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ABSTRACT. Th e geographica l di s tribution offirn tempera ture, a nnu a l acc umul
a tion r a te as well as d euterium a nd oxygen-1 8 conte nt in the rirn we re d e termined 
a long a n eas t- west tra nsec t throug h centra l Greenl a nd . This stud y is based on iso topic 
a nd c he mical ana lyses o f sha llow firn co res at 18 sites a lo ng the EGIG lin e a nd high
prec ision firn-tempera ture measurem e nts in 17 stea m-drilled boreh o les a long th e 
eas tern pa rt of the tra nsec t. The firn temperatures at 15 m d epth range fro m 3 1.6°C 
a t D ome GRIP (3230 m a.s .l. ) to - 11 .4°C at Caec ili a Nun a tak (eas tern ice margin at 
1600ma.s.l. ) and 18°C at T05 (nea r the wes tern ice mar~in a t 1900m a .s.I. ). Th e 
te mperature/a lti tude g radi ent cha nges fro m - 0.7°C ( 100 m ) in th e ice d i\· ide region 
to - 1.1 °C (100 m) I in th e eas tern part of th e dry-snow zo ne. The temper ature/la titud e 
g rad ient in the centra l pa rt of the EGIG line is - 0 .7° C Olatl. Th e ave rage an nua l 
accumul a tion dec reases signirica ntl y from th e west ( ~47 cm a I wate r equi valen t a t 
T05 ) towards th e ice d ivide (20- 25 cm a I I·vater equi va lent fi"o m T 99 to T 43 ). 
Acc umulation ra tes are consta ntl y low east of the ice d ivide (",23 17 c m a I wa ter 
eq ui va lent ), thus di v iding centra l Greenland into two c1imatolog ica ll y different 
reg io ns. The ave rage 0 180 and oD valu es a long the w ho le EG IG lin e re nec t the l'l'e ll
kn own temperature -dependence [or Green lan d I'e r y we ll (e .g . []I ' O/f)~n = 
0 .69%0 °C I). Diffcre n t rcgression lines for the wes te rn a nd eas tern p art, howel'e r, 
sho uld be a pplied. Un like the mean a nnu a l tempera ture, th e isotopi c minimum along 
th e EGIG line li es eas t o f th e ice di\·id e. This geog ra phi ca l distributi o n supports the 
cho ice o[ different wa ter-vapour traj ecto ri es in cen tra l Greenl a nd for th e west a nd for 
th e eas t. Signifi cant pa rts of th e water prec ipita ted ove r the western slope a re 
a ttributed to cycloni c sys tems enterin g Gree nl and from the west. The d e ute rium excess 
shows no signifi cant geographical trend but a unifo rm seasona l va ri a ti o n a t a ll sites 
a lo ng the EG IG line, sugges ting equal contributi ons from va pour-source a reas of the 
water prec ipitated ove r central Green la nd. 

1. INTRODUCTION 

O ver the last three d ecad es, stron g effo rts have been m a d e 
to recove r deep ice co res from th e Greenl a nd ice shee t to 
provid e long- term reco rd s of che mi ca l a nd iso topi c 
sign a tures over th e last climati c cycle . Success of th ese 
efforts has mad e it possible to examin e the na tura l a nd 
a nthro pogenica ll y induced long-term c ha nges of global 
cl ima te a nd a tmosph e ri c chemistry (R obin , 1983; Finkel 
and others, 1986; D a nsgaard and o th ers, 1993; Fu hrer 
a nd others, 1993; H a nson and Saltz m a n , 1993 ). 

each indi vidua l drill site . L oca l cl im a ti c a nd o\'era ll 
meteo ro logica l cond i tions inn uence prec i pi ta ti on proces
se a nd tra nspo rt pa thways o f chemica l sp ec ies a nd th e 
water va po ur, wh ich are together with so urce pat tern s 
res ponsibl e fo r the iso topic a nd chemica l sig na ture of the 
snow-pac k. 

H owever, the in terpre ta tion a nd in tercom parison of 
isotopic (and chemical) dee p ice-co re records is not 
a lways una mbiguo us, due to the geogra phica l loca tion o f 

• Prese ntl y a t Eid gen bssisches Institut n.ir Schnee- und 
L aw inenforschun g, W eissOuhjoc h , C H- 7260 D a l 'os, 
Switze rl a nd . 

So fa r, litt le information has been dra wn from th e 
la rge-sca le geog raphica l di stribution o f isotopic a nd 
chemi ca l pa ram eters in Green la nd firn a nd th eir 
system at ic trend s, which a r e a lso crucia l fo r th e interpret
a ti on of th e long-term records reco\'e red. F o r example, 
Dansgaa rd ( 1964) d edu ced a lin ea r rela tion between 
0 180 a nd th e cond ensa tion tempera ture a t hig h-alti tude 
sites on th e Green land ice sheet. 

Furthe rmore, on ly li ttl e d euterium excess (d = 8D -
86 180 ) data for the Gree n land ice shee t a rc ava il able. 
This hydrol ogical param e te r, howeve r, is believed to 
renect eva po ra tion conditions in th e source a rea and the 
adl'ec tion hi story of wate r prec ipitated ove r Gree nland 
Uohnse n a nd others, 1989; Fisher, 1992) . Asid e from the 
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lo ng-te rm climati c records menti on ed a bove, glacio
m e teo ro logical pa ra m e te rs (tempe ra ture a nd sno w 
acc umul a tion) ma l' re\ 'ea l recen t climatic changes . In 
co ld firn a reas. rirn tempera ture will reac t with a n 
in c rease pa ra lleling a tmos pheri c wa rming (H ae berli , 
1990 ) . Also, increased snow depos itio n in the acc umul
a ti o n a reas, due to high er wa ter- va pour content of th e 
ad vec ted air masses a t hig her a tmosph eri c tempera tures, 
ma y re fl ect global wa rming (.\J orga n a nd o thers, 199 1) . 

Aga inst thi s bac kg ro und in ves ti ga tion of g lacio
me teo ro logical and iso to pi c urn pa ra m eters it is impo r
ta nt 

I. to resolve spa ti a l a nd temporal cha nges in clim a to l
ogica ll y rele\'ant pa ra m eters such as temperature a nd 
accumul a tion ; 

2. to d c termine the tem p e ra ture-d epend ence of acc um u l
a ti o n and isotop ic content by inves ti ga tin g and thus 
"simul a ting" diITerent clima tological r egimes a lo ng 
the lin e im'es ti ga ted ; 

3. to usc the geogra phi cal distributio n o f acc umula ti o n 
a nd isotopic (as well as chemi cal) parameters to 
id e ntify sources a nd tra nsport pa thways; 

4 . to tes t the representa ti\'eness of d eep drill sites with 
res pec t to th e overa ll geograph ical a nd m eteorologica l 
conditi ons on the ice sh ee t. 

Th e reconstructi o n o f th e Expeditio n Glaciologique 
Intern a ti o na le a u Groenl a nd (EGIG) lin e by the fn stitut 
fur V e rm essungs kund e, T eehnise he U ni ve rsita t Bra un
seh\\'eig, G ermany, in 1990 92, a llowed u s to carry o ut a 
glac io logical surface stud y im'es tiga ting fo r th e first tim e 
bo th g lac io-m eteorologica l a nd iso topi c /c hemi ca l pa ra 
me te rs a long a compl e te \I'es t- eas t tra nsec t throug h 
centra l Greenland. Furthe rmore, th e EGIG line, repre
senting the only exi stin g tra nsec t previously inves tigated 
g lac io logica ll y, a ll ows th e determin a tion of poss ibl e 
tempo ra l cha nges in accumula ti on and firn tempera ture 
by dircc t compari son (Anklin and oth ers, 1994). Seasona l 
a nd geogra phical va ri a tio ns of th e p a ra m eters inves t
iga ted in thi s stud y a re furth er of fund a m ental impo rt
a nce as base da ta for la te r comparison s. 

Thi s pa per esse nti a ll y dea ls with th e te mpo ra l 
\'a ri at io n a nd geographi ca l distributio n of urn temper
a tures, a nnual acc umul a ti on ra tes a nd th e iso topi c 
content of th e rirn a lo ng the EG I G line (res ults o f 
che mi ca l ilwes tiga ti o ns wil l be publish ed sepa ra te ly 
elsew he re) . 

2. METHODS 

2.1. Field activities 

This stud y is based o n the ac ti\'iti es during two fi eld 
seasons (in 1990 a nd 1992 ) along a trave rse thro ug h 
ccn tra l Greenland. In 1990 (furth er o n referred to as 
EGIG-wcs t), the ueld pa n y sta rted o ut at th e Greenla nd 
Tcc Core Projec t (GRIP) ice-core site (T 99 ) foll owing th c 
ice di vide to Crete (T 43 ) . F rom C re te (he fi eld pa n y 
moved wes twa rd a long th e EGIG line to TO I (Fig . I ) . 
Alo ng thi s route, sha llow urn core drillings ( ~8 m ) , pit 
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Fig. 1. i\lf ajJ oj Greenland sltowing lite drill sites 
investigated along the EG IG' line . 
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studi es a nd firn-tempera ture m easurements wc rc made a t 
ten si tes (Fig. 1). The ex pedi ti o n of the fi eld season 1992 
(EGIG-eas t) aga in started a t GRIP, mo\'ed to Crete and 
then follo wed th e eas tern pa rt of th e EGIG li ne to 
Caecili a :\un a ta k (C:\"I\ ) , fro m where it rc turn ed the 
same yea r. During this seco nd season, sha ll o w firn co res 
(",8 m) were drilled and sn ow pits excava ted a t eight 
sites . In additio n, hi gh-prec isio n firn -tempera turc proules 
we re ta ken a t 17 sites down to a depth of 15 m using the 
V A \V /ETH-Zurich steam-d rilling eq uipm cn t (L a ternse r, 
1994) . 

The two fi eld seasons diITered signifi cantl y in the 
techniqu e o f tempera ture m easurement a nd sampling 
procedure, h c ncc for da ta com pa rison specia l ca re was 
ta ken to e limin ate sy tema ti c eITec ts a ffec ting th e 
tempera turc a nd the iso to pi c a nd chemica l (to be 
published ) content of the sa mples . For direc t compa ri so n 
between th e two seasons, [irn co res we re dri ll ed at sites 
T 99 a nd T 43 bo th in 1990 a nd 1992 . 

2.2. TeInperature lIleasureInents 

For the tempera ture measure m ents in 1990 , thermistors 
(Unieurve, 1000n) with a n o\'e ra ll acc uracy be tter th an 
±0.3°C h ave been used . Du e to technical drilling 
problems a nd time constra ints of the trave rse schedule, 
co res co uld no t be drill ed d o wn La the pl a nn ed depth of 
10 m a t a ll si tes . Thercforc, a ll tem pera ture m eas u remen ts 
were consiste ntl y made a t 5 m d epth , where th e seasonal 
tempera ture oscill a ti on stil l sys tcma ti call y a ffects th e 
observed value . 

In 1992, h owe\'er, urn tcmpera tures we re m easured in 
steam-drilled boreholes with prev iously calibra ted Fenwa l 
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th e rmi stors at d e pths of 3.0, 5 .0 , 7.0,9 .0, 10.0 , 11.0 , 12.0, 

13 .0, 14 .0 a nd 15 .0 m. This 15 m rim tempera ture, T 15m , is 

closely rela ted to th e mean a nnu a l rirn tempera ture, Till, 
which itse lf is a proxy pa ra m e te r fo r th e mean a nnu a l 

surface-a ir tempera ture, as long as no signifi cant surface 

m eltwa ter refreez ing causes rel ease of la tent hea t. The 

boreholes for the te mpera ture m easurements we re drill ed 

on th e way from Dome GRIP to Caec ilia N un a ta k. 
Immedi a tely a fte r drillill g, the y \-ve re stabi li zed a t th e 

surface by inse rti o n of a I m lo ng plas ti c pi pc wi th a 

removabl e lid a nd left open whi le th e traverse continu ed. 

T empera tures w e re fina ll y meas ured on th e re turn. The 

tim e lag between drilling and m easurement was seve ra l 
wee ks fo r m os t o f th e dri ll sites whi ch a ll o w ed fo r 

complete dissipa tion of th e therm a l d isturba nce ca used 

b y th e steam drilling . Onl y fo r sites nea r th e ice m a rg in , 

th e ex pedition sc h edul e was too ti ght fo r comp le te 
adjustm ent. For th ese sites, extra po la tion fo rmulas w ere 

app li ed to ga in a n " undisturbed " tempera ture va lu e . I n 

most cases th e acc uracy was be tLe r th a n ± 0 . I C , o ft en 

eve n better th a n 0.05°C (fo r more d e ta ils co nce rn in g th e 

dri lling, meas uring a nd correc tio n techniqu es fo r th e 
tem pera LU re v a l u es a long EG I G -eas t, sec L a te rnse r 

( 1994)) . T o elimin a te th e seasona l influence on th e 1990 

d a ta, th e te m p e rature o ffse t LJ.T = T (5 rn , t ) - T t511l 
be twee n th e te mperature T (5m , t ) (measured a t 5 m 

d epth a nd on th e d a te o f measurem e nt t ) and T t5111 we re 
calcu la ted. 

The tim e- a nd d epth-d epend e nt tempera ture p ro fil e 

in th e firn m ay be a pprox ima ted b y (Ca rslaw a nd J aege r. 

1959) 

T(z, t ) = T J5m + T"c- kz cos(wt - kz + E) (1) 

where 1;, is th e annua l tempera ture amplitud e, z is th e 

m easured d epth , w is th e fi"C qu e ncy of th e a nllu a l 

te mpera ture \'a ri a ti o n k = JW/2K with K th e firn 

d iffu ss i\'it y a nd E is th e ph ase shift of thi s osc ill a ti on 

rel a ti ve to th e ca lend a r da te t. U sing th e m ea sured 

te mpera ture pro fi les o f 1992, th e p a ra meters 1;1' E a nd a 
m ean diffusi\ 'ity n, could be numeri call y lilled (sec F ig . 2) 

1'0 1' each site. 1"'" a nd E at sile T99 were shown to b e in 
good agree ment w ith \'a lues from the a utoma ted wea th er 
station a t GRIP (Gundes trup, 1993 ) , a nd K with \ 'a lues 

fo r fi rn diffu siv iti es g i\'en by L1i bo utry ( 1964 65 ) . T o 

ca lcul a te i1T for th e sites of EG I G-wes l. c1 ima to log ica ll y 
compa ra bl e sites (equa l a ltitude, simil a r la tiwd e, a nd 

thus simila r tempe ra ture a mp li wd e a nd compa ra bl e firn 

strati g ra ph y) of t h e eas tern part we re ass ig ned to the 

wes te rn sites . Th e tempera ture offse ts i1T fo r th e eas te rn 

sites were ca lcul a ted using Equ a tio n ( I ) a t th e m eas uring 
date o f 1990 and th en subtrac ted from th e 5 m fi rn 
te mpera tu re va lu e of th e co rres p o nding wes te rn sites to 

ga in a n undi sLUrbed IS m tempera ture \·a lue. Th e e rro r 

introdu ced is d iffi c ult LO qua ntify , but th e \'a ria ti o n o f LJ.T 
be twee n d ifferenl si tes is p rim a ril y d e pend ent on t a nd less 

so on th e fitted p a ra m eters Ta, E a nd K, so th e o ve ra ll 

accuracy of T 1S1II a lo ng EG I G-wes t m ay be es tim a ted to 
be better th a n ± 0.5°C. 

Th e co rrec ted 5 m firn tempera tu res a re li s ted in 
T a bl e I toge th e r wi th th e 15 m firn tempe r a tures 
m easured a t th e firn- co re drill sites a long EG fG-eas t 
(for a comple te li s t ing of the urn tempera ture m eas ure-
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Fig . 2. Fim-temjJera tllre jJrofile at site T 53. Plolled are 
the measured (rectallgl es) andjilled (solid lill e) valuesJor 
the deviatioll i1T ji'oll7 the 15 m Jim temjJeratllre Tt 5111 
dependent 011 the measlIred dejJtlt z . 

m ents m ade in 199 2, sec La ternser ( 1994)) . The IS m 

tempera tures obta ined fo r EG lG- wes t ce rta inl y d o n o t 
sh o w th e \'e ry hi g h acc uracy o f th e tempe ra ture 

m eas u rem en ts in th e eas tern pa 1'1. Th e refore, th e)' a r e 

no t used to resoh 'C te mpora l c h a n ges in th e firn 

tempera ture, whi ch a l'C o f slll a ll m agniLUd e. Fo r th e 

d e te rm ination of sp a ti a l \ 'a ri a ti ons in tl1(' firn temperat
ure, how("\'e r, th e acc uracy of th e correc ted \'a lu es is 

suffi c ie nt. 

2.3. Snow-accuInulation rates and snow 
characteristics 

F or eve ry drill sile . \vat e r-equi\'a lcnt d epth sca les w e re 

obta i ned by using th e corres pondi ng a\"C rage d ensi ty 

valu es o f th e sing le co re sec ti ons a nd snow-pit samp les 
mea sured . At sites T05 a nd T 4 1 n o SI1 0 W pit s w e re 

excava ted , so th ese d e nsity pro fil es lac k th e first 1. 5 111. 

Th e gap was fill ed by using the d e nsi t y da ta o f th e 

adj ace m sites T 09 a nd T43, res pec t i\ ·e ly. Beca use thi s 

co rrec ti on onl y a ffec ts th e LO p 0. 5 m wa te r equi valent , a nd 
th e a dj ace nt sites sh o \\' \ 'e r \, close clim aLO logica l co nd

iti o ns, th e erro r introduced is ass um ed LO be \'ery sm a ll. 
D e termina ti on o f a nnua l acc umul a tio n ra tes in lhi s 

st ud y w as done by co unting annu a l laye rs of seaso n a ll y 
\'a rying trace rs in th e ri m . For th e cores drill ed in 1992, 

c5 180 profil es (LO ge th e r with pro fil es o f maj o r ion 

co n centra ti ons) were m eas ured a t h ig h resoluti on ( ~8 

sa mp les yea r I) to reso h 'e seasona l \ 'a ri a ti ons (Fig . 3 ) , 

whe reas in 1990 th e seasona ll y va ryi ng H20 2 co nce n t
ra ti o n h ad a lread y been determined in th e fi eld in 
co ll a b o ra ti on \\'ith th e U ni\ 'e rsil \, o f Be rn (Anklin a nd 

oth e rs, 1994) using a flu o rim etri c m e th od a ft er Sigg 

( 1990 ) that pro\ 'Cd lO be a reli a b le loo l for in-si tu 
acc umul a ti on de te rmin a ti on. I n this s tud y, th e summ e r 
m ax im a of th e pro files w e re used LO id entify single yea rs . 
I n a dd iti on, to di stin g uish summer a nd wimer acc umul

a ti o n , th e c5 IHO - (H 20 2 ) profil es w e re di vid ed into 
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Table 1. Climatological and isotopic parameters determined at the sites along the EC IC line: 15 m jim temj;eratures 
together with estimated accuracy in °C, average annual aCCllmulation rate in cm a 1 water equivalent, mean summer and 
winter accumulation in cm a 1 water equivalent, average annual water-weighted mean oj (j D and the deuterium excess d in 
%0 together with standard deviations and Lhe number oJ years n covered by the jim cores 

Site T15111 acc aCCsUllllllCr 

1'05 - 18.0 ± 0.5 46 .0 ± 10 .2 16.1 ± 8.6 
1'09 20.0 ± 0.5 40 .5 ± 8.9 lS.8 ± 7.7 
1'1 3 - 22.6 ± 0.5 4S.9 ± 9.1 20.0 ± 4.1 
1'17 - 23.8 ± 0.5 44.4 ± 7.9 19.1 ± 4.9 
1'21 - 24.8 ± 0.5 43.9 ± 8.8 19.0 ± 5.0 
1'27 - 26.6 ± 0.5 38.S ± 6.5 lS .7±5.1 
1'31 - 27.S ± 0.5 34.4 ± 6.2 l S.0±3.7 
1'4 1 - 29.5 ± 0.5 2S .0 ± 3.5 9.9 ± 2.5 
1'43 ('90) 22.9 ± 3.9 10.2 ± 2.7 
1'99 ('90) 20.0 ± 3.5 
T 99 ('92 ) - 3 1.62 ± 0.03 18.8 ± 4.9 8 .0 ± 3.5 
KST08 - 30.95 ± 0.03 22.9 ± 2.8 7.9 ± 1.6 
T 43 (' 92 ) - 30.07 ± 0.03 2S .4 ± 4.4 11. 0 ± 3.3 
1'47 - 29.92 ± 0.03 22 .1 ± 3.6 11.3 ± 1.5 
T50 28.96± 0.03 22.7 ± 0.9 
T53 - 27.97 ± 0.03 23.2 ± 4.6 12.1 ± 2.5 
1'61 - 28 .82 ± 0.03 18.7 ± 5.2 9.0 ± 3.3 
1'66 - 25.66 ± 0.05 16.8 ± 4.1 

summer a nd winter haIr-years, with their limi ts being 
defin ed b y the mean va lue between adjacent summer 
max ima a nd win ter minim a (Fig. 3). Thi s mrthod, 
however, only works if the profiles of the trace rs which are 
rega rd ed as temperature-proxy pa rameters fo llow closely 
the sinusoid a l annual temperature variation. This con-
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24.4 ± 6.1 - 201.1 ± 10.0 I 1.9 ± 1.4 8 
24.3 ± 4.8 - 202 .4 ± 16.2 12.9 ± 1.4 9 
2S .9 ± 4.8 - 214 .3 ± 11.2 13.3 ± 1.8 8 
24.4 ± 6.2 - 224.1 ± 7.4 13.0 ± 1.9 9 
23.9 ± 4.9 230.2 ± 12.2 12.4 ± 1.3 9 
22.8 ± 2.7 - 23 7.2 ± 10.8 13. 1 ± 2.2 9 
20.4 ± 3.6 - 24S.6 ± 10.6 13. 1 ± 2.3 10 
14.5 ± 2.7 - 253.1 ± 5.6 12.6 ± 0.8 12 
11.9 ± 2.2 - 254.3 ± 14.0 13.3 ± 2.2 14 

- 269.1 ± 11. 3 13.4±2.4 21 
I 1.1 ± 3.9 - 266 .3 ± 7.7 13.6 ± 1.4 8 
IS .2 ± 3.2 - 26S . 1 ± 10.8 10.7±0.5 S 
14.1 ± 3.8 - 250.9 ± 9.9 13.3 ± 0.8 8 
10.7±2. 1 - 263 .3 ± 9.3 12.2 ± 0.9 8 

- 254.2 ± 12.8 10.3 ± 1. 5 2 
I 1.0 ± 2.5 - 25S.0 ± 9.0 I 1.0 ± 0.9 9 
10.1 ± 3.5 254.2 ± 10.0 12.8 ± 1. 2 8 

- 239.7 ± 13.6 10.0 ± 1.0 6 

dition seems to be suffi cientl y obeyed by all firn cores; 
however, th e rela ti ve positi on of the limits be tween 
m ax ima and minima varies . T o interp ret th e seasonal 
precipita tion pattern , therefore , only averaged summ er 
a nd winter accumul ation valu es a r e consid ered. 

In add ition to snow-pi t sampling a t each drill site, 
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b 8180 [0/00] 
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Fig. 3. Fi1'1l-col'e jmjiles oj seasonally va7)1ing tracers: ( a) H 20 2 and the accompanying (jIBO jJ)'oji'le at site T 21 oj 
ECIG- west; (b) (jIBO and d plOfile at site T47 oJ ECIC-east. ApartJrom the consecutive slimmer maxima (S) and 
winte I' minima ( W), the Limits between sing le half -years (grid lines) are plo I! ed. 
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furth er d e ta il ed pit studies were done a t 2 1 places a long 

EG I G-east, wh ere th e stra tigrap hy was o bse rved and 

both tempera ture an d d ensity profi les were measured. 
\ Vi thin th(' dry-snow and upper percolation zones, the 

surface laye r was ge n e rally built up of sm a ll , rounded 

g ra ins, possibl y LOpped b y prec ipitat ion o r d ecomposing 

a nd fr agm ented prec ip ita ti on partic les from rece nt 
snowfa ll s. This laye r containing last w inte r 's acc umu l

a ti on on a\'erage reac h ed a depth of about 60- 80 cm. 

Below th a t th e crys ta ls often sho\\"Cd a sh a rp change to 

face lled or e\'en cup-shaped form s of cons id era bl y la rge r 
size marking last yea r 's summer horizon. This deplh was 

usua ll y ch a racte rized b y a signifi cant " d ent" in th e 

d ensity profi le. Further down . the c r ys ta ls ge nera ll y 

remained fa ce lled , sometimes showing mi xed fo rm s with 
ro unded g rai ns aga in . D epending on th e indi\'idu a l site 

a nd the d epth of th e corres pond ing pit , a seco nd summ er 

hor izon , usuall y Icss d istinct tha n th e previo us one, cou ld 

be found a t d ep ths of a round 120- 160cm. Fine " ice 
skins" ca used by ei th e r melt o r wind po lish \\'e re 

enco untered throughout all profil es. Close r to th e ice 

ma rgin (lower pe rcolati on a nd we l-snow zone ) , th e 
th ic kn ess of lh e layel's g rew cons id e ra b ly a nd th e 

occ urren ce of refroze n firn a nd act ua l wet gra ins becam e 

more fl'equenl (for a detail ed presentati o n of a ll sno\\'

cover profil es a long EGI G-east, sce Late rnsrr ( 1994)) . 

2.4. 0' 180 , O'D and deuteriuIIl excess 

All samples were m eas ured fo r (jI BO and (jD by m ass 

spec tro m e try a l th e [n stitul n.ir Um w eltph ysik , Heid e l

berg. T\\·o cores were iso topicall y analysed at lh e GSF 
Forsc hun gsze nlrum n.ir Um\\"elt und G esundh eit , [nstitut 

fLi I' H yd ro logie, l\ euh erberg. The cune n I o\"(: ra ll acc u
racy o f these measurements is 0. 1%0 for (j1 80 and 2.0%0 fo r 

(jD , leading to a n accuracy for th e d e ul e rium excess 
d = O'D - 80' 180 of 2 .2%0 fo r e\"C ry sing le sample. 

In 1992 , th e firn co res and snow-pit sa mpl es were 

bro ug ht back fi'ozen to H eidelberg using lh e GR I P 

coo ling fac ili ti es . Fo r th e 1990 field season , however , it 

was no t possibl e to ge t this logisti c suppo rt , so sampl es 
could m e lt during transport from J acobsh a\' n LO H eid e l

berg . Th erefore, spec ia l ca re was take n LO prese rve 

seaso nal reso luti on of the iso topic a nd ch emi ca l pro files 
a nd to preve!1l che mica l co nta min a t ion a nd wate r

\'a po ur exchange with th e surrou nd ing a ir, whic h a lt e rs 

th e isotopic signature of th e samp les. 

To do so, the dri ll ed firn co res were subdi\ 'id ed into 
seasonal sub-samples in th e fi eld accord ing to th e H 20 2 

profi le (4--8 samples yea r I; see a lso F ig ure 3 ) , thoroughly 

deco nta mina ted fo r la te r chemica l a na lyses and sca led in 

po lye th ylene (PE ) bags, whi ch were pre -c1ea ned \\'ith 

hi g h ly purifi ed water. Th e samp les fro m t'ac h sil e were 
th en put into a large r closed PE bag . Liqu id wa leI' with in 

thi s PE bag (as a resu lt of occas iona lly occ urrin g sample 

leakages) built up a separa te Waler-\ 'apour atmosphere 
\\·i th id e n tical ave rage iso LOpi c CO!1lent as the sam p Ies 

th em se lves, redu cing water-\'a pou r exch a nge with th e 

a mbi e nt air signifi cantly . To quantify poss ib le cha nges in 

lh e iso topic co nte nt of th e melted sampl es, va riou s 
labo ra tor y experiments were m ade, simul a tin g th e 

possible e ffec ts of water-\'apour exchange a nd /o r loss 
throug h th e wall s a nd seals of th e sa mple PE bags . Th ese 

experiments pro\'ed that th o ro ughly sea led sampl es, 

packed in th e way desc ribed a bove, were (co mpa red ( 0 

th e overa ll acc uracy of the nwas urem ent ) una ffec ted in 

their iso LOpic co ntent (L'l8 IHO < ± 0.15%0, L'l O'D < ± 2.5%0 

and L'ld < ± 2 . 1 %0 ). Onl y a few of those sa mples subj ecl to 
ex tensi\'e \'apour diffusion through intentiona lly punctured 

wa lls or sea ls of th e bag showed signifi ca ntly lowered 
deuterium excess nl lu es but o n ly sligh tl y a lte red (jI HO and 

(iD \·a lues . Th ere fore, all sa mp les subjecl to obvio us leakages 

and \\-i th nega ti\ 'e deuleri um excess \'a lues we re excl ud ed 

from furth er a na lysis. The pan of alTec ted sa mples \-a ri ed 

bet\\'ee n 5 and 20% for th e differenl drill sites . Using th e 

red uced d a ta se t, the a\'e rage a nnual water-weighted mea n 
of (j IBO . bD a nd d for sites T99 and T 43 co uld be calc ul ated 

and stat isticall y tes ted aga inst the un alTected va l ues for th e 

drilling in 1992 a l th e sa me sites. For lhe pa ra ll e l drillings al 

sites T99 a nd T43 both t-l es t and th e pa ra m eter-riTe 
Wi lcoxon les t showrd no sig nifi cant d ifferen ce (p = 5% ) for 
th t' ave rage o f" bI RO , (jD a nd even for th e more se nsiti ve 

deulerium excess betwee n the two field seaso ns. The findings 

of th ese expe rim ents and tests pro\'e that the reduced data 
se t is reli a ble. 

The (jI HO , (jD and cl profiles (sce Fig . 3 ) show 

va ri a tions be twee n each a nnu a l c\'ele, so fo r furth er 
inle rpretation s mean an nu a l cyc les \\'e re calc ula ted 
wh ereve r temporal reso lutio n \,\-as high enoug h ( >6 

sa mples yea r I ) . T o do so, the deplh inten'a l between 

summer maxima and winte r m inima in F ig ure 3 were 

diyid ed into lhree equidi stant sub-inlerva ls, lea ding LO a 

temporal reso luti on of 2 m o nths, if a n h o m ogeneo us 

accu mula ti o n ra te throug h ou t the yea r is ass umed . T o 
calc ul a te the a\'nage a nn ua l cyelc, th e watcr-weighted 
mea n fo r eve ry ge nera ted 2 m onth inl e lya l was deter

mined a nd th e n a\ 'eraged ove r a ll years co \·e red. 

3. RESULTS AND DISCUSSION 

3.1. Firn texnperature 

3.1.1. T em/Joml l'O riatiolls 
While the a bl a ti on zone o f an ice sht't' t wil l react with 

increased melting on climat ic wa rming, th e accumulation 

zo ne wil l ma in ly show a ch a nge in the fi rn te mpera lure 

acco mpan y in g the atmosph e ri c tem pera lure cha nge 

(H ae berli , 1990 ) . H t'nce, th e measure m e nt oC thi s 
paramt' te r a ll ows detC'rm in a t ion of a possib le c lim at ic 

change on th e ice shee t b y com pari so n w i th previously 

mcas ured fi rn temperatu res in th e area und e r il1\'es li g

a ti on. Th e firn tempera tures fo r th e wesle rn part of the 
EGIG lin e (contra ry ( 0 the 15 m firn -tt'mperature values 

a long EG I G-eas t) do not sh ow th e required accuracy for 

such a cO ll1parison , due to th e 5m firn-t e ll1pera ture 

co rrec t ion ca rr ied out. The refore, in T a bl e 2 on ly the 

1992 temperature \'alut's for sites T43 and T 53 a re li sted 
LOgeth er wi th va lues by d e Quervain (1969 ) for th e tim e 

span 1959 64. Compariso ns be tween th ese two m easure

ments show no signifi ca nl te mpera ture change within lhe 

error limits (L a tern ser, 1994) . H oweve r , te ll1pe rature 
profi les meas ured in deep boreholcs in th e Gree n land ice 

shee t show di stincl hea t-flux a nom a lies ca used by strong 

sec ul ar wa rll1in g followt'd b y slighl cooling a fte r abou t 

1950 (R obin , 1983 ). The simi lar il Y of th e 1992 a nd 1959 
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Table 2. COI1l/){lrison ojJim lem/Jeratures determined by de Qj.lerl·ain ( 1969) during Ihe time span 1959 64 with the filll 
tem/Jeratures meclSllrfd in 1992. Tlte givenJirn temperatures T( z, t ) il1 °CJor 1992 are correctedfor Lhe date oJmeasuremel1t 
alld Lhe measured dl'/JLh ill 171 oJ the vaLues b)' de Q.uervain and others ( Laternser. 1994 ) . ALso given are the estimated 
measuremfllt accuracies 

Site Dalecl c Q .. * D ePLlzcle Q. T ck Q T (z,t) 

1"43 06/23 /59 15.4 ± 0.1 ~29.9 ± 0.13 30.1 ± 0. 1 
06jl3 /64 I 1.2 ± 0.1 ~29.7 ± 0.13 - 30 .1 ± 0. 1 

T 53 07 /23 /59 10.4 ± 0.1 - 27.9 ± 0.13 - 28. 1 ± 0.1 
07 /3 1/59 I I. I ± 0.1 - 28.0 ± 0.13 - 28.0 ± 0.1 
07 /30/59 15 .7 ± 0.1 ~28.0 ± 0. 13 - 27.9 ± 0.1 
07 /21 /60 11.4 ± 0.1 - 27.8 ± 0 . 13 - 27.9 ± 0. 1 
06/21 /60 16.0 ± 0.1 - 28.0 ± 0.13 - 27.9 ± 0.1 
06/15 /64 13 .4 ± 0.1 - 27.6 ± 0.1 3 - 27.9 ± 0.1 
06/1 0/64 17.9 ± 0.1 27.7 ± 0 . 13 - 27.9 ± 0.1 

* cle QuelTain . 

64· va lu es could , th erefore, possibl y indi ca te recent re
warm ing of firn tempera tures to th e hig h levels prev iou sly 
reac hed aro und 1950. Comparison with la ter temperalLire 
measurements a long th e EGIG line will clarify wh eth e r a 
long-term warm ing trend persists. 

3.1.2. Geographical disLribuLion 
Th e 15 m firn tempe ratures along th e EG IG line show 
th e expected lin ear relation bet\\·ee n alti tude a nd 
la titucl e (Fig . 4 ). The a reas ma rked A a nd B in Fi g ure 
4 represeIll sec tions of a pproxim a te ly equa l altitud e but 

Tm 
-10 .-::-. --------------, 

[0C] 
-20 

-30 

1500 2000 2500 3000 3500 

h [m a.s.L] 

Fig. 4. T emperature- alLitude de/Jelu/ellce Jor all investig
ated siLes aLong Lite EG]C Line. Areas A and B indicale 
regions oJ a/J/J1o,\imale/y equal allilude bul difIerenL 
Latilllde. 

different la titude. In a ddition , th e geographi cal di stribu
tion ofTJ.'ilJ1 a long th e EG IG lin e is plotted in Figure 5b, 
showing th e temperature minimum is situa ted direc tl y 
on th e ice di\·ide. Note th a t in Fig ure 5 b distance to th e 
ice di\"id e parametel-izes bo th altitud e a nd latitude o f the 
drill site. 

F o r the ceIllral dry-s no\\· zone of EGIG-east (from 
site T99 via T43 to T53 ), th e route of the EGIG lin e 
a IIO\\·s the deco upling of a ltitude a nd lat itud e eflee ts for 
the 15 m rirn te mp e rat ure by m ea ns of multipl e 
reg ress ion. Th e co rres po ndin g pa rti a l tempe ra ture 
grad ie n ts a re: 
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( EJTJ SlII ) = _ (0.72 ± 0 .06 )" C (100 m) - 1 (2) 
oh ("(.' lltl",,1 

('l1.,t 

( EJTI 51l1 ) = _ (0.71 ± 0 .16)" C °lat- L, 1'2 = 0.98 (3) oA ('( 'lllra! 
(',,!,>! 

(h is the a ltitude and A is the latitude of th e drill site) . 
Along th e eastern slope Crom si te T 65 to T69 , where the 
la titud e oC th e traverse route remained a lm ost constant, 
th e 15 m Urn tempera ture- a ltitude gradient is 

( EJTJ 511l) = -(1.09 ± O.05)" C (100 m)-l, 1'2 = 0.99 
EJh east 

(4) 

and eve n higher in the lower perco la tion and wet-snow 
zo ne ( 1. 4°C (100m) I ; Laternse r, 1994) . These differ
ences a re attributed to in creased latent-hea t transport 
throu g h the firn due to hi gher rirn densiti es and 
occas ionally occurring meltwater percolation (for a 
deta il ed d esc ription of th e tempera ture a nd stra tigraph
ica l findin gs a long EGIG-eas t, see La ternse r ( 1994)) . 

Du e to th e high intercorrela tion of a ltit ude and 
la titud e of the drill sites a lo ng the EGIG-west tra ve rse, 
no unambiguous deco upling of the two parameters on the 
meas ured rirn tempera tures (Crom site T05 to T41 ) by 
multipl e regression is possible . Linea r regression leads to 
an overa ll (including la tilude effects) 15 m firn temper
ature a ltitude gradient of - 0.94°C (100m) 1 (1'2 = 0.99) . 
If the 15 m firn temperature- la titud e g radient for th e 
central-eas tern part in Equation (3) is appli ed , one 
obtains a lat itud e-cor rec ted 15 m firn tempera ture
a l titud e g radient of 0.87°C (100 m) 1 (1'2 = 0.99) for 
the western pan of th e EGIG li ne. This tempera ture
la titud e g radient in th e west is higher than in the central
eas tern dry-snow zone (Equation (2)) but lower than on 
the eas tern slope from si te T65 to T 69 (Equation (4)) . 
The differences res ult from averaging of different snow 
zones wh en a pplying lin ear regress ion on the whole 
western EGIG line. A more detailed inves tigation 0 [' the 
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geograp hi ca l tempera ture di stributi o n a lo ng EGIC-\\'Cs t , 

hOIVC'\'C'r , ca nn ot be a tt empted beca usc of' th e substanti a l 

5 m firn-t cmperatu re cor rcct ion described in sec ti on 2.2. 

3.2. Accum.ulation 

3.2 .1. T emjJora/I'arialiolls 
By stra li g rap hi ca l dat ing of' th e ice co rcs (sec sec tio n 2 .3 ) , 

wc were a ble 10 der i\ 'C' th e annual acc umul a tion d epos ited 

in C\'('I'\ ' firn co rc . I n Figure G, acc umul at io n is pl o lled fc)J' 
thc commo n tim c span cO\ 'c rec! b\' a ll CO lTS 1989 93 ). 
, \ pan [rum the geogra phi ca l tre nd d escribed in senion 

3 .2.3 ), Figure G shows di stin c t tempora l {(-atures (\ 'a ll eys 

and rid gcs ) a lo ng the \I 'hole EG1C line, IT\T<l lin g thal the 

annual acc umula ti o n \'<l ri a bilit )' i, a large-sca le phenom

enon . H o\\'c\'C r, an O\'erall te mpora l trend can no t bc 

identifi ed. This is a lso suppo rt ed b y l\ nklin and others 

( 199+), w ho, Iw mean s or compa ri so n with ea rli e r 
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Fig . 6. Spatial and tem/Joral variatioll of the annual accumulations JOT Ihe commol1 lime s/Jan covered b)' aLL firn cores. 

measurements along the western EGIG lin e, found no 
significa nt tempora l cha nge in th e precipita tion pa Lle rn 
O\·er \Vest Greenland during the las t 30 yea rs. Fo r th e 
eas tern part. on ly a few pre\·ious accumulation meas ure
ments a re a \·ailable . These are listed in Table 3 togeth er 
with the \·a lu es determined in this stud y. The me thods 
used by the authors li sted in Table 3 to determine th e 
average annual accumulation rate signifi cantl y differ 
from th e (jI BO method used in this stud y (see section 2.2) . 
M e rliva t and others ( 1973 ) ga\"C tritium-based values 
indi ca ting mean annua l acc umulations fo r the time spa n 
1959- 68. de Querva in (1969) used a eom bina tion of 
snow-sta ke meas u remen ts and d e nsi ty toge ther wi th 
ha rdness profile a t si tes T47 , T5 3 a nd T61 , and Boutron 
(1979) used snow stakes a t si te T46. Th e la tter site is close 
to site T47 and is therefore used for comparison. Th e 
geod eti c stud y by Seckcl ( 1977) gave mea n annual snow 
thi cknesses for th e time spa n 1956- 68. For compa ri son 
with our own da ta , th ese have to be con\·erLed into water
equival ent values. S in ce no density measurements were 
m ade by Seckel, we use our density profiles {i-o m 1992. 
This procedure seems to be justifi ed , since the mean 
annual temperature, a nd hence th e snow texture a t th e 

drill sites , has not changed sig nifi cantl y since 1959- 68 (see 
senion 3. 1.1 ) . The sa me procedure was used by Anklin 
and o th e rs (1994) for EGIG-wes t, resulting in good 
agree m e nt of th e co nve rted \·a ILl es w ith th e data 
determined in their stuely . 

Comparison of th e va lu es [or sites T47 and T53 shows 
no signifi cant diITerence be tween the a uthors except the 
\·a lues of Seckel, which are ",20 % lower. Th e \·a lues of 
Seckcl fo r these sites, however , a re a lso inconsistentl y low 
compared to his acc umulation rates for th e adj acent sites 
in th e west (T41 a nd T43) . For sites T61 and T 66, the 
values g iven by Merliva t a nd others ( 1973 ) agree very 
well wi th our recen t data . H owever, d e Querva in (1969) 
ga\·e a n accumu la ti on rate for site T61 which is 
signifi ca n t1 y higher. 

Summarizing thi s comparison for the eastern pa rt of 
the EGIG line, \Ne conclude th at the average annual 
accumu lation rate most likely has not changed during th e 
las t 30 years. H owever, th e sp a rse data avai la ble for thi s 
region is not free from a mbiguiti es , and therefore does not 
a llow a final statement. The d a ta determined in thi s study 
are th e refore of grea t importance as a referen ce for future 
meas urem ents along the EGIG line. 

Table 3. Comparison of average annllal accumulalion rales b)' Boulron (1979), MerLivat and others (1973) , Seckel 
( 1977) and de Qj.lervain (1969) with the vallles determilled in this stud), together with Iheir standard deviations. In addilion 
10 tlte accumulation rates 111 fin a I waler equivalent , the corresponding time spans are listed 
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Site 

T 47 
T53 
T6 1 
T66 

Boutroll (1959 74) 

22 .9 (T46) 

Merliml ( 1959- 68) 

21.0 
20.4 
18.1 

de Qj.te1 vain ( 1946- 59) Seckel ( 1959- 68) This work ( 1983- 92) 

17.3 22. 1 ± 3.6 
25 .8 17.1 23.2 ± 4.6 
27.4 18.7 ± 5.2 

16.8 ± 4.1 
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3.2.2. Geogm/l/zical distribution 
Th e geographica l d is tri bu ti on o f th e mea n a nn u a l 
accumul a tion r a te is plo tted in Fi g ure 5c . A fir s t 
inspec ti on a llows o ne to subdi vid e th e area und er in ves
tiga ti o n into three differ ent regions: 

I. A hi g h-acc umul a ti o n pl a tea u (,.,-45 cm a I w a te r 

equi valent) fro m site T05 to site T1 7. At site T09, 
acc umula tion is sli g htl y reduced compa red to sites 
T05 and T1 3, pro ba bl y due to surface undul a ti o ns 
(H empel, 1994) that occur a t thi s site, whi ch loca ll y 
m ay res ult in a pa rti a l loss of th e a nnu a l acc umula ti o n 
b y wind drift. 

2 . Steadil y d ecreas in g acc umul a tio n ra tes from site T 2 1 
(rv43cm a I wa te r equi valcnt) to site T43 ("-'25 cm a I 
wa te r equi va le nt ) a nd furth e r o n to sit e T 99 
(rv2 0 cm a I wa te r equi valent ). 

3 . Consta nt acc umu la tion ra tes in the eas tern pa rt o f th e 
EGIG lin e (sit es T 47 T 66, ",23 17 cm a I \V a te r 

equi\'a lent) . 

This ove ra ll geogra phical di s tribution a long th e 
EG I G line supports th e picture of a m a in \I'a ler- n lpo ur 
traj ec to ry a long th e wes te rn slope o f cen tra l Greenl a nd 
fro m wes t to eas t, res ulting in dec reas ing accumul a ti o n 
ra tes due to grad u a l wa te r-\ 'apou r loss by cool i ng d uri n g 
asce n t a nd a prec i pi ta ti on shadowin g lee sides of th e ice 
di\ 'id e in th e eas t. Air m asses enter ing Greenl a nd from th e 

east, howe\'e r , see m to be substa ntia ll y reduced in th e ir 
wa te r-va pour conte nt , beca use of heavy prec ipita ti o n 
during th eir asce nt over th e stee p coas ta l ra nge . Thus, 
th ey a re unabl e to produce high acc umul a ti on ra tes o n 
to p of th e ice shee t. Compa riso n \\'ith th e acc umul a ti o n 
m a p fo r Gree nl a nd compil ed by Ohmura and R eeh 
( 1991 ) (based on d a ta fi'om va ri o us expedi ti ons a nd 
va lu es prO\' ided b y m e teorologica l sta ti ons a long th e 
Greenl a nd coas t) sh o ws good agreem ent in th e centra l 
part o f th e ice shee t a nd sli ghtl y lower n tlu es a long th e 
wes te rn a nd eas te rn slo pe in thi s stud y which, howeve r , 
a re still within th e s ta nd a rd de \·ia ti o n . 

In additi on to th e m ean annua l acc umul a ti on, th e 
corrcs pondin g va lues o f th e summ er a nd winter ha Ir:. 
yea rs d efin ed by th e H 20 2 a nd 6 180 pro files (see sec ti o n 
2.3 ) a rc listed in T a bl e I. I n th e wes t, acc umul a ti o n 
during th e winte r ha lf- yea r is 20- 40 % hi g her th a n in th e 
summ er ha lf- yea r. Altho ugh one cann o t defin e precise ly 
th e a nnu a l acc umul a ti o n max imum , thi s rough season a l 
di stribution does no t support th e v iew of Ohmura a nd 
R eeh , wh o proposed a prec ipitati o n m aximum on th e 
wes te rn slope in summ er. Howeve r , th eir conclusio n is 
based on th e prec i pi ta ti o n meas urem e n ts a t meteo rolog
ica l stati ons a l sea leve l. Therefore, thi s would indi cate a 
sig nifi ca nt difference be twee n coas ta l a nd inland sites 
with res pec l to th e ir seaso na l prec ipita ti o n pa tterns. 

Further inl a nd , th e excess acc umul a ti on decreases to 
th e ice d ivid e. I n th e eas te rn pa rt , prec i pi la ti on d uri n g 
th e summer a nd th e winter ha lf- yea rs is of' compa ra bl e 
m agnitud e. This te mpo ra l a nd sp a ti a l di stributi o n 
supports cyclonic inOuen ce, which is g reatl y enhan ced 
in th e win te r ha U:' yea r , as being res po nsibl e fo r th e m a in 
pa rts of th e a nnu a l acc umul a ti on. \l ean wea th er cha n s 
comp il ed by Lilj equi st ( 19 70) indi ca te th a t th ese cyclo n es 
ente r Greenl a nd thro ug h D avis Stra it , ca using substant ia l 

snowfa ll s on th e weste rn s lope. Prec ipita ti o n termin a les 
" 'hen th ese sys tems pass th e ice di vide. 

This cyc loni c innuence a lso ex pla ins th e geographi cal 
a nd seaso na l distributi o n o f th e chlo rid e d epos iti o n. 
?\ Ja rin e trace el ements in th e firn , such as chl orid e a nd 
sodium , o rig ina te from sea-sa lt di spersio n o \,e r th e ocea n 
and a rc transported to th e centra l Greenl a nd ice shee t via 
th e free tro pos phere (Ste ffensen, 1988) . The chl o rid e 
input into th e rree tro posph ere is grea tl y d ependent on 
lhe sto rm , hence cvclo ni e, ac ti \· it \, in th e so urce regio n , 
th e ch lo ride content o f th e lower troposphere in th e 
\'icinit y o f th e Gree nl a nd coas t. and o n local sea-I ce 
conditi o ns. 

In Fig ufe Sf, th e a \ 'e rage a nnu a l chlo rid e-depositi on 
nu x FC! = ~ L ;~ l Cl; . acri is plolled (Cl i is th e annu a l 
wa ter- weig hted chl orid e co ncen tra ti on, acci is th e an nu a l 
acc umul a ti o n 0 [' yea r i a nd n is th e number of' yea rs 
cove red b y th e firn co re ) . H ere, FC! sho ws a ra pid 
decrease fro m the wes t coas t to th e ice divide, \\'hi c h 
signifi cantly exceeds a d ec rease solely p roduced by th e 
dec line of th e acc umul a ti o n ra te. T owa rds th e eas te rn 
coaS l, ho w eve r, Fe! rem a ins consta nt. This indicates tha t 
th e ma in cycloni c inOuence dri\ 'ing ma rin e-ae roso l spec ies 
to th e ice shee t enters Gree nl a nd from th e wes t. 

Th e seaso na l \'ari a ti o n o f th e chl orid e concentra ti o n 
(Fig. 9c ) shows a max imum a t a ll EGI G sit es durin g 
spring, w hi ch is a ttributed to th e enh a nced cycloni c 
ani\'it y OI 'e r th e Atl a nti c O cean during this seaso n. 
Simil a r findin gs also ho ld fo r o th er drill sit es throug ho ut 
inl and Gr'eenl a nd (\J aye \\'ski a nd oth ers, 1987 ; Da \'idson 
a nd o thers, 1989; Bee r a nd o th ers, 199 1) . Aeroso l 
concentra ti o ns a t coas ta l sites (H eid a m , 198 1), hOll'e \ 'C 1'. 
sholl' a c hl o rid e max imum in summer ca used Iw sea-sa lt 
upta ke fro m th e loca l ocea n surface. pro ba bl y being 
suppressed during ea rl y winte r /spring du e to loca l sea-i ce 
co \'C rage . This diffe r e n ce in th e seaso na l chl o rid e
depos itio n pa ttern s 0 [' coas ta l and inland sites lead s to 

th e con c lusio n th a t th e lo wer troposphe re . ca using th e 
chl orid e concentra ti ons a t sea-I n'e l a ltitucl e. does no t 
affec t efIi c ien tly th e sn o \\' chemistn' o n top of th e 
Gree nla nd ice shee t. 

T o predi c t changes in a nnu al acc umu la ti on rat es in 
Gree nl a nd fo r a ll ered c lim a ti c conditi ons, th e re la ti onship 
be(\\'Ce n acc umulat ion a nd tempera ture i. required. Th e 
a\'C rage acc umulati on ra te, as well as th e iso topic content 
of th e firn , is grea (l y d e pe ndent on th e cond ensa ti o n 
tCIll pe ra tu re Tr . This te m pera ture, howel'e r , is no t 
necessa ril y equ al to (h e m ean a nnu a l surface temper
a ture, du e to th e oft en preva iling lempe ra ture im'e rsio n 
a bo\'C th e ice shee t. Unfo rtun a tely. no a d equ a te da ta fo r 
th e inversio n streng th o \,e r the Gree nla nd ice shee t a rc 
a\·a il a bl e. Fo r f\ ntarc ti ca , Phillpo t and Z ill ma n (1970 ) 
sta ted a li n ea r re la ti o n s hip be twee n T,. a nd T,ll ' 
Furtherm o re, mos t of th e acc umula ti on o \'e r Gree nl a nd 
is ca used by cyc loni c sys te m s, which des tro y an y exi stin g 
in\'C rsio n la ye r. These sing le precipilati on eI'e nls th erefo re 
g rea tl y influ ence (h e a \'erage a nd th e geogra phi ca l 

distributi o n o f' th e cond e nsa ti on tempe ra ture. Prec ipit
a ti on- we ig hted tempera tures th erefore sh o uld be used 
(Fi she r, 1990 ) . Due (0 th e la c k 0 [' deta iled c l ima to logica l 
tempe ra tures a long th e EG r G line, the fim-t empera lure 
data d e te rmin ed in thi s s tud y co ns t itul e th e o n ly 
representa ri\'e recent tempe ra ture da ta ava ilabl e. There-
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fo re . we pre fe r a n empiri ca l a pproac h , b ased on the 

dim a to logica l di\ 'isio n o f th e a rea il1\'es tiga ted desc ribed 

a bo \'e, w hi c h d escribes th e rel a ti onship b etw een th e 15 m 

fim tempe ra tures a nd th e m'e rage annu a l acc umul a ti o n 
ra tes . 

Th e lI'es ternm ost pa rt o f rh e EG IG lin e (sites T 05-

T1 7) in F ig ure 7 shows dec reas ing 15 m fim tempera tures 

fro m - 18° to 24°C but no sig nificant sp a ti a l cha nge in 
th f:' acc umul a ti o n ra tf:' . Th e cen tra l wes te rn slope (sites 

'1'2 1- '1'43 a nd furth er o n to site T 99) , hO\\'c \ 'e r, shows a 

lin ea r ck c rease of the accumula tion ra te, \\ 'hi eh acco m

pa ni es a d ec line of T I5m fi'om 24° to - 32°C . Linea r 

regress io n fo r this sec ti o n v ie lds 

ace = (3 .66 ± 0.20)T1jlll + (134.81 ± 5.71 ) 

(cm a - I water equivalent), 1'2 = 0. 98 . (5) 

Sin ce p rec ipit a ti on esse nti a ll v depend s o n th e wa te r

\'a po ur press ure a t sa tura ti o n , being m a inl y a fun rt ion o f 
tempe ra ture, this geogra phi cal tempe ra ture rela ti onship 

of th e acc umula ti o n ra tc can also be m a pped on to 

tempo ra l tempera ture c h a nges, p rO\ 'id ed t h a t the circ ul
a tio n pa tte rn O\'C r th e Gree nl a nd ice shee t a nd , hence, th e 

precipita ti o n hi sto ry o r th e a d vec ted a ir m asses have no t 

c ha nged. Thus, we ca n conclud e th a t th e a nnu a l 

acc umul a ti o n ra te in thi s a rea linea rl y reacts to occ u r

ring tempe ra ture \"<l ri a ti o ns. J'\o te th a t Equ a ti o n (6) o nl y 
holds wes t o f th e ice di\ 'id e, whil e in th e eas tern pa rt 

accumul a ti o n is co nsta ntl y lo ll' e\'en a t th e eas ternm os t 

sit e T 66, II' hi ch is d ose to th e coas t. H e re, th e ex istence o f 

th e geographica l ba rri e r constituted b y th e coas tal ra nge 

a nd poss ib le r Cl di a ri n' coo ling by th e pl "C' \ 'ailing sea -i ce 
cO\'e rage res ults in sig nifi ca nt redu c ti o n o f th e \,va te r

va po ur content befo re a ir m asses ad vee tcd (i'om th e eas t 

a rc a ble to penetra te o n to the ice shee t. 

ace 50 

[cm w .e. a-1] 40 

30 

20 

10 

Fig. 7. AcclIlI1ulation temjJeratllre dependmce JOl all siles 
ill llfstigated along lite EG'lG' line , 

3.3. Is otopic s ignature 

3,3.1, T em/Joml variatioll 0/ (jIRO 
Apa rt fr o m th e direc t co mparison o f diffc rent tem pe r
a ture m eas uremen ts , th e tempora l \'a ri a ti o n o f" rh e (jIHO 

reco rd a ll oll's identifi cat io n o f signifi ca nt te mpo ra l trends 

in th e a lmos pheri c tem pera lure on th e ice sheet. Th e 

tempo r a l di stributi o n o f th e a nnua l wate r- we ighted mean 
of (j IB O d oes not show a n y signifi ca nt te mpo ra l cha nges 

a lo ng th e EGIG line during th e comm o n lime spa n 

co\ 'C red b y a ll fim co res , Du e to th e sho rtn ess of this time 

spa n (6 yea rs), this is just a n indi ca ti o n, S ta tis ti ca l tes ting 
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(Sha pi ro \\'ilk tes t, p = 5% ) supports th e ass umpti on of 

a commo n unimoda l norma l di stributi on [or th e a nnu a l 

\I'a ter- we ig h ted mca ns of each co re, whic h cove r tim e 
spans be twce n 5 a nd 2 1 yea rs, Thus, we conclude, 

pro\' ided th a t th e ad \'Cc ti o n hi s to rv of th c precipit a ti on

d eli \'C rin g a ir m asses, i, e, the lI'ate r-\'a po ur traj eclOry, 

rema ined equ a l, tha t th e m ean an nu a l co nd ensati on 

tempnCl ture h as not signifi ca ntl\' cha nged during th e 
tim e spa n co \ 'e red by th e urn cores . 

3.3 ,2, G'eogra/Jhical distributioll oJ (jIRO alld (jD 
(jIBO a nd (jD , as proxy pa r a m e ters for th e m ean a nnu a l 

tempera tu rc, a rc of specia l inte res t for th e u se o f d ee p ice 
cores as clim a ti c record s, F o r such a n inte rpre tat ion , 

hO\I'e\'e r , knovl'l edge of the te mpera ture-d e p e nd ence as 
well as th e geogra phica l d ep end ence of (j IBO a re cru ciaL 

J ohn se n a nd oth ers ( 1989 ) d e ri\ 'ed a n empiri ca l linear 
rela ti onship b e twee n () 180 a nd Till for hi g h-a l t i [lIde si res 

in centra l Gree nla nd , whi c h is used for th e inte rpreta ti on 

of th e GRI P ice-co re isotopic reco rd 

IS 8 0 = 0.671;n - 13,7 (%0) , (6) 

An o \ 'e ra ll linea r reg ressio n of th e ave r age \I'a ter
\1'C ig hted a nnu a l mean of (j IB O a nd th e 15 m Ern 
te mpera ture d e termin ed in this stud y lead s to (jIBO = 

(0,69 ± 0.03 )TI51ll ( 13 ,1 6 ± 0 ,90 ) (%0), 1'2 = 0.97 , 
This is close to th e rela tionship g i\'e n b y J o bnse n and 

oth ers ( 1989 ) , 

H OlI'ever , d e ra il ed inspec ti o n of Fig ure 8 , sh owing th e 

co rresponding lin ca r rela tio ns hi p fo r (j D ove r th e whole 

EGIG lin e, s ugges ts th e d a ta a rc bell er fitted by two 
indi vid ua l regression lines fo r th e wes tern a nd th e eas tern 

pa rts, Fo r th e d euterium d a ta , thi s leads to 

(oD)wcst = (5 .1 ± 0.3)T I5m - (102.0 ± 7.4) (%0). 

7,2 = 0, 98 

(oD)"HS! = (4.6 ± OA)T15m - (123.4 ± 12.5) (%0), 

(7) 

1'2 = 0, 95 ' (8) 

The (jIBO - re m pe ra lUre g ra di ents ought to b e direc tly 

rela ted to th e co rres pondin g d euterium g ra di ents in 

-170.0 

oD 
r/oo] 

-200.0 

-230.0 

-260.0 

-290,0 

-35.0 -30.0 -25,0 -20.0 -15.0 
Tm rCJ 

Fig , 8. (j D- temperature de/Jendence Jor aLL sites in
vestigated along the EGl G line. 
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Equations (7) and (8 ) , Linear regress io n o f' c5 IHO a nd 
T 151l1 , a ft e r co rreCl io n fo r inter-in s trum e nta l ofI~e t s 

between th e different spectro me ters used (see a lso sec tio n 
3 ,3 ,3) , lead s to redund a nt tempera ture info rmation 

gained b y th e c5 180 a nd c5D \'a lues 

( 80
180) = (0 ,64 ± 0 ,03)%0 °C- 1, r2 = O,9S, 

8Tl 511l \\'est 

(~01 0) = (0,60 ± 0,04)%0 °C- I
, r2 = 0,94, 

TJ .'Jlll cast 

The ex is te nce of t\I 'O sepa ra te reg ressio n lin es for th t' 

a reas eas t a nd wes t o f th e ice di\'id e is a llributed to 

di ffe re n t tra nspo rt p a th w a ys o f th e w a te r va po u I' 

precipita ted over th e Greenla nd ice shee t. i\loist a ir 
masses fro m th e lI'es t ca use hig h acc umula ti on in th e 

wes te rn p a rt , d ec reas ing towa rds th e ice di\'id t', accom

pa nied b y a g radu a l d e p le ti on of th c hea v ier iso tope 

species during asce nt (line I in Figure 8 ) , \ Vh e n th e a ir 
fro l11 th e w es t passes th e ice di\'ide, prec ipit a ti o n stops, 

R em a ining wa ter \'a po ur co u ld onl y be furth e r depleted 

in th e h eavier isoto pes, a nd tht'rcfo rc ca nno t ex plain 
increasing c5D \'a lu es in Lil e cast. Line 2 in Fig ure 8 

th erefor e must be ca used b y wa ter \'a po ur ach-ec tcd from 
th e eas t, wh ich is a lso g raduall y depleted in D a nd 180 

due to coo ling during asce nt. These a ir m asses, ho\l'e\ 'C r , 

a re 10 \1' in th eir lVater-\'apo ur content a nd th erefore 
ca nnot produce hi g h acc umulation ra tes , A ga in , prec

ipita ti o n s to ps when th e a ir passes th e ice di\ 'ide, Th e 

hi g he r c5 D (c5 180 )-temper a ture gradi ent in th e wes tern 

pa rt , is pro ba bl y du e to a little m o r e iso ba ri ca ll y 

influ enced wa ter-\'apo ur traj ecto ry o \ 'C r th e \ 'as t ice 
pl a ins o f th e wes tern ice shee t, \I 'hil e th e geogra phic 

pro fil e shows steep slo pes a t th e eas tern ice m a rg in , \I'hi ch 

esse nti a ll y lead to ad ia b a ti c cooling o f th e wa te r \ 'a po ur 

d uring asce nt. Th e wes te rn most sitc '1'05 d ev ia tcs fro m 
line I in Fig ure 8, due to summcr melting o f' th e sno\l' 

covc r , ca using di sto rti o n 0 (' th e stra ta in th e co rrcs pond 

ing isoto pi c record , Therefo re, this site was exelud ed from 

th e linea r regression a n a lys is, 
Th e ass ig nment of th e ice di\'ide sit es to o n e prima ry 

wa ter-va p o ur traj ec tory (site T 43 to lin e I , NST08 a nd 

site T 99 to lin e 2) is no t stra ig ht-forwa rd , beca use mixin g 

o f \'apo ur fro m th e \I'est a nd th e eas t ca n ca use a hreak

down o f th e linear rela ti o nship betwee n c5 D (c5 18 0 ) a nd T, ll 
o n th e ice div ide , Fi shc r ( 1992 ), fo r exa mple , p ro posed 

mi xing o f \ 'a po ur of bo th traj ecto ri es wh e n a p plying Cl 

mu lti-so urce isotopic mod el a t site T 43 (C re te ) , H OIve\'e r, 
th e outcom e of his mod el indi ca tes th a t site T43 receives 

two-third s 0 (' its wa ter from th e cast, a n ass umption no t 

supported b y Fig ure 8 , ~fost like,," , th e ass ig nm e nt of ice

di vide sites to o nc of th e reg imes gove rning th e iso topi c 
sig na ture is d epende nt o n loca l circ u la ti o n condit ions, 

'The geog ra phi cal d istr ibuti o n of 6180 is p lo tt ed in Figure 

5d , H e re, th e ave rage c5 IBO \'a lue fo r si te T 47 is ~ I, 2%0 
lower th a n fo r site T 43 (co rrespondin g to '" 1,8°C by 
'Equa ti o n (6)) , \I'h il e th e m ean a nnu a l te mpera ture is 

0 ,1 5 C hi g h e r, C la use n a nd o th ers ( 1988 ) a lso found 

excess ive ly d e pleted c5 180 va lues in th e C re te a rea eas t o f' 

th e ice di v ide , This mea ns th a t th e geog ra phi ca l isoto pe 
minimum a lo ng th e ac tual EG TG line li es a like to th e 

acc umul a ti o n minimum but contra ry to th e te mpera ture 

min imu m cas t o f th e ice d iv id e , 

3,3,3, Deuterium neess 
Esse nti a ll y ind e p e nd ent in fo rm a ti o n from c5 IHO a nd (5 0 
a bo ut so urces a nd tra nsport pa th \l'ays of th e wa ter 
\ 'apour prec ipita ted o\'Cr G reenl a nd is prO\'id cd b y th c 

d euterium excess cl = 60 8 c5 180 (Jo hnst' n a nd o th ers, 

1989 ; Fi sher , 1990 ) , This pa ra m e ter represe n ts a n in 
dicator o f' kin e tic e ('('eCls occ urring during th e indi\'idu a l 

s tages of th e h ydro logical wa tc r cyc le (i,e, e\'a po ra ti o n a t 
th e ocea n s ur(,ace , a nd in hi g h-po la r reg im cs , a lso 

sublima ti on a t sn o\l'fl a ke fo rma ti o n ), du e to th e diffe rent 

diffu sio n co e ffic ie nts o f HDO and H 2
1H O \' a po ur , 

Furth ermo re, th e de ut erium excess shows a di s tin ct 

a nnua l \'a r ia ti o n , essen ti a ll y ca used by th e diffe re nce in 

th e tempera ture -d epend ence of th e equilibrium e\'a po ra

ti o n of' HOO a nd H 2
1RO, J ohnse n a nd oth ers ( 1989 ) used 

th e Rayleig h m od e l of J o uze l a nd ~l e rl i\'a t 1984, \I'hi ch 
a lso consid e red kin e ti c e ('('ec ts during sno\l' form a ti o n , to 

ca lcu late th e d e ute rium excess di s tributi on a lo ng a ss u med 

\I'ate r- \'apo ur traj ec tori es li 'o m diffe ren t A tl a nti c O ct'an 
so urce regio ns to centra l G reenland , Applying thi s sin g le

source mod e l, th e mean level of cl a nd its seasonal 

varia ti on in ce ntra l Gree nla nd is m a inl y d e pe nd ent 0 11 

th e e\'apora ti o n te m pe ra tu re Tc ' while th e slo p c o f th e 

cl- c5 180 cur\'e a lo ng th e tra jec to ry a nd , h e n ce, th t' 
geogra phi ca l d is tri bution of cl ove r th e C rccnland ice 

sheet , depend s o n th e initi a l \I'a ter-\'apo ur mi x ing ra ti o 

lV" a t th e site o f e\ 'a porat io n, Sensiti \'it )' studi es o n th c 

m od el by Jo hn sc n a nd o th e rs ( 1989 ) sllO\\'ed th a t th e 
cl- c5 IHO rela ti o nship is co nsta nt fo r a n initi a l wa tcr

\'apour mixing ra ti o o f ~ 15 g kg 1 a nd that \ 'a ri a ti o ns o f 

T" of rv I C lea d to a n orEe t 0 (' th e d c5 180 e UI'\T o f rv2%o, 
Th e o ut CO Il1 (, o f' a ll sing le- so urcc m ock' ls, hO\l'(' \ '(' r , is \ ' e l'\ ' 

se nsiti\,(, to th e tuning of th t' sa turat io n hi s to l'\ ' o r the 

ach-ected \I'a tc'l' Y<l po ur, \I'hi c h d e termines kin e ti c e lTe('ls 

duri ng snow na kc fo rm a ti on, Th erei o re, Fi sh e r ( 199 11 

p ro posed mi x in g o f dilJ'ere l1t sa tura ti on hi s to ri es , th us 
\ 'a rying cl to be res po nsibl e Co r th c meas ured d e uterium 

excess, 

In Figure Se, th e geog ra phi ca l di stributi o n 0 [' th e 

a \-e rage a nnu a l wa ter- \I'C ighted m ea n 0 (' cl is plo tt ed, 

showing no sig nifi cant geogra ph ica l trend a lo n g th e 
EG I G lin e (average cl = 12 ,7%0) , Al so, th e a nnu a l 

\ 'a ri at io n o f' cl ( Fig , 9 b) is co m pa ra ble a t a 11 si tcs 

im('s ti gated d a mplitude ~ 4%0, ph ase shirt re la ti l'(' to 

(5 IHO ~ 2 mo l1ths) , Using th e a pproach by Fish e r , thi s 

wo uld impl y th a t th e mea n compos iti o n 0 (' \I 'a ter \ 'a po ur 

of d ifTc l'ent sa tura ti o n h isto ri es is a pp rox im a te l\' eq ua l 

thro ug ho ut cen t ral G ree nl a nd , 

On the b as is o f th e findin gs o f Jo iInse n a nd o th ers 
( 1989 1, th e co ns ta nc\' 0 [' d a lo ng th e \I'ho le EG I G I i ne 

limit s th e o ri g in a l wa ter-I 'a pour mi xing rat io a t th e s itc 0[' 

e\ 'apora ti on to approx imately 15 g kg I , The unifo rmit\, 

o f th e spa ti a l a nd tempora l di s tributio n of'd a lso incii ca tes 

th e in lluence 0(' p ossib le \I',He r- \ 'a pour sourccs to b e cc[ ua l 
bo th o n th e wes tCl'n a nd th e eas te rn slope o f th e ce ntra l 

Gree nla nd icc sh ee l. Pac ifi c O cea n a nd .\'Orlh Am erican 

so urce-a rea co ntributions, as sta tcd b \' Ch a rl es a nd o th ers 
( 1994), \I'hi ch sh o\l' signifi ca nt'" ci i('('ercn t \ ',du cs fo r /L'( , 

a nd Tr , compared to th e Atl a nti c O cea n, a l'(' tllercf() IT 

unlik e"'- \ ' a po ur ['ro m th ese SO UI'CCS is ac,,"el'leci lo th e 
a rea in \'est iga tcd ['ro m \I'('s t to cas t a nd th ere fon;' th eir 

influence a lo ng th e eas tern slo pe o f centra l G rccnl a nd is 

pres um a bly e ffi c ic ntl y bloc ked b y th e ice di\ ' id e, The 
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Fig. 9. Average annual variation if different isotojJic and 
chemical I)(nameters invesligated at site 753 Oil EG JG

east: (a) (jIBO ; ( b) del//eril/m e,\cess d: (c) the water
weighted chloride cOllcentratioll Cl. 

resol u ti on of th e model used by C harles and others ( 1994·) 
is probably not suffi cient to model the geogra phi cal 
distribu tion , since main ba rri ers of the ice shee t a nd , 
hence, circul a tion on a synop ti c sca le cannot be taken 
into acco unt a ppropria tely. 

The annua l va riation observed is in good agreem ent 
with the findings of J ohnsen a nd o th ers (1989 ) with 
respec t to its amplitude and the ph ase shift rela tive to 
(j18 0 , but our d leve l at site T 47 (d = 12.2 ± 0. 9%0) is 
sig nifi cantl y hig he r th a n th e value ofJ ohnsen and ot hers 
at site G (d = 8.9%0), whi ch is close to site T47. Th e 
a\'erage d va lue at site T99 (Summit) (d = 13 .4%0) is 
~3%0 higher th a n the recent values determin ed at 
G I SP2 (Ba rlow and o thers, 1993 ) . A systematic e rror 
in o ur stud y, due to th e melted transport of sampl es fi-om 
the western sites (as described in sec tion 2.4) , can be 
rul ed out, beca use possible post-sam pling evapora ti on 
wou ld always lead to reduced d values. Note, in this 
contex t, that th e average d. values o[ the cores drill ed a t 
sites T43 and T99 in 1990 a nd 1992 are virtu a ll y 
iden ti ca l. Also, a loss of fragil e d epth-hoar stra ta with 
lower deute rium- excess va lu es during the drilling 
proced ure is unlikely to be respons ible fo r th e offse t, 
beca use detail ed pit studi es, which a re not subj ec t to loss 
of distinct stra ta, d o nOt show signifi cantl y lower d leve ls 
either. Tnter-instrumenta l differences in our d a ta se t 
furth er show the need for qualit y control and in ter
compa ri son slUdies of the laborato ri es invo lved in 
isoto pi c ice-core a na lyses, to confirm the illlerpre ta ti on 
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of thi s highl y va luab le h ydrologica l tracer. So far, only 
ve ry few deuterium-excess valu es are avail able for 
centra l Greenland a nd th erefore no ultima te statement 
can be made. H owever, impli cati ons deri ved in this 
pa per [rolll th e geograp hi ca l d is tribution of th e 
deute rium excess hold ind epend entl y of th e rea l d 
leve l. Ass uming our d level is co rrec t, a nd using the 
outcome of the model by J ohnsen a nd others, the 
ave rage d of 12.7%0 wou ld imp ly a 2°C hig h e r 
e\'apo ra tion tempe ra ture Te , thus moving the m a in 
so urce a rea of \\'ater precipitated ove r centra l Green la nd 
furth er so uth. 

4. SUMMARY AND CONCLUSIONS 

The temporal var iations o[ annual snow-accumula tio n 
rates a nd th e annu al water-weighted m eans of (jISO a nd 
(j D do not revea l sig nifi cant trends in climatic conditions 
ove r th e EG rG line fo r th e time spa n co\'ered by the firn 
co res . Also, compa ri so n o f the accumulation ra te in the 
eastern part with earlier measurements indica tes no 
signifi cant change during the last 30 yea l-s . 

Th e geog raphical di stributions of th e average a nnu a l 
accumu la tion rates and the mean (j180 content sugges t a 
prima ry water-\'apo ur traj ectory a long the EGIG line 
fi'om west to eas t, res u lting in a prec ipitation shadowing 
eas t o f' the ice di vid e. Air masses advected from the cast 
isoto pi ca ll y gove rn th e eas tern slope but are not able lo 
produ ce high acc umul a tions. 

Thi s is of' relevance [or the interpre tation of centra l 
Gree nl a nd ice co res as clim a tic record s. So, th e 
accumu lation rate, which is thoLJO'ht to increase [or 
warm er climates du e to higher wa ter-vapour content, 
will reac t differentl y eas t and west o[ the ice divide. 
\\' hil e central-wes tern sites probably show the expected 
increase, accumu la tion rates at the eas tern si tes probably 
do not react to tempe rawre changes in a simila r manner. 

Th e iso tope- c1im a to logical sub-division of the ice 
shee t in to west and eas t a lso affec ts th e interpreta tion of 
(j D a nd (jI BO as proxy tempera ture parameters in d eep 
ice co res, depend ent on their geogra phical position. A 
shift of the ice di v id e to the eas t, as modell ed b y 
Ana nd a kri shnan a nd o th ers (1994) for ca lder climates, 
[or example, wo uld move site T99 (recent summit) into 
the "ves tern area, w hi ch shows a (j IBO offset relat ive to 
the eas tern pan. H owever, the mag nitude of thi s effect 
(rv I %0 ) can onl y partially expl a in g lacia l- interg lacia l 
cha ngcs. 

The geographi cal di stribu tion a nd th e season a l 
variation of the d ell te ri um excess a re uniform over the 
whole EGIG line. This sugges ts the m ean water-vapour 
contribution from different so urces is approxim a te ly 
eq ua l a ll over cen tra l Green land th rough out the year. 
H ere, more detailed mod els have to be applied to reveal 
th e a d vecrion a nd , therefo re, prec ipitation histo ry of th e 
wa ter vapour tra nspo rted to Green la nd. 
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