












































































































































logiske observasjonene fra feltstasjonen er vist i figur 32. Til sammenligning
er temperaturobservasjonene pd Skjaret og den meteorclogiske stasjonen Glomfjord

(39 m 0.h.) tatt med.

{ tillegg ble global strdling kontinuerlig registrert med aktinografer pa felt-
stasjonen (1 100 m o.h.) og ved brefronten (50 m o.h.). Malingen benyttes til &
beregne bidraget fra kortbglget straling til ablasjonen. For disse energibereg-

ningene henvises det til eget kapittel. (Se s. 60.)

Skydekket ble anslatt i tiendedeler med 10 som helt overskyet og 0 som klart.
For de tre manedene juni (13.-30.), juli og august var himmelen henholdsvis 79,
89 og 74 7 av skydekket. Middelverdien for hele perioden er beregnet til 82 7 .
Dette er den hgyeste verdien siden feltstasjonen ble opprettet i 1977, Gjennom-—
snittet for 1977-81 er 69 7. Helt overskyet var 40 av de 80 observerte d¢gnene.
Et skydekke pd 50 7 eller mindre inntraff bare i 14 d¢gn hvorav kun en klarvaers-—
dag, den 29. juli. Temperaturregistreringene viser at sommeren var relativ kje¢-
lig. Feltstasjonen (1 100 m o.h.) hadde en middeltemperatur pa 3.8°C som er hele
3.9°C kaldere enn fjordret og den laveste siden mdlingene ble flyttet dit i 1977.
Gjennomsnittet de fem &rene har vert 5.7°C. Temperaturen var i juni (13.-30.)
0.4°C, juli 5.5°%C og august 4.3°C. Verdien ligger henholdsvis 3.2, 1.2 og 1.1%
under manedsmidlene for 1977-81.

Den h¢yeste dggnmiddel temperatur ble registrert 10. juli med 11.8°% og laveste
19. juni med -3.2%C. Atte dgpgn (alle i juni) hadde temperatur under 0°c og to de¢gn
over 10°c. P& Skjeret (1 360 m o.h.) var temperaturen i juni (14.-30.) —1.20C,
juli 3.3°% og august 2.0%c. Middeltemperaturen for hele perioden var 1.8°C.
Sammenlignet med feltstasjonen 1 100 m o.h. ble temperaturgradienten 0.63, 0.87
og 0.89°C pr 100 m respektive. For hele perioden blir dette gjennomsnittlig
0.81°C/100 m.

Temperaturgradienten mellom Engavatnet (10 m o.h.) og feltstasjonen (1 100 m o.h.)
er beregnet til 0.71°¢/100 m for juli og 0.53°C/100 m for august. Middelverdien
for 13. juni - 31. august wvar 0.54°C/100 m. Mellom Glomfjord (39 m o.h.) og bre-

stasjonen var gjennomsnittet 0.64°C/100 m.

Midlere dg¢gnlig vindstyrke var 3.2 m/s. Laveste middelverdi hadde 15. juli med

0.1 m/s, dvs. praktisk talt vindstille, og h¢yeste midlere vindstyrke ble mdlt

Fig. 32 Resultatene av de daglige meteorologiske observasjonene p& Engabreen
(1 100 m o.h.) samt beregnet d¢gnavlgp ved utlgpet av Engavatn.

The daily meteorological observations at Engabreen (1 100 m a.s.l.)
and computed daily discharge at Lake Engavatn.
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22. juni med 12.2 m/s, som er liten kuling. Arets middelverdi ligger 1.3 m/s under

gjennomsnittet for de fem siste observasjonsdrene. De enkelte mdnedsmidler vises
i tabell 5.

Ved feltstasjonen falt det i hele perioden 449 mm nedb¢r som er fordelt pd 67 mm

i juni (13.-30.), 147 mm i juli og 235 mm i august. Dette er den st¢rste obser-
verte nedbgrhgyden i drene 1977-81. Hele 96 mm (21 %) falt som sn¢, hvorav 52 mm

i juni og 41 mm i august. Heyeste dggnnedbpr ble registert 4. august med 48 mm.

Det falt nedb¢r i 56 av observasjonstidens 80 dggn. I feltperioden (13. juni -

31. august) falt det 381 mm nedbgr i Glomfjord og 356 mm ved Engavatn. Herav fikk
brestasjonen henholdsvis 118 7 og 126 7 av ovennevnte stasjoner. Det mdnedlige pro-

sentvise forhold er f¢rt opp i tabell 4.

Stasjoner Heyde juni juli august juni/
m o.h. 13.-30. august
Engabreen/Glomf jord 1 100/39 197 107 112 118
Engabreen/Engavatn 1 100/10 203 126 114 126
Skjeret/Engabreen 1 360/1 100 15 66 73 62

Tabell 4 Prosentvis forskjell mellom mé&nedsnedbgren pd Engabreen (observasjons-—
hytten) og hhv. Glomfjord og Engavann, og mellom Skjaret og observa-
sjonshytten. Kolonnen til venstre viser de respektive stasjoners
hgyde over havet.

Percentual difference between monthly precipitation at Engabreen
(observation hut) and Glomfjord and Lake Engavann respective, and
between Skjaret ( a nunatak at the glacier) and the observation hut.
The left hand column shows the elevation of the respective stations.

P4 Skjaret (1 360 m o.h.) oppfanget pluviografen 278 mm nedb¢r i tiden l4. juni -
31. august. Dette er 62 7 av registrert nedb¢r ved feltstasjonen (1 100 m o.h.).
De enkelte maneder fikk henholdsvis 10 mm, 97 mm og 172 mm. Tallene md tas med

forbehold pga. mulig lekkasje i instrumentet, og fordi en stor del av nedbg¢ren falt

som sSng.

Luftfuktighetsmdlingene (1 100 m o.h.) viser et midlere vanndamptrykk pd 5.5 mb i
juni, 8.1 mb 1 juli og 7.3 mb i august. Gjennomsnittet for observasjonstiden 13/6 -
31/8 var 7.2 mb. Ni d¢gn hadde middelverdi pd under 6.1 mb og temperatur over 0°c,

en betingelse for sublimasjon fra breoverflaten.

Middelverdien for de meteorologiske registreringer er f¢rt opp i tabell 5. I ta-
bell 6 stir gjennomsnittet for de fem &rene observasjonene har pdgdtt ved feltsta-
sjonen (1 100 m o.h.).
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Skydekke Temperatur Vindstyrke Fuktighet Nedbe¢r Avlgp
- - - - - — 63
ey T 1@y T | v™s) V(™/s)| F(mb) Fmb) | P (mm) Fem) | 0%y q10%m?)
Juni (13-30) 79 68 0.4 3.6 3.6 5.1 5.5 5.5 67 71 7.0 19.9
Juli 89 68 5.5 6.7 3.3 4.1 8.1 8.1 147 91 44,9 53.6
August 74 70 4.3 5.4 2.9 4.6 7.3 7.9 235 168 44,1 52.9
Sommer 81 69 3.8 5.7 3.2 4.5 7.2 7.8 449 325 96.0 126.4

C = skydekke, cloud cover
T = temperatur, temperature
V = vindstyrke, vind velocity
F = luftfuktighet, air humidity
P = nedbe¢r, precipitation
Q = avlgp fra Engavann, discharge from Lake Engavann
Tabell 5 Manedsverdier for de meteorologiske parametrene observert pid Engabreen
(1100m o.h.) samt avlgp fra Engavann 1981 (venstre kolonne) sammen-
lignet med middelverdien for &rene 1977-81 (h¢yre kolonne).
Monthly values of meteorological parametres at Engabreen (1 100 m
a.s.l.) and the discharge from Lake Engavann in 1981 (left column)
compared with mean values for the period 1977-81 (right column).
Ar Ant | Skydekke | Temp | Fuktighet | Vind | Nedbg¢r | Ablasjon
d¢gn % ° mb m/s mm m
1977 77 69 ANA 7.2 5.1 373 1.20
1978 77 66 6.1 8.1 4.3 | 338 2.99
1979 79 71 6.1 8.2 5.2 | 349 3.22
1980 78 55 7.7 8.2 4.6 90 3.18
1981 80 81 3.9 7.2 3.2 | 449 1.93
Middel | 79 69 5.7 7.8 4.5 | 325 2.50
Tabell 6 Middelverdien og summer for de meteorologiske parametrene pd Engabreen

(1100m o.h.) for minedene juni-august i perioden 1977-81 sammenlignet
med spesifikk ablasjon.

Mean values of meteorological observations at Engabreen (1100 m a.s.l.)
for June through August in the period 1977 - 81 compared with specific
ablation. The different columns are showing from left to right: year,
number of days with observations, cloud cover, temperature, air humi-

dity, wind velocity, total recorded precipitation, and specific abla-
tion.
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Ved utlgpet av Engavatn var avlgpet i perioden 13. juni - 31. august 96.0 ° 106m3.

Nedslagsfeltet har en breandel pa 75 7. Midlere d¢gnavlgp er beregnet til 1.20 -
100m3 som er 76 % av gjennomsnittet for drene 1970-81l. Tallene for de enkelte ma-
nedene sammen med de respektive middelverdiene er vist i tabell 5. Det hg¢yeste

dg¢gnavlgp ble mdlt 7. august med 3.30 °* 106m3. Se forgvrig Kjeldsen 1983.

En sammenligning av materialhusholdningen pd enkelte breer.

I 1981 var mdleprogrammet for massebalanse i Norge det samme som de seneste ar.
Malinger ble utf¢rt pd 8 norske breer, derav en i Nord-Norge. Norsk Polarinstitutt
utforte midlingene p& to av breene, mens NVE stod for resten. I Syd-Norge er breer
med ulikt klima og ulik geografisk fordeling ganske godt dekket, mens den ene nord-
norske breen som er undersgkt, er Engabreen pd nordvestsiden av den vestre Svartisen,
en av de aller mest maritime breer i Nord-Norge. En vet derfor lite om mer kyst-
fjerne og kontinentale breer i Nord-Norge. Dog har det vaert utfg¢rt kontinuerlig
massebalansemdlinger p& Storglaciaren i Kebnekaiseomrddet i Sverige siden 1945.

(Schytt, 1981, s.219-223).

Vinterakkumulasjonen p& breene i Syd-Norge i 1981 var noe varierende. Forholdsvis
st¢prst var akkumulasjonen i den sydlige delen av landet. P& Bondhusbreen og
Hardangerjg¢kulen var vinterakkumulasjonen 130-140 7 av det normale (gjennomsnittet
for de arene det har vert utfg¢rt mdlinger). PA Alfotbreen var akkumulasjonen 120 7.
P& Nigardsbreen og i Jotunheimen 1a vinterakkumulasjonen pd 90-100 % av middelverdien.

For Engabreen var det 94 7.

MASSEBALANSERESULTATER

Areal Vinterbalanse Sommerbalanse Nettobalanse Likevekts-
linje
Bre S Bw bw B:3 bs Bn bn
km2 106\113 o 1/s k.m2 1061113 m 1/s km? 106m3 m 1/s k.m2 m o.h.
Alfotbreen 4.82 19.46 4.04 128 18.40 3.82 121 1.06 0.22 7 1210
Bondhusbreen 10.67 35.44 3.32 105 21.38 2.00 64 14.06 1.32 41 1450
Nigardsbreen 48.20 105.76 2.19 69 90.43 1.88 59 15.33 0.31 10 1560
Hardangerjgkulen 17.80 47.17 2.65 84 32.04 1.80 57 15.13 0.85 27 1590
Storbreen 5.30 6.89 1.30 41 7.42 1.40 47 -0.53 -0.10 -3 1730
Hellstugubreen 2.97 3.16 1.06 34 4.14 1.39 44 -0.98 -0.33 -10 1950
Grdsubreen 2,52 1.56 0.62 20 2.04 0.81 26 -0.48 -0.19 -6 2180
Engabreen 38.02 110.72 2.91 92 73.47 1.93 61 37.25 0.98 31 965

Tabell 7 Resultater av drets massebalansemdlinger, breenes areal og likevekts-
linjens he¢yde.

Mass balance results for 1981, the areas of the investigated glaciers
and the height of the equilibrium line.
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NET BALANCE DIAGRAMS
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Fig. 33 Nettobalansekurver for 1981.

Net balance curves for 1981.

Bortsett fra Alfotbreen (114 %) hadde alle de andre unders¢kte breene en sommerbalanse
som var under det normale (middelverdien for de irene milingene har pdgdtt). Tallene

varierte fra 76 % for Bondhusbreen til 99 7 for Hellstugubreen.

Nettobalansen ble positiv for de mest maritime breene, og negativ for de kontinentale
breene i Jotunheimen. Samtlige av de unders¢kte breene viste imidlertid st¢rre netto-
balanse enn middelverdien for de &rene midlingene har pagadtt. Ste¢rst nettobalanse

hadde Bondhusbreen med 1.32 m og minst hadde Hellstugubreen med -0.33 m. Resultatene
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MASS EXCHANGE

Glaciers in Southern Norway
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Fig. 34 Forholdet mellom vinter- og sommerbalansen i 1981 sammenlignet med
et 3r med beregnet '"mormal" materialomsetning.

Relation between winter and summer balance in 1981 compared to a
year with a computed "normal" mass exchange.

av drets massebalansemilinger vist fig. 33 og fig. 34 og er sammenstillet i

tabell 7, s.50. I tabell 8 pd side 53 er arets massebalanseresultater sammen-—

lignet prosentvis med middelverdien for de 3rene det er utf¢rt unders¢kelser.

En oversikt over massebalanseunders¢ke1ser utfort pad noen norske breer

i perioden 1962 - 81.

I tab. 9 er det vist en oversikt over massebalansemdlinger i perioden 1962-81 for de

norske breene som har lengst mileserie. Alle tallene for balanse er angitt i m vann-

ekvivalent jevnt fordelt over hele breens overflate.
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MASSEBALANSE 1981

Bre Antall 3rs Vinterbalanse Sommerbalanse Nettobalanse
malinger bw(m) % avb, bs(m) 7 av b, bn(m) bn(m)
Rlfotbreen 19 4,04 117 3.82 114 0.22 0.11
Bondhusbreen 5 3.32 130 2.00 76 1.32 -0.06
Nigardsbreen 20 2.19 97 1.88 95 0.31 0.27
Hardangerjgkulen 19 2.65 137 1.80 91 0.85 -0.04
Storbreen 33 1.30 95 1.40 84 -0.10 -0.30
Hellstugubreen 20 1.06 99 1.39 99 -0.33 -0.34
Gr3subreen 20 0.62 89 0.81 78 -0.19 -0.34
Engabreen 12 2.91 94 1.93 82 0.98 0.73

Tabell 8 Resultater av massebalanseundersgkelsene i 1981 prosentvis sammenlig-

net med middelverdien av vinter-, sommer— og nettobalansen for de &arene
unders¢kelsene har pagatt.

Winter, summer, and net balance results for some investigated glaciers
in 1981, and the figures expressed as percentages of the average of
the investigated years. The second column shows the total number of
years when investigations were made.

Den mest maritime av alle de unders¢kte breene er Alfotbreen. Her har massebalanse-
unders¢kelsene pdgatt siden 1963. Materialomsetningen er stor. Vinterbalansen har
variert mellom 2.33 m og 4.67 m og sommerbalansen mellom 2.41 m og 4.83 m. Middel-
verdien er hhv. 3.46 m og 3.35 m. Nettobalansen har variert mellom -2.17 m i 1969
og +2.18 m i 1973. 1 perioden 1962-81 har Alfotbreen hatt en samlet massebalanse pa
2.08 m, eller 0.11 m pr. &r i middel. I &rene 1962-70 hadde Alfoten negativ masse-
balanse med tilsammen over 3 m. I denne perioden var vinter— og sommerbalanse hhv.
3.19 m og 3.58 m. Deretter fulgte en periode med 6 ar etter hverandre (1971-76) med
bare positiv massebalanse. De 6 adrene hadde enmidlere vinterbalanse pd 4.23 m og
en midlere sommerbalanse pa 3.06 m, og breen hadde en samlet positiv massebalanse pa
7.00 m pa disse arene. Etter 1976 ser det ut til & ha snudd igjen. Arene 1977-81

hadde en samlet massebalanse pa -1.80 m, og bare ett av de 5 arene overskudd.

Pa Nigardsbreen er det utf¢rt massebalansemdlinger i 20 &r. Materialomsetningen er
her 60-657 av den pa Alfotbreen. Midlere vinterbalanse er 2.25 m, og midlere sommer-—
balanse er 1.98 m. Nettobalansen har variert mellom -1.31 m 1 1969 og +2.24m1i 1962.
P& 20 ar har breen hatt en samlet positiv nettobalanse pd 5.30 m. Man kan ikke her,
som for Alfotbreen, pdvise noen forandring i massebalansen rundt 1970 med ¢kning i
vinterbalansen og minking i sommerbalansen. For perioden 1972-76 var midlere vinter-,
sommer og nettobalanse hhv. 2.30 m, 1.88 og 0.42 m. Etter 1976 er det en tendens til
forandring, og de tilsvarende midlere balansetall for perioden 1977-81 er hhv.2.07 m,
2.29 m og -0.22 m. Kumulativ nettobalanse for de 20 drene mdlingene har pagatt, viser

et overskudd pd 5.30 m. Dette overskuddet inntraff de f¢rste 6 &rene mdlingene -a-
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gikk. Siden 1968 har det ikke funnet sted noen forandring av Nigardsbreens volum.

Foruten pd Nigardsbreen, er det ogsid av NVE utf¢rt kortere undersg¢kelser pad to andre
utlgpere fra Jostedalsbreen, p& Vetledalsbreen og Tunsbergsdalsbreen. Pa Vetledals-
breen pd vestsiden ble det utfg¢rt unders¢kelser i1 &rene 1967-72. Vinterbalansen var
i middel 0.20 m mindre og sommerbalansen 0.30 m st¢rre pa Vetledalsbreen enn pa
Nigardsbreen. I mdleperioden hadde Vetledalsbreen en kumulativ nettobalanse pa
-2.27 m, mens det for Nigardsbreen i samme periode var +1.19 m. P& Tunsbergsdals -
breen pd ¢stsiden utfg¢rte NVE massebalansemdlinger i arene 1966-72. Milingene der
viste god korrelasjon med Nigardsbreen (Haakensen 1979, s. 50). Tunsbergsdalsbreen
hadde en nettobalanse 17-38 cm mindre enn Nigardsbreen mdlt i vannverdi. I male-
perioden hadde Tunsbergsdalsbreen en samlet massebalanse pd -2.02 m mens Nigards-—
breen hadde +0.27 m.

P& Bondhusbreen er det utf¢rt massebalansemdlinger siden 1977, og disse er forelgpig
avsluttet i 198l. Resultatene viser omtrent den samme eller litt st¢rre material-
omsetning enn pa Nigardsbreen. Unders¢kelser som er utf¢rt pa andre deler av
Folgefonni i &rene 1963-68 og 1974-75, viser det samme. I perioden 1977-81 viser
Bondhusbreen en midlere vinterbalanse pa 2.56 m og en midlere sommerbalanse pd 2.62m,
og dermed en svakt negativ nettobalanse. Resultatene fra Bondhusbreen de siste

drene er vist i fig. 10.

Pa Hardangerjgkulen har Norsk Polarinstitutt utf¢rt massebalansemdlinger pa
Rembesdalsskdkje siden 1963. Materialomsetningen er litt mindre enn pa Nigards-—
breen. Midlere vinter- og sommerbalanse er hhv. 1.89 og 1.98 m, og breen har hatt
et kumulativt underskudd pd 1.69 m siden 1963. Nettobalansen har variert mellom
-1.90 m i 1969 og +1.19 m i 1967. Hardangerjgkulen har vist tegn til & variere

i takt med Alfotbreen og hadde et netto underskudd pd 1.77 m i &rene 1963-70, et
netto overskudd pd 2.20 m i &rene 1971-76, og sd et underskudd pd 1.27 m i arene

1977-81.

Tabell 9 Resultater fra massebalanseundersgkelser for noen norske breer utf¢rt
i arene 1962-81.by, bg og bp er hhv. vinterbalanse, sommerbalanse og
nettobalanse oppgitt i vannverdi jevnt fordelt pd hele breens areal.
Q er avrenningen fra breen i millioner kubikkmeter i sommerménedene.
juni-august og Front er brefrontens frem— eller tilbakerykking (hhv.
positiv og negativ) der disse males.

Results of mass balance measurements performed at some Norwegian
glaciers during the period 1962-81. by, bg, and by are the winter,
summer, and net balance respectively. For some of the glaciers values
for discharge during the summer (June through August), Q, are shown.
Front means advance (positive) or retreat (negative) of the glacier
front where such figures are available.
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g bg m 0.09 1.11 0.71 0.36 1.01 0.74 1.11 2.04 1.23 0.96 1.30 1.61 0.24 1.86 1.62 0.90 0.89 0.87 1.35 0.81
'§ by m +0.77 =-0.71 -0.32 +0.41 ~-0.29 +0.71 -0.08 -1.30 -0.66 -0.47 -0.64 -0.89 +0.34 -0.95 -1.00 -0.39 -0.22 +0.04 -0.89 -0.19
'5 Q Juni=auy. IOhm)

Front m
- bw m 2.05 3.20 3.22 4.37 3.39 3.18 3.86 2.08 2.48 3.64 2.68 2.91
¢ b w 3.04  2.19|  3.29] 1.65| 2.59 1.57 | 1.45f 1.20) 2.99 | 3.22| 3.18 1.93
‘a b, m -0.99| +1.01 -0.07 | +2.72( +0.80| +1.61 +2.41 +0.88 | -0.51 +0.42 | -0.50 0.98
& Q juni-auy. I(J"’mK 139.7 180.1 147.1 138.3 117.2 103.6 | 110.7 89.1 133.1 141.61 157.0 101.3

Front m +5 +10 +22 +8 +34 +28 -31 -12 -4 0 +7 +31 +25 +20 -5 -1

@ Mangler 11 degn.

6S
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P& Storbreen startet Norsk Polarinstitutt massebalansemdlinger i 1949. F¢r 1962
viste breen et samlet underskudd pad 5.52 m. I perioden 1962-81 hadde breen et
samlet underskudd pa 4.13 m. Av de 33 &rene undersgkelsene har pagdtt, har det
bare vert overskudd p& Storbreen 11 ganger, og bare 4 ganger har overskuddet veart
stgrre enn 0.25 m, mens underskuddet har vart over 1.00 m fem ganger. Storbreen
er mer kontinental enn breene lenger vest og har sdledes mindre materialomsetning.
Midlere vinterbalanse har vert malt til 60 % av Nigardbreens og midlere sommer-
balanse til 80 7. Pa Storbreen finner vi samme tendens, som resultatene fra
Rlfotbreen og Hardangerjgkulen viser, med mindre nettobalanse fg¢r 1970 enn i
perioden 1971-76 og s& mindre nettobalanse igjen etter 1976. Nettobalansen i de
tre periodene er hhv. -2.61 m, -0.05 m og —-2.29 m. St¢rst nettobalanse ble milt

i 1962 og 1967 med +0.72 m, og den minste ble mdlt i 1969 med -1.42 m. Midlere
vinterbalanse pa Storbreen i unders¢gkelsesperioden (33 &r) har vert 1.37 m, men
har vist en synkende tendens de siste fem ar, og middelverdien for &rene 1977-81
er 1.21 m. Sommerbalansen har variert noe mer enn vinterbalansen, og middelver-

dien for hele undersgkelsesperioden er 1.66 m. Se ogsa Liestgpl (1967).

P3 Hellstugubreen har det vart utf¢rt massebalanse siden 1962. Materialomsetningen
der er enda mindre enn pd Storbreen. I de 20 &rene har vinterbalansen variert
mellom 0.68 m og 1.48 m med en middelverdi pa 1.07 m. Sommerbalansen har ligget
mellom 0.40 m og 2.23 m med middelverdi 1.41 m. Nettobalansen har variert fra
-1.28 m til +0.78 m. Netto underskudd p& 20 ar utgj¢r 6.84 m. Fram til 1968 hadde
breen likevekt i massebalansen mens det siden 1968 har vert en midlere nettoba-
lanse pd -0.49 m. Dette skyldes f¢rst og fremst ¢kt sommerbalanse. Siden 1968 har
det bare vert ett ar med positiv massebalanse pd Hellstugubreen. Siden 1949 har
fronten pa Hellstugubreen trukket seg 400 m tilbake, derav 165 m etter 1962. De
~siste arene har breen trukket seg tilbake 5-10 m aret. Fra 1962 til 1980 har bre-

ens areal minket fra 3.38 km2 til 2.97 km2.

Ogsa pa Grasubreen startet massebalansemdlingene i 1962. Det er den mest konti-
nentale av alle de undersgkte breene, og midlere vinterbalanse er bare 20 7 av
Rlfotbreens eller 32 7% av Nigardsbreens og har ligget mellom 0.39 m og 1.45 m.
Middelverdien er 0.70 m, og bare to ganger er det mdlt over 1 m. Sommerbalansen
avviker ikke like mye fra ARlfotbreens og Nigardsbreens og er hhv. 33 % og 53 Z av
disse. Men variasjonen er mye st¢rre. Sommerbalansen har variert mellom 0.09 m

og 2.04 m, og middelverdien er 1.04 m. Nettobalansen har ligget mellom -1.30 m

og +0.77 m. Kumulativt underskudd for perioden 1962-81 er 6.73 m som er omtrent
det samme som for Hellstugubreen. Bare fem av de undersgkte &rene har hatt posi-
tiv massebalanse. P& Grdsubreen har det vart en tendens til minkende akkumulasjon

og ¢kende ablasjon i arene etter 1970 sammenlignet med tiden f¢r. I perioden
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1962-68 var midlere vinterbalanse 0.80 m og midlere sommerbalanse 0.73 m, mens
tilsvarende tall for perioden 1969-80 er 0.65 m og 1.21 m, slik at midlere netto-
balanse avtok fra 0.07 m f¢r 1969 til -1.21 m etter 1969. Grasubreen og Hell-
stugubreen er mer kontinentale enn de andre unders¢kte breene og variasjonene

i sommerbalansen mye st¢rre enn i vinterbalansen. Spesielt gjelder dette for

Grésubreen (se tabell 9).

I &rene 1968-72 ble det ogsd utf¢rt massebalansemdlinger pa (@stre og Vestre
Memurubre i Jotunheimen. Resultatene viser ikke store avvik fra Hellstugubreen og

Grasubreen. (Haakensen 1982, s.51-52.)

I Nord-Norge har NVE utf¢rt midlinger pd ialt seks breer i l¢pet av de siste 20 ar.
Den lengste mdleserie har Engabreen som er den eneste nordnorske breen hvor
mdlinger har blitt utf¢rt i 1981. Der har massebalansemdlinger pdgdtt siden 1970.
Breen er svert maritim, og materialomsetningen er nesten like stor som pad Alfot-
breen og 150 7 av Nigardsbreens omsetning. Midlere vinterbalanse for mdleperioden
er 3.09 m og midlere sommerbalanse er 2.36 m. Tilsammen har masseoverskuddet pa
Engabreen vart 8.76 m p& 12 ar, og bare fire av 12 &r har hatt negativ masseba-
lanse. St¢rst nettobalanse ble mdlt i 1973 med 2.72 m. P32 samme mate som for de
fleste breene i Syd-Norge, har ogsd nettobalansen pa Engabreen vart mindre etter
1976. Mens nettobalansen 1 Syd-Norge har vart negativ i perioden 1977-81, har

den pd Engabreen vart mindre positiv, 1 snitt 0.25 m pr ar, mens den for arene
1970-76 var 1.07 m pr ar. Arsaken er f¢rst og fremst at midlere vinterbalanse har
avtatt fra 3.32 m f¢r 1977 til 2.75 m etter. Den store massegkningen pa@ Engabreen

de siste arene har ogsd f¢rt til at brefronten har rykket fram ca 150 m siden 1966.

De andre breene i Nord-Norge, som har vaert gjenstand for massebalanseunders¢kelser,
er Blaisen, Storsteinsfjellbreen og Cainhavarre i Skjomenomréadet, hvor undersgkel-
sene ble avsluttet i 1968 etter hhv. 6, 5 og 4 ars mdlinger. Bade Storsteinsfjell-
breen og Cainhavarre, som er de to mest kontinentale, viste liten forskjell fra
Storglaciaren i Kebnekaiseomrddet i Sverige, bdde mht. vinter- og sommerbalanse,

og pd Storglaciaren har kontinuerlige massebalansemdlinger pagdtt siden 1945

(Schytt 1981).

I Svartisen-omra@det ble det ogsd utfg¢rt massebalansemdlinger pd Trollbergdals-
breen i Beiarn i arene 1970-75 og p& Hegtuvbreen, en maritim bre litt syd for den
vestlige Svartisen, i arene 1971-77. Disse to breene og Engabreen viste en ganske
konstant variasjon i forhold til hverandre i de enkelte &r, bdde for sommer- og
vinterbalanse. I arene 1970-75 hadde Trollbergdalsbreen en kumulativ nettobalanse
pa -3.96 m, mens Engabreen hadde +5.08 m. Hg¢gtuvbreen hadde en vinterbalanse svert
lik Engabreens, men en sommerbalanse som i middel var 160 7 av Engabreens. Mens

Hegtuvbreen i maleperioden 1971-77 hadde et samlet masseoverskudd pa 0.30 m.
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hadde Engabreen i1 samme periode et overskudd pa 9.36 m.

Det er imidlertid utfe¢rt altfor f& samtidige mdlinger pa flere breer i Nord-Norge,
og derfor har vi svert liten kjennskap til hvordan forholdene forandrer seg fra
maritime til kontinentale breer. Dessuten er det overhodet ikke utf¢rt noen form
for massebalansemdlinger pa noen av breene i Troms og Finmmark. Fra et glasiolo-
gisk synspunkt vil det vare meget ¢nskelig & fa bedre kjennskap til materialhus-

holdningene til de aller nordligste breene i landet.

Sammenligner en massebalansemdlinger for de forskjellige breene &r for &r, finner
en ofte svart god overensstemmelse. Arene 1963, 1966, 1969, 1970, 1977, 1978

og 1980 viste underskudd for samtlige undersgkte breer i Syd-Norge. Arene 1970 og
1978 viste ogsd underskudd pd de mdlte breene i Svartisen-omradet, mens 1977
viste stort overskudd pa Svartisen. Breene i Skjomen hadde overskudd i 1963, men
stort underskudd i 1966. Samtlige unders¢kte breer har sitt st¢rste mdlte masse-
underskudd i 1969. For en del var underskuddet nesten like stort i 1980. Samtlige
breer hadde ogsa den st¢rste malte sommerbalanse i 1969, og for de fleste kom 1980
pa annenplass. Alfotbreen hadde sin nest stg¢rste sommerbalanse i 1981. I 1970

og 1977 hadde de fleste breer svert liten vinterbalanse, for de fleste den minste
som har vart malt.Selv om sommerbalansen var ner middelverdien, ble nettobalansen
negativ for alle breene i Syd-Norge disse to arene. P4 Engabreen var sommerbalan-

sen rekordstor i 1970, mens den var den minste som er blitt malt der i 1977.

Pa den annen side viste de fire arene 1962, 1965, 1967 og 1974 masseoverskudd for
samtlige unders¢kte breer. De fleste breene hadde sin minste mdlte sommerbalanse
i 1964. I tillegg var ogsa vinterbalansen den st¢rste madlte for de fleste av bre-
ene 1 1962 og 1967. Mange av breene hadde sin st¢rste mdlte nettobalanse i 1967.
Rrene 1973, 1975 og 1976 viste rekordartet overskudd for de to mest maritime bre-
ene, Alfotbreen og Engabreen, st¢rst var overskuddet i 1973. I disse tre &rene
avtok overskuddet med gkende kontinentalitet, og breene i Jotunheimen viste under-
skudd, serlig Grasubreen, der alle disse tre &rene er blant de fem st¢rste under-
skuddsarene. Disse &rene var vinterakkumulaspnen rekordstor for alle breene,
bortsett fra Grasubreen, s& absoluttverdien av overskuddet var derfor mye stg¢rre
pa de mest maritime breene. Dessuten hadde samtlige breer i Syd-Norge en sommer-
balanse st¢rre enn middelverdien i 1975 og 1976. Nar de maritime breene til tross
for dette viste til dels stort masseoverskudd mens de kontinentale breene hadde
underskudd, viser dette at vinterakkumulasjonen har st¢rst betydning for netto-

balansen for de maritime breene, mens sommertemperaturen betyr mest for de konti-

nentale.

Sammenligner en maleresultatene fra Engabreen og de andre mdlte breene i Svartisen-

omradet med resultatene fra breene i Syd-Norge, viser vinterbalansen god korrela-
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Total massebalanse

1963-81 1970-81
Bre bw(m) bs (m) bn(m) bw(m) bs (m) bn (m)
Rlfotbreen 65.67 63.59 2.08 42.72 38.75 3.97
Nigardsbreen 42.02 38.97 3.03 25.91 24.64 1.27
Hardangerjgkulen 36.66 37.50 -0.84 23.82 23.49 0.33
Storbreen 25.61 31.12 -5.61 15.95 19.01 -3.06
Hellstugubreen 20.20 27.82 -7.62 12.50 18.03 -5.53
Grésubreen 13.82 20.72 ~-7.50 7.72 13.64 -5.92
Engabreen - 37.06 28.30 8.76
Tabell 10 Total massebalanse for periodene 1963-81 (til venstre) og 1970-81

(til h¢yre) for de 7 norske breene med lengst mialeserie.
perioden er vist for & f& Engabreen med i sammenligningen.

Den siste

Cumulative mass balance for the years 1963-81 (left) and 1970-81
(right) for the Norwegian glaciers with the longest investigation
period. The period 1970 -81 is shown to allow a comparison with

Engabreen.

sjon, serlig med de maritime breene i Syd-Norge. For sommerbalansen synes det deri-

mot ikke & vare noen korrelasjon. Men da vinterbalansen er av overveiende betyd-

ning for nettobalansen hos maritime breer, er det relativt god korrelasjon mellom

nettobalansen til breene i Svartisen-omradet og de maritime breene i Syd-Norge.

Resultatene fra 1963-68 fra de mer kontinentale breene i Skjomen-omradet, viser

ingen korrelasjon med resultatene fra Syd-Norge. I 1966 var det relativt stort

masseunderskudd bade i1 Syd-Norge og i Skjomen. I 1967 derimot var det meget stort

masseoverskudd pd samtlige mdlte breer i Syd-Norge, bade pga. rekordstor vinter-

balanse og en kald sommer som ga lite smelting, mens det i Skjomen var stort

masseunderskudd, bdde pga. liten akkumulasjon og stor ablasjon.

Dessverre finnes

ingen ar med m&linger bdde i Svartisen-omrddet og Skjomen samtidig. Storglaciaren

i Sverige, som har mdleserie tilbake til 1945, viser god korrelasjon med breene

i Skjomen-omrddet i de &rene mdlingene pagikk der.

I tabell 10 ovenfor er det vist kumulativ massebalanse for perioden 1963-81 for

de breene som har en sd lang mdleserie. Vi ser at nettobalansen avtar med ¢kende

kontinentalitet. Alfotbreen og Nigardsbreen har et samlet overskudd, og breene i

Jotunheimen har et betydelig underskudd. P& Alfotbreen og Nigardsbreen har hhv.

3.2 %7 og 7.2 7 av den totale akkumulasjon pa 19 ar blitt holdt tilbake av breen,

pa Hardangerjg¢kulen og Storbreen har det vart et massetap pd hhv. 2.3 % og 22 7,

mens Hellstugubreen og Grisubreen, som begge har hatt et samlet underskudd pid ca

7.5 m, har hatt et massetap pd hhv. 38 7 og 57 % av den totale akkumulasjon i

19-arsperioden.
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For 4 fi med Engabreen i sammenligningen ser vi pd perioden 1970-81 (til hg¢yre
i tabell 10). Engabreen har i denne perioden hatt et overskudd pa 8.76 m eller
24 7 av den totale akkumulasjonen. De maritime breene i Syd-Norge, Alfotbreen,
Nigardsbreen og Hardangerj¢kulen, har alle hatt masseoverskudd som avtar med
g¢kende kontinentalitet og er hhv. 9.3 7, 4.9 Z og 1.4 7 av den totale vinter-
balansen. De kontinentale breene i Jotunheimen derimot har alle hatt betydelige
underskudd de siste 12 &rene med 3.06 m for Storbreen, 5.53 mfor Hellstugubreen
og 5.92 m for Grasubreen. Dette utgj¢r henholdsvis 19 Z, 44 % og 77 % av den
totale akkumulasjonen i l¢pet av de siste 12 &r. Det vil si at hhv. 16 %,

31 7 og 43 7 av sommerbalansen pd de tre breene i Jotunheimen er minsking i

brevolum.

ENERGIBALANSEN PA ENGABREEN

I 1981 ble energibalanseundersgkelser utf¢rt for Engabreens sngomrdde (1 100 m o.h.)
og for bretunga (200 m o.h.). I sngpomrddet pdgikk mdlingene fra 15. juni til 30.

august. P& bretunga var observasjonsperioden 1. juni - 13. september.

Opplegget, badde praktiske mdlinger og utregninger, var som for tidligere ar (jfr.

Tvede 1975).

Registrering av globalstrdlingen, som er det viktigste fundament i unders¢kelsene

ABLATION CONDITION ENGABREEN 1981 SNOW AREA 1 100 M A.S.I.
17;;7 ] B ‘;1;;7“ o "l,]'ui‘sgnl ‘ Net Rad. Ablation Ablation Registered Relative ho‘:at supply by
Albedo Radiation ;bbl:ll'bﬁ:‘\:ll c.vjuyd_hy cfigsed by total‘ Radiation Convect\mr}\ + —[ Precipitation
S R o y placier | Radiation]| Rain Ablation Condensation

bay/month A cdl/«‘mz 1;;/«'m2 %

15/6=-21/6 64 JoB4 1242 15.5 0 20.4 76.0 24,1 -0.1
22/6-28/6 bb 2764 823 10.3 0 24.8 41.5 58.6 -0.1
29/6- 5/17 64 2858 1067 13.3 0.1 22.9 58.1 41.9 0
6/7-12/7 63 3289 1108 13.9 0.2 38.5 36.1 63.4 0.5
13/7-19/7 62 2883 938 10.7 0.1 17.7 60.5 39.0 0.5
20/7-26/7 6l 2864 982 12.3 0.4 24.8 49.6 48.8 1.6
27/1- 2/ 6l 2595 908 1.4 0.3 18.2 62.6 35.8 1.6
3/8- 9/8 60 2164 851 10.0 0.8 30.7 34.5 62.9 2.6
10/8-16/8 60 2060 742 9.3 0.1 19.4 47.9 51.6 0.5
17/8-23/8 62 2394 736 9.2 0.1 15.1 60.9 38.1 1.0
24/8-30/8 62 2358 649 8.1 0.1 16.3 49.7 49.4 0.9
15/6-30/8 62 29913 10046 124.0 2.2 248.8 49.8 49.3 0.9

Tabell 11 Stralingsforhold og ulike faktorers innvirkning p& ablasjonen pa
Engabreens ¢vre del (1100 m o.h.) 1981 fordelt pd& 7-dagers perioder.

Ablation conditions at Engabreen (snow area, 1100 m a.s.l.). The
influence of various factors is shown for 7-days periods for the main
part of the melt season.
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ABLATION CONDITIONS ENGABREEN 1981 CGLACIER TONGUE 200 M A.S.l.

pueriod Mean Global Net. R . Ablation Ablation Registered Relative heat supply by
Albedo Radiation absorbm‘i cau§ed'by CSI:\Sed by cotal' Radiation (fonvectmr.x + Precipitation
by glacier Radiation Rain Ablation Condensation

Day/month A cdl/cmz g/vm2 %

1/6- 7/6 35 2832 1859 23.2 0.1 26.9 86.2 13.4 0.4
8/6-14/6 36 2165 1485 18.6 0.1 29.4 63.3 36.4 0.3
15/6-21/6 35 2763 1799 22.5 0 32.7 68.8 31.2 0
22/6-28/6 35 2030 1400 17.5 0.1 34.1 51.3 48.4 0.3
29/6- 5/7 35 2112 1443 18.0 0.2 40.4 44.6 54.9 0.5
6/7-12/7 34 2477 1639 20.5 0.2 43.0 47.7 51.9 0.4
13/7-19/17 35 2126 1453 18.2 0.1 44.8 40.6 59.2 0.2
20/7-26/7 35 2483 1621 20.3 0.8 51.7 39.3 59.2 1.5
27/7- 2/8 34 2179 1442 18.0 0.1 39.6 45.5 54.2 0.3
3/8- 9/8 35 1591 1135 14.2 1.2 45.5 31.2 66.2 2.6
10/8-16/8 34 1464 1039 13.0 0.1 49.1 26.5 73.3 0.2
17/8-23/8 35 1816 1218 15.2 0.1 38.2 39.8 59.9 0.3
24/8-30/8 35 1735 1162 14.5 0.1 37.3 38.9 60.8 0.3
31/8- 6/9 34 1188 801 10.0 0.7 30.9 32.4 65.3 2.3
7/9-13/9 35 1066 714 8.9 0.2 31.7_7 _28.1 ‘1.__471'3 0.6
1/8-13/9 35 30027 20210 252.6 4.1 575.3 43.9 55.4 0.7

Tabell 12 Str&lingsforhold og ulike faktorers innvirkning pad ablasjonen pa
bretungen pa Engabreen (200 m o.h.) 1981 fordelt pa 7-dagers perio-
der 1 tidsrommet 1. juni - 13. september.

Ablation conditions at the glacier tongue at Engabreen (200 m a.s.l.).
The influence of various factors is shown for 7-days periods from 1.
June to 13. September.

ved siden av ablasjonsmidlingen, ble utf¢rt med en Robitzsch aktinograf pa hvert av
de to malesteder. Dessverre sviktet aktinografen plassert nar bretunga sist i juni,
og var ute av drift i drgye 3 uker. Imidlertid har parallellmdlinger pa bretunga
og sngomradet pagdtt i 3 sommersesonger f¢r, og estimasjoner av strilingsverdier

for bretunga kunne enkelt gj¢res.

Tabellene 11 og 12 gir resultatene fra malingene i 1981. Bade ukentlige verdier og
resultater for sommersesongen sett under ett er f¢rt opp for de viktigste faktorer

i energibalansen.

Av tabell 11 ser vi at i sngomrddet (1 100 m o.h.) bidro strdlingen med 50 % til av-
smeltingen. Konveksjon pluss kondensasjon fordrsaket 49 7%, mens nedbgren betydde
ner 1 7. Tallene uttrykker et klima dominert av relativt stor nedb¢r og kjg¢lige
luftstrgmmer. Fire korte perioder med sn¢fall, mest intens i siste del av juni,

er ytterligere med pa & understreke at sommersesongen 1981 m3 betegnes som blant

de mest r¢ffe - og dermed gunstigste for Engabreen - siden energibalanseunders¢-

kelsene startet der 1 1973.

Tabell 12 forteller bl.a. at strdlingen pa bretunga utgjorde 44 %, konveksjon
pluss kondensasjon i overkant av 55 %. Den relativt rike nedb¢ren bidro med ner

1 %Z. Ogsa disse tallene stadfester relativt hyppig syklonaktivitet, slik at %+ -
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Fig. 35

Kart som viser beliggenheten
av de breer hvor energibalan-
seunderspkelser er foretatt.
Engabreen er undersgkt i 1981.
STAVANGE Map showing the location of
Norwegian glaciers where heat
balance investigations have
e been performed. Engabreen
ik ’ JE o o was studied in 1981.

batiske luftstr¢mmer nedover bretunga ble tilsvarende lite virkningsfulle.

Usikkerheten i de relative verdier (tabellenes tre siste kolonner) er beregnet til

¥ 3 7 for sngomrddet og ¥ 4 7 for bretunga.

Av mer generelle resultater fra Engabreen, bekrefter 1981-malingene de forhold som

tidligere drs malinger har antydet:

1) Stralingen bidrar med en noenlunde jevn 'grunnsum'" av energitilfgrsel, svakt

minkende utover sommeren.
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ENGABREEN 1981

Ablation conditions snow area
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¢vre del (¢verst) og bretungen (nederst) for sommeren 1981. Konvek-
sjonens og kondensasjonens andel av ablasjonen er den skraverte del
av s¢ylene. Strilingens andel av ablasjonen viser en avtagende ten-
dens siste del av sommeren.

Histogram showing the weekly ablation for Engabreen 1981. Data are
from the firn area (upper diagram) and from the glacier tongue (lower
diagram) .

The shaded parts of the columns indicate the relative contribution to
the ablation caused by convection and condensation. The radiation
contribution has a decreasing tendency during the last part of the
summer .
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Year of Period Glacier Position Ablation components 7 Author
investigation day/month (See map) Radiation | Convection| Condensation Rain‘and. (year)
m a.s.l. sublimation
1963 12/6-18/6 Grasu- 61°39'N 98 2 T.Klemsdal
27/7- 9/8 breen 08°36'E 59 27 14 (1968)
1975
1970 26/6-30/8 Austre 61°33'N 67 33 1 S. Messel
1971 15/6~ 6/9 Memurubre | 08°30'E 77 23 1 (1971b)
ca 1900 (1973)
1955 6/7- 8/9 Stor- 61°35'N 54 32 14 1 0. Liestol
breen 08°20'E (1967)
1600
1954 May-Sept. Skagastels-| 61°30'N 79 21 B.E.Eriksson
1955 May-Sept. | breen 07°50'E 66 34 (1959)
ca 1600
1968 3/6- 8/9 Omns- 60°39'N 50 34 16 1 S. Messel
1969 3/6~ 8/9 breen 07°30'E 55 31 14 1 (1971a)
1540
S. Messel
1972 15/6= 6/9 Nigards- 61°43'N 64 36 1 (1974)
1973 22/6~ 6/9 breen 07°08'E 53 47 1 (1975a)
1974 22/6~ 6/9 1620 77 23 1 (1975b)
1975 22/6-30/8 54 46 1 (1977a)
1976 15/6-30/8 64 36 1 (1977b)
1977 15/6~30/8 65 35 1 (1978)
1967 1/7-12/7 Supphelle- | 61°30'N 32 68 0. Orheim
1/8-18/8 breen 06°48'E 26 74 (1970)
4/9~ 8/9 ca 70 14 86
S. Messel
1970 1/6-14/9 | Alfot- 61°45'N 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'N 32* 67% 1 (1975a)
1974 22/6= 6/9 | breen 13°50'E 33% 66" 1 (1975b)
1975 22/6-30/8 850 48 52 1 (1977a)
1976 15/6-30/8 45 54 1 (1977b)
1977 15/6-30/8 1100 48 52 1 (1978)
1978 1/6-13/9 200 34 65 1
15/6-30/8 1100 43 57 1 (1979)
1979 1/6-13/9 200 35 64 1
15/6-30/8 1100 39 61 1 (1981)
1980 1/6-13/9 200 31 69 1
15/6-30/8 1100 49 51 1 (1982)
1981 1/6-13/9 200 A 55 1
15/6-30/8 1100 50 49 1 (1982)

X

Area with very strong catabatic winds

Norge og de ulike faktorers andel av ablasjonen.

Tabell 13 Oversikt over energibalansem@linger som er utf¢rt pa noen breer i

Summary of energy balance measurements performed on some Norwegian
glaciers and the importance of the various factors for glacier abla-

tion.
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2) Ablasjonsfaktorenes relative bidrag til nedsmelting av bremassen varierer til

dels kraftig fra uke til uke (og da naturligvis fra d¢gn til de¢gn).

Av disse to punkter md vi slutte at de non-radiative faktorer i fo¢rste rekke kon-
veksjon og kondensasjon, er hovedfaktorer i klimasvingningene. De raske skiftinger
i energibalansen skjer altsd altoverveiende pad grunn av endringer i vindstyrke,

temperatur og luftfuktighet.

3) Globalstralingen p3 bretunga er ca 75 % av globalstrdlingen pd breplatdet (sn¢-

omradet). Badde varlag og topografi bidrar til forskjellen.

4) Netto tilf¢rt stradling pd breplatlet er ca 70 7 av netto tilfe¢rt striling pa
bretunga. Bade ulik albedo og en for bretunga mer positiv langbg¢lget stralings—

balanse gir forklaring pa dette.

5) Breplatlet har i gjennomsnitt mottatt 46 % av ablasjonsenergien fra strdlingen

(1 100 m o.h.) - varierende fra 39 7 til 50 % i de seks &r malinger har pagatt.

6) P3 bretunga (200 m o.h.) har strdlingen i gjennomsnitt bidradd med 37 % til

ablasjon - varierende fra 31 7 til 49 7 i de fire ar malingene har pagatt.

I tabell 13 er gitt en oversikt over de energibalanse-undersgkelser som til na

er foretatt pd breer i Norge. Kartet i fig. 35 viser beliggenheten av breene.

SUBGLASTIALE UNDERS@KELSER UNDER BONDHUSBREEN

Samarbeidet med Norsk Polarinstitutt og Geografisk Imnstitutt ved Universitetet
i Oslo om subglasiale undersgkelser ved Bondhusbreen fortsatte. De temperatur-
og trykksensorer som ble installert i desember 1980, ga registreringer hele
dret. I april ble nye trykk- og temperatursensorer installert i en bergnabb

i samme omrddet som de tidligere installasjoner. Det ble ogsd montert strain-

milere i fjellet for & registrere berggrunnens deformasjon ndr breen glir over.

I l¢pet av vdren og sommeren ble det klart at det omrddet som var instrumentert,
matte ligge i en slags leside med meget liten isbevegelse om vinteren og en

slags virvelbevegelse 1 isen om sommeren. Senh¢stes 1981 ble derfor et nytt
omrade ca 20 meter oppstr¢ms instrumentert med bl.a. trykk- og temperatursensorer.

Forelgpige resultater av disse unders¢gkelser er presentert av Hagen & al. (1983).
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ENGLISH SUMMARY

Mass balance, meteorological and hydrological investigations

introduction

The present report is one in the series of annual reports from the Glacier Divi-
sion of the Hydrological Department within the Norwegian Water Resources and
Electricity Board. It contains data obtained during the year 1981. Glaciolo-
gical mass balance investigations were made on six glaciers, five of them in
Southern Norway and one in Northern Norway. In addition, the Norwegian Polar

Research Institute performed mass balance investigations on two additional gla-

ciers in Southern Norway.

The westernmost glacier observed is Alfotbreen where investigations started in
the balance year 1962-1963. This program has been continuously running. In
1981 both mass balance measurements, discharge measurements and some meteorolo-
gical observations were made during the summer. The hydrological and meteorolo-

gical observations were made by automatically recording instruments.

On Folgefonni, one of the largest icecaps in Norway, a west—facing outlet glacier,
Bondhusbreen, was observed concerning the mass balance. Observations were started
1976 in connection with the subglacial water intake constructed for the benefit

of the hydro-electric power station in Mauranger. Therefore, the water discharge
could be observed throughout the entire year (although very small amounts are
draining during winter time). Meteorological observations and sediment transport

measurements were carried out during the summer.

On the largest icecap in continental Europe, Jostedalsbreen, the continuous mass
balance investigations were started 1962 and also here automatic recording of
water discharge has been made. Since 1977 the meteorological observations are
also made automatically. The results from sediment transport investigations are

given in a separate report (Kjeldsen 1983).

Another icecap, Hardangerjgkulen, supplies melt water to Sima power station in
Eidfjord through its western outlet glacier, Rembesdalsskdkji. The Norwegian
Polar Research Institute has investigated the mass balance on this glacier since

1963.

The well-known mountain area Jotunheimen has a rich variety of glaciers. Here
the mass balance investigations started on Hellstugubreen and Grdsubreen in 1962
and the last-mentioned, which is the most continental glacier in Norway, will

be included in a future program on glacier behaviour observations together with

Nigardsbreen and Alfotbreen (see above).
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The longest series of mass balance investigations in Norway — and the second
longest in the world — originates from Storbreen where Norwegian Polar
Research Institute started mass balance investigations already in 1948. 1In
addition to these continuous investigations short measuring series were per-—

formed by NVE on Austre Memurubre 1967-72 and on Vestre Memurubre 1968-72.

Although there is a large number of glaciers in Northern Norway only a limited
number of mass balance investigations have been carried out there. In the
Skjomen area the glaciers Storsteinsfjellbreen, Bldisen and Cainhavarre were stu-
died from 1963 to 1968 to provide data for the planned hydro-electric power in-
stallations in Skjomen. Another power project called for similar studies at
Engabreen and Trollbergdalsbreen in the Svartisen area where measurements were
started 1970. 1In 1971 a third glacier, H¢gtuvbreen, was added to the study pro-
gram. Both mass balance investigations, meteorological observations and hydro-
logical observations as well as measurements of suspended sediment were carried
out. However, measurements were terminated at Trollbergdalsbreen 1975 and at
Hegtuvbreen 1977 because Engabreen was regarded sufficiently representative for
the western part of the icecap where most of the water for the planned hydro-
electric power installation originates. 1In 1981 both mass balance investigationms,
meteorological observations, some studies of the radiation balance and water dis-
charge measurements were carried out. The result from studies of suspended sedi-

ment carried by the glacier stream is reported in Kjeldsen (1983).

Methods

The field methods used at all glaciological mass balance investigations in Norway
have been previously described in various annual reports, see for example Pstrem
& Pytte 1968, Pytte 1969, Pytte 1970, Tvede 1971, and Haakensen 1982. 1In prin-
ciple, these methods are identical to those described in a manual for field and

office work (@strem & Stanley 1969).

The terminology is based upon recommendations made by the International Commission
on Snow and Ice (ICSI), published by UNESCO (1970). Various terms and symbols

used are also shown in Fig. 2.

The winter balance (By) is normally measured just before the melt season starts.
Snow depth soundings are made in a great number of points distributed over the
entire glacier surface. In cases when it is difficult to determine the location
of last summer's surface, the use of a coring auger may be necessary because ice
layers within the snowpack may give false results during the sounding procedure.
In years of repeated rainfall or mild periods during the winter such ice layers

make the snow survey very difficult.
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The snow density is normally measured in 2-3 pits dug down to the previous sum-
mer's surface. A continuous snow sample is taken vertically through the entire
snowpack. Thus the total winter balance for the glacier can be calculated and
expressed in m of water equivalent. The specific values (by), expressed in m
of water equivalent is calculated for selected height intervals, normally for
each 50 or 100 m. Possible snow fall occurring after the snow survey has taken

place must be added to the total winter balance.

The summer balance (bs) is observed along vertical stakes drilled into the gla-
cier. In the accumulation areas it is difficult to measure summer balance di-
rectly — here it corresponds to the difference between the winter balance and

the remaining snow at the end of the summer.

The net balance (bp) is the algebraic sum of the winter balance and the summer

balance:

where the summer balance is a negative quantity.

All these quantities are shown in tables for each glacier and also for the selec-

ted height intervals. The results are also visualized in diagrams.

Meteorological and hydrological observations and calculations are made in the
same way as during previous years. Only in one case, Engabreen, these observa-
tions were made continuously throughout the summer by summer assistants. At the
other glaciers (Alfotbreen, Bondhusbreen and Nigardsbreen) all data were collec-—
ted by automatic recording devices. A closer description of the methods for data
collection, calculations and presentation of data is given in earlier reports,

see for example @strem & Pytte (1968, p. 8) or Pytte (1969 p. 11).

Water discharge in the glacier streams has been recorded and daily values are
plotted in diagrams together with meteorological data. The connection between
meteorological observations and discharge is not always quite clear and, in fact,
various meteorological parameters have different influence on the melt-water
discharge at various glaciers. A stepwise regression analysis can be used to

find a model of the following form:

Q = k' + kyxy + kpxy + ..., + kpxp + E
where Q is the daily water discharge (dependant variable), x7, X9, ... and X,
are the meteorological data (independant variable), ki, kg, .... and kp are con-

stants, and E is a term containing various errors. The method was described by

Roald (1971). The method has been used during several years to study the daily
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variations in melt-water discharge and models are developed for various glaciers,
see for example @strem (1968, 1969, 1970). The accuracy of the method is normally
within 5 %7 (Roald 1971, p. 98).

Weather_and_snow_conditions_during the balance_year

The weather conditions during the winter 1980-81 were somewhat abnormal concer-
ning precipitation. Particularly in the south-western part of Norway a conside-
rable amount of snow fell in the mountain areas. Up to 300 7% of normal monthly
precipitation could be observed in southern Norway whereas Northern Norway at
times received about 200 7% of the normal. These conditions did not continue for
the entire winter, however, so the winter balance for the maritime glaciers in
Southern Norway was about 30 7% higher than during previous years. An exception
from this rule was seen in Jotunheimen where the winter balance turned out to be
almost equal to the average for the last twenty years. For the Svartisen area

similar conditions occurred.

The summer of 1981 was very much colder than normal — in June the mean air tem-
perature was more than 3° below the average. Fresh snow fell on many glaciers in
June and July. This increased the albedo and the summer balance turned out to

be less than the average except for Alfotbreen where most of the melt is due to
convection and condensation. In addition, south-western Norway had a very mild
September. For all of the glaciers under study the water discharge was well be-

low the average.

In the following some sample figures are given for the various glaciers. The
complete information is given in the Norwegian text for each glacier, where also

the tables and illustrations are shown.

Alfotbreen

The snow accumulation on Alfotbreen was so large that already at the beginning

of December the entire glacier was covered by 2-3 metres of snow. At the end of
January no more stakes were visible due to about 6 m of snow. When the final snow
survey was made at the beginning of May the previous summer surface proved to be
well defined and easy to determine. The snow depth was measured in 190 points
along about 30 km sounding profiles, compare Fig. 3. The total winter balance

amounted to approximately 4 m of water equivalent evenly distributed on the gla-

cier. This is 117 % of the average for the years 1963-1981.

The summer balance was determined by five visits during the melt season — the
final determination was made 10 October when it was found that 3.82 m of water
equivalent had disappeared, which is 1147 of the average. The glacier showed a

0.22 m positive balance this year. The meteorological observations are shown
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in the diagram, Fig. 6 and Table 1.

Due to misinterpretation of the stake readings all summer balance data for the
previous year, 1980, have been calculated to a too high figure. When a correc-
tion is made (amounting to 7 %) the net balance for 1980 will be -0.61 m of

water equivalent. The corrected table for 1980 is shown on page 18.

Bondhusbreen

The outlet glacier from the Folgefonni icecap, Bondhusbreen, has been observed
during five years only. The net balance for these years is shown on Fig. 10
indicating that the 1981 data show the largest positive balance for a single

year whereas the total for all these five years is slightly negative. This gla-
cier has a fairly long and narrow tongue which is very crevassed in certain
parts. Here the winter balance had to be estimated, based upon the actual mea-
surements made in the higher parts of the glacier. The snow depth showed varia-
tions between 5 m and 8 m above 1 300 m a.s.l. In total, 89 snow depth soundings
were made along 12 km of profiles, this is nine depth soundings per square km.
The density of the winter snow was as high as 0.52 g/cm3 which is about 10 7 more
than normal. The total winter balance amounted to 3.32 m of water equivalent
whereas the summer balance, as observed along 17 stakes, amounted to 2 m of water
equivalent. This is the smallest summer balance ever recorded for this glacier.
Consequently, the net balance turned out to be very positive, no less than 1.32 m
of water equivalent averaged on the entire glacier surface. Unfortunately the
mass balance investigations at Bondhusbreen will now be terminated due to lack of

financial support.

The meteorological observations are made near the outlet of Holmavatn, 1 120 m
a.s.l., by an Aanderaa automatic recorder (DL-1). The results are shown in
Fig.ll whereas the water discharge measured in the subglacial tunnel is shown in

Table 3 on page 23.

The winter accumulation amounted to something between 4 and 6 m of snow and 16
of the 26 measuring stakes survived the winter. Further, due to a relatively
hot summer, the previous summer surface was well developed and all snow depth
soundings are very reliable. Soundings were made in 359 points along 83 km
sounding profiles above 1 500 m a.s.l. This corresponds to 10 soundings per
kmz. In the crevassed area between the lowest part of the tongue and the firn
basin it was necessary to make an interpolation for safety reasons.

The total winter accumulation amounted to 2.19 m of water equivalent evenly dis-

tributed on the glacier surface. This is very close to the average for the years
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1962-1981.

The summer balance was monitored by visits to the glacier four times during the
summer. On the tongue where a normal ablation stake is too short to record the
total melt during one summer a number of steel cables are inserted vertically in
the ice. The length of these cables is normally in the order of 15-20 m and a
certain part of them will melt out during the summer. The total ice melt was
measured on five such cables. The summer balance in the accumulation area was,
as usual, calculated as the difference between the winter balance and the remai-
ning snow at the end of the summer. The total summer balance was 1.88 m water
equivalent which gave a positive mass balance, amounting to 0.31 m which is
slightly more than the average for the period 1962-1981. The height of the equi-
librium line was calculated to 1 560 m which is 10 m lower than it would have

been in a year of steady state conditions, compare Fig.l6.

The meteorological observations, made by automatic instruments, indicated that
the mean temperature for the three summer months was only 2.2°C which is 1.6°%C
lower than in 1980. The air moisture was 6.7 mb as an average for July and Au-
gust but during the last part of the summer the air moisture was less than

6.1 mb and the temperature above freezing point which means that som evaporation
may have taken place, although in relatively small quantities. See the summery
table on page 30 and the diagram on page 31.

. 3
The melt-water discharge during the three summer months was only 120 - 1O6m

which is only 83 7Z of the mean value for the period 1965-1981 and only 66 % of
the discharge in 1980.

Hardangerjgkulen

The Norwegian Polar Research Institute has made glaciological studies on Rembes-
dalsskdkji which is a west-facing outlet glacier from the icecap Hardangerjgkulen.
Due to a rough topography with many crevasses the mass balance investigations on
this glacier can be done only above approximately 1 600 m a.s.l. — the rest of

the glacier is practically impossible to study.

The winter balance was 2.65 m of water equivalent which is 140 7 of the average
for the years 1963-1981. The summer balance amounted to 1.8 m which is only about
90 7Z of the average. This resulted in a positive mass balance amounting to

0.85 m of water equivalent (compare Liestg¢l 1982). The height of the equili-
brium line was 1 590 m a.s.l. which is 50 m lower than in a year of steady

state conditions. Note, however, that the area distribution curve is relative-

ly steep around 1 600 m so variations in the net balance will move the height

of the equilibrium line less than on many other glaciers.
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Storbreen

The On Storbreen mass balance investigations started in 1948. The winter
balance was approximately 1.3 m of water equivalent and the summer balance 1.4 m
resulting in a slightly negative balance (-0.1 m). However, the winter balance
figure is somewhat unreliable due to various reasons and, consequently, so also

the net balance. The average for 33 years is -0.3 m of water equivalent.

Another valley glacier in the Jotunheimen area, Hellstugubreen, has been under
Observation since 1962. To establish the winter balance snow depth soundings
were made in 158 points along 15 km sounding profiles which gives as much as 48
measurements per km?. In these relatively dryer parts of the country much smal-
ler winter balance figures can be expected. When the snow surveys were made

29 - 30 April the total accumulation amounted to 1.06 m water equivalent only.
This is very close to the average for the last 20 years (1962-1981). The glacier
was visited several times during the summer and when the final survey was made in
the middle of October a total of 1.39 m water equivalent had been removed from
the glacier. This is equal to the mean for the period 1962-1981. The net balance
turned out negative, -0.33 water equivalent. The height of the equilibrium line
was 1 950 m a.s.l. which is approximately 100 m higher than in a year of steady

state conditions.

The mass balance in 1981 proved to beequal to the average conditions during the
20 years of observations. The glacier has retreated about 300 m during this peri-

od and the glacier surface has lowered more than 6 m.

Grasubreen

Although the glacier is situated at a relatively high elevation so that the win-
ter season started already in September, the total snow accumulation, as measured
at the beginning of May, was only between 0.1 and 4 m. Snow depth soundings were
made in 91 points along 9 km of sounding profiles which gives 36 soundings per
kmz. The modest accumulation did not destroy or cover the stakes, no less than
20 of a total of 23 stakes had survived the winter. The snow density turned out

to be only 0.39 g/cm3

which is much less than for most of the other glaciers mea-
sured at the same time this year. It is obvious that a substantial part of the
accumulation originates from snow drift. Wind action is definitely the reason
for the unusual form of the winter balance curve shown in Fig.26. Large amounts
of snow are transported from the upper to the lower part of the glacier during the

winter.

The winter balance amounted to 0.62 m of water equivalent which is only 89 7 of
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the average for the last 20 years. The summer melt was checked by two visits du-—
ring the summer. The final observation made in the middle of August indicated

an ablation of 0.81 m water equivalent which is only 78 7 of the average, but
some melt may have taken place in the fall. However, this (unknown) amount can-

not change the total result to any considerable degree.

The net balance turned out to be -0.10 m of water equivalent. The equilibrium
line was at 2 180 m a.s.l. which is approxemately 140 m higher than it would have
been in a year of steady state conditions. In the period 1962-81 this glacier
had decreased considerably — no less than 6.7 m of water equivalent since the

studies started in 1962.

The only glacier under study in Northern Norway is presently Engabreen which is

a west-facing outlet glacier from the Svartisen icecap. The winter accumulation
in Northern Norway was not so large as in the southern part of the country so
when winter accumulation was measured in the middle of May only one of the stakes
had disappeared. The snow depth ranged from 4 to 8 m. All together 433 soundings
were made along 91 km profiles. This means that 12 soundings were made per kmz.
The snow density was measured at two locations, 1 180 m and 1 350 m a.s.l. The
accumulation under 950 m elevation was estimated because this part of the glacier
is unaccessible. However, this area is less than 10 7 of the total glacier area
and, further, the accumulation of this part of the glacier is relatively small.
So possible errors in the estimates will influence very little on the total mass

balance figures.

The winter balance amounted to 2.91 m of water equivalent which is slightly below
the average for the years 1970-81. The ablation was observed daily from 13 June
to 1 September at three selected stakes near the field station located at 1 100 m
a.s.l. The rest of the stakes were measured every week and the wires on the ton-
gue about every nine days. The summer balance amounted to 1.93 m of water equi-
valent which is only 83 7 of the average and considerably less than in the two
Previous years. Consequently the net balance turned out to be positive, +0.98 m
of water equivalent. The positive mass balance was the eighth since the mea-
surements started in 1970 and, in total, the glacier has grown 8.8 m (cumulative)

since then. This means an annual growth of 0.73 m.

The table showing all figures within each 100 m height interval is shown on page

43 and the mass balance diagram is shown on page 44.

The meteorological observations were slightly reduced in 1981 because the earlier

used observation point at 880 m a.s.l. was abandoned — all measurements were
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made at the field station 1 100 m a.s.l. An additional observation point is
"Skjeret", 1 360 m a.s.l. where temperature, precipitation and relative humidity
were recorded by automatic instruments. Global radiation was continuously re-
corded at the field station and near the glacier front. The data are collected and
commented in a special chapter, see below. The daily variations in meteorologi-
cal parameters are plotted on the diagram Fig. 32 on page 47. As a curiosity it
should be noted that the pluviograph on Skjeret (1360m a.s.l.) collected only
62 7 of the recorded precipitation at the field station (1 100 m a.s.l.).
However, this unusual relation may be partly explained by the fact that some of
the precipitation fell in solid form on Skj®zret. The air moisture was generally
above 6.1 mb — only nine days showed an average below 6.1 mb when the tempera-
ture was above freezing, so only during a very short time any evaporation could

have taken place at Engabreen 1981.

During the summer 1981 detailed mass balance investigations were made at 8
Norwegian glaciers, 7 of them in Southern Norway. Fig. 1 shows the location
of the glaciers under study. In Sweden glacier mass balance have been measured
at Storglaciaren in the Kebnekaise area, the studies have been carried out con-

tinuously since 1945 (Schytt, 1981).

The southern part of South Norway received most winter precipitation, Bondhus-
breen and Hardangerjgkulen had 30-40 7 higher winter balance than the average of
the previous investigated years. Nigardsbreen and the glaciers in Jotunheimen
experienced a winter balance near or slightly lower than normal. At Engabreen

in Northern Norwav the winter balance was 94 7 of the average of the previous
investigated years. Except Alfotbreen (114 %) all other investigated glaciers

got a summer balance lower than normal. The net balance was positive at the mari-

time glaciers and negative at the continental glaciers.

The results of last year's mass balance studies are presented in Table 7, Fig. 33
and Fig. 34. 1In Table 8 the mass balance results are given as percentages of the

average from the investigated years.

A review of results from glaciological mass balance investigations 1962-81 at
7 glaciers in Norway is shown in Table 9 on page 55. All figures in the table
give the water equivalent in metres, i.e. the total volume divided by the glacier

area, so that they are directly comparable.

Cumulative mass balance for the years 1963-81 is shown in Table 10 on page 59.

The results from the investigations in Southern Norway indicate that the most
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maritime glaciers Alfotbreen and Nigardsbreen have had a cumulative mass surplus
since 1962, amounting to approx. 2 m and 3 m, respectively. On the contrary,
more continental glaciers have experienced a loss. For example, the glaciers
in Jotunheimen have had a deficit of 6-8 m during the same period. Engabreen in
Northern Norway, which is a maritime glacier, has had a cumulative surplus of

approx. 9 m in the period 1970-81.

All the investigated glaciers show a greater positive net balance in the period
1971-76 than in the periods 1962-70 and 1977-81. 1In the period 1971-76 the mari-
time glaciers show great surplus whereas the continental glaciers had less defi-
cit than in the periods before and after. Engabreen in Northern Norway had a

positive mass balance all the time, but the surplus is less after 1976.

Comparing the different glaciers during selected single years, there seem to

be general trends in mass balance for all the investigated glaciers. The years
1963, 1966, 1969, 1970, 1977, 1978 and 1980 gave a general negative mass balance
in Southern Norway, and, apart from 1977, also in the Svartisen area. The grea-—
test loss for all glaciers occurred in 1969, and for many glaciers the loss in
1980 was of the same magnitude. On the other side, the years 1964, 1965, 1967
and 1974 gave a surplus for all investigated glaciers. The years 1973, 1975

and 1976 were different. During these years the most maritime glaciers, Alfot-
breen and Engabreen,showed a large positive mass balance. However, a decreasing
balance towards higher continentality gave the glaciers in Jotunheimen, particu-
larly Grasubreen, a large negative mass balance. At the maritime glaciers the
net balance is principally governed by the winter accumulation, whereas the

summer temperature is most important at the continental glaciers.

Comparison between the glaciers in the Svartisen area and the glaciers in
Southern Norway indicates a good correlation for the winter balance, especially
for the maritime glacier in Southern Norway. For the summer balance there is

hardly any correlation.

Table 10 on page 59 shows cumulative mass balance for the periods 1963-81 and
1970-81 for glaciers with long series of investigations. It is obvious that the
net balance decrease with increasing continentality. Alfoten and Nigardsbreen
have a net surplus whereas the continental glaciers in Jotunheimen have a con-
siderable deficit. Hardangerjg¢kulen has a small deficit. In the latter period
the positive balance of Engabreen represented 24 7 of the total winter accumu-
lation. At Alfotbreen, Nigardsbreen and Hardangerjgkulen the surplus was between
2 % and 10 7 of the total accumulation . The continental glaciers in Jotunheimen
had a very large mass deficit. At Storbreen, Hellstugubreen and Grasubreen the

mass loss was no less than 19 7, 44 7 and 77 7, respective, of the total winter
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accumulation.

The energy balance on Engabreen

During 1981 it was attempted to study the energy balance on Engabreen, both in
the snow-covered part (1 100 m a.s.l.) and on the tongue (200 m a.s.l.). The
studies lasted from 15 June to 30 August in the upper area and from 1 June to

13 September in the lower area. Field methods and calculations were made accor-
ding to the same methods used earlier, compare Tvede (1975). The global radi-
ation was measured by two Robitzsch actinographs which allowed parallel measure-
ments, at least for partsof the summer. The results are plotted in Tables 11
and 12 from which it can be seen that in the upper area the radiation accounted
for 50 7 of the ablation — a fact which is typical for an area of relatively
large precipitation and cool air. The second table shows that the incoming ra-
diation accounted for 44 7 of the ice melt whereas convection and condensation
accounted for 55 %. The figures shown in the tables (the last three columns) are
calculated to be reliable within + 3 7 in the upper area and + 4 7 on the ton-
gue. It can be concluded from the data that the incoming radiation accounts for
a ""basic" part of the ablation whereas the relatively large daily variations are

due to non-radiative factors.

Subglacial investigations at Bondhusbreen

The subglacial investigations at Bondhusbreen were continued in collaboration

with the Norwegian Polar Research Institute and the Department of Geography at
the University of Oslo. Temperature and pressure recordings were continuously
obtained from sensors installed in December 1980. 1In April 1981 a strain gauge

‘'was installed tomonitor possible bedrock deformations.

Later it became obvious, however, that the location of the gauges was situated

in the leeward position with very little ice movement. Therefore, another site
was selected, located about 20 m upstream. Here several sensors for temperature
and pressure were installed in the fall of 1981. Results from the subglacial in-

vestigations are presented by Hagen & al (1983).
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