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ABSTRACT . In this pa per th e ele \ 'a ti o n m od el fo r th e G reenland ice shee t based 
upo n rad io-ec ho-soundin g- ni g hts of th e T ec hni ca l U ni \'(' rsit y or Den ma rk T U D I 
(Lc trt'guill y a nd o th c rs. 199 1) a re co m pa red ", ith th e sale lli tc-a ltim e try m ode l 
(Tschernill g a nd o th ers. 1993 1 imprO\'Cd ",ith a irbo rn c-I aser a nd radar a lti mc try 1.\ 
model ). Altho ug h th e ge nera l h ypsomet r\ ' of' bot h d a ta se ts is ra th er simila r , 
d ifferences seem to be la rge a t indi\ 'idu a l po ints a lo ng th e ice m a rg in , O\'(' r th e entire 
ice shee t. t he diffe re nce be t\l"('e n th e lA model a nd th e TU O mod el is 33 m \I'ith a roo t­
m ea n-square erro r of 11 2m. Differenti a l G PS m eas urem e nts co llected in th e ice­
m a rg ina l zo ne nca r Sondre S tro llluo rd SIHl \l' that the lA m od el is m o re acc ura te th a ll 
th e T U D mod e l. Th c la lte r d a ta se t ulld cres ti m a tes th e e ln'a ti o n b y a p p rox i III a lel y 
150 m in th e ice- ll1 a rg- in a l zo ne nea r So ndrc Strom fj o rd . 

Ca lcul at io n or th e ab la ti o n ",ith a n energy-ba la nce model a nd \I'ith a deg ree-d ay 
m od el po int s to a 20 % decrease in the a bl a ti o n if't he 1.\ mockl is used , :\'o t o nl y does 
this sho\\' th e se nsiti\ 'ity of a bla ti o n ca lc u la ti o ns to t he o rogra phic input but it a lso 
indica tes tha t the ab la ti o n ca lcula ted b\ ' th e m ode ls used nOl\" ad ays is rcla ti\'e ly 
o\"(' res t i ma led. 

INTRODU CTION 

D~' n al11 i ca l m odelling o f' th e G reen la nd ice shec t is 

seri o usly ha m pered b ~ ' th e li m it ed n u m ber of meas ure­

m ents th a t h a\'(" becn madc o f' metC'o ro logica l a nd 
g lacio logica l I"<l ri ables. Of't c n . data h a\'(' o nl >' bec n 
co ll ccted in rcst ri C'lcd coas ta l a reas or d u ring lim ited 
t imC' period s, w he reas the re is a necd 10 1' lo ng-term 

m eas urcments in va rying clim ato logica l a reas. T o o bt a in 

cla ta scts fo r la rger a reas, sta ti sti ca l re la ti o ns a re no rma ll y 

derin'd Cram t he lim ited meas urcmen ts <I\ 'a il a blc . :\n 
exam p le or thi s app roach is th c parame tc ri zatio n or th c 
telllpera tu re d is tr ibut io n ill t('l'ms o f' (a/i/lIde a nd !'Ii'm/ioll 

by R eeh 199 1 a nd Hu yb rec h ts and ot hers 199 1 ,w hi c h 

lI'as based upo n 18 sta ti o ns lI'ith mca n Jul y tcmpc ra ture 

meas ure m e nt s a n d six s tat io ns lI' i t h a nnu a l m ea n 

tcm pl'l'a turc meas ure m c nt s O hmura, 1987 ) , This is 
m o re o r less the o nl y thin g o nc ca n d o \I'hc n d a ta sc ts 
a rc so limitcd a nd , as lo ng as good s ta ti s ti ca l co rre la ti o ns 
a re o b ta ined, th is a pproac h is acce pta ble . It sho uld , 

IH)II'(' \ 'C r . be no ted th a t th e use o f' thi s proced ure 

in trod uccs an un certa in ty in the calcul a ti o ns. if th e 

cl n 'a ti o n d is tri bution is poo rl y kn Oll'll, 
Fo r th is reaso n . th c bcs t el el'a ti on dis tributi o n sho uld 

be used ICl r mode l s tudi es , Co m par ing rcs ults of dille rcllt 
m od el stu d ies lI'h ic h arc no t based u po n thc samc input 

da ta for insta nce eln 'a ti o n does not prO\'ide insig h t into 

th e ya ri o us p hys ica l processes in l"() h-ed in th c mode l 

fo rm ul a ti o ns. :'Irast mass-ba la ncc mod elling \I'o rk of th c 
G rcc nl a nd ice shee t d one in recent yea rs ( Hu ybrcc ht ~ a nd 
o th ers, 199 1; R ee h, 199 1; \\. a l a nd Oe ri e m a ns. 199-1- ) has 
been m ad e possib le by th c di gi ta l c ln 'a ti o ll mode l g in' n 

b y Le tr l'g uilh' a nd o th ers ( 199 1) as a g rid o f' 

20 km x 20 km reso lutio n. The s urf~lce cb 'a ti o ns fo r th c 

icc shce t hal'c bccn com p uted ri-o m d a ta o h ta ined by 
ra d io-ec ho-so un d ing fli g hts underta ken by th e E lectro­
m ag ne ti c Inst itu te E:'II I o f' th e T ec h n ical Ln i \'crsi t ~ of' 
Dcnma rk in the la tc 1970s, fu rt her a bbrel 'ia tcd as T L'D 
mode l. The a ircraft a lti tucle . a nd hence th e e le\·atio ns. 

liT re cleri\"Cd fro m a press ure a ltime tcr, '1'0 e\ 'a lua tc th c 

acc urac~ or the da ta , Lc trrg uill y a nd o th crs 199 1) 
com pa red th ese m eas ure me nts with terrcs tri a l a ltimc tr ), 
lll eaS UrClll e nt s a t th e ice-drilling sit es o r D ye 3 a nd C a mp 
C: cn tur) to ex amin e ice thi e- kn l's;, a s II'c ll as e le\'a ti o n , 

Lct r('g uilh' a nd o th crs 199 1) conc luded th a t th e c!e\'a ­

tio n m ocl e l compa red reaso na bh- \1"(' 11 \I 'ith th ese t \l'O 

po int mcas urc ll1 cnt s a;, II'l' lI as \I 'ith a published m ap by 
Oh lll ura 1987 a nd a sa tcllit c-a ltilll etry Ill ap ~o ulh o f' 
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72° N ) b y Bindsc hadler a nd o th e rs (1989 ). Tt sho uld be 
no ted th a t th e sites D ye 3 a nd Cam p Century a re 
rela ti vely well cove red by th e meas uremen ts. 

Th e e leva ti o n in the ice-margin a l zo ne is very 

importan t (a ) for m ass-ba la nce calc ul a ti ons, because th e 

a bl a ti on is con centra ted in these a reas, and (b) fo r ice­
dy na mi cal studi es, beca use surface slope nea r the ma rgin 
is an importan t pa rame ter for valid a tin g ice-dyna mical 
mod el pe rfo rmance . Fortunatel y, new a nd mo re acc u ra te 

eleva tion measuremen ts a re now ava il a bl e. Sa te llite­

a ltimetry da ta from G EOSAT (so uth of 72. l o N a nd 

E R S 1 (north of 72. 10 N), supplemen ted lI"i th a i rbo rn e 
a ltimet ry from th e so-called G reenl a nd Aerogeoph ys ica l 
P roj ec t (GAP ) (Brozena, 199 1), airborne lase r a l ti me t ry 
fro m th e A ir born e Ice f.·l apping project (AIl\f ) (Krab ill 
an d o th ers, 1995 ) , and a local terr es tri a l su rvey 

perform ed on th e sum mi t (E kholm a nd K ell er , 1993 ), 

h a\'e mad e it possible to const ru c t a new ele\'a ti on model 
for the Gree nl a nd ice sheet. Th e mod el used ill this paper 
is th a t of T scherning a nd o th ers (1993 ) imp roved with 
a irborn e lase r a nd rada r a ltimetry (S . Ekholm ; a (,ul­

co\'e rage , hi gh-reso lu tion , topograp hic model of G reen­

lan d, com pu ted from a vari e ty of d igit a l elevati on d a ta, 

subm it ted to Journal of Geo/}/l)lsical Research Solid Earth ). 
H ere, thi s mod el is refe rred to as th e integra tcd -altime try 
(l A ) mod el. The model is given as a g ri d in geographi ca l 
coo rdin a tes with a reso luti on 0(' 5' a nd 10' in la ti tud a l a nd 

longi tud a l d irec ti ons, resp ec ti\'c1 y, which corresponds to a 

g ri d reso lution of a pproxima tely 10 km in latitud in a l 
direc tion a nd 3- 9 km in longitudi na l direc ti on . A sli g htl y 
pess imisti c est imate of th e ge nera l acc uracy is o bta ined by 
omi t tin g th e A l l\l o bserva ti o ns from th e mod elli ng 
process a nd rega rding th em as gro und truth instead . In 

thi s ma nner, an O\'erall acc uracy leve l of 13 m is found. 

The AIM sun'ey d a ta a re availa ble south of 72° N, sO th e 
true mod el acc uracy is poss ibly sli ghtl y bett e r on th e 
southern ice shee t, withi n the A I l\ll a r ea or cove rage. 
Satellite-a ltim et ry d a ta a re highly unrelia ble in m ore 
steepl y sloping a reas a nd th e mod el acc uracy nea r th e 

margin of th e ice shee t, with slop es g rea te r tha n 1°, is 

proba bl y as limited as 75- 100 m. 
In this p a per, th e l A mod el will be compa red with th e 

TUD mod el. Specia l a tt ention is give n lO th e ice­
ma rgin a l zo ne nea r Sondre StromG ord , since d e tail ed 

diOe renti al G PS meas urements a re a \'ail a ble for this a rea. 
Fin a ll y, th e discre pa ncies in a b la ti on of th e Greenl a nd ice 
sheet, as revea led b y th e two ele\'a ti on m od els, w ill be 
di sc ussed. Th e a bla tion is calcula ted bo th with a n ene rgy­

ba la nce mod el and a d egree-d ay m od el. 

COMPARISON OF THE HYPSOMETRY OF THE 
GREENLAND ICE SHEET 

V a ri o us es tima tes orthe volume (V ) a nd surface a rea (A ) 
of th e G ree nl and ice shee t ha ve been presented in the 
litera ture. vVith ou t cla iming to be comple te , T a ble 1 
preseI1ls a co mpil a ti on o r the principal es tima tes. T hese 
estima tes a re based p rim a ril y upo n seismi c meas u re ments 
made in th e period 1948- 53 (H oltzsc herer a nd Ba uer, 

1955 ) a nd improved la ter o n b y vario us regio na l 
meas urements or o th er interpola ti on techniques. Th e 
sur('ace elevatio n fo r th e T U D model is based upon d a ta 
o bta ined by radio-echo-so unding fli ghts undertaken by 
th e Elec tro mag ne ti c Institute ( E ~lI ) of th e T echnical 

U ni\'e rsit y of D enmark . Sa tel lite-a ltimetry d a ta from 

ERS-l , toge th er with GAP airborne a ltimetry and loca l 

terres tri a l surveys on th e summi t, ena bled the construc­
tion or th e l A mod el. R oug hl y, we fin d th a t th e ove ra ll 
est ima tes of vo lum e, surrace a nd ice thickn ess var y b y 
app rox ima tely 5% rrom th eir m ea n va lues . Note th a t th e 

estim a tes of vo lume, a rea , ice thi ckness a nd surface 

eb'a ti on in T a ble 1 a rc no t entirely independent of eac h 
other, because th ey a re based pa rtl y on th e same d ata . 
Th e da ta in T ab le I , fo r th e lA m od el, have been 
in terpola ted to th e 20 km x 20 km g rid used ror th e T U D 
m od el. 

If we ig nore differences in surface a rea, wc ca n 

comp a re th e hypsom etry of th e estim a tes presented by 
O eri ema ns a nd o th ers ( 1993 ), th e T U D m od el a nd th e 
l A m od el. O erl em a ns a nd o th e rs (1993) d etermined 
planimetri ca l eleva ti o n inte rva ls from a m a p give n by 
W eidi ck ( 1971 ). Th e mean surfa ce elevation of thi s m od el 

is considera bly lower th a n th e m ean surface eleva tion of 

th e two o th e r d a ta se ts, as can be seen in T a b le I . In th e 
di stribution used by O erlcm ans a nd oth ers ( 1993), th e 
surface a rea of th e hi g her acc umul a tion a rea is conside r­
a bly sm aller th a n fo r th e two o th er d a ta se ts. The reason 

T able 1. A compilation qf variollS estimates of volume ( V ) sill/are area ( A ) ice th ickness ( H ) and swJace elevat ion 
( h,) of the Greenlalld ire sheet 
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H oltzsc herer a nd Ba uer, 1955 
R ad ok and o th ers, 1982 
W eidick, 1985 

TUD model: Le tregui ll y and 

o thers, 1991 
O erlem ans and o th ers, 1993; 

W eidi ck, 1971 
l A mod el 20 km x 20 km 

V 

6 3 
X 10 km 

2.667 
2.988 

2.825 

2.733 

A 
6 .) x 10 km-

1.726 
1.670 
1.70 1 
1.671 

1.671 

i\!Iean H Nlean h, 

m m a .s.l. 

1545 
1790 

1691 2126 

1892 

1636 2159 
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Fig . /. _i cl(m-II/) oJ lire lA //Iodel grid (small dols) (11((/ 

Ihe Tl-j) model grid (large do Is ) . The dols indicale 
/)0 ill 1.\ al wlzicll Ihe elevalioll is /Jrt'.lcribed. The drl.\fted 
reclallgle. ill Ifte 100eer IfJi comer is all {'.Iam/)Ie of all area 

liSI'd jor IlItetpolatillg t/ie fA model to tlte 20 km x 20 km 

grid. Jb out 11'11 )Joillts are used jor l/ie interjJolatioll. The 
lille 1111-11110 indicales Ihe localioll oJ Ihe Gilllel sll~/ace­

eteNlliollllleaSllrellll'llls .. \ -011' IIialllie bars illlhe 11/)/)1'1" left 
corner shOl(' Ihe lalillldinal el({ggeralioll oJ lite /Jrojeclioll ill kill. 

for this difference is unclear. On th e other hand. the 
(ablation ) area belolV 1000 m a.s.1. is significantly larger 
in thi s data se t compared to the two other d a ta se ts. due 
to a better resolution of the outlet g laciers. A comparison 
of th e hypsometry oC the TUD model and the lA model 

produces remarkably sim il ar results. To Cacilitate a 

comparison, we project the more detailed version of the 
l A model on the grid points of the TUD model. This 
projection is achieved by a\'Craging a ll the elevations of 
the lA model available within a grid box, in wh ich the 
sizes of the grid cells are p rm'ided by the TUD model (sce 

Fig. I ). Averaging is performed \Vi th a sca li ng of one over 

tbe distance in kilometres from the l A coord in ate to the 
TUD coordinate . In this \·\·ay, approximate ly ten poims 
from the LA model are used to calc ul ate one eleva ti on at 
the 20 km x 20 km grid. The resu lts of this data trans!or­
mation arc presented in Figure 2a. Except around the dip 

at 2800 m a.s. i. , the hypsometry of the two eleva ti on 

models is rather similar. One can a rgue that this might be 
due to the arbitrary interpola ti o n procedure. \Ve there­
fore a lso show in Figure 2b the detailed \'ersion of the LA 
model with a resolution of 5' and 10' in lat itud e a nd 
longitud e directions , respect ive ly, as well as th e inter­
polated version. Figure 2b also shows that the interpola­

tion leads to an und erestima ti on or the area below 
500 m a .s.l. , whereas the o\'era ll distribution is rather 
simil ar. To resoh'e the o utl et glaciers whi ch are typical 
small-sca le fea tures, onc needs high resoluti on as taken 
into acco unt by Oerlemans and others (1993). Never­

theless, Figure 2a a nd 2b sugges ts that the m'era ll 
geomet ry is represented in a similar way in both eleva tion 
distributions. H OWe\Tr, thi s does not necessa rily mean 
that th ere are no difIerences ['rom place to place. 

Rell~J ' al/d alliftj : Ice-slieel J7ou' jealllres alld rh eo logical jiaralllelers 
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dala selj, Ihe TCD lIIodel al/d Ihe l A lIIodel bOlh 01/ Ihe 
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a 
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To study the local differences, \\'e subtracted both 
surf~lcc-c1cvation distributions from each other at the 
20 km x 20 km grid resoluti on. /hcraging the differences 

O\'er the ice-sheet area gi \'es on average an ele\'(1t ion 

difference of 33 m (see a lso Table I ). The mean-sq uared­
error of the difference field , as presented in Figure 3, is 
11 2 m. Figure 3 shows these dilTerences m'er th e en tire 
domain. Glle can obsen'e that in the higher a reas of the 
ice sheet the difTerences are fairly small , whereas along the 

margin the discrepancies are considerab le. Note that in 

Figu re 3 th e plot limits are taken to be 100111 but at 
iso lated spo ts differences can be far la rger in sp ite of the 
simil ar hypsome try. 

In th e next scc tion , wc compare the two ele\'a ti on 
distributions with eleva ti on measuremeIHs in an area near 

the margin, for which the two elevation models re\ 'ea led 

large diflerences. 

EXAMINA TION OF THE ELEVATION MODELS 
FOR THE ICE MARGIN NEAR S0NDRE STR0M­
FJORD, WEST GREENLAND 

Acc u ra te gro u nd-tru t h i nfo rm a ti o n 011 th e ice-shee t 
e1C\'ation is limited, espec ia ll y in the ab lat ion zo ne of 
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elevation difference (m) 

Fig. 3. The diframee ill elezlatioll 1"e1'ea/ed ~)' cOII//)aring 
Ihe TU j) 1II0del and the I,cl model 011 the 20 km x 20 km 
grid. The /)Iot boundaries are arbitrari(), chosen at 100 Ill; 
larger discre/Jancies occllr at illdil'idlla/ J/Jots. The 
!>lll"l"ollnding gr~) ' area indimleJ Ihe al"f(1 l('/iic/i is ice~Ji"ee 

(1lIlIdm and sea). 

th e ice sheet where surface slopes arc rclati\'e!y large. [n 

the framework of the C im ex micrometeorological exp<"ri­
l11en[s, G PS measurements were collectcd a long a transect 

of about 90 km (mrllllO in Fig. I ) perpendicular to the 

ice margin near Sondre S tromuord in th e period 1990 9+. 

T\\'o MageJlan NAV-IOO rccei\'crs \\'erc usedlor position­

ing . The instruments were used in d ifferentia l mode and 
the accuracy of the positions is est ima ted to be 10 m in 

horizonta l and 20 m in \ '(Ttical direction, respecti\·cly. 

Comparing point measurements \\'ith a d iscrete gridded 

model is a lways a somc\l'hat a\\"k\l'ard cxerc ise, bccause of 

the resolution difTerence. Figure I sh o\\'s the scale 

difference of" t he two grids and the transect, ml- mll), 

wit h the measuremcnts. From Figure I, it can be seen 
that th e transect is cO\"('red by about eight grid points in 

th<" east \\,est direction from the TL' D model grid and by 

abou t 20 from the LA model. 

Fi gure 4a sh ows the mcasured e!c\'at io n together \\'ith 

the bilinearly interpolated e le\'ations of"the t\\'o models. [t 

can be obsern'd that th e difkn.' nces increase LO\\'ards the 
ice margin. The TUD mode l grid underes tim ates the 

cle\'at ion \I"('s t of -4·9 E, typ icall y b~ ' 150 m as call be 

obsen'ed in Fig ure 4b. [n terms of su r face slope, thi s 
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Fig . .f.. A (olll/){I/ison oJ the elevation rel'ealed ~)} the 
TeD-lIIodel alld I,I-model data with GPS measurelllents 
carried 0111 near SOl/rlre Stron?!iord ill the framework oJ thl' 
Gimel elpedilioll!> ill Ihe 11eriod 1990 95 ( ([ ) . A dOJe-II/J 
o/Ihe area be/ou ' 13()Oma.J.L, ( h) . 

means that the 20 km x 20 km grid o\"Crestimates the slope 
by app roxima te ly 20°/.), Hig h er up on th e ice sheet, 
differences bet wecn the I wo ele\ 'a tion models and the 

mcasuremen ts are typically 20 m. 

The sate llit e-a ltimetry obse n 'a tions are corrected for 

slope-induced errors according to the so-ca ll ed " direct " 

method gi\'en in Ek ho lm a nd o th ers ( 1995 ), resulting in 
mean errors of 10- 35m for slopes of 0,3- 0 .6" . This means 
that the observed d in(Tences belween e levat ion model 

and GPS measurements (accuracy 20 m ) are in agree­

ment \I' ith the errors in the measurements, in lhe area 

abo\"C approx im ately 1300 m a.s, l. , where surface slope is 

ahout 0 .5 0 Lower do\\'n o n the ice sh eet, the mean er ror 

or the slope-corrected sa tellite a llim etr)" increases to 

approximately 4-0 m, correspondi ng to a I slope, the 

upper part of rhe a llc)\\'able surlacT slope f"or satc llite 

alt im etry (Ekholm and othe rs, 1995 ) . The actua l 

ohsen'('d surface slope based on the G PS measurel11cn ts 

is 2 at the margin and the sta nd a rd deviation of the 

dinerencc bn\\-een the lA mode l and the GPS measure­
ment i" 72 m (N=6 ). In this a rea, satellitc a ltimclry is 

unreli able a nd the es timated accu racy of" the e!c\"(llion 

moclel is 75 100 m , which is in lin e with th e obse J'\ "Cd 
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Fig , 5, The ablation all the Greenland ia sheet jilr 
different latitudillal ::,olles caltlllated with all el/el~f!.) ' ­

ba/allee mode/ ( lI'a/ and Oerlemans , 199'{' ) , The white 
bars shoUJ the ab/atioll with the 1.-1 1Il0det as injJut Jar the 
('Iemtioll alld the gr~)' bars shall' the ablatioll l('lth the 
TL ' f) model aj injJlIt Jor the elel'atioll, Both calflllations 
liS!' the 20 kill x 20 km grid, 

di ncrences be t \I'een G PS meas uremen ts a nd th e lA 
mod e l. I n spite of th e considerable standa rd dn'iation 
th e mea n difTe renee is on ly 4 m, 

For the TUD mod e l, a sys tematic diITere nce is 
observed in Fig ure 4a a nd b for th e lower part or th e 

transec t « 1300 m a,s, l. ) , which is difTi cult to explain 

pu re I y from th e un ce rtain t)' in th e measu rem en ts, 

Altho ug h thi s comparison is stri c tly local, it is likely that 
erro rs such as this occ ur more widely in the 20 km X 20 kill 
g rid, The data o r the TuD model arc based upon 
a irborne-radar measurement s, \I'hi ch rely upon pressure 

a lti metry fo r th e a bsolute eleva tion, In a reas \"ith rapidl y 

cha ng ing c1e\'ation, a low (i-eq uenc), o r m easurements 

leads to large interpolation errors, This mea ns that nea r 
th e ice marg in th e larges t erro rs might be expected for th e 
20 kill X 20 km grid, Unrortunately, thi s a rea is \'CI'\' 
importan t, beca use ice-dynami ca l models ca n be tes ted 

in th ese areas in terms oC for insta nce, s urf~lce slope and 

ice thi ckn ess , The ice margin is e,'en more important for 

ablation models , since ablation is almost entirely re­
stri cted to these areas, 

DISCREPANCIES IN THE ABLATION OF THE 
ENTIRE ICE SHEET AS CALCULATED WITH 
TWO DIFFERENT ELEVATION MODELS AS IN­
PUT PARAMETER 

Two a lternat iH' approac hes are used nO\l'ada\'S to 

calc ul ate th e ab la ti on or th e Greenland ice shee t: one is 

based o n the energy balance of the surrace, fo r instance, 

the moclel of \\ 'a l a nd Oeriemans ( 199+), a nd the o th er is 
based o n a stati stical co rrelat ion bet\\'een tem pera ture 
a nd ab lat ion , the so-ca lled degree-day m odels (Hu y­
brcc ht s a nd others, 199 1: R cc h , 199 1) , In bo th 

approac hes, it is assumed that th e tempera ture fi elcl can 

be paramctcrized as a run c ti on of' lat itud c a nd cln'a lion , 
on th e basis o f' a compilati on ora\'a il a bl e data by Ohmura 

1987 , ,\Ithough th c t\\'o degree-day model s arc no t 
id cn li ca l, thcse moclels, as \\'ell as the ene rgy-bal a nce 

Reil!)' alld others: lee-sheet )lOll' Ieatures and rhe%gim/ jJaramelers 

mocle l of' \\ ' a l a nd O erlemans ( 199+), all use a g rid \\'i th a 
spac ing o f' 20 km and th e e le\'a ti on as a m a in input 
pa ra meter, as it was dig iti zed ror this grid by Leu-eguill y 
a nd others 199 1), Altogether, thi s g i\ '('s 4219 pos i ti ons o n 
the ice shec t, represen ti ng a n a rea o f' 1,69 x 106 km 2

, A 

more th orough comparison of energy-ba la nce and degree­

da y ca lcul a ti on of't he ab lat ion has been presented by \\'a l 
( 1996) , Changing th e eb'a ti on fi-o m th e TUD model to 
th e L\ model a nd keeping a ll o ther m odel parameters 
iden ti ca l (including th e reso lutio n ) prO\'id es insig ht into 
th e sensiti\ 'it y 0 [' th e mod el to th e e!c\'a li on d ata, Fig ure 5 
sho\\'s th e a blation for different la titude zo nes fo r the t\l'O 

eb'a ti on di stribu ti o ns, App li ca ti on or th e LA mod el yields 
a red uc ti on o r 20% in th e ab la ti on compared to th e 
a ppli ca ti on of' th e TUD mod el , as ca lculated by the 
encrgy-ba la nce model o r \\' a l a nd O erl emans (1994), 

50% of th e difference bet\\'een th e t\\'o model runs IS 

concentra ted in the zo ne bet\l'een 65- 70 N and is 

prim aril y on th e eas tern side or Green la nd , Th e same 
experimcnt yields simil a r results for th e d egree-da y mod el 
of'R eeh ( 199 1), This large discrepanc\' bet\l'een the t\l'O 
ele"'llio n mode ls sh ows th a t o ur kn o\l'led ge or th e 
ab lation distribution o!'the Green la nd ice shee t is limited, 

:\ cha nge in one of th e most basic input pa ra mete rs, th e 

cle\'a ti on , ca n easi ly \'ie ld changes o f th e order of 20%, 
This reduced a bl a ti o n will , in princ ipa l, a lso reduce 

th e sensiti\'ity o r th e ice shee t ro r cli mate change, \\'a l 
( 1996) sho \\'ed th a t th e sensiti\ 'it )' increases ror larger 

perturba ti ons, This implies th a t a change to a lower­

referencc a bl a ti on di stributi o n resu lt s in a sm a ll e r 

sensiti \'it y, For a I K perturbatio n, th e sensiti\ 'ity o j' the 
energy-balance model or Wa l a nd Oerl ema ns (1994) 
reduces about 3%, ir the input is cha nged rrom th e TUD 
m odel to the lA model, and kee ping al l o ther model 
parameters id enti ca l. 

CONCLUSIONS 

Th e paper has (oeLlsed m a inly o n a compari so n bet\\'('en 

t\\'o cln'a lion models: o n th e onc ha nd _ th e TUD model, 

\\'hi ch has been \\'ide ly used in g laciologiea l studi es, a nd , 

on th e o th e r hand , th e lA mode!. The com pa rison has 
I'('\'('aled considera bl e di sC'l'epancies a lo ng th e ice margin 
on indi\-idu a l g rid points a nd 11 2 m r,m,s, O\'('r th e entire 
icc shcct, a lthough th e o\'('ra ll hypsome try is rat he r 
simil a r. \'alidating the ele\'a ti o n Ill ode ls in a n absolute 

sense is difTicult but a compa ri son \\'ith G PS meas ure­

ment s in the a rea a round Sondrc Stromljord sho\l's th at 
th e L\ model co rrcsponds much beller to th e g ro llnd­
truth oiJscl'\ 'a ti ons, Th e o iJse r\'Cd stand ard dn'ia tio ll [o r 
th e disC'l'e pancies be tl\'een th e lA model and the GPS 
measurements is in line \\'ith th e conclusions of' Ekholm 

a nd ot hers 199.5 ) for surface slopes smaller than I , For 

slopes betl\'Cen l ' and 2 , the standard dn'ia ti on of' th e 
differcnce bet\l'Cen th e GPS mcasuremc nts and the 
c lc\ 'at ion mod el is fo und to bc 72m, Bcca use a h eig ht 
dilkl'cnce of' Ihi s order of' m agnitud e has considera ble 

conscqucnces for the calculati o n or th e ab lation , it is 

necessan' that more terrestrial measuremen ts in ice­
marginal zo nes arc carri ed OUI. _\ sccond impro\'el1lcnt 
f() 1' f'uture \\'ork on mass-ba la ncc modclling is thc increase 
in reso lu tion to rcsoh'e ou tie l g lacicrs beller Fig, 2 
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1n spite of the ra th er simila r ove rall geometry of the 
two eleva ti on models, we obse rve a 20% reduction in the 
abla ti on when th e lA mod el is used instead of the TUD 
model, irres pecti ve of the way in which the a bla ti on is 
calcu la ted . H ence, we conelud e tha t the contribution of 
the a bla ti on was rela tively overes tim a ted previously. 
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