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ABSTRACT . C a lcul a ti ons ha\'e bcc n condu cted ro r th c geome tri c e\ 'o lutio n o r the 
G ree nl a nd ice shee t through th e las t 250000 \'Ca rs or its clima te hi s tor y, .\ n extended 
\'C rsion o f Calo\"s three-dimensiona l ice-shee t m od el is w,ed . i, e, ice is m od e ll ed as a 
\ 'iseo us thermomeeh a n ica 11 y co u plrd fl u id \I'i t h pOlI'(~ r-I a w rheo logy u nderla i n by a 
heat-co nd uc ting lith osp here suscept ibl e to bed rock sin king. The sha ll OlI'-i ee approx
ima ti on is im posed a nd th e simplifi cd equat io ns a rc nLlmeri ca ll l' integra ted b y rinitc
d ifle rence a p p rox imat ion using a cc ntred staggered A ra ka\\'a g rid . This sys tem is 
d ri \T n by d a ta o bta in ed from th e E uropea n G ree nl a nd Ice Core Projec t (G RIP ). The 
pa ra m cteriza ti o n of th e a tmos ph e ri c tempera ture is based on d ata fro m Oh m ura, 
preeipi ta ti on da ta a rc ta ken fi 'om 0 h m u ra a nd R ee h a nd i m plrmen ted as 5hOl\'l1 by 
Ca lOl', T opogra phic da ta [o r th e p rese nt o bse n 'ed cond itions a re th ose of Le trcguilh', 
T he res ult a nt 250 kyea r m od el integra ted to pogra ph y is quite close to th a t obta in ed 
fi 'om a s tead y-sta te ca lcul a ti on und er prese nt conditi ons, For th e ca lcul at io ns 
presented . Green land's no rth d om e seems to be more se l1sitin' to cha nges in 
prec ip it a ti on tha n its south d ome. \\ ' hil e the h eig ht o f th e nonh d om e is direc t'" 
rel a ted to th e a tm os ph eri c tempera ture, th e heig ht o f th e south d om e is ilwe rsel y 
rela ted to thi s \'a ri a ble. In th e sou th , cha nges in ice d ynam ics due to a cha nge in ice 
tempera ture oppose cha nges in prec ipita ti on, Th e ca lcul a ti ons a re \ 'isua li zed in a sho rt 
\ 'ideo c lip th a t is kept on file with th e a utho rs. 

1. MODEL DESCRIPTION 

This pa pe r prese nts res ults on a n a nal ys is o f' th e Gree n
la nd ice shee t to th e clim a te sce na ri o infe rred rrom th e 
G RIP da ta ri 'om 250000 yea rs BP to prese nt, T he res ult s 
a rc based on a modifi ed a nd ex tended three-dimensiona l 

ice-shee t m od e l. [ts prec urso r was orig in a ll)' d e\T lo ped b y 

H erte ri ch ( 1988 ) a nd imprOled substa nti a ll y bl' C a lo\ ' 

( 1994). Rh eologica ll y, th e ice is d escribed as a \Try 
\' isco us power-l a w nuid with ice-flu x tempera ture co u
pling (HUlle r, 1983; :'Jo ri a nd , 198+) , Th e upper s urf~l ce 

is riTe to c\'o ll-e during a ll ca lcul a tions, being a fTec ted by 

surface-snow a dd itio n a nd m elting processes. Th e litho

sphere is m od e ll ed as a hea t-conduct ing rock laye r whi ch 

m ay res pond isos ta ti ca ll y to th e o\ 'C rburden load as is 
m ad e mo re spec ifi c be lOll', At its 10\IT r bound a ry, th e rock 
layer is subj ec ted to a spa tia ll y a nd tcmpora ll y co nstant 
geo th e rm a l hea t fl ow of 42 x 10 3 " , m 2 a nd a t th e ice 

bedrock interface th e tempera ture is continuous, whil e 

th e tra nS\TrSe hea t Oow and th e sliding fri c ti ona l heat 

ba la nce th l" m e lting ra te, ir prese nt. T o this purel y 
th erm al lith os ph e re respo nse th e foll owing simple bed
rock-sinking m odel is add ed: it is cll\ 'isaged th a t th e rock 
laye r is composed o r \ 'C rti ca l thin rig id cylind ers, \I 'hi ch 

can free ly mOl'e rela til'e to onc anothe r in th e \Trt ical 

direction ; in thi s m o ti on th ey a rc subj ec t to gnl\ 'it y a nd 

buoya ncy fo rces a lon e that d e\'elop when th e res pecti\T 

pil e is subm erged into th e as th enosph cre, ,\ ~lax \IT lli a n 

m od el fo r th e subm ergence d epth o f' th e lithos ph ere into 

th e as th enosphe re \I'i th a prescribed re laxa ti o n tim e 
acco unt s fo r th e slow \ 'isco us defo rm a ti on o r th e as th eno
sph e re. T he thermo m cc ha ni ca ll y cou pled \'isco us equ a
ti o ns fa r th e S to kes ' nOlI' of th e d efo rmin g ice a rc 

simplifi ed (o r a fl a t small as pec t-ra ti o ice shee t b y 

employing th e sha ll o \I'-i ce a pprox im a ti on of :-I o rl a nd 

( 1984) a nd Hutter ( 1983 ) , Th e emerging equ a ti o ns a rc 
implem ented by use or cc ntred finit e dinc renccs on a 
stagge red regul a r Araka \I'a grid, The finit e-difTe rence 
m odel fa r bo th th e hca t condu c ti on a nd the bedrock 

sinking is tra nsform ed to a co nsta nt inten 'a l by imple

m enting th e so-ca ll ed (J tra nsfo rm a ti on , a nd is 11 0 n

unifo rm . i. e, \'a ri a ble g rid s a rc used w ith d ec reasing m es h 
size in th e \'er ti ca l direct ion as th e icc bedrock inte rface is 
approach ed from belo\I'; thi s achi e\'es be tter sat isfa c ti on 
of th e th erm a l-tra nsiti on conditi ons a t th e hed . The 

a tm osphe ric dri \' ing m ec ha nism s a re inco rpo ra ted as 

spa ti o-tempo ra l prescr ipti ons o f th e a tm os pheri c tem

pera ture. th e acc umu la ti on as \I'ell as th e m elting ra te, 
The dri\ 'ing tempera ture is additi\ 'C ly d ecomposed into a 
spa ti a l di stribution o r modern s urf~l ce tcmpera lllre as 

prese nt ed b y Ohmura ( 198 7) plus Cl pure ly tim e

d ependent pa rt TD(t ), th a t mimi cs th e clim a te cha nges 

thro ugh th e ice ages; i. e. th e difTerence betwee n th e 

present m ean tempera ture o f th e g lobe a nd its tempera-
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ture a t so m e ea rli er tim e t . Precipita ti on is based on 
Ohmura a nd R eeh 's ( 199 1) ma p o f" present-d ay pre
c ipita tion . This d istributio n is pre-multipl ied with a 
fun c tio n th a t is linea rl y correlated with TD( t ) such th a t 

it is reduced to h a lf a t th e clima te minimum , as shown by 
Ca l0\" ( 199+) . ~[ e lting is impl em e nted thro ug h a 

" pos iti\"C d eg ree-d ay fun c ti on " (Bra ith\\'a ite a nd Ol ese n, 
1989 ) but it is impro \"Cd by accounting [o r th e rem elting / 
re[reezing p rocesses o f" superimposed icC' (R ee h , 199 1), 
a lso as impl em ented by CaIO\' ( 1994). 

D a ta fo r present surfi cia l a nd basa l topogra phies a re 

based on d a ta asembl ed by L e trcg uill y a nd o th c rs ( 1990 ). 

The exac t m od el d escripti on has been gi\"Cn by Ca IO\' a nd 
H utte r ( 1996) . 'Ve onl y m en ti on th a t th e ho ri zo n ta l, 
.6.x, .6.y a nd \'er ti cal, .6.z , gri d sizes a rc 40 km a nd 100 m , 
res pec ti\"C ly, tha t G len 's fl ow la \\' is used with a n ex ponent 

n = 3 a nd Pa terso n 's ( 1994) tempera ture-d epend ence of 

th e ra te fac to r is used ; [o r Ple istocene ice, this ra te facto r is 

enh a nced b y a n enha ncem ent [acto r o f E = 3 to acco unt 
fo r th e la rge r m o bilit y o f ice-age ice. 

T hi s pa per g ives a se lec ti o n of res ults compil ed in a 
\·id eo ta pe th a t shows th e evolution of th e computed 

topogra ph y o[ th e Greenl a nd ice shee t throug h th e las t 

two ice ages . C omputa tions sta rt 250 kycars ago with a n 

ice-shee t geom etry a nd tempera ture distributi on as \I'e ll 
as bedrock to pogra ph y co r res po nding to th ose c lim a te 
conditi ons in equilibrium , i. e. as if th ey had persis ted fo r 
eve r prio r to th a t tim e. The clim a te dri\'ing fro m 

250 kyea rs BP to th e present is d erived by th e m ea n 

g loba l a tmospheri c temperature as inferred fro m th e 8 180 
tempera tures d educed fro m th e ice co re drill ed during th e 
Euro p ea n Gree nl a nd l ce Co re Proj ec t (GRIP ) a t 
72°34' N , 37 37' W from 1990 to 1992 (sce J ohnso n a nd 

o th ers, 1992; D a nsgaard a nd o th e rs, 1993 ) . Th e co rrela 

ti on betwee n TD(t ) a nd th e ISO iso tope ra ti o is 

818 0 = 0.67T - 13. 7. (1) 

Th e time se ri es of"TD as ob ta in ed thro ugh this correlatio n 

during th e las t 250 kyears is shO\\"I1 in Fig ure l. 
Simil a r ca lcula ti o ns perfo rm ed [o r one g lacia l- inte r

g lacial cycle using a noth er th erm om ec ha ni ca l ice-shee L 
m odcl (Hu ybrec hts a nd O erl em a ns, 1988 ) a nd different 
a tm os ph eri c forc ing d eri\ 'ed Cro m 8 180 m casurem ent s a t 
th e Green la nd ice m a rg in has b ee n pub lished b y 

L e tregui ll y a nd o th ers ( 199 1) . 

2. STEADY STATE AS INITIAL SET-UP 

Exper ience \I'ith earli er computa tions indica tes th a t in 

o rd e r Lo m inimi ze e rrors due to th e miss ing c lima te 

fo rc ing befo re 250 kyears, ca lcu lati ons throu gh th e ice 

ages a re bes t sta rt ed from a stead y-stat e co nfi g ura ti on a t a 

climate minimum. Th e GR IP d a ta a t 250kyea rs BP cl o 
no t exac tl y co rres po nd to th e I lI ino ia n minimum but thi s 
tim e co r res po nds reasona bly to a n ice-age m inimum . 

Thus, th e m od el was run fo r 100 kyears into a stead y sta te 

with a g lo ba l tempera rure co rres pond ing to To from th e 

GRIP d a La \\'hich a t th a t t im e was 3 .94°C be IO\\' th e 
present temperature (sce Fig . I ) . Th e ca lcu la tions show 
that s tead y sta te IS \T ry acc ura te ly o bta incd a ft e r 
100 kyears; indeed , changes in th e to ta l ice \"o lume oC 
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Fig. 1. TD(t) jrom GRIP ice core. 

th e ice shee t during th e las t 25 kyea rs o f m od el integra ti on 

a re less th a n 2%0. The topogra ph y is shown in Fig ure 3a 

d. Si m il a rl y , th e tempera Lure di stribution is ve ry close Lo 
a s tcad y sta te . Inc id ent a ll y, sin ce o nl y s tead y-sta te 
conditi o ns o f th e ice shee t a r c so ug ht , th e therm a l 
res ponse o r th e rock bed , th a t gencra ll y res ults in a 

pro longa ti o n o[ th e response tim e to a ce rta in c lima te 

d oes no t need to be accounted fo r. 

Se\ 'e ra l typica l fea tures o f th e ca lcul a ti ons of stead y 
sta te a rc wo rth m entionin g . Compa rin g th e computed 
s url~lce topograp hy fo r th e stead y-sta te confi g ura ti o n 
und c r th e present clima ti c conditions with the prcse nt 

topograph y indica tes that th e no rth d om e ge ne ra ll y ten ds 

to be too hi g h a nd too extend ed , II'hereas th e south d om e 

is so m ew ha t too sma ll. MOl-eO\ 'e r , bo th a rc slig htl y shifted 
to th e wes t. I n th e cas t a nd in th e north , th e m a rg in 
positions a re a t th e sho re line, i.e. fa rth e r o ut th a n th ey a re 
tod ay , whe reas in the south a nd southwes t th e m a rg in 

positi ons agree be tte r with tod ay's obse n 'ed m a rg in 

pos iti ons. 

T a ble 1 summ a ri zes th e heights a bo\'e sea level o f th e 
summit of th e north d om e a nd th e two peaks 01' th e sou th 
d om e Cro m obse rva ti o n at th e prese nt time, fo r th e s tea ci y
sta te co nfi g ura ti o n under tod ay's c lima ti c conditions a nd 

fo r th e stead y initi a l sta te d esc ribed a bove. E vident ly, th e 

computed peaks o f' th e surface topogra ph y 250 kyea rs ago 
and tod ay difTer o nl y mod era te ly from onc a no th er even 
th o ug h the a tm os pheri c temperature was a lmos t 4°C 
lower th a n a t prese nt. Th e reaso ll is rh e prec ipita ti on 

model used: precipit a ti on is proporti ona l to TD (t ) such th at 

it is ha lf of tocla y's prec ipita tion at the Wisconsin minimum 

when To = - J00C. As th e clim a te beco mes co lde r, this 

impli es t\l'O difTe rent processes innuen c ing th e sno \\" 
ba la nce : in regions where in genera l no surface m elting 
occ urs thi s res ults in a reduced acculllu la ti on ra te. 011 th e 

T ab!e I. Heights above sea !ezle! at the peaks oj the /lorlh 
and south domesjor the situations illdica ted alld desaibed 
ill detail ill the lert 

,1\ 'orlll dOl/le South dome 
South . \ '0/111 

summil summit 

m m m 

At prese n t (o bsen-ccl ) 3246 2902 2909 

TD (t = tod ay ) = OC 3435 2695 2724 

To(t = 250 kyears BP ) 346 7 2 788 2 786 

= 3 .94"C: 
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o ther ha nd , fo r regio ns ha \'ing surface me lting und er 
prese nt co nditi o ns, th e sno\\' ba lance is increased . beca use 

th ere is less o r e\ 'C'n no me lting, and d ec reases owin g to th e 

redu ced prec i pi La tion ra te , The t\\ 'O coun Le racting pro

cesses mi g ht perh a ps ba la nce o ul. [n summ a ry, onc \\'o uld 
th en ex pec t th a t th e m ax imum heig hts a rc rcdu ced , 
H owe\'er , dyn a mi cs cannot be ig no red: beca use or th e 
O\'e ra ll co ld er co nditi o ns 2jO kyea rs BP, th e ice is stille r 

o \\'ing to th e thC'rmo mec ha nica l co upling a nd ice (lu x 

to\\'a rd s th e m a rg ins is th erefo re redu ced. The net efrec t o r 

a ll th ese compe tin g processes is a slig ht in crease o r th e 
max imum heights o f th e summits o f' th e no rth a nd so uth 
d o mcs, in th e la ller so m C' \\ 'ha t ('\'e n mo re pro no un ce-d th a n 

in th e rormer. This tend ency ca n a lso be co rrobora ted in 

th e three \ 'a ri a bles listed in T a ble 2, The ice-co\'C recl a rea 

a nd ice \ 'olum e a re la rger ro r th e s tead y co ncliti o ns 

250 kyea rs BP th a n [o r th e prcse nt-cl a )' computed condi
ti o ns, wh ereas th e tempera te a reas arc sma ll e r, beca use th e 
ice tempera ture is redu ced, It sho uld also be menti o ne- d 

th a t th e loca ti o n of th e no rth d o me in th e stead y sta te o r 

250 kyea rs ago is two g rid points o r 80 km further nOrlh 

a nd o nc g rid po int o r 40 km furth er \\ 'Cs t th a n its prese nt 
positi o n, The t\\'o pea ks o f th e so uth d o me d o no t m o\'e 
toge th e r; th ey ra th e r mo\'e a part (relative to th eir prese nt 
pos iti o ns) : th e no rth ern pea k is 40 km rurther no rth a nd 

th a t in th e so uth drifts 80 km rurth er to th e \\'es l. At 

prese nt. it is no t clea r \\'hi ch combina tion o[ processes is 

res po nsibl e fo r th ese res ults but it is clea r th a t th e motio n o r 

th e summit s will a frec t th e age stru cture o f th e ice a t g rea t 
d epth , 

Table 2. 1cI' l'olllme . ice-col'ered area and /emjJera /e basal 
areas: for f ll r/her er/Jla l/a/iol/ , see /n / 

At prC'sen t (obse lyed ) 
TD(t = toda y) = 0 C 
TD(t = 250 kyea rs BP ) 

= 3 .9+U

(; 

lce-cOl'ered Ice l'O/lIme 
area 

1.682 
1.704 
1.904 

2 .825 
3 .279 
3 .j96 

Temperale 
area 

? 'J km-x lO 

409. 6 
334 .4 

3. 250000 MODELLED YEARS OF CLIMATE 
VARIATION 

While \\ 'C ha\ 'C computed th e geo me try , i. e . to pog raphy 
a nd ice tempe ra ture, th ro ug h th e las t 2j O kyea rs and the 
\ 'id eo film shows th e entire tim e se ri es , \\ 'e can o nl y re po rt 
a Ccw key res ults here. 

Fig ure 2 shows two tim e seri es o r th e ice-cO\'Cred area 

and thC' tot a l ice \ 'olum e o f th e Greenl a nd ice shee t a s 

o bta in ed using th e clim a te forcing o[ th e GRIP d a ta 
indi cated in Fig ure I. Throug h the IlIinoian , ice \ 'o lume 
and basa l area stay ge nerally hig h with an accelera ted 

decrease as th e Eem I nterg laeia l, reaches it s climati c 

optimum at 127 kyC'ars BP; the minimum \'o lum e ancl 

basa l a rea occ ur with som e re tardation o r perhaps 

r' ·ei.l alld ollter.l: 250000) 'ears ill Ih e Hislo!), q/ Greell lall r/'s ice slteel 

(x 1 0
6

) 

N

2
.
oP:0f:] ~ 1.8 

1.6 
<! 
1.4~~~~~~~~~~~-L~~~J-~~~ 

-2.5 -2.0 - 1.5 - 1.0 -0.5 0.05 
t [ years before present] (x 1 0 ) a 

3 '6~ ~E 3.4 
.>L 3.2 

3 .0 
> 2.8 

~~~~~~~~~--~~~~~~~ 

-2.5 -2.0 -1.5 -1.0 -0.5 O . O~ 
b t [ years before present] (xl0 ) 

Fig. 2. Ice-col'ered area (a) alld ice l'oll/II/e (b) l'USlI.I lill/e. 

5 kyea rs. Thc increase in ice \ 'o lum e a nd basal area is 

ra th e r rapid as th e c limate m O\'es into th e \\' isco nsina n 
l ('e ,\ ge \\' ith ne\\' rclati\ 'C m axim a a t a bo ut 110 kyea rs BP. 

Th e \ 'o lum e thro ug h thi s last ice age more or less 
continuo usly d ec reases as d oes th e ice-co\T red basa l a rea, 

th o ug h less . \\'ith a ra pid but relati\'C ly sma ll increase as th e 

H oloce ne is a pproached . Th e t\\'o tim e seri es a ppear 

so me\\'ha t counter-intuiti\'e but th ey reOec t to a la rge 

ex tent th C' respo nse to the prec ipitatio n mod el; th ey a re 
co nsistC'nt \\·i t h res ults fro m i nd e pe nd en t ('om pu ta t iOll s b\' 
Grc\'C (1995 1. Interesting in thi s co nn ccti on arc a lso the 

res ults compiled in T a ble 3. \\hi ch di spla ys th e el e\'a ti o n o[ 

th e no rth and so uth d o mes 250 kyea rs BP, at th C' Eem 

clim a te m aximum 127 kyears BP, a t th e g lac ial maximum. 
21 k),ea rs, and tod ay. Th ey do refl ec t a mi xed beha \'iour 
a nd a rc no t co nsistcn t h' hig her a t th e cl i ma te m i n i m um 
th a ll at prese nl. 

In Fig urc 3 b we ha \ 'e di spla yed th e modellecl surface 

a t th e m a xi m um of th e las t Ee m Interg lac ia l 12 7 kyea rs BP 

\\'h en the mea n a tm ospheri c tempera ture \\'as 4.73 "C 
hi g her th a n tod ay . Grec nl a nd losC's nearl y 23% o r its ice
cO\ 'C red a rea ; a large part of' th e basc in th e south\\'Cs t is 
no\\' ice-frce- a nd th e m a rg in reac hes th e ~ h()relin e o nl y in 

iso lat ed segm ents. Beca use or th e increase in prec ipit a ti o n 

ra te durin g \\'a rm pe ri od s, th e hC' ig ht o f th e no rth d o m e is 

no \\' sli g htl y large r th a n 250 ky C'a rs BP \\·hen th e computa 
ti o n is comme nc ed. Lt a ppears, fo r the no rth d o m e, th a t 

Table 3. ,1iodelled slIIface eleNl /ions oJ Greenland'.) Ice 

r/omeJ du ring /he las/ 250000) 'ears 

T ime b~/o r(' 

/Jre.lfIl / 

250 k years BP 

127 kyea rs BP 

21 kyea rs BP 

Present time 

. \ 'orllt do me SOl/lh dome 
SOIlIIt .I l1l1/lI/ il , \ orllt .I'lIlIlIl7il 

m m m 

3+67 2788 2786 
3jl+ 2646 267 1 
33j9 2 763 2845 

3542 2 715 2788 
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76' 

7'<:' 

66' 

64' 

60" 

60' 

76' 

7'<:' 

72" 

66' 

68' +-

B4 ' 
6 4' 

60" 
80' d 

30"" 

Fig. 3. M odeLLed sll1face eleval ioll views. a. T OjJography qfier 100 kyears qf model inlegralioll (s leady slale). Inilial sel-ujJ 
jar calculalions driven b)1 GRIP data . b. Sill/ace elevation 127 kjlf(l1"S ago. c. SUI/ace elevatioll 21 kyears ago . d. Present-day 
modeLLed sw/ace elevation (cifler 250 kyears oj model integration) . 

changes in the snow ba lance arc more sig nifi ca nt than 
dyn a mical effec ts due la changes in ice tempera ture 
throug h the thermomecha ni cal coupling . The ad\'ec ted 

ice tra nspo rt away from th e summit cannot oppose the 
increase in acc umul a tion. This beha,· io ur differs from 
that of the so uth dome, where th e ice loses more than 
100 m of its height (sce T a bl e 3) . Evidentl y here, th e 
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snow-ba la nce- reducing effe c ts (ice nu x and melting ) are 
stronge r than is the increase in precipita ti on due la th e 
hig her temperature. Generall y, the so uth dome seems to 
be more sensiti ve to cha nges in ice tempera ture than to 

cha nges in the acc umulation /a blation pattern . This is so, 
beca use of th e ra ther na rrow lapography a nd th e ch ange 
in th e a mount of basal area with temperate ice in the 

https://doi.org/10.3189/S0260305500013641 Published online by Cambridge University Press

https://doi.org/10.3189/S0260305500013641


\' IClnlty of' the so uth dome (where th e ice is a t the 

pressure-corrected m elting point a nd therefore enhanced 

sliding d oes occ ur) , This impli es a relatively large 

influ ence of th e ice temperature on th e ice fl o\\' away 
from the so uth dome, thus red ucing its height. Altoge th e r , 
the increas ing acc umulati on in th e north ca nn o t eq ua li ze 
th e la rge loss in the south , so th a t th e ice shee t loses m ore 

than 20% of it s initi a l volume, In Figure 3b, the 

separation of the two summits of th e south dome can be 

loca ted; rcl a ti\'e to th ei r in i tial posi ti on , th e)' ha \'e mOl'ed 
eas t b y +0 km, 

Fig ure 3c shows th e ice sheet during th e las t glacia l 

maximum 21 kyears BP when th e driving a tm osp he ri c 

tempera ture was - 9,04°C lower than it is toda y, The ice 

shee t now ex tends e\'e ryw here to the sho reline; ice sheh-es 
cannot form in this model, since they are inhibited by an 
a u tomat ic ca lv ing process that is impl em ented for a ll ice 
reaching the ocea n, Bo th th e no rth a nd so uth d om es 

ex h i bi t th e ex peeled beha v iou r ; the north dome becomes 

sha llower, whereas th e so uth dome becomes hi g her. A lso, 

the north dome moves 40 km further to th e north \I'hil e 
the so uth dome has not moved , ?\Iore exp li c itl y, a ft e r 
229 kyea rs of integra tion , i,e, 21 kyea rs BP, th e no rth d om e 
is 120 km further north th a n it is tod ay, a nd of the south 

dome, th e south ern summit is LW km furth e r no rth and th e 

north ern peak is 40 km furth er west th a n today, 

Figure 3d displays th e plan view of th e computed ice 
sheet a ft er 250 kyears computa ti on co rresponding to its 
present conditi ons, Both d omes aga in show th e ex pected 
cha nges: th e north dome is sti ll hi gher a nd th e so uth d ome 
lower th a n a t th e clima te maximum, The su mmit moves 

40 km to the wes t and so uth (relative to its positi on 

21 kyea rsBP), i,e , th e computed present positi on of th e 
north dome is 40 km westwa rd a nd 80 km northward of its 
present observed loca ti on, Similarly, th e northern pea k of 
the so uth dome is 40 km north a nd th e so uth ern pea k is 

40 km west of their present obseJ"\'ed positions, W e have also 

computed th e stead y-sta te co nfig uration of th e Green land 

ice sheet to prese nt clim a ti c conditions (by integra ting OI'e r 

100 kyea rs under such constant dri\'ing co nditi ons) , D e\' ia 
tions of th e surface topography of this computa ti on from the 
present observed topography are simi la r in magnitude to 
those betwee n the prese nt to pog raph y ob ta ined from a 
250 kyear integra tion with th e cl ima te dri\'ing of th e GR I P 

d a ta a nd th e present observed topograp hy, Generally, th e 

north dom e is too hi gh a nd it ex tends too far to th e no rth 
a nd to th e lI'est, whereas the sou th dome is not hi gh 
eno ugh, Furthermore, th e ice volume a nd th e ice-cOl'ered 
a rea a re quite simila r to th ose fo r th e s tead y-state 

calculati on, Whil e mod ell ed ice ma rg ins in th e south a nd 

so uthll'es t a re quite similar to those a t prese nt obsen 'ed , the 

ice shee t ex tends too far to th e shore in the midd le, in th e 
northeast a nd espec ia ll y a long th e north ern sho re , How
e\'e r, the pos itions of th e domes a re very close in the tll'O 
situat ions; onl y the so uth ern peak of th e so ut h dom e is 

40 km apart in th e t\l'O situ a li ons, 

/ / 'eis alld olhers: 250000 ) 'earJ ill Ihe H is/oJ)' q! G'remla/ld's ice sheel 

4. CONCLUSIONS 

\\'e describe here a limited exce rpt or res ults for th e 

e\'o lution of'th e topography of th e Greenland ice sheet 
thro ug h the las t 250000 yea rs of it s climate hi story, The 
com pl e te res ults have bee n compil ed in a video film th a t 
rem a ins with th e aut ho rs a nd cont a ins a wealth of 

additi o na l info rmati o n th a t awa it s sc rutin y for its 

c lim alO logica l impli cat ions, W e ha \'e shown the e\'olution 

of the tota l ice \ 'o lume a nd of the ice-cQ\'Cred basal area; 
th eir evo luti on does not necessaril y go in paralle l with the 
dri\ 'ing atmospheric temperature; the response o f the ice 

shee t is a com pl ex interpl ay be twee n th e precipitation 

pattern , i, e, snow ba lance and melting, and ad\'ec ti\'e 

transport of' ice as it is influenced by the rhermom ec ha 
nical co upling embedded in the model. For a detailed 
analysis of ice-co re d a ta , th e c lim a ti c hi stor y a nd 
th erm omec ha ni ca l response of th e Greenland ice shee t 

seem s to be important. 
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