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ABSTRACT. G enera l C ircul a tio n l\Iod els (G C~Is ) \\"ill be more a nd m ore used 
fo r co upl ed cl im a ti c simula ti ons invoh 'ing ice shee ts. It is th e refo re of prime 
importa nce to e\'aluate th e perfo rm a nce of th ese m odels in simul a ting th e mass 
bala nce a nd clima te o \'er ice shee ts. The Anta rc ti c clim a te simula ted with th e U.K. 
U ni\"C rsiti es Glo ba l Atmospheri c '\fod elling Progra mme G enera l C ircul a ti on l\lodel 
(U GAMP GCM , herea ft er referred to as th e U G C l\I ) is in good agreement wilh th e 
a \'a il a bl e o bsen 'a ti ons. ] n pa nic ul a r , th e acc um ul a li o n pa Ll ern a ppears ta irl y 
reaso na ble. Some imperfec ti ons a re re la ted to the surface tempera ture a nd energy 
b udge t but witho ut se\'e re consequences fo r th e a tm osphere behav io ur. R efining th e 
snow-rela ted pa ra m eteri zations co uld impro\'e th e res ults of th e m od el in high 
lat i tudcs , 

INTRODUCTION 

Th e res ponse of ice shee ts to climatic to rcing is com

plica ted a nd num eri ca l m od els a re need ed to qua ntity th e 
interac ti on betwee n ice flow, ice-tempera ture ficld , e tc, 
S till , no ma tter how acc ura te such a mod el is, th e va lue of 
a pa rti cul a r simula ti on d epends criti ca ll y on th e formu la 

ti o n o f th e surface m ass bala nce. R ecentl y, hi g hly 

p a ra meterized m ass- ba lance mod els using simple or more 

com pi ica ted a bl a ti o n~t empe ra ture co rrelati ons, such as 
the d egree-d ay method (se ttin g th e a b la ti on proport io na l 
to th e sum o f positi ve d a il y temperature) , have been 
d eveloped . But such m eth ods a re ques tion a ble a prio ri 
beca use ( I ) future o r pas t clima tes may il1\'o h-e changes 

in seve ra l climatic elements a nd not just temperature a nd 

(2) th e pa ra meters ot the a blati on~tempera ture co rrela 
tion need no t be th e same und er pas t o r future clim a tes as 
under th e present c lim a te. In view of thi s, a more process
orient a ted a pproac h is essential. Rel a tivel y simple mod els 

such as energy-ba la nce mod els o r quasi-geos trophic 

mod els d o represent th e ma in fea tures of th e glacia ti o n 

peri od. H oweve r , due to th e ir d esig n , th ey fa il to 
represent some pa rti cula r fea tures such as th e co rrec t 
ice repa rti li on a t the surface of th e E arth (l\1a rsia t, 1994). 

G enera l C ircul a tion '\fodels (GCl\1s) a re in creas ing ly 
used fo r stud ying th e world 's clim a te und er present , pas t 

a nd future conditions, a nd will be more a nd more used [o r 

co upl ed clima ti c simul a ti ons involving ice shee ts. H ow
e\'er, e\'en th o ug h rh ey now reproduce quite " 'c ll the 
clim a te o n g lo ba l sca les, th ey a re kn own to show 
d efi ciencies o n regiona l sca les . U p to now, \'e rificati on 

o t model clim a tes has m a in ly been ca rri ed out tor 10 11' -

a nd middl e-l a titud e regio ns. Perform a nce a na lysis of 
GC'\Is foc using o n th e simul a ted ice-shee t's clim a te 

a ppeared onl y recentl y (H erm a n a nd J o hnso n , 1980; 

Schl esinge r, 1984; l\Iitchell a nd Seni or, 1989; S immonds, 
1990; T ze ng a nd oth ers, 1993, 1994; Bro m wich a nd 
o lh ers, 1994; Connoll ey a nd C a ttl e , 1994; Genth on , 1994; 
G enthon a nd Bra un , 1995 ) . Of co urse, th e rea l clim a te 
o\"C r th e ice shee ts is no t well kn own , th e wea ther sta ti ons 

a re ve ry spa rse a nd th e d a ta time se ri es are rcl a ti" ely 

short . But exa mina ti on o f th e simula ted mass ba la nce o f 
ice shee ts " 'ill be of crucial imporla nce before running 
co upl ed ice atm os ph ere mod els. The perform a nce of th e 
UG CI\1 ill simul a ting th e Anla rc ti c c lima te will be 
d e\'eloped in this pa per. 

1. THE MODELS 

Th e UC C l\I is based on th e fo recas t m od el of th e 

European Centre fa r l\l edium R a nge W ea th er F o recas t

ing (E Cl\tIWF ). Th e " ersion we a re using is a lmos t 

id enti ca l to th a t currentl y being used in th e Atmos ph eri c 
l\lode l Intercompa rison Projec t (Al\fTP ) w hi ch has bee n 
d esc rib ed in d e ta il by Slingo a nd o thers ( 1994 ), Tt is a 
spec tra l m od el using a s igma~press ure h ybrid ve rti ca l 
coo rdin a te a nd using a tri a ng ul a r trunca ti on a t to ta l 

wa \ 'e number 42. The ph ysica l pa ra meteri za ti ons a re 

eva l ua ted on a longi tude/ la ti tud e (C a ussia n ) g rid of 128 
by 64 points, " 'herc th e mes h size is a pproxim a te ly 2.8°. 
Th e m od el has 19 le\'e ls in th e \·e rti cal. n\ 'e of which a re 
w ithin th e bound a ry laye r ( 150 hPa of th e surface ). 

The rad ia ti on scheme is th a t o t :'Io rcre tte ( 1990) a nd 
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Fig. I . Simulated (a) alll7ual slI1face temperature and (b) 
2 m air tel71/Jerature Jar Alltarc/ira. The cOlltour interval is 
j-o c. 

includ es a p redi cti ve clo ud schem e based on rela ti, 'e

humidit y c riteri a (Slingo, 1987 ). T he clo ud sc heme a llows 
four c lo ud types (three-l aye r c lo uds a nd co nvec ti ve 
c lo ud s) . Prec ipita ti on res ults from bo th m oist con vec ti on 
a nd fi'om super-sa tura ti on du e to la rge-sca le asce nt. A 
pa ra m e teri za ti on of the eITec t o f a tm os ph eri c g rav ity 

waves ge ne ra ted by sub-g rid sca le o rogra ph y is a lso 

in clud ed (P a lm er a nd o the rs, 1986 ) . If th e surface 
tempera ture is be low th e freez ing point , th e prec ipita ti on 
is ass um ed to be snow; o th en visc it is ta ken as ra in . 

Th e la nd-surface tempera ture a nd m oisture content 

a re ca lcul a ted using a three-laye r d iITusi" e m od el. The 

the rm a l cha rac te ri sti cs o f th e so il a re unifo rm a nd 

co nsta nt. Th ey d o no t ta ke in to acco unt th e presence of 
snow o r ice . J\ no-flu x bound a ry conditi on a t th e bottom 
of th e so il mod e l (a pproxima tel y 3.4 m thi ck) is used . This 
is esse nti a l fo r pa leoclim a te simul a ti on , because it a llows 

th e surface tempcra ture to res pond full y to th e fo rcing 

ra th er th a n being ti ed to som e current clima to logy on 
lo ng time-sca les. 

168 

I n th e m oisture budget, snow cO\'er is eompu ted as th e 

ba la nce of snowfa ll , snow m elting a nd sublima ti on . In th e 

su rface-h ea t budge t, th e p rese nce of snow o r ice is 
neglec ted , except [o r th e so la r-flu x eva lu a ti on. S now 
cove r a nd th e a tmosphere th en inte rac t m ainl y thro ug h 
th e a lbed o. On th e la nd , th e a lbed o va ri es be twee n th e 

snow-free a lbedo (fix ed to th e clima to logy) a nd th e d eep

snow a lbed o (fi xed to 0 .8) acco rding to th e thickn ess o f 

th e snow cover. Snowmelt occ urs w hen th e surface-energy 
ba la nce d em ands surface tempera tures a bove fi'eez ing 
po in t. Surface tempera tures a rc th en rese t to th e fj'eez ing 
point a nd th e excess energy is used to m elt th e snow . 

lVlos t o f the diagnos ti c m a ps prese n ted here a re from a 

10 yea r ave rage present-day simula ti o n . H owever , in 

som e cases, a n additi ona l I yea r simula tion h as bee n 
pe rfo rm ed to obta in so me diagnos ti cs that were lac kin g in 
th e prev io us one. This has minor co nsequences fo r th e 
Anta rc ti c ice shee t as th e diagnos ti cs d o n o t sh ow a hig h 

va ri a bility from year to yea r. 

2. MODEL PERFORMANCE OF THE ANTARCTIC 
CLIMATE 

G ood m od el resolution is pa rticul a rl y importa nt fo r 

regiona l clim a te studi es a nd even more in topograph y

a ITec ted regions as is th e case fo r Anta rc ti ca a nd Gree n
la nd. Fo r th e intern a l regio ns o f Anta rc tica, the spec tra l 
enve lope topogra ph y used with th e 1'42 ve rsion o f th e 
m od el is fa irl y realisti c . H oweve r , a round th e ed ge of th e 

ice shee t, whose slope can be la rge , this resolution d oes 

no t co rrec tl y represent th e rap id va ri a tio ns of surface 

e leva ti on. ?vI os t of th e m od el's m a rg inal points a re a t 
rel a ti ve ly hig h a l ti tud es. N o ne o f th e A n ta rc ti c ice shel ves 
a re co nsid ered to be la nd . Th e Anta rc ti c continent o[ th e 
U G C M is re prese n ted b y 735 po i n ts a nd cove rs 

12.2 x 106 km 2
, conside ra bl y less th a n the currentl y 

es tim a ted true area of 13.9 x 106 km 2
. 

2.1. The s urface telllperature 

The m od ell ed surface (soil uppe r laye r) temperature fi eld 

o f A nta rcti ca (Fig. I a ) is clea rl y d o mina ted by th e 

to pogra phy. Althoug h th ere seems to be a sys tem a tic cold 

bi as ( th e a rea ave rage a nnu a l m ean tempera ture of 
Anta rc ti ca is - 44. r C ), th e ge ne ra l pa tte rn agrees qui te 
well with th e 10 m boreho le c lim a to logy of R adok a nd 
o th e rs ( 1987 ) . As stressed prev io usly, th e hi g h a ltitud e o[ 

th e m a rg in a l areas is res po nsible fo r a 5°C d efi cit a long 

th e coas t. Com pa ri son wi th sta ti on d a ta shows th a t th e 

a nnua l cycle o f tempera ture is fa irl y well simula ted a t th e 
South Po le (Fig. 2) a nd inside th e north e rn a nd eas te rn 
coasts. l\10s t o f th e diITerenccs be twee n surface-temper
a ture da ta a nd simula ti on occur o n th e highes t pa rt o f th e 

Eas t Anta rc ti c Pla tea u wh ere th e minimum of the 

simula ted a nnua l m ean surface tempera ture is too cold 

by ro ug hl y 15°C . Th e cold bi as seems to be more evident 
in winte r, the coreless winte r pa rt o f the a nnua l cyc le 
s ta rtin g la ter th a n in th e sta ti on obse rva ti ons. 

S urprising ly, th e a nnua l m ean a ir-surface tempera ture 

( ta ken 2 111 a bove th e surface ) d oes no t show th e same cold 

bi as (Fig. I b). Fo ll owing Pa terso n ( 1994), in dry-snow 
a reas o f Anta rcti ca , th e mean a nnua l a ir tempera ture a nd 
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Fig, 2, Seasollall)'rie of simlllaled (jill/ lillr) alld obSeJ'l1f'{1 
( dashed fill e) ( a) slIIface lelll/Jelalllre alld (b) I'll If a re 
heal-balallCl' {om/)ollenls al SOlllh Pole ( 90 S, 00 

f~': 

280011/ ) alld (() :'lIlface lelllperalllre alld ( d) Jl/Iface 
heal-balallce comjJollenl:, at PIa lea 11 Slalioll ( 79.3- S. 
40,5 E: 3625 m) , The heal-balalla (OII/pollenl,\ are l/ie 
111'1 :,horlll'([1'efllll ( ) . Ihe lIell0llgll'al'e./7111 ( * ) alld Ihe 
,11111/ IIllhe lalflll- alld IewiMe-heat fllllr:" Data '/;-0111 
DlItllill and otlier,l ( 198D) ( SOlltlt Poll' ) andji'olll k llllll 
alld othm ( 1977) ( Plaleall ) , Ihe lalell l-heal and sensible
heal.flu les dedllced from Ihe alllllwl (1'[/1', 

th e 10 m tempera ture (ca lled urn te m perat ure) sho uld be 
within 2 c: of eac h o ther, th e firn tem pe ra ture te ndin g 

ge nera ll y to be colde r th a n th e a ir tempera ture. In th e 

UGCt.f , th e difference reaches u p to 20 C o n the hig hes t 

pa rts o r th e An ta rc ti c Pl a tea u , th e firn be ing co ld er th a n 
th e a ir. 

2.2. The s urfa ce heat balance 

The hea t ba la nce or th e s url~lce IS th e SUIll o r th e 

sho rtll'al'C, 10 ng ll'a\'C, se nsible-heat , la te nt - hea l (Juxes a nd 
cond uct io n o f hea t th ro ug h th e s urf~ l ce a ll nu xes are 
d efin ed POS ili\ '(' (O\\'a rd s th e su rf~\ee a nd ex pressed in 

\\' m ~ l. As this \ 'e rsio n o r th e U G C ),[ uses a no-nux 

bo unda ry conditio n a t th e bo tt o m o r th e soil layers, th e 
hea t budgc t sho uld be ze ro a t each g rid po int in a multi
a nnu a l a\'e rage ) and a t leas t in a n a nnua l a rea li y a \ 'C rage 
OH'!' .\ nta rC'l ica, Th is is e ffec ti\ 'C ly a lmos t th e case, th e 

res id ua l 0, 12 \\ ' m 2 is pro ba b ly d ~t e to th e rac t th a t th e 

di agnos ti cs a re o bta in ed fi 'o m a sing le yea r additi ona l 
simul a ti o n , The surface hea t budge t shows a ba la nce 
be t\\'ec n th e energl' ga in thro ug h th e shoJ'l\\'a\T (32.89 
\\ ' m ~ ) a nd sensible-h ea t flu xes ( ]9.03 \\' m 2) a nd th e 

energy loss th ro ug h th e net 10 ng wa\'C surf'ace nu x ( 5 1, 03 

\\ ' m 2) . The la tenl-hea t nux 0,75 \\' m 2 is neglig ib le 

co m pa red to th e o th er three, Loca ll y , simula ted hea t 
ba la nce has the n bee n com pa red with th e radi a ti\T 
c li ma to log ies for ;\ I iz uh o, So uth Po le a nd Pl a tea u 
S ta ti o ns (Fig, 2 ) (a ll ha\'ing th e ach-a ntage o r being 

ro ug hl y a t th e sam e a ltitud e in th e m odel a nd rea lit y) , 

A lth o ug h th e a nnu a l tempe ra tu re cycle is quit e II'C II 

simul a ted at th e firs t two s ta ti o ns. a ll th e po int s 
co nsidered show th c sam e t re nds, enh a nced a t th e Platea u 
g ri d poi n t. Th e simula tecl su rface sho rt\l'a\'e flu x is 
ge nera ll y sli g htl y O\'C ITs ti mated. This co uld be d ue to a 

lo wer a lbedo or to a spa rse r clo ud cowr. The m ax imum 

\'a lue or 0,8 ro r th e sno\\' a lbed o is eflcc til 'e ly too 101\'. ,\ s 

po inted ou t b y Schm ''I'dt fegrr ( 198+ ), th e m ean a lbed o 
fo r Pl a tea u s ta ti o n be twee n O c to be r a nd F eb rua ry is 
0,84" Th e surface loss oi'energy thro ug h th e ]o ng l\'a \ 'e flu x 
is clea r ly O\'C I'Cs limated . As th e s urf~l ce tempe ra ture is 

a lread y too 10\1', thi s is proba bl ~ ' d ue to a weakn ess in th e 

sim ul a ted d O\\'ll\l a rd 10 ng\I'a \'e nu x, This co uld be rela lecl 

to a lac k o r cloudin ess, o r to an inco rrec t racl ia ti \ 'e effect of 
th c cl ouds. Th e mod e l s('('ms to O\'e lTs tim ate th e 
clo ud iness, so th e ex pla na ti o n ca n pro ba bl y be fo und in 

som e misrep rese n tal ion o f th e op ti ca l clo ud prope rti es , 

T he sim ul a ted sensib le-h eat flu xes arc ge nera ll y too hi g h , 

I\'h ic h fits \I'e ll \I 'ith th e o bserl'l'd co ld bias , 

2.3. Cloudiness 

The a n n ua l a rea-aye raged c lo ud in ess sim ul a ted b >' th e 

UGC:'I is equa l to 72 % but it shO\l's a fa irl y large spa ti a l 

I'a ri a bili ty 22 100 % ) \I'ith a sta nda rd de\'ia ti on or 15°11). 

T he hig hes t c1o uclcOI'er occ urs o n th e An ta rcti c Pl a teau, 
in some p laces a lo ng th e coas t a nd o n th e ,\ ntarct ic 
Pen insul a , C lo udiness is mo re impo rt a nt in \I'in te r, the 
area-al'f'l'agecl Jun e clo udi ness eq ua ls 85%, w hile th e 

Decem be r I'a lu e fa ll s to 60% , Compa ri so n \I'ith th e spa rse 

d ata s tat io ns (Fig. 3 ) see ms to ind ica te th a t th e simu la ted 

winter c loudiness or th e An ta rc ti c Pl a tea u is too hig h. 
This is in a p pa re nt co n tradi c ti o n w ith th e wea kn ess o f the 
down wa rd surrace 10 ng l\'<!\T fl ux , But o fien . sa tura ti o n 
a nd OITrsa tura ti o n happe ns o\T r th e hi g hes t pa rt s of th e 

ice sheet a nd does no t form clo ud s as a result o r th e lOll' 

abso lut e a m o unt of' Il'a te r 1'<1pO Ur p resent a t th ese 

a ltit udes (Bro ll1 wic h. 1988 ), This is th e ca use or rrequ en t 
clear-s ky ice-prism prec ip itat io ns du rin g th e co ldn 
seasons (Kuhn , 1970 ), As th e m od el was orig in a ll y 
cie\'C loped fo r mid d le a nd loll' la titu des, a ir sa tura ti o n is 

a k ays assoc ia ted Il'ith c loucliness , A n a ppro pri a te a lgo

r ithm , ta kin ,!?,' in to acco unt th e a bso lut e a m o unt 0(' lI'a te r 

\ 'apo ur a nd th e infra red rad ia ti l't, pro per ti es of th e ice 
crys ta ls. co uld impro\T th e simu la ted c lo ud cO\'e r a nd 
d ow n wa rd infra red nu x, 
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Fig . 3. Seasonallycle oIsimulated (Iulllille) alld observed 
(dashed lille) (a) sllIjace pressure and (b) cloudiness at 
South Pole (90° S, 0° E; 2BOO m) and (c) surface 
pressure a17d ( d) cloudiness at Vostok Station (7B.45° S, 
106.87" E; 3420 m). Data from J ones and Limberl 
( 7987) Ior tlte sll1jace pressure alld fiom ll 'an-en and 
others ( /986) Ior the cloudiness. 

2.4. Precipitation and acculIlulation 

The UGCI\!I es tima tes the mass ba la nce or Antarctica 
(snow precipitation minus snow melting and evapor
ation- sublima tion ) to be 1686 x 10 12 kg yea r- I, which 

represen ts a n area -awrage of 138 mm year I. Although 
this value is at the lower bound, it falls within the ra nge of 
accumulation va lues (from 125 to 210 mm year I) com
piled by Giovinetto and Bull (1987 ), most o rlh ese \'alues 
are excl uding th e Antarctic Pe ninsul a. From their 
accumulation map based on field observations, GiO\·inet
to and Bentl ey (1985 ) calculated a n area-averaged 
(exc luding th e Antarctic Peninsula ) acc umula tion rate 
of 143 ± 14 mm year 1 (co rresponding to 1468 x 101~ 
kg yea r I). Fortuin a nd Oeriemans ( 1990) found , using an 
ind epcnd cnt data se t, a mass gain a t lh e surface of 
1817 x IOI ~ kgyear 1 ( l77mm )'ea r I) . l\[asuda (1990), 

from the moisture tra nsport d edu ced from the 1979 

170 
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Fig. 4. Simulated slloltiall over Alltarctiea (mm a/ water 
err_year I ) . Contours are 50 . 100 (both l'e/Hesented ~J ' 
dashed lines ) . 150,200, 300 ,400,500 (all 0/ them 
represented by/uL! lines, the 300 contour slightly thicker), 
600. BOO, 1000 and 1200 (all DJ Ihem represented by 
dashed IillfS) mm 0/ waleI' equivalent )'ear l 

atmosphel-ic a na lyses by th e European Centre for 
:V[edium-Range W ea ther Forecasts (ECMWF), evalu

ated that th e net mass balance [or Antarctica was 

136 mm yea r 1 in 1979. The sim ulated mass balance is 
a lso in very good agreement with the M eteorologica l 
Ol1ice Unified lVlodel (182 mill. yea r I ; Connolley a nd 
Cattle, 1994) and with the ECMWF high-resolution 

12 1 model ( 1594 x 10 kg year ) (Genthon and Braun, 

1995) . The area di stribution of snow precipitation (Fig. 
4 ) agrees quite well with the balance map presented by 
Giovinetlo and Bentl ey (1985). The most notable fea tures 
are present in our simulation ; the d ese rt acculllulation 
area covers most of the East Antarctic Pla tea u, a bell of 
high accumulation ratcs surrounds the coast of East 
Antarcti ca, very high accumulation rates a re simula ted 
on th e Antarcti c Peninsula, the two ice sheh'es are 
included in the very arid zo ne and a band of rela ti\ 'ely 
high acc umul ation rates (15- 25 CIll yea r I ) which runs 
along the Tram-Antarctic .vrounta ins, sepa rating the 
western and eas tern pans of Antarctica, is well simul a ted. 
Some features a re less well cap tured by the UGC:VI , such 
as the higher acculllulation rates on the south ern part of 
the \-V es t Antarctic Platea u. 

Summer melting is simulated at a few low-altitude 
grid points (14 points) a long the coast and along the 
Antarctic Peninsula and represents 50 x 101 2kgyear I, 

or an a rea-ave raged meltin g ra te of 4mm yea r I. 
Although thi s corresponds to the mea n of surface ice
melting data compiled by Pa terso l1 ( 1994), thi s is no t 
reall y representative beca use the altitude plays a major 
role and the steep margins of Antarctica are poorly 
representcd by th e spec tra l e ll\·e lo pe . Total snow 
sublimation reaches an a\'erage \'a luc of 8.5mm yea r I. 
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Fig. 5. Simulated sea-level /mssu re ill the southem high 
latitlldes. The contollr interval is 4 hPa. (a) SlIlIlmer 
(D]F), ( b) W illter (}]A ) . 

As obsen 'ed in U N ESCO (1978 ), th e hi g hes t sublima ti o n 

ra tes a re simula ted a lo ng th e coas t, d ecreasing to zero 
inl a nd a nd 1"C\"ersing to net d e pos iti o n fa rth e r in th e 
cen ter o f th e ice sheet. 

2.5. The su rface p ressure 

Compa ri son of th e local surface press ure fo r So uth Po le 
a nd V osto k (Fi g . 3 ) sho ws " ery good agTeelll ent between 
o bstT" a ti o n a nd simul a ti o n in th e sumll1 c r. Th e ,,' inter 
surface pressure is sli g htl y LOO 101\' ma inly a t \'os to k bu t 

th e ge neral agreem ent is \ 'e ry good. 

It is rela ti"ely diffi c ult to compa re sea -I n 'el press ure 

distri b uti o ns O\'er th e Anta rc ti c contine nt, because o f th e 
eln'ated to pog ra ph y and th e different pressure-reducti o n 
algo rithms th a t can be used. O ver th e pe riph e ra l seas, 

during th e summer m onths (D ecember, Janua ry, Fe b

ru a ry) th e obsrn 'ed sea-!c'\"el pressure co nsists of a circ um
pola r belt o f low-press ure ce ntres loca ted nea r th e 
Bellings ha usc l1 a nd R oss Seas a nd in th e India n and 
So uth Atl a nti c O ceans. Th e lows a re a bo ut 10- 13° of 

la titud e wid e ,,·irh a centra l p ress ure a roun d 984-
988 hPa. In winter , the streng th or th e lows increascs . 

The UGC~I represents quit e we ll th e sea-Ie" el press ure 
field a nd , in pa rti c ula r , th e dee p Anta rc ti c tro ug h a nd th e 
lo ng itudina l pos iti o n o f th e lo,,'s in summ er ( Fig. 5 ) . 

H owcve r , th e p rcss ure sce ms to be too d ec p b y ro ug hl y 

4 bPa a nd th e minimum of th e zo na l m ean sca-lc\"C l 

press ure is situa ted LOO far so uth. In w inter , th ere is 

effec ti'Tlya d ee pening of th e lo w situ a ted in th e India n 
O cea n , while th e o th ers beco mc wea ke r. 

2.6. Wind pattern 

Th e wind regime o f Antarc ti ca, w hi ch is unde r th e 

influen ce o f la rge-scale circ ulati o n a nd th e ka ta ba ti c 
regim es, sho,,'s a g rea t direc ti o na l co nsta ncy (Sch\\'erdt
fege r , 1984) . The ka [a ba ti c winds a re ge ne ra ted b y th e 

stro ng radi a ti"e coo ling th a t occur o n th e Anta rcti c 

Pla tea u a nd which fo rce a ir to f10w from th e interi o r 

to wa rd s th e sea a lo ng th e slo pe of th e ice sh ee t. Fric tio n 
fo rces, large-scale press ure g radi e nts a nd th e COI' io li s 
fo rce acco unt fo r th e o bse ryed wind directio n rela ti, "C to 

th e loca l ice slo pe 0 a m es, 1989, 1993 ) . During th e 
ka ta b a ti c e , 'ent s (w hi c h ca n las t fo r se\"C ra l d ays ) 

cO I1\'erge nce o f th e winds in th e icy \ 'a lleys ca n res ult in 

" cry high loca l wind speed s (oft en m ore th a n 50 m Si; 

Pe ttre a n d Andn\ 199 1) . These ve ry int ense wind s a re 
res po nsi b le for th e break-up a nd dispersio n o f th e sea ice 
aro und th e Anta rc ti c ice shee t, a nd a re a prime com

po nent o f th e clim a te of th e po la r a nd sub-pola r regio ns 

(Bromvvic h a nd Kurtz, 1984). 
As the m od el d oes no t resoh 'e th e small fea tures o f th e 

Fig. 6. Sill1ulated lcilld /Jallrm oJ .111larclica ( 111 , - I ) . 

T he 10llgesl {//T01L' represents a 2011/ j I l('illd. 
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topography, the simulated wind velocities cannot reach 
the ex treme values cited pre\'iously but must be compared 
to mean wind speeds that are generall y observed along 
th e coas t (about tens ofms I; Schwerdtfege r, 1984), The 
model performs well in simulating th e average wind 
pattern (Fig. 6) when compared to th e reconstruction of 
Mather and Miller (1967) a nd the simula tion of Pa ri sh 
and Bromwich ( 199 1) , The wind speeds are also well 
simulated, Annual mean wind speeds on the Anta rctic 
eas t coast are of th e order of 15 m Si. They a re sligh t1 y 
less on the west coas t ( ± 8 m Si ) . High es t speeds are 
simula ted during the sun less months, as observed. The 
mea nJune, July and August wind speed reac hes 20ms 1 

on the eastern coast. 

3. CONCLUSIONS 

Althoug h th e snow-related parameterizations of the 
UGCM are relat i\'Cly crude, th e simula ted Anta rcti c 
climate is in good agreement with th e availab le observa

tions and th e prec ipitation /accumulation pattern a ppea rs 
fairly reasonable. The simulated pressures a bove and 
around Antarctica a re in good agreemen t with the 
obse rvations and the general circu la tion pattern seems 
to be co rrectly represented. The low-leve l winds on the 
continent are well simulated , g iven th e reso lution of the 

model. The biggest imperfec tions appear to be related to 
the surface temperature and the energy budge t, The 
snow-a lbedo parameterizatioll has to be refined a nd , as 
we stressed before, the cloud scheme used in the UGC:VI 
could no t be adapted to these very extreme condi tions. As 
the Antarctic ice sh ee t expe ri ences no melting, the annual 

cycle of surface temperature has no i nO uence on the snow 
budget, but it could become an importa nt factor in 
st ud ying past or future climates. 

In th e future, th e ice sh elves should be included in the 
soil dom ain and the land /sea mask adap ted to represent 
co rrec tl y the Antarctic area , Taking into accoun t the 

thermal properties of the snow and ice in the soil 
a tmosphere heat exc hange could lead to a better under
sta nding of the Antarctic climate, Furth er ill\'estigations 
should a lso be condu cted foll owing UGC~1 performance 
in simulating th e Greenland climate, whi ch is more 
sensiti\ ,(, to the melting-refreez ing processes, 
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