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GRASUBREEN 1975

Position of stakes, pits and sounding profiles

o stake
e pit 2000
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Fig. 24 Beliggenheten av staker, sjakter og sonderingsprofiler.

The location of stakes, pits and sounding profiles.

Sommeren 1975 ble Grasubreen bes¢kt 24.juli, 26.august og 12.oktober. Pa tross av
en varm sommer, var det ved alle besgkene falt litt nysn¢, slik at den temporare

snggrense ikke kunne observeres direkte.

Stakenettet ble holdt intakt gjennom hele sommeren og ved siste besgk sto 19 staker
pd breen. Det hadde i l¢pet av sommeren vart smelting pd hele breen og sommerba-
lansen belgp seg totalt til 4,7 - 106m3 vann. Bortsett fra et midtomrdde med liten
akkumulasjon, og dermed tidlig endring i albedo og en st¢rre ablasjon enn omradet
rundt, fordelte ablasjonen seg som nedenforstdende tabell viser, dvs. stort sett
jevnt avtagende med h¢yden. Teoretisk ville sommerbalansen svare til et 1,86 m

tykt vannlag over hele breen. Dette er hele 1967 av sommerbalansen for perioden

1963-74, og bare sommeren 1969 ble det mdlt st¢rre ablasjon.

Den store smeltingen f¢rte til at Gradsubreen fikk et underskudd i materialhushold-
ningen pd 2,4 - 106m3 vann. Siden mdlingen tok til i 1963 har bare 1969 gitt et

stprre underskudd. I 1975 ble det funnet negativ nettobalanse i alle hgydenivier,
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GRASUBREEN 1975

Winter balance in cm of water equivalent
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Fig. 25 Kart som viser vinterbalansen 1975.
Map of the winter balance 1975.
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og gjennomsnittlig mistet breen en masse tilsvarende 0,95 m vann. Det vil si at
breen i 1975 ga et midlere ekstra vanntilskudd til vassdraget nedenfor pi

30 1/s kmz. Arets likevektslinje ble liggende over 2300 m o.h., dvs. h¢yere enn

breens h¢yeste deler!

GRASUBREEN 1975

Hoyde Areal Vinterbalanse Sommerbalanse Nettobalanse

intervall S By b, Bg by \ B b )
m o.h. kn® 106p3 n | s ka®| 1063 m | 1/s kn® | 106m3 n | 1/s ko
2250-2300 0,034 0,028 0,82 26 0,033 0,97 31 -0,005 -0,15 -5
2200~-2250 0,179 0,141 0,79 25 0,185 1,03 33 -0,044 -0,24 -8
2150~-2200 0,305 0,251 0,82 26 0,413 1,35 43 -0,162 -0,53 -17
2100-2150 0,384 0,234 0,61 19 0,565 1,47 47 -0,331 -0,86 -28
2050-2100 0,416 0,367 0,88 28 0,576 1,38 44 -0,209 -0,50 -16
2000-2050 0,464 0,451 0,97 31 0,825 1,78 56 -0,374 -0,81 -25
1950-2000 0,457 0,486 1,06 34 1,123 2,46 78 -0,637 -1,40 =44
1900-1950 0,214 0,255 1,19 38 0,705 3,29 105 -0,450 ~2,10 -67
1850-1900 0,065 0,085 1,31 42 0,256 3,94 125 -0,171 -2,63 -83
1850-2300 2,518 2,298 0,91 29 4,681 1,86 59 -2,383 -0,95 -30

Hgpgtuvbreen

Materialhusholdning

Allerede 10.oktober 1974 var det kommet 300-400 cm nysng¢ pa Hegtuvbreen. Stakene

ble senere madlt og forlenget midt i januar og midt i februar, fér akkumulasjonen

ble mdlt 17.-18.april. Sne¢dypene varierte fra ca. 500 cm til ca. 700 cm. Sonderings—
forholdene var ganske bra pd breens nedre deler. Ovenfor stake 50 er sonderingene
noe mer usikre, og ble derfor kontrollert med 9 kjerneboringer. Etter at akkumula-
sjonsmdlingene var utfert kom det adskillig sn¢ pd Hegtuvbreen. Tilleggsakkumul a-
sjonen ble mdlt 1.juni, og lagt til de opprinnelige tall f¢r vinterbalansekartet
(fig. 28) ble utarbeidet. Bare 2 staker hadde overlevet vinteren. Sngens tetthet

ble mdlt i sjakt og ved kjerneboring i 960 m o.h. Det ble gjort 207 sonderinger

langs nesten 19 km sonderingsprofiler (fig. 27).

Vinterbalansen ble milt til 7,8 - 106m3 vann, eller 3,00 m jevnt fordelt over bre-
flaten.

I l¢pet av sommeren ble stakene mdlt 26.juni, 13.juli og 6.september. Sommerbalan-
sen er midlt og beregnet til 5,9 - 1O6m3 vann som tilsvarer en jevn fordeling pd
2,27 m over hele breen. Dette ga et overskudd pa 1,9 - 106m3 vann eller en spesi-
fikk massegkning pd 0,73 m. Siden 1971 har bare aret 1973 vist positiv nettobalanse.

Arets overskudd skyldes vesentlig en usedvanlig kj¢lig sommer, med en ablasjon pd

bare ca. 657 av middel for arene 1971-74.
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HOGTUVBREEN 1975

Position of stakes, pits and sounding profiles
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Fig. 27 Beliggenheten av staker, sngsjakter og sonderingsprofiler pa Hggtuvbreen.

The location of stakes, pits and sounding profiles on Hggtuvbreen.

Arets likevektslinje 1& p& 760 m o.h.

Vannstandsmdlingene ble satt igang 26.juni, mens elvelgpet fremdeles var sn¢dekket.
Vannf¢ringen var lav (0,8 m3/s) de f¢rste dagene, og sng¢smeltingen ble merkbar

forst 1.juli. St¢rste avlgp forekom 3.september, da det ble registrert i alt

0,63 - 106m3. Totalavlgpet i observasjonsperioden (27/6 - 17/10) var 24,8 - 106m3,

som gir en midlere d¢gnverdi pa 0,22 - 106m3. Dette tilsvarer en middelvannfg¢ring
pad 2,54 m3/s. Minedsverdiene for avlgpet er 7,7 °* 1O6m3 for juli, 8,1 - 1O6m3 for
august og 6,1 - 1O6m3 for september. Til sammenligning kan nevnes at avlgpet i

juli-august 1975 bare var 807 av middelavlgpet for disse mdneder de siste fire ar.
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Winter balance in cm of water equivalent
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Fig. 28 Vinter-balansens fordeling p& H¢gtuvbreen 1975.
Distribution of the winter balance on Hg¢gtuvbreen 1975.
H® GT UVBREEN 1975
Hoyde Areal Vinterbalanse Sommerbalanse Nettobalanse
interval s B, by Bg by By by
m o.h. Kkm? 1063 m 1/s km? 106m3 m 1/s km? 106m° m 1/s km?
1150-1160 0,080 0,297 3,71 118 0,112 1,40 44 0,185 2,31 74
1100-1150 0,214 0,740 3,46 110 0,300 1,40 44 0,440 2,06 66
1050-1100 0,220 0,692 3,14 100 0,350 1,59 51 0,342 1.,55 49
1000-1050 0,252 0,843 3,35 106 0,441 1,75 56 0,402 1,60 50
950-1000 0,318 1,030 3,24 103 0,578 1,82 58 0,452 1,42 45
900- 950 0,321 1,068 3,33 106 0,715 2,23 71 0,353 1,10 35
850- 900 0,316 0,966 3,06 97 0,716 2,27 72 0,250 0,79 25
800- 850 0,177 0,515 2,91 92 0,451 2,55 81 0,064 0,36 11
750- 800 0,161 0,459 2,85 90 0,443 2475 87 0,016 0,10 3
700- 750 0,162 0,397 2,45 78 0,454 2,80 89 -0,057 =0,35 =13
650- 700 0,217 0,471 2,17 69 0,714 3,29 104 -0,243 =1, 12 =356
588- 650 0,160 0,317 1,98 63 0,635 3,97 126 -0,318 -1,99 =63
588-1160 2,598 7,795 3,00 95 5,909 2,27 72 1,886 0,73 23
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HOGTUVBREEN 1975
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Fig. 29 Variasjonene med h¢yden over havet av vinter-, sommer- og

netto-balansen, samt breens arealfordeling og arealverdier av
netto-balansen i hvert 50 m h¢ydeintervall.

The diagram illustrates winter, summer and net balances in
relation to elevation, the area distribution and the areal net
balance in every 50 m height interval.

Fig. 30 Observasjonshytta pa He¢gtuvbreen. For ti &r siden 18 breen her.

The observation hut at H¢gtuvbreen. Ten years ago the glacier covered
this area.
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Engabreen

Materialhusholdning

Akkumulasjonssesongen begynte i slutten av september, og ved midlingene 5.oktober
var det kommet opptil 80 cm nysn¢ i de ¢vre omrader. Neste midling og stakeskjgting
ble utfe¢rt i slutten av desember. Sn¢dypene var da ¢ket til 200-300 cm. Nytt besgk
fant ikke sted f¢r midt i mars, da bare 2 staker ble funnet. Akkumulasjonsmdlingene
ble pdbegynt 2l.april. 4 av fjordrets staker var da synlige og kunne benyttes til
kontroll av sn¢dypmdlingene. Sonderingsforholdene var meget vanskelige, og fjor-
drets sommeroverflate mitte derfor kontrolleres ved kjerneboring flere steder.
Varforholdene var ogsd darlige, og stadig nedb¢r feorte til at mdlingene ble av-
brutt 26.april. Nye akkumulasjonsmidlinger ble utf¢rt i tiden 22.-30.mai. Det ble
tatt 280 sonderinger og 5 kjerneboringer. Sngens tetthet ble mdlt i sjakter og ved
kjerneboring i ca. 1020 m o.h. og 1305 m o.h. Resultatene fra &rets to akkumula-
sjonsmdlinger er senere sammenholdt og vinterbalansekartet (fig. 33) er et resultat
av dette. P& grunn av de store omrdder og voldsomme sngmengder er det normalt
vanskeligere & utfgre ngyaktige milinger av vinterbalansen pa Engabreen, enn pd de
andre breer Brekontoret har midlinger. Dette gjelder ikke minst for 1975, og usikker-

heten i drets tall ligger nok adskillig over normalen.

Fig. 31 Instrumentburet pd "Skjezret" (1360 m o.h.) den 15.juli 1975.
The meteorological screen at "Skjeret" (1360 m a.s.l.) on July 15, 1975.
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Totaltallet for arets vinterbalanse er 120,7 - IObm3 vann eller en spesifikk vann-

2
verdi pa 3,18 m (101 1/s km ).

Ogsd sommeren ble svert darlig p&d Engabreen, med adskillig sn¢fall og uver. Dette
medfprte at sommerassistentene hadde store vansker med & gjennomfgre drets mile-

program. De endelige resultatene for arets sommerbalanse burde imidlertid likevel
vere ganske bra, og er beregnet a4 tilsvare et 1,57 m tykt vannlag over hele breen.

Dette er en total vannmengde pa 59,7 °* 106m3 (50 1/s kmz).

Nettobalansen for 1975 ble positiv for tredje &r pad rad med en massepkning pa hele
61 - 106m3 vann. Fordelt over hele breflaten tilsvarer dette et vannlag pa 1,61 m.
Rrstilsiget til Engavatn mid derfor korrigeres med 51 1/s kmz. Likevektslinjen ble

liggende pa 960 m o.h.

ENGABREEN 1975

Position of stakes, pits and sounding profiles

1200 o stake
e pit
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Fig. 32 Beliggenhet av staker, sjakter og sonderingsprofiler 1975.

The location of stakes, pits and sounding profiles 1975.
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Det meteorologiske midleprogrammet sommeren 1975 var stort sett identisk med til-
svarende for de foregdende to ar. Foruten observasjoner av nedb¢r, temperatur,
vindstyrke, fuktighet, skydekke og kortb¢lget innstraling ved observasjonshytta
(880 m o.h.). Observasjonene ved skj@ret ble mangelfulle og svert vanskelige &
gjennomfgre p.g.a. mye kaldt og darlig ver. Nedbg¢rmdlingene ble totalt mislykket,
delvis fordi mye nedbér kom som sn¢, og delvis fordi veret ikke tillot jevnlig

kontroll, mens temperaturregistreringene ble brukbare for enkelte perioder. Et ut-

valg av observasjonsresultatene er presentert i fig. 35.

Midlere skydekke for 75 observasjonsd¢gn (18.juni-31.august) ble 8,7. Juli hadde
et middel pd 9,0, med hele 23 d¢gn notert som helt overskyet eller tdket. Middelet

for august var 8,1, med 18 d¢gn med tdke eller tett skydekke. Bare 9 d¢gn av ob-

servasjonsperioden var halvskyet eller klarere.

ENGABREEN 1975

Winter balance in cm of water equivalent
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Fig. 33 Kart som viser vinterbalansen (975,

Map showing the winter balance 1975.
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ENGABREEN 1975
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Fig. 34 Variasjonene av vinter—-, sommer— og netto-balansen med h¢yden over
havet, breens arealfordeling og arealverdier av netto-balansen i
hvert 50 m h¢ydeintervall.

Winter, summer and net balance in relation to the elevation, the area
distribution and areal balance in every 50 m height interval.
ENGABREEN 1975

Hoyde Areal Vinterbalanse Sommerbalanse Nettobalanse
intervall N By bw Bg bg By b,

m o.h. xm? 106 m3 m 1/s km? 106 m3 m 1/s km? 106 w3 m 1/s km?
1500-1594 0,12 0,528 4,40 140 0,123 1,03 33 0,405 3,37 107
1400-1500 2,51 11,209 4,47 142 1,340 0,53 17 9,869 3,94 125
1300-1400 9,35 38,318 4,10 130 7,317 0,78 25 31,001 3,32 105
1200-1300 8,55 27,471 3,21 102 10,976 1,28 41 16,495 1,93 61
1100-1200 7,60 21,141 2,78 88 15,270 2,01 64 5,871 0,77 26
1000-1100 4,66 12,432 2,67 86 7,948 1,71 54 4,484 0,96 32
900~1000 2,46 5,989 2,43 77 6,237 2,54 81 -0,248 | -0,11 - 4
800~ 900 0,94 1,753 1,86 59 2,734 2,91 92 -0,981 | -1,05 - 33
700- 800 0,50 0,915 1,83 58 1,768 3,54 112 -0,853 | -1,71 - 54
600~ 700 0,37 0,479 1,29 41 1,511 4,08 129 -1,032 | -2,79 - 88
500~ 600 0,27 0,200 0,74 23 1,126 4,17 132 -0,926 | -3,43 -109
400~ 500 0,21 0,105 0,50 16 0,920 4,38 139 -0,815 | -3,88 -123
300- 400 0,17 0,083 0,49 16 0,840 4,94 157 -0,757 | 4,45 -141
200- 300 0,22 0,088 0,40 13 1,092 4,96 157 -1,004 | -4,56 -144
80~ 200 0,09 0,032 0,36 11 0,569 6,32 200 -0,537 | -5,96 -189
80-1594 38,02 120,743 3,18 101 59,771 1,57 50 60,972 1,61 51
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ENGABREEN 1975
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Fig. 35 Resultatene av de daglige meteorologiske observasjonene pd Engabreen

(900 m 0.h.) samt beregnet d¢gnavlgp ved utlgpet av Engavatn.

The daily met?orological observations at Engabreen (900 m o.h.) and com-
puted daily discharge at Engavatn.
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Midlere d¢gnlig vindstyrke for 71 observasjonsd¢gn (19.juni-28.august) var 5,2 m/s,
med et maksimum pd 14,7 m/s den 24.juli. Laveste d¢gnmiddel ble mdlt den 13.august
med 1,4 m/s.

Middeltemperaturen for perioden 19.juni-28.august var 5,3°C. Manedsmidlene var
5,2°C for juli og 6,5°C for august. D¢gnlig maksimumsmiddel ble mdlt til 14,4°C

den 10.august, mens minimumsmiddel —0,1°C ble mdlt den 27.juni. Temperaturgradient-
en mellom brehytta og Glomfjord er beregnet til 0,640C/100 m, med et standardavvik
pad 26,87 for 71 observasjonsde¢gn.

Standardnedb¢rmdleren ved brehytta (880 m o.h.) oppfanget ialt 590 mm nedb¢r i pe-
rioden 18.juni-28.august. Dette fordeler seg med 270 mm i juli, 168 mm i august,
og resten i siste del av juni. Mest nedb¢r kom det 19.juni med 48,9 mm pd et degn.

Bare 13 av 72 d¢gn var helt uten nedb¢r.

Midlere vanndamptrykk var 7,5 mb i juli, 8,3 mb i august og 7,7 mb for hele obser-

vasjonsperioden. Tre d¢gn i juni, tre i juli og tre i august hadde et midlere

Fig. 36 Smelteboring pa Engabreen. Avsmeltingen pd bretunga (150-400 m o.h.)
er sd stor at det md smeltes wirer 12-15 m ned i isen for at de skal
overleve sommersesongen.

Hot point drilling (steam drilling) at Engabreen. The ablation on the
glacier tongue (150-400 m a.s.l.) is so great that wires must be
melted down 12-15 m if they shall survive the summer season.
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vanndamptrykk p& mindre enn 6,1 mb, og kan sdledes ha hatt mulighet for sublima-

sjon fra breoverflaten.

—— . o et

Ved vannmerke 1774 i Engavatn ble avrenningen mdlt hele sommeren. Totalavlgp for
tidsrommet mai-september var 149,52 - 106m3, som gir midlere vannfe¢ring pr.degn pa
11,31 m3/s St¢rste d¢gnav1¢p fant sted 5.august med total avrenning pa

2,58 - 10 m3 vann (591 1/s km ), mens den st¢rste flommen fant sted 3.september
med en vassforing pa 31,5 m /s (625 1/s km ). Avrenningen var stor i august med
total 50,51 - 106m3 vann, tilsvarende en midlere vassf¢ring pa 18,86 m3/s. Til-
svarende tall for juli var 35,81 - 106m3 og 13,37 m3/s, og for juni 17,31 - 1O6m3

og 6,68 m3/s.

Trollbergdalsbreen

Materialhusholdning

Massebalanseundersg¢kelsene pd Trollbergdalsbreen ble avsluttet h¢sten 1974. Stake-
nettet og en del utstyr ble imidlertid verende igjen pd breen. Opprydning ble
foretatt i september 1975 og alle staker ble milt f¢r de ble fjernet. P4 grunmnlag
av de tall som da framkom er nettobalansen for 1975 beregnet. Den viste et under-—
skudd pa 0,514- 106m3 vann, som tilsvarer et vannlag pa 0.28 m over hele breen.

Siden mdlingene begynte 1 1970 har bare 1973 gitt positiv balanse, og det totale

TROLLBERGDALSBREEN 1975

Heyde Areal Nettobalanse

interval S By b,

m o.h. km2 106p,3 m 1/s km?
1250-1300 0,005 0,009 1,00 32
1200-1250 0,080 0,069 0,86 27
1150-1200 0,173 0,127 0,73 23
1100-1150 0,128 0,069 |. 0,53 | 17
1050-1100 0,556 -0,142 -0,26 -8
1000-1050 0,615 -0,412 -0,67 -21
950-1000 0,199 -0,177 -0,89 -28
900~ 950 0,063 -0,057 -0,90 -29
900-1300 1,819 -0,514 -0,28 -9
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underskudd i denne tiden belgper seg til 3,94 m vann. Vassdraget nedenfor fikk i

. 0 ) 2 . .. .
lgpet av 1975 tilfgort en ekstra vannmengde pa 9 1/s km . Likevektslinjen ble lig-
gende pa 1070 m o.h.

TROLLBERGDALSBREEN 1975
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En sammenlikning av materialhusholdningen pd de enkelte breer

T 1975 ble materialhusholdningen mdlt pa 12 breer. Av disse er 9 godt spredt i et
vest—¢st profil i Se¢r-Norge, hvor alle st¢rre breomrdder er dekket. I Nord-Norge
miles det bare pd breer i Svartisen-omradet, slik at vi vet lite om hvordan for-

holdene er ellers 1 landsdelen.

Det som preget forholdene i S¢r-Norge var de store nedbg¢rmengder som kom pa Vest-

landet og i de vestlige fjelltrakter. Pa samtlige mdlte breer var vinterbalansen

1 9 7 5
Areal Vinterbalanse Sommerbal anse Nettobalanse Likevekts-
S B, by Bg bg B, bn linje
- 106m3 m [1/s km? | 106m3 m |1/s km? | 106w3 n  |1/s km?| mo.h.
Alfotbreen 4,79 22,20 4,64 147 16,41 3,43 109 5,76 1,21 38 1050
Blomsterskardbreen 45,72 - - - - - - 77,72 1,70 54 1170
Grébreen, Folgefonni 9,55 25,06 2,62 83 21,51 2,25 71 3,55 0,37 12 1375
Supphellebreen 11,80 - - - - - - 11,80 1,00 32 -
Nigardsbreen 48,20 120,57 2,50 79 107,32 2,23 71 13,25 0,27 8 1450
Hardangerj¢kulen 17,79 40,03 2,25 71 37,36 2,10 66 2,67 0,15 5 -
Storbreen 5,40 8,37 1,55 49 9,18 1,70 54 -0,81 -0,15 -5 -
Hellstugubreen 3,29 4,43 1,35 43 5,63 1,71 54 -1,20 -0,36 =12 1950
Grésubreen 2,52 2,30 0,91 29 4,68 1,86 59 -2,38 -0,95 =30 (2300)
Hogtuvbreen 2,60 7,80 3,00 95 5,91 2,27 72 1,89 0,73 23 760
Engabreen 38,02 120,74 3,18 101 59,77 1,57 50 60,97 1,61 51 960
Trollbergdalsbreen 1,82 - - - - - - -0,54 -0,26 -9 1070
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10-307% sto¢rre enn normalt. Vinterbalansen er preget av at de vestligste og s¢r-
vestligste breer som Alfotbreen, Blomsterskardbreen og Supphellebreen har markert
st¢orre nedbgrmengder enn narliggende breer som Grabreen, Nigardsbreen og Hardanger-
jokulen. Sommeren 1975 ble imidlertid svert varm, og ablasjonen ble ogsa atskillig
stérre enn normalt. Den store masseomsetningen ferte til at de vestligste breer

pket betydelig, mens breene i Jotunheimen hadde negativ balanse ogsd i ar.

Beliggenheten av drets likevektslinje i et profil vest—¢st viser en atskillig

brattere stigning enn normalt (fig.40).

Ogsd i Svartisen—omrddet var vinteren preget av store nedbg¢rmengder, men i motset-—
ning til S¢r-Norge var sommeren svert kj¢lig og fuktig. Dette resulterte i stor

vinterbalanse og liten sommerbalanse, bade for Engabreen og Hégtuvbreen. Netto-—

NET BALANCE DIAGRAMS 1975
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Fig. 38 Nettobalansekurvene for 1975 & - ARlfotbreen, N - Nigardsbreen,
Ha - Hardangerj¢kulen, S - Storbreen, He - Hellstugubreen,
G - Grasubreen, Gr - Grdbreen, E - Engabreen, H - H¢gtuvbreen
og T - Trollbergdalsbreen.

Net balance curves for 1975. For code explanation, see above.
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balansen viser en raskt avtagende tendens ¢stover, slik at den allerede pd Hegtuv-
breen er halvert (0,73 m) i forhold til Engabreen (1,61 m). Videre til Trollberg-
dalsbreen er forskjellen ennd mer markert, og den kom ut med en negativ nettoba-
lanse pa 0.28 m. Denne gradienten avspeiler antagelig det samme forhold som 1 S¢r—
Norge, nemlig at vinterbalansen avtok svert raskt ¢stover fra kysten, mens sommer-

balansen o¢kte.

Det generelle bilde for bide S¢r-Norge og Svartisen—omrddet synes nd a4 vare en
¢kning av de vestligste breer og en minking av de ¢stligste breer, i alle fall var
dette forhold meget framtredende i 1975. Arets milinger viser ogsd tydelig hvor
viktig det er med mdlinger pad flere breer for a fd et riktig regionalt bilde av
brevariasjonene. F.eks. er Engabreen tydeligvis lite representativ for det som

skjer pa ¢stligere deler av Svartisen, selv om avstandene er relativt sma.

m
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Fig. 39 Diagrammet viser forholdet mellom vinter— og sommerbalansen i 1975.
Sammenliknet med middelverdiene av de siste 3 &rs mdlinger og et ar
med beregnet '"normal" materialomsetning.

A=Alfotbreen, N=Nigardsbreen, H=Hardangerj¢kulen, S=Storbreen,
He=Hellstugubreen og G=Grasubreen.

Relation between winter and summer balance in 1975 compared to the
mean of the previous twelve years and also to that of a year with a
computed '"mormal' mass exchange. For code explanation, see above.
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MASS EXCHANGE ON GLACIERS IN SOUTHERN NORWAY 1975
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ENERGIBALANSEN PA UTVALGTE BREER

Innledning

Energibalanse-undersgkelser ble utfeort pd 9 breer i Norge. Pa kartet (fig. 41) er
breene markert. Nermere presentasjon av tidligere unders¢kelser er gitt i tabell

I1I og i tidligere ars rapporter (Tvede 1971, 1973, 1974a og 1975).

I regi av Brekontoret startet energibalanse-undersgkelser pd Austre Memurubre og
Rlfotbreen i 1970. I de tre siste sesongene har unders¢kelsene pagdtt pd Engabreen

og Nigardsbreen.

Bdde pa Engabreen og Nigardsbreen ble det i 1975 foretatt observasjoner i tiden fra
22.juni til 30.august. Unders¢kelsene er n®r identiske med dem som ble utf¢rt tid-
ligere ar. Bade pd Engabreen og Nigardsbreen har man etablert et arbeidsprogram

der mdling av strdling og ablasjon lett lar seg kombinere. Innholdet i dette ka-
pitel er et supplement til hva som er skrevet om massebalansen ved respektive
breer. Energibalanse-undersgkelsene er lagt opp slik at de ogsd@ f¢yer seg inn i
rekken av bestrebelser som gj¢res pd breer i andre deler av verden for & f& over-—
sikt over hvordan de meteorologiske faktorer virker inn pd bre—avsmeltingen. Det
langsiktige mdl er & fa en mer kvantitativ bestemmelse av sambandet mellom klima-

fluktuasjoner og bre-variasjoner.
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Metoder og instrumenter

Unders¢kelsene i 1975 er n®r identiske med dem som tidligere er utf¢rt pd Enga-
breen og Nigardsbreen og det henvises derfor til rapporten for 1973-sesongen

(Tvede 1975), der fremgangsmiten ved energibalanse-unders¢kelsene er utf¢rlig pre-

sentert.

P4 Engabreen, sdvel som pa Nigardsbreen, forekom det i 1975 enkelte d¢gn med ufull-
stendige observasjoner. Imidlertid synes tidligere oppnddde korrelasjons—kurver
mellom beslektede parametre i ablasjonsprosessen & vare brukbare. Disse kurver

har man brukt sammen med observasjonsutskrifter fra nerliggende meteorologiske

stasjoner for a fylle hull i observasjonsrekkene.

Robitzsch—aktinografene har vert palitelige og driftssikre strdlingsregistratorer
i 1975, slik som i tidligere sesonger. Det er hovedsakelig ut fra stralings-kur-—

vene man kan beregne seg fram til de andre viktige faktorer i ablasjonen.

Det ble 1 1975 ikke anledning til & foreta albedo-mdlinger i den grad man kunne

¢nske. Energibalanse-mdlinger synes n& & mitte kreve et enkelt hind-albedometer

(solarimeter) til jevnlig (ukentlig) kontroll av albedo.

€ /
o ngabteen/é -

T Y

‘ Fig. 41

G ! Kart som viser bgliggenheten av de
‘J&{&ﬁt\ | breer hvor energibalanseunders¢kelser
) g er foretatt. Nigardsbreen og Engabreen
g L er unders¢kt i 1975.

the location of glaciers where heat
balance investigations have been per-
formed. Nigardsbreen and Engabreen

o e = \ } Map of Southern Norway, containing
e - are the two glaciers examined in 1975.
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Til & bearbeide data fra mdlingene pd breene er det nd utviklet et EDB-program i
programmeringsspraket BASIC. Alle viktige resultater gjengitt i fig. 43 og i ta-
bellene I og Il er beregnet pad datamaskin. Kontroll av programmet er foretatt ved

a4 jamfore tidligere ars manuelt utregnede resultater med tilsvarende resultater
beregnet pd datamaskin. Avvik mellom manuelle og maskinutregnede resultater har
for enkelte d¢gn kommet opp i 10%, men verdiene for ukeperioder og for sommerse-
songen sett under ett har vert meget like. Ved & bruke EDB er arbeidstiden for be-

arbeidelsen av materialet godt og vel halvert.

Resultater

En visuell oversikt over straling og ablasjon er vist for begge de unders¢kte

breene i fig. 43, der de d¢gnlige verdier er tegnet inn.

De raskt skiftende verforhold pa breene illustreres godt i fig. 43 ved de markerte
variasjoner i globalstridling og ablasjon. Netto tilf¢rt striling holder seg imid-
lertid relativt jevn gjennom sommeren. Grunnen til dette er at globalstrialingen
far begrenset virkning pa@ ablasjonen ved den relativt h¢ye albedoen (i gjennom—
snitt 637 pd Engabreen og 677 pa Nigardsbreen), samtidig som den langb¢lgede

stralingen svinger i tilnarmet motsatt fase av globalstrdlingen.

De kjolige forhold pad breene illustreres ogsd tydelig i fig. 43, idet hele 17 de¢gn
pa Engabreen og 13 d¢gn pa Nigardsbreen er beregnet & ha "vinterklima". Dette be-
tyr at i disse d¢gn har netto tilfert stridlingsenergi vart st¢rre enn ablasjons-
energien. Med andre ord kan man si at de non-radiative faktorene har avkij¢lt bre-
massen slik at noe (i enkelte d¢gn all) stridlingsenergi er brukt til & varme sn¢

og is opp til smeltepunktet.

Hele 17 deégn - eller ner 1/4 av de observerte d¢gn - med "vinterklima" pa
Engabreen er et uvanligt h¢yt tall. En andel pd ca. 1/10 er nok mere normalt, skal
man d¢mme etter tidligere ars observasjoner. Nar det gjelder Nigardsbreen er 13

d¢en (ca. 1/5) med "vinterklima" lavere enn normalt (ca. 1/4).
g

Korrelasjonen mellom netto straling og ablasjon er didrlig. Dette stgtter tidligere
drs konklusjoner om at det er de non-radiative faktorer (hovedsakelig konveksjon
og kondensasjon) som dirigerer ablasjonssvingningene fra d¢gn til degn. Apenbart

tilf¢rer stralingen en jevn "grunnsum" ablasjonsenergi gjennom sommeren.

For Nigardsbreen er de mest interessante energibalanse-faktorene f¢rt opp i tabell

I. Tllustrasjon av tabellen er vist i fig. 42. Ukentlige verdier er valgt.

T observasjonsperioden sett under ett bidro strdlingen med ca. 95 g/cmz, altsa
nesten 547 av den registrerte ablasjon pd ca. 177 g/cmz. Konveksjon og kondensa-

sjon forarsaket om lag 467%, mens nedbgr og sublimasjon knapt kan ha betydd si mye
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som 1%7. Man ma@ kunne si at Nigardsbreen har opplevet et relativt maritimt klima i

75-sesongen.

For Engabreen er de ukentlige enmergibalanse-resultater presentert i tabell II og
illustrert i fig. 42. I observasjonsperioden fordrsaket strilingen ca. 123 g/(‘.m2

eller vel 487 av den mdlte ablasjon pa ca. 255 g/cmz. Konveksjon og kondensasjon
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Uke-verdier av ablasjonen med markering av bidrag fra strdling og fra de

non-radiative faktorer pd Nigardsbreen og Engabreen fra 22.juni til 30.

august 1975. P4 Nigardsbreen har perioden 22.-28.juni hatt dominans av

"vinterklima". P4 Engabreen har perioden 13.-19.juli hatt dominans av
vinterklima.

Ablation and the contribution of radiation and the non-radiative factors.

Weekly accounts during the summer season on Nigardsbreen and Engabreen

from June 22 to August 30 in 1975. Note the periods, from Jume 22 to

June 28 on Nigardsbreen and from July 13 to July 19, when "winter climate"
was predominant.

b
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gardsbreen during the summer season 1975.
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bidro med ner 51%, mens energitilf¢rsel via regn kom opp i knappe 17. Sublima-
sjonen har neppe betydd mer enn halvparten av regnets andel av ablasjonen. Disse
tall harmonerer godt med antall'vinterd¢gn', og understreker den relativt lite
sommerlige karakter klimaet rundt Engabreen hadde i sommersesongen 1975. Spesielt
kan nevnes uken 13.-19.juli (se fig. 42) da "vinterklimaet' hadde overtaket hvis

man ser perioden under ett.

TABLE I
ABLATION CONDITIONS NIGARDSBREEN 1975
Mean Global Net.Rad. Ablation | Ablation Registered Relative heat supply by
Period Albedo| Radiation | absorbed caused by | caused by total Convection +
by glacier| Radiation Rain Ablation Radiation Condensation Precipitation

day/month 4 t:al/cm2 g/cm2 4

22/6 - 28/6 71 4265 892 11,1 0 6,1 182,0 -82,0 0
29/6 - 5/7 69 4696 953 11,6 0 15,7 73,9 26,1 0
6/7 - 12/7 67 4164 882 11,2 0 25,0 44,8 55,2 0
13/7 - 19/7 66 4181 933 11,7 0,2 12,2 95,9 2,5 1,6
20/7 - 26/7 66 3046 735 9,1 0,3 20,1 45,3 53,2 1,5
27/7 - 2/8 66 2654 663 8,3 0,1 24,0 34,6 65,0 0,4
3/8 - 9/8 65 3617 669 8,4 0 24,6 34,1 65,9 0
10/8 - 16/8 65 4126 738 9,2 0,1 23,9 38,5 61,1 0,4
17/8 - 23/8 64 2834 618 7,6 0,1 14,4 52,8 46,5 0,7
24/8 - 30/8 60 2132 535 6,7 0 11,4 58,8 41,2 0
22/6 - 30/8 67 35715 7618 94,9 0,8 177,4 53,5 46,0 0,5
% Sublimation is considered as a negative part of condensation; it plays approx. the same role as Rain.

TABLE II
ABLATION CONDITIONS ENGABREEN 1975
A
Mean Global | Net.Rad. Ablation | Ablation Registered Relative heat supply by
Period Albedo | Radiation| absorbed caused by | caused by total Convection +
by glacier | Radiation Rain Ablation Radiation Condensation Precipitation

day/month % cal/cm2 g/cm2 %
22(6 - 28/6 70 2567 979 12,4 0,1 12,5 99,2 0 0,8
29/6 - 5/7 68 1450 1016 12,6 0,1 16,3 77,3 22,1 0,6

6/7 - 12/7 61 2963 1130 14,0 0,3 20,8 67,3 31,3 1,4
13/7 - 19/7 60 1606 954 11,8 0 7,2 ' 163,9 -63,9 0
20/7 - 26/7 55 2173 977 12,0 0,1 49,0 24,5 75,3 0,2
27/7 - 2/8 54 2183 955 12,0 0,3 33,6 35,7 63,4 0,9

3/8 - 9/8 53 2242 986 12,1 0,4 46,9 25,8 73,3 0,9
10/8 - 16/8 53 2434 869 10,8 0,1 24,3 44,4 55,2 0,4
17/8 - 23/8 52 1485 683 8,4 0,3 23,1 36,4 62,3 1,3
24/8 - 30/8 52 1543 701 17,1 0,3 21,5 79,5 19,1 1,4
22/6 - 30/8 63 20646 9250 123,2 2,0 255,2 48,3 50,9 0,8

% Sublimation is insignificant, even compared with Rain
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Diskusjon

Ved samme usikkerhetsvurdering som i tidligere undersgkelser, er feilgrensen for
dg¢gnlig ablasjon satt til 0,5 g/cm2 og for d¢gnlige verdier av nettostralingen
til 15 cal/cmz. I verdiene for de relative bidrag fra ablasjonsfaktorene, sesong-
en sett under ett, er feilgrensen vurdert til & vere 47. Siden instrumenter og
midlemetodikk var ner ensartet pad Engabreen og Nigardsbreen, er usikkerhetsverdien

satt like stor for de to breene.

I tabell III er gitt en oversikt over energibalanse-undersgkelser som til nd er
utfort i Norge. Resultatene fra Nigardsbreen, Engabreen og Alfotbreen gir grunn
til & understreke variasjonen i bidragene fra striling og non-radiative faktorer
fra en sommersesong til en annen. Mest typiske eksempel kan hentes fra Nigards-—
breen, der strdlingens relative bidrag i 1973 var ca. 53%, mens bidraget i 1974
var hele 77%, for sd i 1975 & falle ned til ca. 54%. P4 deune bakgrunn mi de
korte observasjonsperioder i 1 eller 2 &r pd et begrenset antall breer mane til

forsiktige generelle tolkninger av resultatene.

TABLE TII
ABLATION CONDITIONS ON GLACIERS IN NORWAY
Year of Period Glacier Position Ablation components 7% Author
investigation day/month (See map) °n °E Radiation Convection Condensation Rain and (year)
m.a.s.1. sublimation
Grasu- 61° 39 T.Klemsdal
1963 12/6 - 18/6 breen 08° 36° 98 2 (1968)
27/7 - 9/8 1975 59 27 J 14
Austre 61° 33’ [ S.Messel
1970 26/6 - 30/8 Memurubre 08° 30° 67 33 <1 (1971b)
1971 15/6 - 6/9 ca. 1900 77 23 <1 (1973)
Stor= 61° 35° O.Liestgl
1955 6/7 - 8/9 breen 08° 20’ 54 32 14 <1 (1967)
1600
Skagastgls— 61° 30° B.E.Eriksson
1954 May - Sept. breen 07° 50° 79 21 (1959)
1955 May - Sept. ca.1600 66 34
Omns -~ 60° 39’ S.Messel
1968 3/6 - 8/9 breen 07° 30° 50 34 16 <1 (1971a)
1969 3/6 - 8/9 1540 55 31 14 <1
S.Messel
1972 15/6 - 6/9 Nigards- 61° 43° 64 36 <1 (1974)
1973 22/6 - 6/9 breen 07° 08’ 53 47 <1 (1975a)
1974 22/6 - 6/9 1620 77 23 <1 (1975b)
1975 22/6 - 30/8 54 46 <1 (1976)
/7 - 12/7 Supphelle~ 61° 30° 32 68 0.0rheim
1967 1/8 - 18/8 breen 06° 48’ 26 74 (1970)
4/9 - 8/9 ca.70 14 86
S.Messel
1970 1/6 - 14/9 Alfot- 61° 45° 44 56 <1 (1971b)
1971 1/6 - 6/9 breen 05° 40° 43 56 1 (1973)
1972 1/6 - 2/8 ca.1250 53 46 1 (1974)
S.Messel
1973 22/6 - 30/8 Enga- 66° 40° 32 67 1 (1975a)
1974 22/6 - 6/9 breen 13° 50° 33 66 1 (1975b)
1975 22/6 - 30/8 850 48 52 <1 (1976)
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FRONTMALINGER

Engabreen

De f¢rste arene i dette arhundre hadde Engabreen fremgang og fylte da hele Enga-
brevannet. I &rene frem til 1930 avtok bretungen betydelig i tykkelse, mens bre-
fronten stod omtrent pad samme sted. Fra 1930 til 1944 gikk brefronten kraftig til-

bake, og i 1944 forlot breen vannet. Idag star brefronten ca. 300 m fra vannet
(Haakensen 1975, s. 51).

I 1965 etablerte Norsk Polarinstitutt et punkt hvorfra avstanden til breen ble

mdlt hvert 3r frem til 1974. Disse frontmdlingene er gjengitt i flg. tabell:

ar 1966 1967 1968 1969 1970 1971 1972 1973 1974
m +5 +10 +10 +8 +34 +28 -31 =42 -4

Som en ser av denne tabell hadde tilbaketrekningen stagnert rundt midten av 1960-

drene, og ble fulgt av flere &r med fremrykning.

Fig. 44 Kartskisse som viser beliggenheten av punktene ved Engabreens tunge hvor-
fra NVE utfgrer frontmdlinger. Strekene A-L angir mileretningene.

Front measurements are made from the points shown on this map of Engabreen.
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I 1972 etablerte NVE 11 mdlepunkter ved Engabreens tunge, hvorfra avstanden til
breen ble mdlt i en bestemt retning. Punktene ligger pad begge sider av bretungen,

fra ca. 60 m o.h. og opp til ca. 275 m o.h. (fig. 44).

Nedenforstdende tabell viser middelverdier av mdlingene fra disse punkter:

ar 1973 1974 1975
m -19,2 -2,6 0

I 1973 ble det mdlt tilbaketrekning fra alle milepunkter og denne varierte fra 4 m
til 35 m. St¢rst var tilbakegangen ved de laveste punktene (E, F, G og H). Den
midlere tilbaketrekning for perioden 1972-73 var pa 19,2 m, og det er dette tall

som er satt 1 tabellen.

I 1974 var brefrontens variasjon mye jevnere enn det foregdende &r og varierte fra

-6 m til +2 m. Middelverdien gir en tilbaketrekning pa 2,6 m.

Frontmdlingene i 1975 antyder at den midlertidige tilbakegangen av brefronten, som
har vart siden 1972, er slutt. Ved 6 punkter ble det mdlt fremrykning, og den
storste fremrykningen (18 m) ble mdlt ved K, mens det ved 5 punkter ble milt til-
bakegang og denne var st¢rst ved F (25 m).

NVE's frontmdlinger ved Engabreen viser at breens tilbakegang stanset fg¢rst ved de
¢verste madlepunktene (K og L) og at man der har begynt & fd en fremgang. Brefront-—

en er ogsd blitt brattere og vanskeligere tilgjengelig. Dette sammen med at breen

siden 1972 har hatt en positiv massebalanse pd over 5 m vannekvivalent skulle til-

si at vi md forvente en fremrykning av breen i de n®rmeste ar.

Rl1fotbreen

Ved Alfotbreen etablerte NVE et mdlepunkt i 1974 hvorfra avstanden til breen ble

malt. I perioden 1974-75 ble det mdlt en tilbakegang pd 1 m.

Nigardsbreen

Siden Nigardsbreens fremst¢t omkring 1750 har brefronten trukket seg tilbake ca.
4500 m. Det siste fremstatet skjedde i 1930 som f¢lge av en kuldeperiode i 1920-
drene. Siden 1930 har Nigardsbreen kontinuerlig trukket seg tilbake, og frontmi-

linger viser at siden 1930 har brefronten trukket seg tilbake 1850 m.

Fra 1907 er det utf¢rt arlige frontmdlinger ved Nigardsbreen med unntak av arene
1965-72, som senere er beregnet fotogrammetrisk. Disse mdlingene ble startet av

J.Rekstad og er siden fortsatt av Norsk Polarinstitutt.

Tabellen pd neste side viser resultatene av de siste drs frontmdlinger:
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ar Totalt 1964-72 Arlig 1964-72 1973 1974 1975
m =515 -64 -65 -46 -16

Det ser ut til at tilbaketrekningen er i ferd med & kulminere. Perioden 1962-75
viser flere dr med positiv massebalanse, og i denne perioden har overskuddet vart
over 6 m vannekvivalent fordelt over hele breens areal (@strem, Liest¢l & Wold
1976, s. 198). Det er derfor naturlig & forvente et brefremst¢t som fglge av den
store ¢kningen i breens volum som har foregdtt siden 1962, men det er rimelig at

tidspunktet for fremgangen ennd ligger noen ar i fremtiden.

SUMMARY

Mass balance studies, meteorological and hydrological investigations at selected

glaciers

Introduction

The Norwegian Water Resources and Electricity Board (abbreviated: Vassdragsvesenet,
NVE) performs glacier studies within selected watersheds to obtain data for hydro-
logical calculations in connection with evaluation of possible future hydro-elec—
tric power plants. The studies in 1975 were concentrated to 6 glaciers in Southern
Norway and 3 glaciers in Northern Norway. These glaciers are situated in the fol-
lowing areas: Alfotbreen, situated in a maritime area in Western Norway, Folgefonni,
Jostedalsbreen, Jotunheimen (in Southern Norway), and Svartisen (in Northern Nor-—
way). In addition, some four glaciers in Southern Norway are observed by the Nor-—

wegian Polar Institute (Norsk Polarinstitutt).

The location of the various glaciers where mass balance studies were performed in
1975 can be seen on the map, page 4. The longest observation series are made on
Storbreen in Jotunheimen (by Norsk Polarinstitutt) and Nigardsbreen (by NVE). Re-
sults from earlier years' observations have been published in annual reports

issued by NVE and Norsk Polarinstitutt.

The methods used in the field work and in the calculations have been, in principle,
unchanged since NVE started investigations at Nigardsbreen in 1962. The methods are
described in @strem & Stanley (1969). The terminology is consistent with the pro-

posals published by UNESCO (1970). Most of the terms are also explained on the il-

lustration, Fig. 2.

To increase the practical use of the mass balance data obtained by these studies
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some meteorological and hydrological observations were also made. The meteorologi-

cal data are collected to form a base for short-term meltwater discharge forecasts.
The actual discharge from the glaciers is also observed, in most cases by automatic
recording devices. All the collected data are shown in diagrams in this report,

one for each of the glaciers under study, e.g. Figs. 15 and 35.

Alfotbreen

The accumulation started relatively early on Alfotbreen - already at the first
visit on 20 September 1974 the glacier had received 20-30 cm snow. The snow cover
had increased to more than 200 cm at the next visit two months later. Further vi-
sits were made on 10 January and 25 February, and then the snow depths exceeded 8 m

on most of the glacier. Due to this heavy snowfall only 4 stakes survived the win-

ter so that no less than 9 corings must be made to determine the final winter ba-

lance at the end of April. At the same time 50 snow depth determinations were
made by conventional sounding. The snow density was determined in a pit as usual.
The locations of all measurements are shown on Fig. 3 and the resulting winter ba-

lance map on Fig. 4.

6 . .
In total, 22.2 - 10 m3 water accumulated on the glacier - corresponding to
4.64 m of water equivalent. This is almost a record for Rlfotbreen - a higher
winter balance has been observed only once, in 1973. The result for 1975 is 307%

higher than the average for the period 1963-74.

Summer conditions were observed at several occasions. Visits were made to the gla-
cier on 8 June, 8 July, 7 August, 3 September and 9 October. At the end of the
summer no less than 19 stakes had become visible so the ablation observations are
regarded reliable. Due to the heavy snowpack and, consequently, a relatively high
albedo throughout the summer, the melt was retarded significantly so that the sum—
mer balance became relatively small, compared to glaciers farther east where less
snow fell during the winter. In September only small areas of exposed ice were vi-
sible below 1100 m a.s.1. on Alfotbreen.

6_3

The summer balance amounted to 16.4 * 10 m~ water - corresponding to 3.43 m of
water equivalent. This is almost equal to the average for the period 1963-74. The
net balance for 1975 amounted to +5.8 ° 106m3 water or +1.21 m of water equiva-

lent. The equilibrium line was situated at 1050 m a.s.l. The results are shown in

Fig. 5 and in the table on page 10. The meteorological observations are plotted in
Fig. 6.

Blomsterskardbreen

This outlet glacier from the Folgefonni ice-cap has been expanding during the last

few years and it is therefore an interesting glacier for mass balance studies.



56

Only a few stakes are placed near the equilibrium line and the net balance is cal-
culated from the assumption that the form of the net balance curve does not

change from yecar to year, it is only shifting to the left or right in the diagram.
This calculation method has been described previously (Tvede 1974). The studies of

this glacier is financed by Norsk Polarinstitutt.

The measurements were made on 10 October and a positive balance was then deter-—
mined from observations on 3 stakes. The net balance amounted to +1.7 m of water

equivalent. The equilibrium line is assumed to be at an elevation of 1170 m a.s.l.

This glacier has now had positive balances during 5 consecutive years and the in-

crease in glacier thickness is calculated to more than 5 m of water equivalent.

Gribreen

This glacier was visited three times throughout the winter and the stakes were ex-—
tended so that 8 of them survived the entire winter. Snow depth observations were
made in 144 points along profiles shown in Fig. 8. The snow density was observed in
a pit and by coring. The resulting winter balance map is shown on Fig. 9. In total

. . 3 .
the glacier received 25.1 1O6m water - corresponding to 2.62 m of water equi-

valent.

Visits to the glacier were made at the beginning of June, July, August and Septem-
ber. The last-mentioned date can be set as the end of the summer season because a
thin snow cover had then arrived on the upper parts of the glacier. The summer ba-
lance amounted to 21.5 - 106m3 water = corresponding to 2.25 m of water equiva-
lent. This resulted in a positive mass balance corresponding to 0.37 m of water

equivalent. The equilibrium line was situated at 1375 m a.s.l. The results are vi-

sualized on Fig. 10 and are also plotted in the table on page 15.

An "abbreviated" program of mass balance studies were made on this outlet glacier
from Jostedalsbreen, according to a similar method as mentioned above for Blomster-
skardbreen. Mr. Olav Orheim made more complete studies during the years 1963-68 and
he resumed mass balance studies in 1973. His calculations indicate a positive mass
balance amounting to 1.5 m of water equivalent for 1973 and a positive balance in
1974 amounting to 0.8 m of water equivalent. For 1975 the calculations also result—

ed in a positive balance, this time 1.0 m of water equivalent.

Several winter visits were necessary to maintain the stake net but the heavy snow

accumulation, amounting to 6-7 m in the higher parts of the firn basin, made it
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impossible to keep all the stakes surviving throughout the entire winter. At the
main snow survey made in the middle of May only 8 of the original stakes could be
found. However, due to a very good summer surface developed in 1974 all the 270
snow depth soundings were regarded reliable (for the locations of the sounding
profiles see Fig. 12). The snow density was determined in three pits, each repre-—

senting a certain height interval.

The winter balance amounted to 120.6 - 1O6m3 water or 2.5 m of water equivalent.
This is 10% more than the average for the period 1962-74. A higher winter balance

was measured only in 1962 and 1967.

The observation hut at Steinmannen was manned in the period from 18 June to 1 Sep-

tember by two summer assistants who visited the stakes in the firn basin every
week and measured vertically inserted cables on the tongue every 10 days. Some
stakes near the hut were observed daily. Also meteorological observations were
performed at the hut and at a point in the firn basin.

The total ablation amounted to 107.3 - 106m3 or 2.23 m of water equivalent which

is 227 more than the average for the period 1962-74. This is almost a record -

a higher summer balance was found only in 1970. The ice melt on the tongue amount-
ed to approx. 14 m during the summer whereas approx. 3 m of snow melted in the
higher parts of the firn basin.

The mass balance turned out to be positive also in 1975, this is the third conse-
cutive year and the ninth year since 1962. It amounted to +13.3 - 106m3 or +0.27 m
of water equivalent. The equilibrium line was situated at 1450 m a.s.l. This is
slightly below the average for the period 1965-75 which was 1490 m a.s.l. This
again is 65 m lower than the theoretical altitude for the equilibrium lineif the

glacier is in balance (''steady state conditions"). Compare Fig. 16.

The increase in volume which has taken place since 1962 - more than 6 m of water
equivalent - has not yet caused any advance observable at the tongue. It is ex-—
pected, however, that the glacier front will start its advance in the next few
years. A survey of glaciological investigations made at Nigardsbreen was recently
published in Norsk Geografisk Tidsskrift (@strem, Liest¢l & Wold, 1976). A new

glacier map of Nigardsbreen is included in that report.

The meteorological observations made at the hut Steinmannen (1630 m a.s.l.) are vi-—
sualized in the diagram on page 21, where also daily mcan temperatures from the
permanent met.station at Bj¢rkehaug and from the firn basin (1840 m a.s.l.) are
shown. The mean air temperature at Steinmannen for the summer 1975 was 5.2°C, i.e.

1.4°¢C higher than the average for the period 1965-74. The warmest day, 5 August,
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gave a mean temperature of 14.1°C whereas the coldest day, 27 June, gave -3.8%C.
In general, August was particularly warm whereas June was comparatively cold. The
monthly means were 2.0°C s 5.3°C and 6.5°C for the months June, July and August,

respectively.

The daily mean water vapour pressure was, on an average, 7.2 mb. During two days
in June, 7 days in July, and 6 days in August the water vapour pressure was less
than 6.1 and at the same time the daily mean temperature was above zero. This in-
dicates that evaporation may have taken place during these 15 days (and possibly
at single occasions) during the summer. A significant water vapour condensation
must have taken place on the glacier surface during the rest of the summer (com—
pare Fig. 42a).

The discharge from the glacier amounted to 134 - 106m3 water with a maximum daily

discharge, 3.13 mill m3, occurring on 11 August.

The studies are concentrated to a west—-facing outlet glacier, Rembesdalskaki, and
are made by Norsk Polarinstitutt. Due to the unusually heavy winter accumulation
most of the stakes disappeared and only three stakes were visible at the end of the
accumulation season. The sounding operations were also difficult due to a weakly

developed summer surface from the previous melt season.

The winter balance has been calculated to 2.25 m of water equivalent. The following
warm summer resulted in a summer balance amounting to as much as 2.10 m of water
equivalent, so that the resulting net balance turned out to be +0.15 m of water
equivalent. However, due to difficulties in the field work and, consequently, many
sources of error, it is anticipated that the accuracy is lower than normal. It is
estimated to ~0.20 m of water equivalent. It may be more realistic to say that the
Hardangerj¢kulen ice-cap was nearly in balance in 1975. The height of the equili-

brium line was approx. 1630 m a.s.l.

Storbreen
This glacier is also observed by Norsk Polarinstitutt. It has one of the longest
series of mass balance observations in the world, as Mr. Olav Liest¢l started these

investigations already in 1948 (Liestg¢l 1967).

The snow accumulation was larger than normal, 1.55 m of water equivalent compared
to 1.36 m in an average year. The hot summer caused an ablation of 1.70 m of water
equivalent so that the glacier Storbreen - in spite of the large accumulation -

suffered a slightly negative net balance, amounting to -0.15 m of water equivalent
in 1975.
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This valley glacier in the Jotunheimen area has been studied for several years main-
ly for scientific reasons. During the last few years, however, the data have been
used also for hydrological purposes, due to the fact that part of Jotunheimen was
considered for future water power development and the glacier's influence on the

stream discharge variations was previously almost unknown.

During a winter visit on 7 February a total of 15 stakes were extended whereas 10
stakes had disappeared in a 1-3 m deep snow cover. The final snow survey was made
24-26 May when all the 15 stakes were resurveyed and snow depths between them were
determined by approx. 110 depth soundings. The sounding profiles are shown on Fig.
20. Up to 5 m of snow was found in the upper firn basins. The snow density was de-

termined in two pits, at 1650 and 1960 m a.s.l.

The winter balance amounted to 4.4 - 106m3 water which is 125% of the average win-—
ter balance during the period 1963-74, a higher winter balance was found only in

1967 and 1968.

Summer visits were made in June, July, August and October. A good record was there-
fore kept of the summer balance which amounted to 5.6 ° 106m3 water and this equals
1.71 m of water equivalent. The summer balance is also higher than the average
(1267 of the average for the period 1963-74) so that the glacier in 1975 reduced
its mass by 1.2 - 1O6m3 water. This corresponds to a net balance of -0.36 m of

water equivalent. The equilibrium line recached a height of 1950 m a.s.l.

Crdsubreen

Similar to Hellstugubreen this small glacier in the eastern part of the Jotunheimen
area has been observed annually concerning its mass balance for a fairly long pe-
riod (from 1963). The mass balance measurements are normally based on observations
performed during visits throughout the year. In 1975 a winter visit was made in
February (to extend stakes) whereas the final snow survey was made on 25-26 May
when 11 stakes were visible. In addition approx. 115 snow depth soundings were

made along profiles shown in Fig. 24. The snow density was determined in a pit at
approx. 1960 m a.s.l. Data from this pit is regarded representative for the entire
glacier, due to its relatively small size. The maximum snow depth amounted to

370 cm. The summer surface was well developed all over the glacier.

The winter balance amounted to 2.3 * 106m3 water which corresponds to 0.91 m of

water equivalent. Also on this glacier we found a 257 higher winter balance than

the average for the period 1963-74.

Summer visits were made in July, August and October. In total 19 ablation stakes
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are distributed on this glacier, see Fig. 24. The summer balance, calculated from
readings on these stakes, amounted to 4.7 - 106m3 water. This corresponds to

1.86 m of water equivalent which is almost a record for this glacier - it is

1967 of the average summer balance for the period 1963-74 - a higher summer melt
was found only during the summer of 1969.

The unusually high summer balance caused a significant deficit in the mass balance,
in that the glacier lost no less than 2.4 - 106m3 water. A larger deficit was

found only in 1969. The net balance amounted to -0.95 m of water equivalent. The

glacier lost mass all over its surface so that the equilibrium line reached an al-

titude of approx. 2300 m a.s.l., i.e. higher than the glacier's highest point (the
altitude was determined from the graph, Fig. 26, and is thus only a theoretical

figure).

The winter season started very early on H¢gtuvbreen - already on 10 October a
snow layer of 3-4 m covered the glacier. Stakes were extended in January and Fe-—
bruary and the final snow survey was made on 17-18 April. Then the snow depth had
increased to 5-7 m. Most of the soundings are reliable but in the upper part of
the glacier they had to be supported by corings in 9 various points. In total 207
snow depth soundings were made along no less than 19 km of sounding profiles, com-
pare Fig. 27. Some additional accumulation arrived after that the main snow survey
was made, but this addition was measured on 1 June so that the map of the winter

balance (Fig. 28) includes the entire snow accumulation.
The winter balance amounted to 7.8 - 106m3 water or 3.0 m of water equivalent.

During the summer all stakes were surveyed in June, July and at the beginning of
September. The summer balance amounted to 5.9 ° 106m3 water which corresponds to
2.27 m of water equivalent. Consequently, the glacier experienced a positive mass
balance amounting to 1.9 - 106m3 water corresponding to a net mass balance of
+0.73 m of water equivalent. This is the second time since 1971 that H¢gtuvbreen
has shown a positive balance, the first time was in 1973. The reason for the posi-
tive balance in 1975 is mainly a cool summer, when the ablation amounted to only

approx. 65% of the average for the years 1971-74.

It is assumed that the accumulation season started at the end of September 1974 be-
cause 80 cm of fresh snow had accumulated at a visit on 5 October. The next visit
to the glacier was made at the end of December, when the snow depth had increased

to 2-3 m. The final snow survey was started on 21 April. However, the sounding of
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the snow depth proved to be more difficult than normal and the identification of
the summer surface had to be checked by several corings. Weather conditions were
also bad and an almost continuous snow storm during the visit forced the field

crew to discontinue their work on 26 April. At the next attempt, 22-30 May, a total
of 280 snow depth soundings and 5 corings were made. The snow density was observed

in pits and by coring at locations about 1000 and 1300 m a.s.l.

Due to the practical difficulties during the field observations it is assumed that
the results from the winter balance measurements 1975 are less reliable than dur-
ing previous years. The large areas (almost 40 kmz) and the very heavy suow cover
make always snow inventories difficult on this glacier. Finally, certain areas of
the glacier surface are heavily crevassed and cannot be visited, neither for snow
studies nor for ablation measurements. It is attempted, however, to distribute the

observations as evenly as possible on the entire glacier surface, compare Fig. 32.

The winter balance amounted to 120.7 * 106m3 water which corresponds to 3.18 m of

water equivalent.

The weather during the summer was also fairly bad, with frequent snow falls and
heavy winds. Consequently, the summer assistants experienced many difficulties in
the completion of their tasks. However, the results from the summer balance mea-
surements are regarded fairly reliable. In total 59.7 - 106m3 water was removed
from the glacier, this corresponds to 1.57 m of water equivalent. The net balance
for 1975 turned out to be positive, amounting to 61 °* 106m3 water, corresponding
to +1.61 m of water equivalent. The equilibrium line reached an altitude of

960 m a.s.l. The year 1975 is the third consecutive year of positive mass balance

for Engabreen.

Meteorological observations were carried out as usual but observations in the firn
basin were difficult due to extremely bad weather conditions. Precipitation studies
in the firn area were almost impossible because most of the precipitation arrived
in the form of snow which is not properly recorded in the gauges. The bad weather
conditions may be best characterized by the mean cloud cover which amounted to 8.7
for the entire summer. July had 9.0 with no less than 23 days of complete cloud
cover or fog. In August 18 days had similar conditions. Only 9 days throughout the
entire summer had less than 5/10 cloud cover. The mean wind speed amounted to

5.2 m/s with a maximum = 14.7 m/s - on 24 July. The mean temperatures were 5.2°¢C
and 6.5°C for the months of July and August, respectively. The rain gauge at the
observation hut (880 m a.s.l.) recorded in total 590 mm of precipitation in the
period from 18 June to 28 August. Maximum daily precipitation occurred on 19 June

when 49 mm were observed. Only 13 days throughout the entire summer had no precipi-

tation.
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The mean water vapour pressure was 7.7 mb for the entire summer. Only 9 days through-
out the summer had a water vapour pressure less than 6.1 mb. It is therefore quite
obvious that water vapour condensation must have taken place at the glacier sur-

face during most of the summer season 1975.

The total water discharge from the glacier for the period May to September amounted
to 149.5 - 106m3 water with a maximum on 5 August when 2.58 ° 106m3 water dis-

charged. On 3 September the highest peak flood occurred, 31.5 m3/s.

Trollbergdalsbreen

The mass balance investigations on the small valley glacier Trollbergdalsbreen
(north of the eastern part of the Svartisen ice—cap) were intended to last only
five years, 1970-74. However, some of the equipment was still left at the glacier
in 1974 and during the tiding-up operation in September 1975 it was decided to
read all stakes and make some additional observations to make possible a calcula-
tion of the net balance for the year 1975. The calculations indicate a mass defi-
cit of 0.51 - 106m3 water which corresponds to a net balance of -0.28 m of water
equivalent. The position of the equilibrium line was approx. 1070 m a.s.l. (com-

pare Fig. 37).

Of the previous five years of observations a positive net balance was found only
in 1973, and the total mass loss during the six years 1970-75 amounted to -3.94 m

of water equivalent.

————— e e e R e e e =

The mass balance was investigated on 12 glaciers in 1975. Nine of these are situa-
ted along an east-west profile in Southern Norway and these glaciers are regarded
representative for fairly large glacierized areas. In Northern Norway only gla-

ciers in the Svartisen area are investigated, so little knowledge is obtained for
the rest of the glaciers in that part of the country. The nearest location for de-
tailed mass balance investigations is Storglaciaren in Northern Sweden where con-

tinuous observations have been made since 1946.

A typical condition at glaciers in Southern Norway was a very heavy winter accumu-—
lation, particularly on the western side of the water divide. For all glaciers in
Southern Norway the winter balance turned out to be between 10 and 307 larger than
average. However, the summer 1975 was much warmer than normal and caused a much
greater ablation than the average. The heavy snow cover on the westernmost glaciers
resulted in a positive balance there, whereas glaciers east of the water divide

(generally in Jotunheimen) had a more or less negative mass balance in 1975.
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Heavy snow accumulation was also experienced in Northern Norway and the glaciers
under study received more snow than normal, particularly in the western part of
the investigated area. A cool and moist summer caused less ablation than normal so
the two glaciers Engabreen and Hg¢gtuvbreen got a positive mass balance in 1975.
The steep gradient in winter accumulation resulted in a markedly smaller winter
balance on Trollbergdalsbreen (0.73 m of water equivalent) compared to Engabreen

(1.61 m). This caused a slightly negative balance (-0.28 m) for Trollbergdalsbree ..

In general, the mass balance results show a marked gradient from west to east both
in Southern Norway and Northern Norway. Observations made on a single glacier can
therefore not be taken as representative for larger areas in an east-west direc-—

tion, even when the distance is relatively small.

Energy balance investigations on selected glaciers

Efforts have been made to investigate the energy balance at various glaciers in
Norway throughout the last few years. The location of these glaciers is marked on
a map, Fig. 41, and results from earlier investigations are shown in Table TIII on

page 51.

Field work was made in 1975 on Engabreen and Nigardsbreen from 22 June to 30 August,
according to methods described previously (Tvede 1975). Incoming radiation was re-
corded by Robitzsch actinographs whereas albedo measurements were not made this

summer.

The main results are shown in Fig. 43 and in Tables I and II on page 50. The corre-
lation between net radiation and ablation is very poor. This supports the assump-
tion that the non-radiative factors (mainly convection and condensation) are do-
minant in the ablation process on the glaciers Nigardsbreen and Engabreen. The ra-
diation seems to account for an almost constant '"background-energy supply" to the
glacier throughout the summer. Precipitation and sublimation are neglectable fac-—
tors in this respect. The accuracy in these calculations are regarded as follows:

daily ablation 20.5 cm water equivalent

daily net radiation 115 cal/cm?

all ablation factors, throughout the season Tz

The accuracy is regarded similar for the two glaciers Engabreen and Nigardsbreen.

Glacier frontal variations

The best investigated glaciers concerning front variations are Engabreen and Ni-
gardsbreen. At the beginning of this century the Engabreeen outlet glacier covered

the present lake Engavatn completely but started its retreat about 1930 and left
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the lake in 1944. The distance from the lake to the glacier front is presently
about 300 m. Norsk Polarinstitutt started distance measurements from one survey
point to the glacier front in 1965. The annual retreat is shown in the table on
page 52. NVE started similar measurements in 1972, but used 11 survey points, dis-
tributed along the frontal part of the glacier tongue, ranging from 60 m a.s.l.

to 275 m a.c.l. (see Fig. 44). The mean retreat decreased from 19.2 m in 1973 to
2.6 m in 1974 and equalled zero in 1975 when some parts of the tongue in fact
started to advance, the largest advance (18 m) was found at survey point K. After
several years of positive mass balance it must be expected that the glacier tongue

soon will start to advance significantly.

Similar measurements have been made at Nigardsbreen and the results are shown in
the table on page 54. Several years of positive mass balance have been observed
also at this glacier (more than 6 m of water equivalent in the period 1962-75)
and it is therefore expected that an advance may start within the coming few

years.
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