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Effects of glacier retreat on the outbursts of Goesvatnet, 
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ABSTRACT. Effcc ts of thc retreat o f G asbreen, south'west Spitsbergen, Svalbard, on 
thc e\'olution of the icc-da mmed lakc Goes\'atnct a rc shown for the pcriod 1899- 1991. 
Thc retrcat and lowcring of the damm ing ice masscs h ave changed not on ly the stored 
lake volume, the lake geomClry and the ele\'ation, slope a nd length of the subglacia l outl et 
tunnel, hut also the frequency and mag nitude of outburst noods of Goesvatnel. For the 
est imation of pea k di scharges of outburst fl oods IYC computed an unbiased reg ression 
equa tion related to the progressi\ 'e enl a rgemcnt of' subglac ial tunnel s using la ke \'olumc 
data and peak di scharge data (i'om the literature, The de ri\ 'ed equation is very similar to 
thc original form of the C lague-~[athe\Vs formula and answcrs the question why thi s for­
mul a has worked wel l in many cases, Pca k di sc harges of G oes vat net in \ 'arious yea rs werc 
estimated by mcans of the deri\'ed equation, Effects ofthc changed lake geometry as well 
as the changed length a nd slope of the subglacial outl et tunnel on the discha rge during 
outbursts will be disc ussed by means of the Nye- C la rke modc!. Observatio n of an out­
burst of Goesvatnet in summer 1991 indicates that the o utbursts may have been triggcrcd 
by pressure dec rease in the subglacial o utlet tunnel during increased discha rge, whereas 
nota tion of thc ice d a m can be exc luded, 

INTRODUCTION 

Outbursts of glacier-dammed lakes a rc wcll-known phe­
nomena of the glacier landscape, Duc to th c rapid dra inage 
process during such o utbursts and the da rnagc to cultivatcd 
a reas known from recent and former o utbursts, thcy are o f 
g rcat importance to glaeiologica l resea rch, The magnitude 
and frequency of outburs ts of glac icr-da mmcd lakes are in 
d osc co rrelati on to the oscill ations o f' thc damming ice 
m asses (c,g, Licsto l, 1956), 

Thc a im of th is p apcr is to show th e eITects of the retreat 
of G asbrccn, southwest Spitsbcrgen, S\'a lbard, on the 
periodic outbursts of Goesvatnct. The retrcat of thc g lac ie r 
during the 20 th century has changed the gcometry of the 
damming ice masses as well as th e geometry of the lake, 
the lake \'olume and thc tunnel system used for the out­
bursts, Using an empirica l formula, the elfect of th c 
changed lakc \'olume on thc pcak discha rge of outbursts will 
be inves ti gated, whcrcas the elfec ts of the changed ice-d a m 
geometry, lakc geometry and outl et tunnel systcm wi ll bc 
shown by mcans of a physically bascdmodel (Clarkc, 1982), 
The rctreat of Gasbreen and thc e\ 'olution of Gocs\ 'atnet 
since 1899 arc well documentcd by va rious aerial photos, 
maps and field obscrva tions, It is a lso the aim of thi s study 
to show that a qua litati\'C and quantitati\ 'c desc ription of 
hi storica l outbursts o f glacicr-da mmcd la kes can be g iven 
without d isc harge mcas urements but by using a physicall y 
based model and ca reful interpretation of old maps, aer ia l 
pho tos a nd fi cld observations, 

Goes\'atnct is a margina l ice-dam mcd lake (Fig, 1), 
which in 1991 was 30 m decp and cove rcd a n area of about 
0.5 km 2 It is dammcd by the active a nd stagnant icc of 

276 

Gasbreen, a temperate valley glacier (Fig, I), A detailed des­
cript ion of thc e\'olution of Gasbrcen and Goes\'a tnct since 
1938 can be found in Schoner a nd Schoncr (1996), Outbursts 
or thc lake ha\'(' bcen presumed since 1938 (Pilicwizcr, 1939) 
and have bcen known since 1956 (Grzcs a nd Banach, 1984), 
The first dircc t obsen 'ation ol'aj okulhl aup of Gocs\'atnct 
was m ade by thc authors of this study during a n cxpedition 
in summer 1991. 

EVOLUTION OF GASBREEN AND GOESVATNET 
IN THE PERIOD 1899- 1991 

The first evidcnce of'th e lakc is in a map macle by D C' Gcer 
in 1899 (D c Geer, 1925). At that time thc la ke was dammed 
by the ice masscs ol'Goesbrecn wh ich f'ormed a confluencc 
with G asbreen in the a rea of'the lake. Various maps (De 
Geer, 1925; Pijl ewizer, 1939; Polska Akademia Na uk, 1987; 
Schoner a nd Schoner, 1996) sho\\' that the icc dam was 
thinned by a bout 100 m hetwcen 1899 and 1990, Due to thi s 
fact a nd thc lack of' ice supply for the da mming ice masses, 
thc lake m oved north a nd the maximum watcr level sa nk 
f'rom a bout 150 to 68 m a,s,1. (Fig, I), 

Thc formation of these substanti a l damming ice masses 
in pre\'i o us ycars can b c explaincd by: (1) favourablc 
climatic conditions in this p e ri od (Brazdil a nd othcrs, 1988) 
pCI'm itt ing such an ad\'a ncecl statc of thc g lacicr; (2) a surgc 
(or kin em atic wave) of th e g lac ier in an ea rlier time pcriod 
(Ba ra nowski, 1977), 

Th e evo lution of' Goesvatnet since 1899 documented by 
maps, aerial photos and fidd obscrvati ons is compiled in 
Table l. Inmost of the cases thc field obsel'\ 'a ti ons a rc, how­
e\'Cr, related only to the filling condit ion of the lakc, 
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It ca n hc seen fromTablc I that on ae ri a l photos ta ken in 

1961 and 1990 the lake is I'isible in a n empty state. Photo­

g ra m metric interpre tat ion o[ these aeria l photos enables 
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m a pping of the bOllOIl1 topography o[ the lake (Schoner 
and Schone r, 1996). In a next step the \'olume ofGoes\'a tne t 
ca n be computed re) r th ose yea rs \I'he ll the ex tension or rh e 
la ke is shown on large-scale maps, na m c ly, for 1938, 1961 a nd 
1990. 

Fo r the purposes o r im'esti gating outburst fl ood s of 
Goi.'s\·atne t, the maximum lake I'o lulll e a t the initi a l sta te 
or o utbursts is of intcrest. For the o utburst of' Gocs\'atnet in 
1991 th c maximum lake lel'c1 is kno\l'n rrom direct obsen'a­
tion , whereas the topog raphy of' th c la kc is ta ken [rom the 
1990 m a p. An outburst in summer 1961 ca n be deril'ed rro m 
a n ae ri a l photQ ta ken in 1%1 showing Gocsvatl1et in an 
empty state and the m ax imum ex te ns io n or the lake in a 
\ 'C r y accura te ",ay by the ex tension or mud. Based on thi s 
inlo rm a t ion the max imum la ke vo lum c in 1961 co uld be d e­
ri\ 'ed [1'0 111 the known la ke topography a nd the extension of 
mud. 

An ou tburst a round 1938 is not knowll [or ce rt a in, but it 
was pres lImed by Pillcwizc r (1939). Indications fo r his 
assumption were field observat ions during an ex pediti o n in 
1938. Due to fl ood e\'Cnts the sandur p la in \I'as riTe o[\'Cgc­
ta t ion, whereas ten-aces and moraines were \'Cgeta tcd. 
~,'lo reO\'Cr, th e Ji'onta lmora ines in th e a rea of the damming 
ice m asses of' Gasbreen showed a wc ll-de\'c1oped breach 
which was dra ined o nl y by a very sm a ll ril 'e r during the 
slimmer of 1938. Thc dimensions or the breach indicate, 
howe\ 'C r, that is was sometimes drained by a much larger 
amount of'w ater. Shorel ines ofGocs\'a tne t showed tha t the 
ma ximum la ke 1e\'e1 was not higher tha n about 130 m a .s. 1. 
a t thi s time (Pill ew izcr, 1939). Using th ese obserl'ati ons, the 
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map of 1938 (Pillewi zer, 1939) a nd the lake topogra phy de­
ri ved from the m ap of' 1990 a n es tim ati on orthe m ax imum 
lake \'olume was poss ibl e. 

There is no hint of outbursts o f GOCs\'atnet a round 1899. 
Pillewizer (1939) reports tha t the highest shorelin e of Goes­
vatnet was found at 143 m a.s. 1. which fits rather well \\' ith a 
lake level of 150 m a.s. 1. shown in D e Geer's map in 1899 (Dc 
G eer, 1925). Furthermore. a g reat a llLl\'ial fan on the orogra­
phica l lefthand side of the ma rgina l zone in the a rea of the 
glacier's fronta l moraines can be seen from this m ap. This 
possibly indicates an episodic dra inage of the lake through 
a channel in the marginal a rea of the da mming ice masses of 
Gasbreen for the period around 1899. Due to the lower ac­
curacy of De G ee r's map the lake \'o lu me was not computed 
for 1899. 

The computed lake \'olumes of Gocsvatne t fo r indi\'i­
dua l years a re shown in Table 2. The topography o f the lake 

Table 2. Topographic parameters deril'edJroll1 intnjnetation qf 
aerial photos and /1l apsJor olltbursts q/Coifsvatnet in variolls 
years. /991 data are based on interpl'etatioll qf aerial jJhotos 
takfl7 in 1.9.90 and onfield observations; /961 da ta are based 
on interpretat ion qf aerial photos taken ill 1960 and 1961 

1899 /938 19G} 1991 

L('ngth of' outi ettullncl. llJ ( Ill ) 2500 2000 1750 1350 
Ice th ickness at sea l. hi 111 ) I·J.O- 150 110- 120 105 50 
La ke le\'eI arou nd seal at 

initi a l slage of the 
outburst, ho (Ill ) 85' 70 9'i (i5 33 

ho / hi :::::0.75 0.62 0.66 
Eb'ation oi'LUnllci outi et ( 111 ) +0 :,0 22 
Slope oi' sub-glacia l outl et 

tun nel. s 0 0.006 0.012 
La ke I'o lume Vi) (Ill :!) 38 +80 000· 23 880 000 7 11 7500 
La ke arca So ( m ~ ) 13+6000· 1132000 +20000 
Geome tric paramete r jl1 0.3·10 0.325 0.51:1 

Computed for the most li kely 1'" lue of' la ke IcITI arou ll d sea l al the inilia l 
stage of the o utbursl dcril'ed fi'olll fie ld obscrI'ariol1s Pill ell' izcr. 1939'. 

ll1. 1938, 1961 and 1990 is sho\\'n in Fig ure 2 and is a lso des­
c ri bed in Table 2 by means of a geom etric functi on in the 
fo rm of: 

2hw/ 

ho 

where 11 \\'/ is lake el evation at ti me t , ho is lake ele\'ati o n at 
the sta rt of the outbu rs t, VI is lake \ 'olu me at time t, 110 is la ke 
volume at the sta rt of the outburst, a nd AI is a geom e tric 
I'u nction. 

It ca n be seen fi 'om Table 2 tha t G ocs\'atnet changed its 
geometry from a cone-shaped reservoir in 1938 and 1961 to a 
p a ra boloid-shaped resen 'oir in 199 1. The agreement 
be tween the lake geometry computed by the geometri c 
fun ction and the geometry der ived from a map is shown in 
Fig ure 3 for 1938. 

Table 2 al so indudes values o f ice thickness in the vici­
nity of the seal, a nd the lake level a bove the sea l at the initi a l 
stage of out bursts. The rel ation be tween these two \'alues is 
o f interest in th e investigati on of the tri ggering mecha n ism 
of the outbursts. Fo r 1938 the seal is assumed to be in the a rea 
of lIlaximum ice thickness of the direc t junction line 
be tween the Illora ine's breach a nd the lake. The bo ttom 
top ography of the g lacier in 1938 is known from th e m a p of 
1990 showing thi s zone free of ice due to glac ier r etreat, 
whereas the glacier surface in 1938 is known from the 1938 
m ap. For the outbursts in 1961 and 1991 the inlet and the out­
let of the subglac ia l tunnel were bo und to the bo rder 
b e t ween the acti\ 'e a nd stagnant pa rt of Gasbreen m a rkecl 
by a Ill ed ial mora i ne. The bOlLom top ography of' the g lacier 
in 1961 and 1991 has been ex trapo la ted from the region free 
of ice, a nd the glac ier surfaces a rc known fi-om the m aps. So 
the seals in 1961 a nd 1991 were chosen in the area of m axi­
mum ice thickness of the media llllora ine. 

It can be seen from Table 2 tha t the ra ti o of ice thickness 
to "vater height a t the sea l is much too high to make p oss ible 
a no tation of the d a m III i ng ice m asses of Gasbreen. This i n­
di ca tes another trigge ring mecha ni sm [or the outbursts of 
G oesvatnel. It is a well-known feature of joku lhla ups of 
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m a rgina l ice-dammed lakes that they sta rt long before flota­
tion is possible (e.g. Fisher, 1973; Bjornsson, 1992). 

The subglac ia l o utlet tunnel used a round 1938 and in 
1961 and 1991 is cha racterised by the leng th a nd slope of th e 
tunnel inl-able 2. Due to the retreat ofCasbreen th e le ng th 
of the tunnel was reduced by about 35% betll'ecn 1938 and 
199 1. In th e sa me period the slopc of th e o utlet tunnel down­
stream of the seal cha nged from about hori zolllal to 0.012 
(Table 2). 

It is a lso cvident that the lowerin g of thc ice dam has 
changed thc local e1i m a tic conditi ons o f thc icc dam, as in 
ge nera l a t IGlver a ltitudes the icc abl a tion will be increased. 
This leads to a feedback mcehani sm fo r the thinning of the 
dammi ng ice masses. 

OBSERVED OUTBU RST IN 1991 

At the end of Jul y 1990 the lake was nea rl y cmpty (aerial 
photo, 1990). Within I yea r the lakc fill ed again and the water 
le\"CI rose to thc heig ht necessa ry for the bcginning of a n 
outburst (68m a.s.l.) on 24 July 1991 (Fig. 4). Thcn th e out­
burst sta rted, a nd the la ke lost 7 117500 m :l of water within 
1.5 d. The lost lake vo lume was dcrivcd fi-om an intcrpreta­
tion of th e 1990 conto ur map. Goesvatnet lost its wa te r 
through onc tunnel between the ac tive and the stag na nt 

Fig. 4. Goesvatllet bifore the olltburst on 24 ]u0' /99/. 

part o f G asbrecn (Fig. 5). Th e inlet a nd the outlct of the 
tunnel we re easy to identify during thc fi e ldwork. Thc out­
burst ofC oesva tnct led to an increascd outflow ofihe ma in 
proglaeial ril 'er but did not fl oodthc sand ur pla in. Due to 
hi ghcr river discharge a nd sediment tra nsport capac ity, a 
la rge brown fa n formed in the sea. Arter the outburst the 
situatio n was quitc simil a r to th c one in 1990 with Cl more 
or less em pt y lakc (Fig. 6). 

The o utburst of Goes I ' a t ne t in 1991 sta rted a llcr a period 

of strong a bl a tion clue to hig h a ir tempcrature a ncl intcns ive 

Fig. 5. Olltlettullnel if the /991 outburst ifGoesvatllet at the 
border between the active and stagnant ice if(;asbreen. 

Fig. 6. Goesvatnel after the 1991 outburst. 
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radi a ti o n. So in our opinion the initia l stage of the outburst 
in 1991 was triggered by the pre. sure dec rease during 
increased di scharge in subglaeia l channels (Roth lisberger, 
1972) resulting from intensified abl at ion. lv10reO\"Cr, a t the 
same time th e amount of water sto red in the lake was 
increased , causing higher water pressure in the vicinity of 
the seal. 

TOOLS FOR COMPUTATION OF JOKULHLAUP 
DISCHARGE 

An effective tool for the estimation of pea k d isc harge of 
j oku lh laups is the empirica l formu la of C lag ue and 
Mathews (1973). 

Q llIax = 75Vo067(r·2 = 96%) 

where Q Ill3X is the max imum discha rge in m :' s I and Vo is 
the initi a l volume of the lake in 106 m:1. This regress ion for­
mul a was reworked by several inves tigator , who included 
more data points for the rel a ti on. The form of the relation 
prop osed by Costa (1988) is 

Qll IaX = 113VoO
G.j(r2 = 80%; s.e. = 0.42 log-log nnits). 

Des loo-es and others (1989) showed an unbiased form for this 
log-log re la ti on: 

o.G.j 
Qmax = 179Vo . 

In our investigation we excluded those d a ta points of the 
relation where jokulh laups were related to the "sudden 
break" of the ice dam, as suggested by H aeberli (1983). \Vc 
a lso excluded data points of jokulhlaups which were not 
rela ted to subglacial drainage. For thi s "prog ressive enlarge­
ment" relation which is also relevant for the outbursts of 
Gocsvatnet wc have found: 

Q max = 65V(J070(r2 = 93%: s.e. = 0.20 log-log units) 

and fo r t he unbiased form: 

Qmax = 72VoO.
70 

(outbu rst discharge data extracted from Clague and Math­
ews (1973), C larke (1982), Haeberl i (1983), Costa (1988), Rus­
sell (1989) and Bjornsson (1992); number of cases = 17). This 
data set is more homogeneous and shows a higher coeffi­
cient o f co rrelation between the lost lake volume and the 
peak di scharge compared to the data se t of Costa (1988). 
One can see that the derived equation is very similar to the 
origina l C lague Mathews formul a. Various fi eld observa­
tions have shown th at outburst fl oods of g lacier-dammed 
lakes a re very often related to progressive en largement of 
subglacia l out let tunnels. Due to thi s fac t the simi larity 
between our regression equa tion and the or igina l Clague­
Mathews formula explains why the unbiased formu la has 
worked well in many cases. 

An a l ternative method for estimati ng the peak discharge 
of the proglacial river is based on the continuity equation 
and the Manning- Stickler relation (slope- area method; 
Desloges a nd others, 1989). 

mS~A 
Qmax = 0.038Do.167 

where R is hydraulic radius (m), S is bed slope for a 100 m 
channel reach, A is cross-sectional area (m 2

), and D is ave r­
age intermediate axis (m ) of the ten largest p a rticl es in the 
river-bed. 

A third approach for d ischa rge computa tion of outburst 
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fl oods is to use physica ll y based models (e.g. Nye, 1976; 
Spring and Hulter, 1981; Clarke, 1982). Kye (1976) a nd C la rke 
(1982) de\"Clop ed a model based on tunnel geome try, conti­
nuity, energy cOllseryation and h eat transfer with: 

where hi is ice thickness at the seal, Zo is initi a l la ke elc\'at ion 
above the tunnel outlet, Lo is dra inage tunnellcng th, Qi is 
water inflow to the lake, n' is ~'lanning roughness coclfi­
cient, ()1 is la ke water temperature, a nd V(hw) is la ke vo lume 
di stribution with depth. 

Contrary to the empirica l formula of Clague a nd ~fa t­

thews the Nye- C I arke model enables the investigation of the 
effects of changed physical pa ra meters like th e la ke geo­
metry or a ch a nged subglacia l tunnel system o n the di s­
cha rge curve in addition to pea k disc ha rge computations 
(Cla rke, 1982). 

EFFECTS OF GLACIER RETREAT ON DISCHARGE 
DURING OUTBURSTS OF GOESVATNET 

EfIccts of g lac ier retreat on the o utbursts of glacier-dammed 
la kes have been discussed in the li terature for a long time. 
Thora rinsson (1939) described ice-dammed lakes of Iceland 
and thei r values as indicators of g lacier oscillati o ns in hi stor­
ica l times. The effect of glac ier osc ill a ti on on the stored lake 
volume a nd the magnitude o f outbursts o f a g lacier­
dammed la ke was first di scussed in detail for a Norwegian 
lake in a paper by Liestol (1956). Liesto l showed th e e\'olu­
ti on of an ice-dam med lake from the in iti a l sta te o f the lake 
to the first o utbreak in 19+1 a nd the almost annu a l flo od ing 
since then. This paper was followed by va rious descriptions 
of glacier osci ll a tion and outbursts of ice-dammed lakes for 
other locations. Existing knovvledge about th e rel ation 
between clim a tic change (and the res ulting g lac ier osci ll a­
ti on) and j oku lhl aup ac tivity was summarised in a paper 
by E"ans a nd Clague (199+). They showed a typica l j oku lh­
laup acti\ 'ity of glac ier-dammed la kes in western Canada 
which seems to agree with our observati ons a nd computa­
ti ons for the outbursts of Goes\ ·atnet. At the beginning (in 
the 19th century and maybe ea rl ier) the lake impounded 
by the glacier was stable and dra ined via a stable O\'Crnow 
channel. I n the following time p e riod (about the turn of the 
cemury) the la ke O\'crnowed a long the m argin of the 
glac ier. The l-cafter (about the beginning of the 20th cen­
tury), spora dic or cyclic fl ooding sta rted and the g lacier re­
treated until it was no longer able to impound the lake. 

Based on our slightly a ltered form of the C lag ue- }.Iath­
ews formul a, the peak di scharge ofjokulh laups of G ocs"at­
net in 1991, 1961 a nd around 1938 was computed (Ta ble 3), It 
can be seen tha t the 82% reduction of the la ke volume 
resulting fi"om the lowering of the damming ice ma ses is 

IabLe 3. Results qf the computed disclzG1ge if the jijkuLhLaujJs 
ifGoiisvatnet in variolls yean 

1938 1961 1991 

Peak discharge (m l s I) (unbiased C1aguc l\ lathews) 926 664 28+ 
Peak di scharge (m 3

, I) (l\yc C larke model ) 970 720 2+0 
i\ lax. era" sCCl io n OfOulic l tunncl (m 2

) 207 155 72 
D uration nf outburst d l ",,2 1 ~ 1 ~ 

https://doi.org/10.3189/S0022143000003221 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000003221


equi\'a len t to about a 75% reducti on o[ the pea k di scha rge 
[o r the same time peri od 1938 9 1. 

A roug h check on the computed peak di sch a rge in 1991 
was possihle by estim ating the peak di scha rge o f the pro­
glac ial ri\"C r I km downstream of the fronta l m ora ines by 
means of th e slope- a rea me thod , Our field obse l"\'a ti ons 
showed tha t 

A < 601112. R :::::: I ,8 lll . S = 0,013. D ~ 1 Ill. 

From these d ata wc com p uted a pea k di scha rge of 
<270 m:1 s 1 which i in good ag reemen t with th a t computed 
fo r the 1991jo kulhl aup by the unbi ased C lag ue M athews 
formula. But o ne has to ta ke into acco unt tha t a n agreement 
between the peak discha rge o f the subglac ia l cha nnel a nd 
the peak di scha rge of the proglacia l r i\'e r is not r ea ll y neces­
sary as \\'a ter can be stored behind the fronta l m oraines of 
Gasbreen. 

The computed peak di scha rge of 970 m:; s 1 fo r a jokulh­
lap around 1938 confirm s t he ass umpti on of Pille\\'i ze r 
(1939) that a t that time the sandur p lain was nooded during 
a n outburst, as the max imum capacit y of the proglacial 
river is less tha n about +00- 500 111 :; S 1 (computed by means 
of the slope- area method ). 

As mentio ned in a pre\ 'io us sec ti on, the retreat of the 
da mming ice m asses also cha nged the leng th a nd ele\'ati on 
of the subg lae ia l drainage tunnel used for th e o utbursts in 
the per iod 1938-91. ;\loreO\"CI', the la ke geo me tr y changed 
due to the "wandering" of the la ke to\\'a rds no rth a nd due 
to the loweri ng of the ice dam, The effects of these changed 
pa ra meters o n the pea k di scha rge of the outbursts of Gocs­
\'at net can be shown by means o f th e :\ye- C larke model. For 
the simulati o n of outbursts o f Gocsva tnet, da ta o f la ke geo­
metry, ice thi c kness at sea l, dra inage tunnel leng th , a nd la ke 
ele\'at ion abO\'e the sea l a re known for 1991, 1961 a nd 1938, 
whereas the \'a lues of la ke temperature a nd the t\la nning 
roughness coeffi cient are unknown, All ot her phys ica l pa ra­
meters used fo r the model were chosen acco rding to , 'alues 

Scho'ner and SrhiJner: Ejfects rif glacier retreat 011 outbursts rifGoe:walnet 

common in the lit era ture (sce C la rke, 1982). As Qi is \ 'ery 

sm a ll compared to Q this para meter was neglected. 
to r the outburst o f Goesvatnet in 1991 a rough \ 'a l ue o[ 

the durati on of the o utburst is known from direc t observa­
ti o n (1.5 d ). Based on this observa ti o n the values o f la ke 

te mperature a nd t\Ia nning roughness were estim a ted by 
itera tive deri vati o n using the Nye- Cl a rke model. A va lue of 
n = 0,070 111 1/3 S a nd a lake tempera ture of 6 C leads to a 

duration of the outburst of 32 h, which agrees we ll w ith the 
, i 1 

observed onc. The peak discha rge of 24,0111 ' s computed 

by the \lye- Cl a rke model is in good agreement with the 
peak di sc harge es tima ted by the C lag ue- t\la thews forl11ul a. 
Since \'alues of la ke temperature a nd ?-.1a nning roughness 
a re unknown for a ny of the outburst yea rs, the deri ved 
va lues mentioned abO\'e were used fo r furth er com puta­

ti o ns. These \'alues a re also in a r a nge known rrom the 
lite rature (e.g, C la rke, 1982; Bjornsson, 1992). 

Based on these ass umptions, Fig ure 7 shows the dis­
cha rge cunTS of o utbursts of Gocsvatnet in 1991, 1961 a nd 
a round 1938, It ca n be seen tha t the modell ed peak di s­
cha rges agree well with the computed peak d ischa rges ac­
cording to the C lag uc i\Iathews rela ti on in Ti.l bl e 2. This 
agreement confirms o ur ass umptio n fo r lake te mpe ra ture 
a nd .i\rla nni ng ro ug hness. Furthermo re it can be seen from 

Fig ure 7 th at the computed durati o n o f the outbursts has 
cha nged lilll e since 1938 (from abo ut 2 d to 1.3 d ). The 
cha nge of the la ke geometry [rol11 a cone-shaped to a p a ra­
bo loid-shaped to pography is equi\'aknt to a reducti o n of 

pea k di scha rge by a bout 10% , whe reas the reduced o utlet 
tunnel length a nd the changed slop e a re equi\·a lent to a n 
increase of pea k d ischa rge by 17% a nd 30%, respect ively. 

For the time peri od a round 1991 a frequency of o utbu rs ts 
o f' a bo ut one per year is known from fi e ld obseJ'\·a ti ons. In 
1991 the la ke \'o lume was reduced by 80'10 compa red to 

1938, This indicates th at a n out burst around 1938 happened 
a bo ut e\'C ry 6 yea rs whereas a n outburst a round 1961 ha p­

p ened abo ut e\'C ry 3 yea rs. 
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CONCLUSIONS 

To obtain the rela ti on between the lost lake \'olume a nd the 
peak di scha rge during outburst n oods we computed a n un­
bi ased regress io n equati on which is releva nt for o utbursts 
with progress i\'e enl argement of subglacial tunnels (Qmax = 
721;()0.70 ). The derin>d equatio n is \'Cry simil ar to the o riginal 
form of the C l ague~Mathews formul a. This similarity is the 
reason why the original Clag ue l\Iathews formula worked 
well for many im·estigati ons. 

Our invest igati on shows that o utbursts of Gocsvatnet 
sta rt long before fl otati on of the ice dam is poss ible 
(h i / h", ;::::; 0.6), The lowering of the damming ice m asses of 
G asbreen reduced the water sto red a t the max imum stage in 
the la ke of 80% a nd lowerecl p eak di sc ha rge during out­
bursts [i'om a bout 1000m 3 s- 1 to 2ctOm 3 s I in the period 
1 938~9 1. Th e computed peak di scha rge of970 m 3 s I for an 
outburst aro und 1938 confirms the ass umption ofPi lJcwizer 
(1939) that the sandur pla in was n ooded during a n o utburst 
at that time. Our fi eld observa tio ns in 1991 a nd the com­
puted pea k d ischa rge for 1991 show that during recent out­
bursts the sandur was not nooded . The change of the lake 
geometry from a cone-shapcd to a pa raboloid-shapedtopo­
g raphy in the p eriod 1938~91 is equivalent to a reduction of 
peak d ischarge by 10%, whereas the reducti on of the drain­
age tunnel leng th a nd the increased slope increase peak dis­
ch a rge by 17% a nd 30%, respectively. The obseryatio ns and 
computations of the outbursts ofGocs\'atnet fit well with the 
joku lhlaup ac tivity show n by Evans and Clag ue (199..j.) in 
western Canada. 

Fina lly, our study shows th a t a careful interpre ta ti on of 
old maps, aer ia l photos and field observat ions enables not 
onl y a qua lita tiye description of hi storica l a nd recent out­
burst fl oods but a lso an estim a tio n of the peak di scharge 
and a rough computati on of the di scharge curves by means 
of a physica ll y based model. 
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