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ABSTRACT. Glacier \'a riations in Iceland ha\ 'e been reco rded s\'stematicalh' 
since th e 19305 a t 27 difrerent g lac ier te rmini , Th e ach'an ce/ re trea t reco rds of non'
su rg ing g lac iers sho\l' a c lea r relationship to climate, .\ cha nge in th e climate typicalk 
lead s to a res ponse at th e snout within a tim e period o f' 10 yea rs, The reco rds of surge
type and mixed-t\'pe glac iers sho \l' \ 'ariations that are unre lat ed to c lima te. H owe \'l'r , 
th e max imum ("x tension of surge-type glaciers a t th e end or surges and the minimum 
extension just befo re a surge appear to be innu enced by long-te rm climat e cha nges . A 
strong \I'a nning in the 1920s \I'as a turning-point in the c limate of lceland Il'hich led to 
a rapid retreat of' most g lacie rs in rh e country in the 1930s. The summ er tempera ture 
fl'lI g radua ll y a ft er 19+0. with a notable drop in rhe mid-1960s, Since a bo ut 1970, 
more th a n ha lf' of the g lac ie rs ill I cela nd halT been ackancing-. In th e \I'('stern part o f' 
the co untry, th e recO\'e n ' is about one-quarter o r th e ground lost and in th e so uth ern, 
central a nd north ern pa rts it is a bout one-half. In southeas tern Ice land, some or th e 
g laciers hal 'e bee n sta ti onary for a bout 30 yea rs \I'hile o th ers hal 'e ach'a nced sli g hth·. 
Glacier sno\l'-budge r ind ex computed from meteorological dara indicates that the 
timing of th e turning-point a ro und 1970 co in cides \I'ith a minimum in th e cumul a til 'l' 
ne t g lacier mass ba la nce . 

1. INTRODUCTION 

G lacie rs in Icc land COlT I' a bout 11000 kn/ , or about 11 0
/ , 

of th e area of'thecountry (Fig-. I ) (Bjornsso n , 1978). The 
g lac iers a rc o r many diflcrent t>'Pes, ra nging ri 'om small 
cirque g lac iers to ex tensilT pl a teau ice ca ps. All g lacie rs in 

lccla nd a re temperate . Four la rge ice caps, each \I'ith 

many outl e t g lac iers. co nst itute O\'er 95 % of th e total 
g lac iated area , but small er ice caps, I'alley g lacie rs a nd 
cirque g lac ie rs COIT r a tota l o r about 500 km 2 

o 100 km 

IR R R RA S61heimaj6kull 

The c lim a te or Ice lalld is oceani c, cha rac teri zed by 
relaril"eh" \\'arm \I"inters bur cool summers. Th e an' rage 

Fig . I. Localioll map ShOll'illg Ihe glaciers al/d Ihl' lI 'ealher .l/aliol/.\ /II ellliol/ed il/ Ihe 1nl. 
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Fig. 2. 1 ear£J' meall lem/Jeralllre (lower) alld summer 
lem/malure ( . \1(~1' Se/l lember) (ll/J/JeI)al lite Si)'kkishrfl
lIIur lIIeleorological sl(l lioll, H'eslem Iceland ( li iJlogram) . 
Solid (l1I'l'es show 5 a mllll illg IIlNIIIJ . IISillg eqllalll'eighl.l. 
r 'allies ill l/ie bo.\ are in/erred .from allollier lowlioll 
(R~J'kj{{lI I'k , 1823-1-5). 

J a nu a ry tempera ture is a bo ut 0 C in th e so uth ern 
lowla nds, but a bo ut - 2 C a t th e north ern coast. J nl a nd 
temperatures a re 101\'er. ;\I os t o r th e no n-coas ta l lowla nds 

ha lT a n a\T rage July temperature sli g htl y a bO\T 10 C, 
but a t th e north ern coas t th e a\ 'erageJul y temperature is 

a bout 8 C. 
Eas te rl y I\'inds come c loses t to typi f) 'ing th e plT \'a lent 

\\'ind direc ti on O\T r mos t or th e country, So uthe rl >' w ind s 
typi ca ll y bring th e la rges t a mount or prec ipita tion, with 

th e hi g hes t a nnu a l \'a lues occ urring on th e south eastern 

coast, \I 'he re th e annu al mean exceed s 3000 mm in th e 

100dands. Considera bl y mo re precipita ti o n ra ils on th e 
mo unta ins a nd g lac iers in that region. The dri es t climate 
is round in th e north e rn inl a nd region , \I'here th e mT ragc 
yearly prec ipita tion is be low 400 mm, 

A continuo us tempera ture record exi sts rro m I ce la nd 
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since 1822 (Fig . 2 ). I ts m os t outsta nding fea ture is a 
I\'a rmin g in th e 1920s a ('te r a \'1"' 1' )' co ld pe riod of 70 years, 

An oth er no tabl e fea ture is a cooling in th e mid-1 960s , 

.\l a ny I cel a ndi c g lac iers a tta in ed th e ir hi stori ca l 

max imum ex tension in th e la tte r pa rt o r th e 19 th century 
(Bjornsso n , 19 79 ), 

2. GLACIER V ARIA TIONS IN ICELAND 

Gl ac ie r \ 'a ri a ti ons at 2 7 g lac ier snouts in Iceland ha \ 'e 
been mo nitored since th e 1930s (E yth orsso n , 193 1. 193.3 . 
1963 ) , i\ro nitoring 0[' II additi onal sno uts sta rted during 
th e pe ri od 1948 72 , Since 195 1, th ese measurements ha\ 'e 

been ca rri ed out by th e Icela ndi c Glac io logica l Soc ie ty 

and repo rt ed a nnu a ll y in th e peri odical J okl/If (e ,g , 
Si g urosso n , 1992 ). Th e position 0 [' th e te rminu s is 
m easured by ta pe [i'om Sla kes o r cairns during th e 
a utumn o r ea rl y winter. 

The glac iers \'a ry g rea tl y in size a nd rorm. The bigges t 

outlet g lacier is 1500 km~ . th e sma ll es t \'a ll ey g lacie r less 

th a n I km 2
. Th eir leng th \'a ri es fl 'om I to 50 km. Th e 

g rea tes t a ltitud e ra nge o r a sing le glac ie r is nea rl y 2000 m, 
~l ean yea rl y precipita ti o n \'a ri es ['rom .300 to 3000 mm a I 

a t th e sno ut a nd rea ches a ma ximum or about 6000 
mm a I a t th e top of some of th e g lac ie rs, 

Six o r th e 27 g lac ie rs monito red since th e 1930s a rc 

surge-type g laciers a nd fi\ 'e a rc of mi xed o r unkn own 
cha rac te r. Some g lac ie rs \\,hi c h sholl' an ob\'io usly qui ck 
res ponse to c lim a te cha nges also rea ture surges, but th ese 
surges tend to be 0 11 a sm a ll e r sca le, Som e broad o utlet 
g lacie rs arc composed of tl\'O o r mo re pa ra ll el streams 

which may surge ind ependentl y . 

Th e pe ri od 1930 60 \I'as cha rac teri zed by a \'e ry Cas t 
re trea t o r a ll m oni ta red g lac ie r rron ts, occas io n a ll y 
interrupted by short surges o r surge-like ach'<l nces , In 
1962, a ll m oni tored g lacie rs in T ce la nd wi th o ut exce pti on 

had re trea ted Crom th eir 1930 positi on. The re trea t ra te of 

ma ny b 'clled ofT a ro und 1960, a nd m a n y g laciers sta rted 

to ach 'a nce a fter 19 70, A fel\' ha \'e been sta ti ona ry since 
th en , Th e ras tes t <lch-an ce has been o bsc r\'ed ro r g lac iers 
in so uthern. centra l a nd northern Ice la nd, I\'hi ch ha\'e 
recO\ 'e red a bo ut ha ll' 0 [' th e ground los t sin ce 1930. A 

g lacie r in \\'es tern Ice la nd has ITCO\'e reel a bo ut one-
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Fig . 3. Glacier jll/clualioll ill l relalld 1930 93. Pemlllage 0./ adNlllcillg (del/se ,Ihadillg) and retrealillg (/m dfllse 

shading) 1101I -slllging glaciers relalive 10 lite lolal !ll/lI/ ber 0./ monilored glaciers. 
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qu a rte r o r its los t g ro und , but m a n y g lac ie rs in 

so u theas tern I cel a nd ha \T been a lmos t s ta ti o nary. a nd 

t\\'o glac iers th ere ha \ 'e co ntinued re trea tin g a t a slo ll' 

ra te . Fig ure 3 sh o \\' s th e pe rcentage o f ach-a ncing a nd 
re treating no n- surg in g g lac iers as a [unc ti o n of tim e [i"om 
1930 /3 1 to 1992 /93 . Th e turning-point aro und 1960 is 

e\ 'id ent rrom th e fi g ure . 

T empe ra ture cha nges ha \T bee n th e m os t impo rta nt 

dri\'in g fac to r [o r th e g lac ier \ 'a ri a ti ons. :-lea n summ e r 

te mpera ture in Ice la nd rose b y a pprox im a te ly 0. 6°C fro m 
the firs t to th e second qua rte r o f thi s ce n tu ry acco rdin g to 
th e reco rd s of th e I cela ndi c M e teo ro logica l Offi ce (Fig . 

2 ) .The clim a te gene ra ll y coo led be twee n 19{ 0 a nd 1980. 

but th e temperature has ri se n slo wl y sin ce . This is 

co ncord a nt w ith o bse n 'ed tempe ra ture \'a ri a ti o ns in th e 
North ern H e misph ere wh ic h show hi g h tempe ratures 
be[\\'ee n 1925 a nd 1960 a nd a loca l coo lin g in th e 

no rthll'es t Atlanti c be twee n 1960 a nd 1990 (Ch a pman 

a nd \\' a lsh, 1993) , During tb e las t 60 ),ear5, th ere has 

bee n n O a ppa re nt tre nd in prec ipita ti o n in I cela nd 

acco rdin g to th e reco rd s o f th e I cel a ndi c l\1e teo rol ogica l 

Offi ce . 
Th e ra pid re trea t o r g lac iers in I cela nd durin g th e 

19305 (c r. Fig , 3 ) lI'as ca used b )' a redu cti o n in th e g lac ie r 

m ass ba la nce due to th e ri se in th e te mpera ture in th e 

1920s (c l'. Fig. 2 ) ,Th e terminus response o [ th e glaciers 

th ere fore occ urred \\ 'ithin 5 10 yea rs o r th e c ha nge in 
tempera ture, Th e timin g o f firs t respo nse o f th e no n

surging g laciers d oes no t see m to d epe nd mu ch on th e 

typ e o r size or th e g lacie r. L a rge ou tle t a nd \ 'a ll ey glaciers 

a nd small cirque g laciers a ll re trea t r a pidly \\'ithin 5 

10 yea rs o f th e wa rmin g o f th e clima te , Furth erm o re. th e 

timing o r th e minimum ex tensio n of th e g lac ie rs cl oes no r 
d e pend o n th e le ng th o f th e g lac ie r , as is e\'id ent fi 'o m 

Fig ure +, 
The re\'e rsal or th e I cela ndi c g laciers aro und 1960 

sho\\'s a pa ttern simil a r to th a t obse1'\ 'Cd in o th er pa rts 0 [' 

th e wo rld, \\ 'ood ( 1988) find s, o n th e bas is o f W o rld 

Gl ac ier l\ I o ni torin g Ser\ 'ice reco rd s, th a t tb e v\'o rld 's 

a lpin e g lac ie rs h a ve shirt ed fro m a r eg ime s tron g ly 
d o m inated b y recessio n to o ne m o re c ha rac le ri zed b y 

ach 'ance. Th e ra pid res po nse of' rh e I celandic glaciers is in 
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Fig, 4, LeIIgllt of /loll -slIrgillg glaciers plal/ed against )Wlr 

ql mill im l/ lIl ellel/I , 

lin e \\ ' ith o bse n 'a tio ns li'o m o th e r a reas , As an exa mpl e, 

th e m eas urem ents d escribed in Armstro ng ( 1989 ) sho\\' 

th a l th e terminus o f Blue Gl ac ier , no rthwes te rn 1.), S ,.'\ " 

reac ts wirhin a fe \\ ' yea rs o Ca cha nge in th e m ass ba la nce , 

3. RESPONSE OF GLACIERS TO CHANGES IN 
MASS BALANCE 

R eco nstru c ti o ns o r glac ie r \'a ri a tions [i-o m geo logica l 
e \ 'id ence o r hi s to ri ca l o bse n 'a tions a rc a \'alua ble so urce 
o f info rm a ti o n a bout th e clima te o f th e pas t. In o rd er to 

int erpre t g lacier \ 'a riati ollS in te rms o f climate ch a nges, 

o ne mu st ta ke acco unt o f a tim e lag betwee n a cha nge in 

th e c lim a te and a res ulting c hange in th e extensio n o r th e 
glacie rs, Th e Ice landi c g lacier-\ 'a riali o n data se t co\ 'C rs a 
peri od o f sig nifi cant clim a te cha nges, and o ne m ay 

id enrify a c lea r respo nse o f th e g lac iers to rh e clim a te 

cha nges . 

The res po nse tim e o f g laciers is defin ed a s the tim e 

consta nt in an expo ne!1lia l asymptoti c a pproach to a final 
slead y Slate a fte r a sudd e n c ha nge to a ne \\' consta nt 
climate . Th e res po nse tim e m ay be ro ug hl y es tim a ted as 

lhe ra ti o o r a sca le o f thi c kn ess of th e g lacier to a scale o f 

th e n ega ti\'e o f m ass ba lance a t th e terminus (J6 ha nnes

so n and o rh ers, 1989 ) , This es tim a te g i\TS respo nse tim es 

o f 10- 100 yea rs fo r typica l te mpe ra re g laciers, Thin 

g lac ie rs wilh hig h a bl a ti o n a t th e terminus ha \ 'e th e 
sho rt es t respo nse tim es acco rdin g to thi s es tim a te , Thus, 

o nc lI'o uld ex pec t stee p g lacie rs lIith a g reat e le l'a ti o n 

ra llge to adjust rcl a ti\T ly q uickh- to clima te cha nges , 

:\. 10 llT r limit to th e respo nse tim e m a) ' be o bta in ed by 

examining hCJ\\' lo n,g g lac iers continue to ach 'a nce/ re trea t 
a ft e r a climatic c ha nge has occ urrcd, Th e I ce la ncii c 

g lac iers re treat ed fo r a bo ut 30 yea rs a fte r a sudd e n 
warming, a llho ug h th e climate sho ll'ed a slo ll' coo lin g 

trend O\'er thi s inte n 'a !. This indica tes th a t th e res po nse 

tim e o f th e g lac ie rs is lo nge r than o r equ a l to 

a p p rox im a te h ' 30 \'ea rs, 

4. THREE EXAMPLES FROM THE ICELANDIC 
GLACIER-VARIATIONS DATA SET 

4.1. Solheirnajokull 

.\l\-rcl a lsjii kull is a 590 km~ ice ca p in so u thern I ce la nd , 
and S61heimaj ii kull (Fig , 5 ) is a \ 'a ll ey glacier 10 km lo ng 

th a t d ra ins 11 0 km 2 o f th e so uthern pa rt o f th e ice ca p 

(pe rso na l communica ti o n [rom H. Bjo rn sson. 199{ ) , Th e 

g lac ie r spans a n a lti t ud e ra nge of 100- 1500 m a .s,1. Th e 

a \'e rage su r filce slo pe is 0 , 10 , Prec i p i ta ti o n has bee n 
re po rt eci to ra nge ['rOIll 3200 mm a I a t th e sno ut t o 

4000 m m a I ar th e to p (Sig f'Llsd 6 ttir , 196+ ), Run o fr 

m eas u re m e nts indi ca te so m ell'!Jat hi g he r prec ipit a tio n . 

perhaps reachin g 6000 mm a I o r m ore a t th e hi g her 

e le\'<I ti o ns Sig urosso n, 1990 . Th e thi ckn ess scal e ro r th e 
g lac ie r is a bo ut 300 m (m (,<I n lhi c kn ess 225 m ) a nd th e 
scal e fo r th e m ass ba la nce a t th e snOUl is 12 Ill, 
Accordin g ly. th e res po nse tim e o f th e g la cie r ca n he 

es tim a ted to be a bo ut 25 yea rs, 

Th e sno ut 0[S6lh eim aj o kull has bee n m easured e \'e n ' 

\'Ca r sin ce 1930 exce pt fo r 1942, 19{ 6 a nd 195 7, Fig ure 6 
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Fig. 5. Solheimajokllll, SOli them Iceland. a l'alLey glacier whirlljlOWSJr01l1 a volcanic caldera in Ihe Aljrdal~jokll ll ice ca!) . 
A ystem oJ lateral lIIoraines can be seen alongside the glacier. PllOtogra/J/z b..-J' O. Sigllrosson . 

shows th e te rminus va ri a lions since 1930. The g lac ier 

retrea ts ra pidly for th e first 35 yea rs except for a slight 
adva nce aro und 1950 a nd in 1965 . R eadings in 1965 a nd 
1966 a re a mbig Ll o Lls, but th ere is no d o ubt th a t th e g lac ier 
ad va nced be tween th e 1964 a nd 1965 readings . The 
mag nitude of th e yea rl y vari a ti ons is typi ca ll y less th a n 
50 m. The ex tension of th e glac ie r reac hed a minimum in 

1969 after a retrea t of I km in 39 yea rs. Since then, the 
glac ier snout has ad va nced continuo usly up to th e present, 
with a sli ght ha lt in 1976 a nd 1979. Th e terminus has 
ad\'ancecl ha lf-way bac k to where it was in 1930 . The rate of 
ad\'ance has been simila r lo th e ra te of retrea t. 
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4.2. Hyrningsjokull 

Sna:: fe ll sj o kull is a cone-sha ped centra l \'o lca no on th e tip 
of th e Sme fellsnes peninsul a in wes te rn Icela nd (Fig . 7) . 
Th e top reaches 1450 m a .s.1. A sm a ll ( 13 km 2

) stee p-sid ed 
ice cap coYers th e top or th e \·o lca no. The ou tl e t g lacier 
H yrnin gsj okull fl ows eas t\-\'a rd s a nd dra ins a n a rea of less 

th a n 2 km 2
. Th e eleva ti on ra nge is 700- 1450 m a .s.l. a nd 

th e ave rage surface slope is 0 .29. Prec ipita tion a t sea leve l 
is a bo ut 750 mm a I a nd is es tim a ted to be a bo ut 
2500 mm a I a t th e lO p of th e g lac ie r (Sig fCl sd 6 ttir , 
1964) . Th e thi ckn ess scale fo r th e g lac ier is abo ut 200 III 

E 
0 iij Lt) 

~ 
~ 0 ---Q) 
<.l 
C 

0 C1l 
Lt) > 

I "0 
C1l 

0 
0 (ij 
~ :::l 

I c 
c 

0 « Lt) 
~ 

1970 1980 1990 I 

Fig . 6. T erminllsflllcillations ojSdlheimaj6Jwl! 1930/31 1992/93 (h istogra/ll) and cUlllulative adl'ance/retreat since 1930 
(daslted Cllrve) . 
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Fig. 7. 1-/..rlllll/gsjiikull , u'eslem Iceland. a pari of Ihe SI1d:Jellsjokllll ice caJ). Pholograph /J..l' O. Sigllrossoll. 

(mean thi ckn ess is es timated to be a bout 150 m ) a nd th e 
sca le lo r th e m ass ba la n ce a t th e sn o ut IS 4 m . 
Accordingly. the respo nse time of th e g lac ie r IS a bout 
50 yea rs. 

Fig ure 8 shows the te rminus "ariations of H yrnin gs

j okull since 193 1. The locat ion of the snout was m easured 

cvc ry "ear In all but seven yea rs. The re trea t ra te was 
rap id during th e first 20 vea l'S a nd d ecl ined g rad ua ll y 
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during th e fo ll ow ing 20 yea rs, a nd th e ex tcnsio n of th e 
g lacier reac hed a minimum in 197 1. Th e g lacie r has 
ad" a nced sin ce then , interrupted in 1977 by a slig ht 
re treat. S ince 1971, th e glac ier has recO\'e rcd 250 m of the 
1000m re trea t between 193 1 a nd 197 1. Annual retreat 

a m ounted to mo re th a n 70 m on a few occasions in lh e 

19305, wh ile th e greates t ad" a nce in o ne yea r \Vas 34m in 
1979, wh ich was th e coldest summer of the 20th centurY. 
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Fig. 8. T ermillus fluctuatiolls of I-/.. vmingsjokuLl 1931/32- 1992/93 ( hislogram ) al1d culllll/alive adl'{lllce/relreal :, illce /931 
( das/led wrL'e) . 
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Fig. 9. M lilajokllLl, cenlra! Iceland, a /Jiedll1onl ollllel glacierJrolll the HoJsjokllll ice cap. 11 system of concentric lerminal 
morailZes call be seen infi'olll of the gLacier . PholograjJh QV O. Sigurossoll . 

T he ra te of ad va n ce has bee n m uch slower th a n th e ra te 

of re trea t. 

4.3. Mulajokull 

H ofsj o kuH is a 900 km2 ice cap In centra l I ce la nd. 

~ l ul ajokull (Fig. 9 ) is a pi edm ont outle t g lacier w hi ch 

nows so uth eas twa rds a nd dra ins 94 km 2 of th e ice cap 

(Bjo rnsso n , 1988 ) . Th e e levation ra nge is 6 10 1800 
m a.s. l. a nd th e a \'e ragc surface slope is 0.06 . P rec ipit a 
ti o n at the sno u t is es tim a ted to be 1200 mm a I 
(S igILlsd o nir, 1964) a nd th e mean p rec ipita ti on a t th e 
lOp has bee n a bo ut 4000 mm a I sin ce 1988 (Sig urdsso n. 
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1989, 199 1, 1993 ). N!ul aj o kull is a surge-type g lacie r 

which surges frequentl y w ith a peri od o f a bo ut 10yea rs. 

Th e concept of a respo nse time d oes no t ha\'e a we ll
d efin ed meanin g lo r such g lac iers, a nd we will there fore 
no t es tim a te th e response tim e oC l\1Ld aj o kull. 

Fig ure 10 shows th e te rminus vari a ti ons o f Mul aj oku ll 

since 1932. The loca ti on of th e sno ut was meas ured every 

yea r in a ll but 13 yea rs. The g lacier re trea ted ex trem ely 

ra pidl y during th e (irs t 10 years . Sin ce then , the re trea t 
has been inte r r upted fi\ 'e times bv su rges o r 50- 400 III in 
leng th. Th e minimum ex tent orth e g lac ier was reached in 
1969. S in ce th en the g lac ie r has h ad three maj or surges. 
Th e max imum ex tent o f surges has inc reased since 19 70, 
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Fig . 10. T mnillllsjluciualiolls of M liLcu'okulL, 1932/33- 1992/93 (histogram) and CZllIZllLaLive advance/retreat since 1932 
(dashed curve) . 
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whil e th e tota l retrea t be tw ee n surges has bee n succes

si\"(' ly shoner. a nd in recenl yea rs th e glacie r has rega ined 

a t leas t ha lf o f th e gr ound los t since 1932 . This indica tes 

th at surge-type g lac ie rs with a short surge pe ri od a nd 
non-surge g lac ie rs a re a ffec ted by clim a te in a sim.il a r 
ma nner. 

5. SNOW-BUDGET INDEX 

A simpl e snow-budge t ind ex fo r .\I Yrd a lsj o kull was first 
d esc ribed b\ ' Trygg\'ason ( 19 73 ) a nd used se\"(' ra l times to 
es tima te cha nges in th e ice o\-e rburden press ure on th e 

ac ti\ "C K a tl a centra l \'o lca no (unpubli shed inform a ti o n 

ri-om H. J 6nsso n, 1982) . Th e ind ex is d eri\'ed from 
mOlllhh- prec ipita ti on a nd mo nthl y mean tempera ture 
reco rds from th c wea th er stati on Vik i l\1 )Td a l during 
1932 92. Th e ind ex a ttempts to es tima te th e cumula ti\'e 
ne t mass ba la nce of :vIyrd a lsj i::i kull as a fun c ti o n of tim e. 

Precipita ti o n measurements bega n in \ ' ik i \r ~Tda l in 

1925 , a nd tempera ture measurements in 1926. Before 
1932 th ere a re some gaps in th e d a ta; as th ere were no 
o th e r sta ti o ns in th e \'icinit y, we ha ve made no a ttempt to 

fill th ese ga ps. Th e Vik sta ti on is situa ted in th e 10 \\'es t 
pa rr of a \ a ll ey on the eas te rn side of a stee p . 300 m hi g h , 

mo unta in rid ge a t th e southern tip of I cela nd , just south 

o f Id )!rd a lsj i::i k ull. Th e a nn ua l a \ e rage prec i pi ta tion 
exceed s 2000 mm . Anoth er sta tion , L o["tsa lir , began 
o pera ting in 1939, 7 km to th e wes t. Prec ipit a tion a t 
L oftsa lir is consid era bh- less th a n a t \ 'ik , but th e re lati\ "C 
agreement be twee n th e t\\-o stati ons is good . \\'e h3\'e 

th e refo re es tim a ted th e prec ipita ti on a nd tempera ture 

during th e few ga ps a ft er 1932 in th e Vik reco rd ri-o m th e 

L oftsa lir se ri es . Th ere a re po ten tial he te rogenei ti es in 
bo th seri es (mino r re loca ti o ns. ga uge cha nges ), a nd no 
a tt empt has been m ad e to co rrec t fo r th ese. 

Th e snow-budge t ind ex is based o n th e fo ll o\\-ing 

ass umptions: 

I . In crease of prec ipita ti on \\-i(h he ight is such th a t th e 
a mo unt of prec ipita ti on do ubl es e\'e ry 800 m. 

2. Th e tempera ture lapse ra te is consta nt , - 0 .65°C per 

100 m. 

3. M o nthl y melting is proporti ona l to th e a \-erage 

mo nthly tempera ture, ifT > 0 C. 

4 . If T < 0 C th ere is no mel ti ng . 

5 . Th e a \'e rage net m ass ba la n ce IS zero o\-e r th e 

pe ri od O ctober I 952- Septem ber 1992. 

6 . The effec t of cha nges in th e a rea a nd c1 e\ 'a ti on of 
th e ice cap on th e ne t ba la nce is neglec ted. 

7. Th e to ta l a rea of ~l y rd a l sjo kull is ass um ed to be 
635 .2 km 2 (Tryggvaso n, 1973 ) a nd is di\'id ed into 13 

heig ht inte rn tls of 100 m each. 

Th e computa ti ons res ult in a n es timate o f th e volum e 
cha nges o f the ice ca p which th e a uthors prefer to ca ll a n 
" ind ex " due to th e a pprox im a te na ture of th e a bo \'e 
a ssumptio ns. Gl acie r m ass-ba la n ce mod els based o n 

tem pera ture a nd preci pi ta ti o n d a ta haye been sho\\'n to 

predict meas ured mass bala nce of Hofsj okull in Icela nd 
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Fig. I I. ClIllllllalil'e termillus mrialiolls q/,Sdllteill7aj6kllll . 
1930- 93 (.U'lIlbo/s and dashed (/liTe) , alld slIou.'-blldget 

illdn Jor Uk " .IUrd(i! . 1932- 92 (solid lille) (jor 
e\jJlallatioll.1. .lee tert ) . 

a nd of ~iga rd s breen in N Ol'\\-a y \\-ith a fa ir d egree of 

acc uraC\- (j 6 ha nn esson a nd o th e rs. 1993 ). 

If onc ass um es that th e positio ns of th e termini o r th e 
o utl e t g lac ie rs of ~I<-rd a l sj o ku ll reneCl \-o lum e changes of 
th e ice ca p to sOl11 e d egree, th en th e snow-budge t ind ex 
sho uld vary in acco rd a nce with th e te rminus \-a ri a ti ons. 
Fig ure 11 sho\\-s th e cumul a ti\ -e te rminus \'a ri a ti ons of 

S6 lheim aj i::i kull , 1930- 93 (th e same as th e d ashed cunT in 

Fig ure 6), a nd th e snow-budge t ind ex [o r \ ' ik i l\ l )Td a l, 
1932- 93 _ The ind ex is sca led to th e leng th \'a ri a ti ons o f 
S6 1h eim aj okuli in o rd er to f~l c i li ta t e Lt compa ri son \\-ith 
th e te rminus \·a ri a ti ons. There is ge nera l ag reement be t
wee n th e t\\'o cun-es. In spite of th e g radu a l coo ling from 

th e 1930s o l1\\-a rd s, th e mass ba la nce rem a in ed nega ti\T 

until th e 1960s, \\-hen th e c li mate had re turn ed lO pre-

1920s conditi ons. The timing of th e turning-point a round 
1970 is \\-e ll predi cted b y th e sno \\--budgct ind ex . Som e of 
th e rela ti\ -c ly mino r cha nges in th e slope o r th e cunTS 
befo re a nd a ft er 19 70 a re simil a r. alth o ug h th e re is some 

indicati on that changes in th e snow-budge t ind ex appea r. 

\\'ith a rew yea rs' d ela \', in th e te rminus \·a ri a ti o ns. Sin ce 
a bout 1970 , acco rding to th e sno\\--bud ge t ind ex. th e 
g lac ie r has ITCO\Tred mo re th a n ha l f of th e m ass los t 
be t\\-een 1932 and 1970 , w hi ch is in fa ir agreement \\'ith 

th e g lacier \'a ri a ti ons. 

6. SUMMARY AND CONCLUSION 

1\1 0s t nOIl-su rg ing g lac ie rs in I cela nd have ach-anced fo r 
th e last quart er of a centur~- as th e result o f a ge nera l 

coo ling of th e clima te. Th ere has been no a pparent trend 

in precipi ta ti on during th e sa me peri od . Be t\\'ee n 1930 
a nd 1970 , th e g lac ie rs had re trea ted ra pidh- due to a 
sudden wa rming in th e 1920s \\'hi ch led to a re la ti\ 'ely 
wa rm c li ma te fi 'om 1930 to 1960 . Th e g lac iers th a t ha \ 'e 
ad \-a nced m os t ha \'e recm-ered ha ll' of th e g ro und los t 

between 1930 a nd 1970. A re \\- g lac ie rs in th e so utheas tern 

pa rr of th e co untry haye bee n sta ti o na ry. 
Th e tim e lag be l\\Ten a cha nge in clim a te a nd th e 

d e tec ti on of a res ponse a t th e g lacie r sno ut a ppea rs to be 
we ll \\-ithin 10 yea rs f(:J r m os t no n-surg ing I ce la ndi c 

g laciers. Th e tim e need ed fo r th e g lac ie r to a pproac h a 

ne\\' equilibrium a rte r a sudden cha nge in th e clim a te, i. e . 
th e res ponse tim e of th e g lac ier , is m ore dilli cult lO 
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estim ate (j'om the short I celandic records, but it appears 
to be longe r th a n o r equa l to approx ima tely 30 yea rs. Th is 
is not inco nsistent wi th th eoreticall y es tim a ted respo nse 
times of 25 50 years for the S6lheim ajoku ll and H yrn
ingsjokull glaciers (cr. Figs 6 and 8) . 

The terminus variat ions of S61heimajoku ll can be 

modelled by a ve ry simple snow-budget ind ex based on 
measured temperature a nd precipita ti on at a nea rb y 
wea th er station . 
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