier fac ies 
a nd , inferenti a ll y, to mass ba la nce. Fo r exa mple, a st rong bac k-sca tte r bound ar y on 
th e 18 J a nu a ry image of th e sno\\,-co\-c red g lacier , represe nting a bac k-sca tte r 
coeffi cient, (J0, difTe rence of 4.34 dB, a ppea rs to coin cid e with th e pos iti on of th e 
tra nsient snow line a t th e end o f lhe 1990 9 1 budge t yea r. Th e bound a r>' is \' isibl e on 
th e 7 September 199 1 La nd sa t th em a ti c ma pper (T:\l ) im age . Th e terminus is \"C ry 
diffi cult to d efin e because o f bac k-was ting from th e las t surge (1963 64) but is mos t 
eas ily d elinea ted on th e I eptember 1993 SAR a nd th e 7 September 199 1 Tl\1 
im ages, in pa rt due to th e presence of ice-m a rgin la kes. 

INTRODUCTION 

C ha nges in ice caps (a nd th eir o utl e t glacie rs) a nd \'a ll ey 

a nd mo unta in glaciers m ay be good indi ca to rs o f regiona l 

clima te cha nge if studied ove r a decad a l tim e-sca le, 
because sma ller glac iers res po nd to cha nges in region a l 
c lim a te o n a sca le of d ecad es (H all a nd o th ers. 1992; 
O erl em a ns, 1 99 '~ ) . During thi s century, ma n y of th e 
world 's valley a nd mounta in glaciers a nd ice ca ps ha \'e 

been receding (M eier, 1985; H ae berli a nd others, 1989) , 
a ltho ug h some ad vances have occ urred during interva ls 
o f coo ling (W ood , 1988; Sig urosson a ndJ6nsson, 1995) or 
beca use of peri odi c surges . M eier (1984) suggested th a t 
th e reduc ti o n in m ass o f th e sm a ll e r g lac ie rs has 

contributed a t least one-third of th e tota l ri se in globa l 

sea level d u ri ng this cen tury. O erl emans ( 1994 ) sugges ts 

through the mod eling of glacie rs that th e obsen 'ed glac ier 
re trea t can be ex pl a ined by a lin ea r wa rming trend of 
0.66°C per cen tu ry. 

Beginning with th e la unch of the Seasa t L-ba nd 
( 1. 3 GH z) synthe ti c a perture rad a r (SAR ) in 1978, a nd 

continuing with th e 1991 la unch of th e first Europea n 
R emote Sensing ~a te llite (ERS-1 ) C-ba nd (5.3 GHz) SAR 
a nd the 1992 la unch of th e L-ba nd J apa nese Ea rth 
R eso urces Sa te llite-I U ERS-I ) SAR, sa te llit e-bo rn e 
rad a rs have bee n used to make glaciologica l measure-

ments, Th e use of SAR a nd La ndsa t (multi spec tra l 
scanner (l\lSS ) a nd thema ti c ma ppcr (T:\l )) sa te llite 

d a ta toge th er prO\'id es a use ful mea ns of stud r ing glac iers 

(H a ll a nd Ormsby, 1983 ). Beca use th ese senso rs may se nse 
different surface a nd sub-surface g lac iologica l fea tures, 
more info rm a ti o n ran be ga ined thro ug h a na lys is of d a ta 
from both sensors tha n (i'om a sing le se nso r. 

Th e p resent stud y conce rns th e use o f' ERS-I a nd 
La ndsa t T\I d a ta fo r th e stud y of glac io logical fea tures 

on th e surface a nd sub-sUi' face of BrLla Jjbkull , an outl e t 
glac ie r th a t has a hi story of episodi c surges , on lh e 
no rth eas te rn ma rgin of th e V a tn ajo kull ice ca p, Ice la nd. 
A tilTle se ri es o f' sa tellite d a ta re\'ea ls information th a t m ay 
re la te to g lac ier facies a nd , inferenti a ll y, to mass bala nce. 

PREVIOUS STUDIES 

La ndsa t im ages ha \"e been used thro ug ho ut th e pas t 
20 yea rs to stud v Ice la nd 's glac ie rs. including measurin g 
cha nges in th e te rmini of o utl e t glacie rs (from ice ca ps) 

res ulting from cha nges in mass ba la nce or surge beha \'ior 
(\\' illi a ms a nd o th ers, 1974; \\ ' illi a ms, 1983; H a ll a nd 
others. 1992 ). A La ndsa t \lSS im age a nd a 1986 La nd sa t 
TM im age, \\'hi ch were a na1yzed by \\' illi a ms ( 198 7) a nd 
Willi a ms a nd o th e rs ( 199 1) , res pec ti\ 'e ly, prO\' id ed 
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inform at ion on the position of th e snow line, th e ice facies 
of the a blation area and lh e wet-snow fac ies of' th e 

acc umulation area. 
Satelli te SAR studi es of I celand 's g laciers have a lso 

been ca rri ed out. Ford a nd others ( 1980) pub li shed a 
curso ry ana lysis of a Seasa t SAR image (August 1978 ) 
a nd of a compa nion L a ndsat lVISS image (M ay 1976) 
that includ ed part of the D yngj uj o kull and Kverkj okull 

outlet g laciers on th e north -centra l margin of th e 
Vatnajoku ll ice cap. R ott ( 1984a) ana lyzed a 24 Aug ust 
1978 Seasa t SAR im age of H ofsjo kull , an ice ca p 
(915 km ~ ) abo ut 30 km northwest of Vatnajoku ll. He 
found th a t low back-sca tter cha racterized the we t-snow 
facies on the ice ca p, a nd that bac k-sca tter increased 

dOlm-g lac ier on the summer scene (R ott 1984b ). Us ing a 
Seasat SAR mosa ic (Augus t 1978) orI ce la nd compi led by 
Hunting Gcology and G eoph ys ics, Ltd. (no dale), 
Willi ams ( 1987 ) found that some surface fea tures o n 
Vatnajoku ll were strongly portrayed (e.g. two ca ld eras at 

K,·e rkO oll ) , but other pro minent fea tures were no t (e.g . 

Grimsvo tn ca ldera ) . 
Bindschad ler and others ( 1987 ) fo und th a t surface 

fea tures (e.g . ice-Oow lines , undula tions, crevasses, lakes ) 
and sub-surfacc fea tures (c.g . bound a ries that may relate 
to g laci er fa cies ) were visible on both Seasa t SAR data 

a nd sid e-lookin g a irborne radar (SLAR ) d ata of the 

Greenland ice sheet. R ecentl y, Fahnes tock a nd o th ers 

24· 22· 20" 

Toorisjokull 

64· 
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( 1993) fo und that back-sca tter boundaries on ERS- I 
SAR da ta compared well with th e position of th e glac ier 
fa cies ma pped during Benson 's trave rses of the Green land 
ice shee t in th e 1950s (Benson, 1962 ). Lingle and others 
( 1992 ) showed th at th e presumed late-summer snow li ne 
was , ·isibl e throug h th e winter snowpack on ERS-l SAR 
d a ta of the Blac k R a pids G lacier, Alas ka, when surface 
water was frozen , a nd the dry snow is transparen t, or 

nea rly transpa rent to the ER S- I SAR sig na l. 

SA TELLITE SENSORS AND IMAGE DATA USED 
IN THE ANALYSIS OF BRUARJOKULL 

Th e \ lfSS was first la unched on the La ndsa t I sa te ll ite in 
1972. Fi,·e La ndsa t sa tellites have been orb ited thus far ; 
on ly La ndsa t 5 is still providing im age data . The La ndsa t 
TlYI sensor was first la un ched in 1982. Th e TM produces 
im ages in seve n di sc re te wa ve leng th regions o f t he 

electromagnetic spec trum. La ndsa t 5 has a repea t cycle 

oC 16d, but man y areas are imaged much less frequently 
beca use oC clo ud cove r. The ER S-I carries a SAR tha t 
opera tes in three phases: a 3 cl repeat commiss ion ing 
ph ase, a 3 d re pea t ice phase, and a 35 cl re pea t 
mu ltid isc iplinary phase (ESA, 1993 ) . Tmage da ta used in 

the ana lys is of BrLla ljoku l1 (Fig . I ) a re a Landsa t I'M 

scene (F ig. 2) acqu ired on 7 September 199 1 (52746-

IS· 16· 14· 
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Fig. 1. Index map showing the princzjJal glaciers in Iceland, including the location oJ the Bnimj6kuLL outlet glacier in the 
northeastern part oJ VatnajokuLL ice calJ· 

https://doi.org/10.3189/S0260305500015937 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500015937


o 10km 
I , 

7 September 1991 

Fig. 2. Lalldsal T M sub-scene (52746-115/3) oJ Ihe 
BnimjiJkll/L 0111/1'1 glacier of Ih e r 'alllajiJkll/L ice call. 
i ce/alld. 011 7 Sell/ember /991. T,I / bando 2 ( 0.52 
0.6 /1 111 ) , -J ( 0.76 O . 9~LI1I ) . alld 5 ( 1.55 1 .75 ~Lm ) u:ere 
LISI'd 10 creale /his Jalse-color image. The /Josilioll of Ihe 
Jirn line is indicaled b)l a rif/eclanCf difference as shown a/ 
Ihe arrow al a. AI b, Ihe anow poinls 10 0111' oJ Ihe lephra 

hl)'ers. 

11 5 13) a nd fo ur ERS-I SAR im ages acquired in th e 

I\'inre r ( 18 J anuary ) , sprin g (7 Jun e) , summ er ( I 
September) and fall (25 O ctober) o f 1993 (Fig. 3A- D ). 

CALCULA TION OF ERS-l SAR BACK-SCATTER 
COEFFICIENT 

In order to pe rform quantitative studi es, ERS-l SAR 

pixel valu es (di g ital numbers) must be related to back­

sca tte r coeffi cient , (70 (L a ur, 1992 ). Th e re lationship 
between im age intensity, I , a nd (70 IS: 

(1) 

\I-he re (J) is th e m ea n p ixe l im age intensity o f no less th a n 

500 pixels a nd ]{ is the co nsta nt o f proporti o nality , or 

ca libra ti on co nstant. 
SAR image data of BrLlaljoku 11 (Fig . 3 ) represe nt th e 

ERS-I Prec ision Im age (PRI ) data produ ct generated at 

th e Process ing and Archiving Fac ility in the U.K. This is 

th e ESA stand a rd product for SA R ra di o m e tri c-precision 

a na lysis. Calibration co nstants arc time-dependent, but 
because of th e hig h radiometri c sta bilit y of th e ERS-I 
SAR , the co nstant remained th e samc during the stud y 
period. X is d e pend ent upon in cid ence a ng le, et, arising 

fr o m th e ph ys ical proj ec tion o r th e sate llit e-system 

transfer fu ncti on upon thc i m aged su rface. 1( is ,·<d id 

for one produc t a nd one SAR processor on ly. J( is 
d e te rmined as 890107.2 sca lar or 59 .49dB fo r produ c ts 
processed a fter I September 1992. 

T o determine a back-scatter coe ffi c ient accurately 

from each se lec ted site, th e local in c id ence a ng le must be 

d e te rmined. PRI SAR incid ence a ng les usuall y " a rv frol11 

Hall and olhers: Obserl'{lliollo 0./ Bnirlljukllll . Irelalld 

19.5 at near ra nge to 26.6 a t [;1 1' ran ge. This 7. 1 dB 

spread. o r ± 3.55
n 

from sce ne center. 'I'as interpo lated 

lin ea rl y a lo ng th e entire 8200 piwl spread for th e image. 

After eac h sit e's local in cid ence ang le \I'a s d ete rmined, the 
sile itse lf' \\ 'as cx trac ted as a 64 x 6+ pixel Im age or a 
32 x 32 pi xcI sub-im age . 

To d e ril 'C the loca l es timate o r the ca librat ion 

co nsta nt, 1((cv), th e rollo~"ing equation is a pplied : 

() 
,. 0')'('/' 

J( et = J, 5111 -.­
SlIl Cl 

(2) 

I\'here art'!' is the rererence inc idcn cc a ng le. and ~ = 23 . 
I\'hi ch is th e mid-ra nge inc idence a ng le ; th e refore, th e 

I'a lue, 1(, in ESA SAR produc ts is: 

(3) 

(1/ was d e te rmined for the sub-image by: 

.\' 

(1) = 1/ NL D ;2 (-1) 
;= 1 

I\'here N is a la rge pixel number > 500 ) to ens ure 
stati sti ca l I'alidity of th e estimati on o r mea n intensit y, a nd 
D ; is th e digital number of Cl g il'Cn pixel, i, a nd is 

proporti o nal to the square roo t o r I rece i,-ed {i-om th e 

ground-reso luti on ce ll corresponding to pixel i. 
Th e bac k- sca tte r ((70) I'a lu e ex pressed in dB mav be 

ca lcula ted as follo\\' s (Lam 1992 ): 

GEOLOGIC HISTORY AND SETTING OF 
BRUARJOKULL 

(5) 

BrLlaljb kull is a broad , ge ntl y sloping, lo bate o url et 
g lac ie r o n th e no rth easte rn marg in o f' th e \ 'a tn ajokull ice 
cap, Ice la nd , I\'ith a m a rg in of' a bout +5 km that 
ex pe ri ences e pi sod ic surges. Brll<1 ljbkull has th e longest 

reco rd ed hi sto ry oC surges knO\\'I1 in Ice land. \I'ith li'T 
d ocumen ted ( 1625. th e I 720s, 1810. 1890 a nd 1963- 6+ ); 

it a lso ex peri ences th e largest surges in te rms of a rea of' 
g lac ie r am'crcd ( 1400 km ~ ) a nd ach-an cc ( 10 km in 1890, 
Skm in 1963 6+) (Todtmann , 1960; Th o rarin sson , 1964·) . 
In the a bla tio n zo ne ofBrLla ljokull , m a ny semi-concentri c 

contorted laye rs or tephra a re mO\'ing with th e ice [J OII' 

to\\'a rd s th e te rminus. 

ANALYSIS OF THE ERS-l SAR IMAGES AND THE 
LANDSAT TM IMAGE 

Th e ERS-l SAR image acq uired on 18 J a nu a ry 1993 is 

shown in Fig ure 3A. A bound a ry d elin ea tin g diffe rent 
bac k-sca tter intensiti es can be see n clea rly at the a rro\\'. 
Back-sca tter I'a lues arc hi g her a t hi g her ele l'<ltions (toward 
th e so uth ), where (70 is approx im a tcl v 2.53 dB. th a n a t 

10 11'(' r elCl 'a tions (tol\'a rd th e north ), II'here (70 = - 6.87 dB . 

Of particu la r int eres t is th e fac t th a t this bac k-sca tter 
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ERS - J SAR 

A 
Hrua rjok ltll 

B 

IS January 1.993 
C 

I Septelllber 1993 25 Octohcr J993 

Fig. 3. FOllr 1993 ERS-J SA R images 0/ BrziarjokulL acquired 011 ( A) 18 JanuaI)I. ( B) 7 June, ( C) 1 SelJlember, and 
( D ) 25 OClober . The individual images are digilally registered wil/t the Landsal image ( Fig . 2) and I/ws Ihe scale and 
orientalion are Ihe same. A . The arrow fJoin ls 10 a bowu/m)l delinea ling different back-scatter inlensilies; a is in an area 0/ 
snow-covered glacier ice, and b is in an area beyond the glacier terminus representing deglaciated terrain. B. a is in all area 
011 the glacier that probably has begun to mell, at least on the swJace, and thus gives a lower back-scauer, and b is an area of 
the terminus with a higher back-scauer. C. T he arrows point to ice-margin lakes. D. The arrow points to an area 
rejmsenting a transition in SA R back-scatter (see lexl) . SA R dala are copyrighted b)1 ESA. 

bound a ry corresponds a lmos t perfec tl y to the firn limit 
visible on the 7 Sep tember 199 1 La ndsa t TM image (see 
Fig. 2; position a ) in the eas tern and wes tern pa rts of 
BrCla rj oku ll. On the 7 June 1993 SAR image (Fig. 3B), the 
surface of Brua rjoku ll gives a genera ll y low rad a r return 
((70 = - 20.17 dB ) from a n a rea tha t a ppears to be cove red 
with snow tha t has begun to melt (see Fig. 3B; a rea a ) . 

The back-scatter increases (to (7 = -1l.66dB) down­

glacier (see Fig. 3B; a rea b). 
By I September 1993, ice-m argin lakes (see a rrows on 

Figu re 3e) a long the termi n us of Brua rjok ull a re unfrozen 

274 

a nd give low back-sca t ter ((70 = -20.43 dB on the la rges t 
lake) . T he lakes a re thus easil y distingui sha ble from the 
recentl y deglacia ted terra in north of the ou tl et glacier 
where (70 = -8. 28 dB . On 18 J anu ary, when snow-cove red 
and frozen, the ice-ma rgin la kes have a bac k-sca tter va lue 
(2 dB ) simil a r to th a t o f th e d eg lac ia red te rr a in 
((70 = - 7.04dB) (see Fig.3A; a rea b) and blend in to 

both th e terrain and the snow-covered glacier surface. 

Surface topogra ph y a nd te phra laye rs a re we ll 
depi cted on the 25 O ctober 1993 SAR d ata. They a re 
visib le on the digita l da ta, but, unfortun a tely, because 
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there is onl y a subtle bac k-sca lt er difTc rcnct' \\ 'ith th e 
surro unding mora in e, th e surface express ion of to pogra­

ph y a nd tephra laye rs d oes no t show up o n th e 

pho togra phi c prod uct (Fig. 3D ) . Beca use th e tephra 
laye rs a re sm a ll , and th ere may no t be 500 " pure" pi xe ls 
\\"ith which to ca lcul a te a sta ti sti ca ll y \'a lid aO, th e back­
sca tte r was no t ca lcu la ted. Th e Leph ra laye rs co rrespo nd 
c lose ly to th e sa me layers on th e 7 September 199 1 

La ndsa t Tf\l sce ne (see Fig . 2; pos ition b ). Also on th e 

O ctober SAR im age, th ere is a difTuse bac k-sca tter 
bo und a ry poss ibl y a t th e urn lin e (see a rro \\·) . 

Th e co rres pond ence be tween th e bac k-sca lte r bound­
a ry a t th e a rrow o n fi g ure 3A, a nd th e rim- limit 
bound a ry shoml on th e 7 Sep tember 199 1 La ndsa t T:-"l 
image (see Fig . 2; position a ) is good . excep t th a t th ere is 

so me la ck of co rres pond ence in th e centra l pa rt o f 
BrLlal~j o kull. Th e equilibrium line on BrLlarjo kul1 a t the 
end of'th e 1990 9 1 budge t yea r was exce pti ona l Iv high (a l 
a hig her ele\ 'a ti on than th e firn line) a nd exceptionall y 
lo\\" in e le\'a ti on in th e 1991 - 92 a nd 1992- 93 budge t yea rs. 

On the winter SAR image th e snow-covered terminus (sec 
Fig , 3A; a rea a ), had a bac k-scatter of aO = - 6 .2 dB , 
simila r to th e d eg lac ia ted terra in to th e north (see Fig . 3A; 
a rea b ); thus. the ma rgin of the o utl e t glac ier is no t easil y 
\'isibl e . Th e ra d a r re turn s a bo \'e th e bac k- sca tt e r 
bound a ry a rc hig her (aO = - 2. 53dB), perh a ps beca use 

th e gra in-sizes a rc la rge r in the fim o f' th e acc umul a ti on 
a rea th a n in th e new snow in th e a blati on a rea which is 
tra nspa rent or nea rl y transpa rent to th e SAR signa l. 

N o te on th e 7 June 1993 SAR im age (Fig . 3B) th e 10\\' 
rad a r re turn o n the surface of Brua rj okull in a r ea a 
(aO = - 20.17) . At thi s time of year, thi s pa rt o f th e g lac ie r 

surface may be cove red with wa ter-satura ted snow. Th e 
SAR signa l is a bso rbed by wa ter or wet snow, a nd th ere is 
no \'o lum e sca tterin g . H o\\"e\'er. th e g lac ier ice in th e 
lower part of th e g lacier (sec Fig . 3B; a rea b ) gi\ 'es a 
hig her rad a r re turn (aO = - 11.67). 

lce-m a rg in la kes a re sometim es \'isible (sce a rrows in 

Fig ure 3C) a butting th e te rminus of Bru a ljo kull. I ce­
m a rgin la kes ca n be used to indi ca te th e pos itio n of th e 
te rminus of th e g lac ier , even if it is obscured by mora inic 
d ebris o r snowpae k, beca use th ey form in fi-ont of a nd 
aga inst th e g lac ie r or its termin a l mo ra in e. Summer T?-.J 
a nd SAR scenes a re often optimum for d elinea ti o n of th e 

g lac ie r terminus because of th e [ac t th a t ice-free . ice­
ma rgin la kes a rc readil y \'i. ibl e. The hig her SAR returns 
th a t cha rac teri ze th e ice-m a rgin la kes when they a rc 
froze n (fi g . 3A a nd B) arc indicati ve of' noa tin g ice . 

Surface undul a tions a re a ppa rent on th e 25 O ctober 

1993 di gita l SAR d a ta , but diffi cult to see on pho togra phi c 

products. Pre\'io us work has shown tha t surface undul a­
ti ons may be d etec ted with both SAR d a ta (f\ lo lni a a nd 
J o nes, 1989 ) a nd digitall y enh a nced L a nd sa t data, 
especia ll y low-so la r-el eva ti on La ndsat d a ta (Thora rin s­
son a nd o th ers, 1974; Willi a ms, 198 7) . The undul a ti ons 
seen in th e O ctober dig ita l SAR d a ta m ay be th e surface 

expression of subglac ia l topogra ph y (Thora rin sson a nd 
o th ers, 1974; M olnia a nd J ones, 1989). 

DISCUSSION AND CONCLUSIONS 

An a lysis ofERS-l SAR d a ta from four difle rent seasons in 

Hall al/d olhers: Obsl'rNlliol/s of B nirllj6kllll. Ice/and 

1993 of th e BrLla rj okul1 o url e t glacie r re\Tal s th e exi stence 
of SAR back-sca tte r bound a ri es that pro ba b ly re late to 

g lac ier fac ies . A di stinc t back-sca tte r bo und a ry o n 

Bru a rj o kull reco rd ed o n th e 18 J a nua ry 1993 SAR 
image a ppea rs to co in cide close ly \\'ith th e positi on of 
th e tra nsient sno\\' lin t' a l th e end of th e 1990 9 1 budge t 
year (see 7 September 199 1 Land sa t TM, im age ). At th e 
end o f th e 199 1-92 a nd 1992-93 budge t yea rs, th e 

equilibrium line \\'as a t a mu ch lower eln'a ti on on th e 

g lacier th a n in th e 1990- 9 1 budge t yea r. This o bsen 'a ti on 
supports o bsen 'a ti ons mad e by o th er sc ienti sts th a t th e 
Ern line m ay be vi sibl e o n SAR images when it is ove rl a in 
by dry, \\'intCl' snow (Lingic a nd o th ers. 1992 ) . I n th e case 

of Bru a ljo kull. a snO\\' lin e may be \ 'isible thro ug h both 

\\·in te r sno\\' a nd 2 \'Ca r-old fim. Additiona l \\'ork \rill be 

d one on 199 1 a nd 1992 ERS-I SAR im ages to tes t thi s 
hypo thesis. 

Se\'e ra l f~1e t o rs contribute to th e diffi culty in d elinea t­
ing th e prec ise bound a ry o f' th e terminus on both SAR 
a nd Tl\I d a ta of some g lac iers a nd ice ca ps during certa in 

tim es of th e yea r. Suprag lae ia lmorainic, \r ind-blown a nd 
\\'a ter-d epos ited sedim ent o n the surface o f BrLla rj okul1 
obsc ures th e surface below th e s n o \~' lin e. This sedim ent 
f()rmed beca use th e o utl e t g lac ie r has bee n in a stagna nt , 
melt-bac k, a nd d O\\'n-was tin g conditi o n since il s 8 km 

surge 30 yea rs ago . Additio na ll y, th e simil a rit y of surface 

topog ra ph y o f th e g lac ie r a nd th e nea rb y d eglacia ted 
te rra in co ntributes to th e diffi c ult y o f' d elin ea tin g th e 
te rminus. Ho\\'e\'e r. ice-m a rgin la kes sho\\' up well o n th e 
I Septem be l' 1993 SA R a nd th e 7 Septem bel' 199 1 T:' l 
im ages, a nd clea rl y indi ca te th e position of th e terminus 
a t th ose la kes . 

Th e use of Landsa t T~l a nd ERS-I SAR provides 
much inform a ti on a bout g lac io logical fea tures, including 
glacier-surface a nd nea r-surface lea tures . This is es pe­
cia ll y e\'id en t when images from different seasons a rc 
availa ble fo r a na lys is. 
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