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On Vesledalsbreen the largest movement was found at the lower part of the 

glaeier, which is also the steepest part. Special rneasurements on the plateau 

between Stornose, Klubben and Svartefjell showed glaeier moveITlent in 

accordance with the glaeier slope. 

On the tongue of Nigardsbreen two new points were established, so that the 

ITlovement can be determined by resection. The results of the stake triangu

lation on the tongue show that the SUITlITler ITloveITlent is far larger than the 

winter ITloveITlent. 

This year the ITloveITlent on the plateau could be calculated for the first time, 

and the ITloveITlent here appeared to be fairly sITlall. 

The glaeier ITloveITlent on Austre MeITlurubre was fairlyeven throughout the 

basin, except in the area east of the ITliddle ITloraine, where the ice seeITlS to 

be quite stagnant. 

Twa new glacier ITlaps 

Enclosed with this report are twa glaeier ITlaps on a scale of l : 10 000. These 

two ITlaps (Ålfotbreen and Gråsubreen) cOITlplete the series of glacier ITlaps 

that has been produced to cover all the areas where detailed ITlas s -balance 

ITleasurements are at present being ITlade by the Norwegian Water Resources 

and Electricity Board. 

Detailed studies were, however, started on thes e two glaciers at an early stage 

(at the beginning of the balanee year 1962-63) but lack of adequate 

air-photograph coverage prevented the production of the ITlaps. For Gråsu

breen, the existing topographical ITlap on a scale of 1 : 100 000 was not suffici

ently accurate for the plotting of mass - balance results and in the Ålfotbreen 

area no ITlodern topographic ITlap was available. 

Both areas were covered by vertical air photography in 1968. After some 

checking work on the ground, the maps were plotted in a Wild B-8 Aviograph. 

In the cartographic repres entation the saITle ITlethod was used as for the maps 

previously published in this series. For Gråsubreen a green screen was 

placed on the glacier surface to separate it froITl the areas that were not to be 

ITlapped. 

The accuracy is assumed to be better than 2 m in relative height determina

tion and better than 5 m in absolute height determination. The error in 
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horizontal determination is les s than 5 m. 

UTM co-ordinates are shown for each 1000 m, whereas geographical co-ordi

nates are marked for one latitude and one longitude within each map sheet. 

Various items of information about the maps are printed on the backs of the 

maps. In the case of Gråsubreen a vertical air photograph is also reproduced 

to show details of the very large ice-cored end moraine in front of that glacier. 

The locations of the two new maps and the previously published glaeier maps 

are shown on the sketch (Fig. 49). 

Glacier discharge as a function of meteorological parameters 

Introduction 

From a diagram showing variations in daily temperature, precipitation and dis

charge from a glacier, certain conclusions can be drawn simply by visual 

inspection. However, it may not be pos sible to decide which of the various 

parameters is the predominant factor causing water-discharge variations In the 

glacier stream. In addition to air temperature and precipitation, the air 

moisture and the wind velocity have proved to be important factors for certain 

glaciers. 

In order to study the relative effects of various meteorological parameters on the 

water discharge in glacier streams, a stepwis e reg res sion analysis was applied 

to five selected glaciers in southern Norway. 

Methods 

In general, all parameters are expres sed as daily means. The meteorological 

parameters are regarded as independent variables, whereas the daily discharge 

is the dependent variable. It is supposed that a linear correlation exists 

between the water dis charge and the meteorological parameters. The latter are 

supposed to be independent variables, and the analysis consists of a multiple 

regression analysis to obtain a function of the following type: 

where Q is the daily discharge, kl··.· ... k n and k' are constants , and 

X l' ...... X n are independent variables, i. e. meteorological parameters. 

A complete regression model is generally not required to describe daily dis

charge with areasonable residual standard deviation. Therefore only one, two 
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or three variables were included in the final regression equations. 

description of the computer programme is given in WØien (1966). 

A complete 

The 

programme was written in FOR TRAN and was run on the CDC 3200 computer 

belonging to the Norwegian Water Resources and Electricity Board. 

Results 

Correlation studies were made for Ålfotbreen, Erdalsbreen, Vesledalsbreen, 

Nigardsbreen and Memurubreen, and for all these glaciers three different 

tables were compiled. The tables marked liA" give information concerning ex

isting observations and the observation sites. The tables marked "B 11 contain 

a selection of the most interesting correlation coefficients calculated by the 

computer. The tables marked "C" contain the final regression equations, 

based upon one, two or three independent variables. 

In addition to the original meteorological data us ed in the analysis, a number of 

"new" variables were generated. They were derived from the standard data by 

multiplication or by potentiation. Due to delay in water discharge from the 

glader, it was necessary to use meteorological data obtained l, 2 og 3 days 

before the actual water-discharge observation. 

Ålfotbreen. Precipitation has a great effect on the dis charge in the humid 

western part of Norway. On account of the large areas of exposed bedrock, the 

increase in river discharge follows almost immediately after the rain starts to 

fall. Daily precipitation is therefore the single factor that would be included if 

a simple formula were to be devised to describe the river discharge from 

Ålfotbreen. 

Wind and air moisture together are the second important factor influencing the 

dis charge. The product of the daily mean wind speed and the air moisture has 

a high correlation coefficient (O. 71). It is extremely interesting that the air 

temperature is almost insignificant for meltwater production at Ålfotbreen. This 

statement is valid even for the summer of 1969, when unusually long, dry 

periods with high air temperatures occurred. This unusual situation is in sharp 

contrast to the conditions found at glaciers in areas of continental climate. 

Compare the results shown in Tables l A, l B and l C with similar results 

from Memurubreen (see below). 

Erdalsbreen s eems to be a glacier situated in an area with no pronounced mari

time or continental c1imatic conditions . None of the abundant meteorological 

data available has a high correlation coefficient with the discharge. Thus, 
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Erdalsbreen forms a definite exception among the glaeiers investigated. 

Wind and air moisture seem to be relatively important faetors, and the air 

temperature is of small importance, as was the case for Ålfotbreen. However, 

the correlation coefficients are generally small, and it is difficult to find a 

good formula to des eribe variations in water discharge . Using the best- eorre

lated faetor, whieh in this case is the product of the daily mean wind velocity 

and the water-vapour content of the air (observed on the same day in the firn 

area), the correlation eoefficient is only 0.49, and the residual standard error 

is as mueh as 35 '10. It is diffieult to explain why the result is so poor for 

Erdalsbreen, especially when the discharge from the adjacent Vesledalsbreen 

glacier seems to be deseribed far better by a similar simple raetor. 

Vesledalsbreen is the adjacent outlet glacier from Jostedalsbreen, situated only 

3 km NW. of Erdalsbreen. The glaeier is smaUer and the elevation range 

considerably less than for Erdalsbreen. Meteorological observations have been 

made at the glacier front and in the firn area. Standard meteorological data 

from Oppstryn were also included in the analysis. 

A single generated variable. the produet of the daily mean air temperature and 

the daily mean wind velocity (as measured in the firn area), showed a 

surprisingly high eorrelation coefficient with the diseharge. The residual 

standard error was on ly 24 %, using this single, although eomplex variable. 

Using three variables, the residual standard error was redueed to 19 '10. The 

water-vapour eontent of the air does not seem to be so important for Vesledals

breen as for Ålfotbreen and Erdalsbreen. 

The caleulations show that the daily mean air temperature in the firn area is 

very well correlated with similar temperatures observed in Oppstryn. The air 

temperature is rurther more inversely correlated with the cloud cover, which 

indicates that high temperatures are mainly generated by radiation. For water

discharge predietion , it would therefore be better to use radiation data. 

However, air-temperature observations are mueh easier to make, and the data 

are generally more easily available. For future run-off predietions , it may be 

more realistie to use standard meteorologieal observation data. 

Nigardsbreen is a large outlet glacier on the eastern side of the Jostedalsbreen 

iee cap. A standard meteorological station, Bjørkehaug, is situated only 4 km 

from the present iee front. During the melting season fairly eomprehensive 

observations were also made in the firn area. Further more, air-temperature 
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recordings were made at high altitude on the ice cap in a meteorological screen 

placed on the glaeier (for details concerning observation site s, see Table 4 A). 

Daily mean air temperature and the water-vapour content of the air were the 

most important factors influencing water discharge from the glaeier. Using 

only one single variable, the regression equation gave a ve ry good correlation 

between the calcu1ated discharge and the discharge actually observed. The 

residual standard deviation is in the order of 17 %, using the air temperature 

measured the day before in the firn area. If the water-vapour content is in

cluded in the formula, the residual standard deviation is reduced to only 13 %, 
and this must be regarded as a very good result. The fact that air moisture is 

such an important factor proves that considerable condensation must take place 

on Nigardsbreen. This is in contrast with conditions at glaeiers further inland, 

where condensation is generally regarded as being of little importance. 

Memurubreen. Standard meteorological observations are avai1able from a 

high mountain observatory 30 km due west of the glaeier, and from a 

medium-altitude mountain station 45 km to the south-west. In addition, obser-

vations we re made during the ablation sea son at two huts, one be low the glaeie r 

front and the othe r on a nunatak in the firn area. 

As in 1968, the air temperature is by far the most pre dominant factor determi

ning the water discharge from the glacier. The best-correlated daily tempera

ture proved to be that from Varden, Filefjell, with a correlation coefficient as 

high as 0,84. Further investigation showed that a slightly higher correlation 

could be obtained when the temperature was potentiated. The expression ti. 6 

proved to give the best correlation and, when this single factor was inc1uded in 

the regression equation, the residual standard deviation turned out to be 25 %. 
If wind velocity was also included in the formula, the residual standard 

deviation was reduced to 20 %, and this must be regarded as a fairly good result. 
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Seale 

NIGARDSBRETUNGEN 
Permanent cairns and triangulation net 

@ Cairn or signal established by NGO 
• Signal .stablished by NVE 

Coordinates: UT M zon. 32 
Contaur interval : 100 m 
Elevations in metres a,s.t. 

1460,4Cf> Liaksla 

--·Sistrehornet --- __ --]lo. 

I 747,8 
I sæter 

I 

1359,2@ Haugenosi varde 

NIGARDSBRETUNGEN 

1-::-- . [ U. T. M. Koo<""",", . f Ho,Oo I """ x. y o, Z ,dmm '0' m, Ro"" 1:1 Nav __ n ________ . _______ ~~-------x~~~~-~---t-==~~-y----------~~~rn~~~.~l~l._+-h-Ø~~~-d-e--.~--------------------------------~--a-v-:_4 
Liaksla I 6 839 913.79 t 408 538.43 460.28 Senter og topp bolt under kors i NGO 

I 
varde ytterst på Liaksla. 

Haugenosi varde 6 836 788.48 405 506.95 359.23 Senter og topp varde ytterst på " 
I Haugenosi. 

Haugeno si Sr. 

Tp. Liaksla V. 

Tp. Nig. bretungen ø. 

Tp. ~ig. bretungen N. 

Kvite sva 

Svartharnrner 

Nigardsbretungen 3 

Nigardsbretungen 4 

6 836 -165.68 

6 839 510.95 

" 840 755.90 

6 840 755.43 

I 
6 840 231. 27 

6 840 229.51 

I 6 836 749.77 

III1 6 837 230.50 

6 840 193.66 

6 840 -198.12 
________________ .L-_____________ -'---

407 753.02 

-108 305.21 

403 728.86 

403 729.55 

404 168.35 

-104 170.12 

408 997.50 

410 129.26 

405 135, Ol 

405 013.-17 

7-17.80-

345.00 

968.23 I 

766.47 

253.83 

626.34 

608.00 

666.00 

l. 87 

l. 80 

2.00 

2.00 

l. 86 

1.89 

l. 00 

l. 00 
.~----

Senter og topp bolt under bardun
signal på haugen øst for setrene. 

Senter og fot bardunsignal i varde 
over rødmalt kors i fjell sydvest 
for N.G.O's Tp. Liaksla. 

Senter og fot alurniniuITIsstake ml 
flagg i varde på ryggen 300 m 
nedenfor nederste haug. 

Bolt i fjell ved signalet. 

Senter og fot aluIniniurnsstake i 
varde på nederste avsats mot breen. 

Bolt i fjell ved signalet. 

Senter og topp bolt under bardun
signal på toppen av bergknaus 
100 rn øst for Nigardsbr.Gjesteheim. 

Senter og topp bolt under bardun-
1 signal på avsats i nordøstre kant av 

I 
fjellet ca 150 rn under skoggrensa. 

Senter og topp bolt. 

_l Senter og topp bolt. 

NVE 

NGO 

NVE 
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x~ 396000 

Hellstugutind 

Sm 3 

He 11 stuguhø 

K l 

W Memurutind 

J erve1øyfte 

Pl 

P2 

P3 

P4 

P5 

P6 

P7 

\ I 
\' q 

\11)oQ-

Il) W. Memurutlnd 

X~397 000 
I 

----------------r--------------,+ 

HELLSTUGUBREEN 
Triangulation pOints and the triangulation net 

@ Cairn or signal established by ~GO or 
Norsk polarinstitutt 

.... Signal establlshed by NVE 

.---.:';::00.-:;:70::..0 ...:';::00.-:::."::..0 -=5:;::00'--.. __ ~_~~lapOrn 

Coordinates: UTM zone 32 
Conlour intarval: 50 m 
Elevations in metres asJ. 

... ~ Hpllstuguho 
/ \ 

/ \ 

x~ 396 CAD 
I 

\ 

-N 

HELLSTUGUBREEN 

UTM Koordinater 

X y 

395 597.28 2141.40 

397 005.91 2308.44 

398140.67 2263.96 

398 674.11 3819.36 

396 306.71 4198.30 

395 748.57 4048.12 

395 522.54 2840.53 

395758.63 3623.94 

396 182.19 2490.73 

397 314.30 2880.02 

397362.33 2955.04 

398634.99 3602.74 

399047.73 l 2962.53 

H ~---r øyde I Slgnal 
Z føYde x, y og Z refererer seg til: Regnet 

mo. h. rn f-___________________ + __ a_v_:---i 

2 

2 

2 

l 

2 

2 

2 

J 

l 

l 

l 

l 

l 

338.00 1.80 I Senter og fot varde NGO 

167 92 I Senter og fot liten varde NPI 

070.' 50 Il i Senter 

732.15 Kors i 

og fot liten varde 

fjell 

283.00 

238.00 

1. 80 Senter og fot varde 

Senter og fot varde 

107.86 1.30 Senter og stake i liten varde 

964.61 0.75 I Senter og stake i liten varde 

952.16 1. 36 I Senter og stake l liten varde 

802.45 I J. 45 Senter og stake liten varde 

759.15 I l.30 I Senter og stake i liten varde 

634.54 I 1.35 .. I Senter og stake i liten varde 

511 ~_o_l Senter og stake liten varde 

NVE 



U2000m 

UTM koordinater HØyde Si gnal 

Navn X Y Z hØyde 

Memurutind, store 6 826 285.62 472 355.74 2364.20 -
Veotind 6 827 269.84 475 184.83 2241. 09 -
Surtningssui 6 822 557.45 477 356.20 2367.79 2.11 

Tp . l 6 825 622.93 474 322.16 2011. 41 -

Tp . 2 6 825 240.91 471 801 . 45 2221. 45 l. 20 

Tp. 3 6 823 699.03 473 078 .47 2028.41 1. 30 

N 

! 
MEMURUBRE 

Triongulotion points ond the triangulotion net 

A Signal estoblished by NVE 

• Observation hut 

NGO triangulation 
points 

Coordinates: UT M Zene 32 

Contour interval : SOm 

Elevat ions ;n mehes a.s.I . 

X, Y og Z refererer seg til: Regnet 

av 

Senter og fot varde NGO 

Senter og topp liten varde " 
Senter og topp bolt under bardun- " 
signal sØrligst på toppen 

Senter og fot bolt under bardun- NVE 
signal på r yggen ovenfor hytta 

Senter og fo t bolt under bardun- " signal på rygg mot V.Memurutind 

Senter og fot bolt under bardun- " signal på stor flate 

r 

l 


