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ABSTRACT. The results of measurements of surface flow and a blation on the g lacier Bers<ekerbra:, in the 
Staunings Alper, East Greenland , are presented. A correlation is shown between the rate of flow and rate of 
ablation, as suggested by current theory. 

R EsuME. Fluctuations de la vitesse du glacier de BerSd!kerbrm (est du Groenland). Les resultats des m esures 
d' ecoulement en surface et d 'ablation du g lacier du BerS<ekerbra: (Staunings Alper , Est du Groenla nd) sont 
presen tes. Une corre lation a ete etablie entre la vitesse d 'ecoulement et la vitesse d 'ablation, comme le 
suggerait une theorie actuelle. 

ZUSAMMENFASSUNG. Geschwindigkeitsschwankungen am Bersmkerbrm, Ost-Griinland. Die Ergebnisse von M essun­
gen der Geschwindigkeit und der Ablation "auf der Oberflache des Bersa:kerbra:, Staunings Alper , Ost­
Gronland, werden mitgeteilt. Zwischen den Anderungen d er G eschwindigkeit und der Ablation zeigen sich 
Abhangigkeiten, wie sie nach der derzeitigen Theorie zu erwarten sind. 

INTRODUCTION 

A part of the glaciological programme of the 1963 Imperial College East Greenland 
Expedition was to m easure the flow of the glacier Bersrekerbne in the Staunings Alper (lat. 
72 ° 10' N., long. 24° 30' W. ) . Observations were made of flow and ablation at three stake 
lines across the glacier during July and August 1963. 

The Bersrekerbrre is a valley glacier of type 11 of Ahlmann's classification (Ahlmann, 
1948, p. 6 I) . It is about 22 km. long flowing north-east from its own collection grounds. 

When the observation ceased at the end of August the snow line was at 900 m. On the 
basis of the fall-off of ablation that was then occurring and the previous rise of the snow line, 
it is estima ted that the firn line was at about 1,000 m. in 1963. Observations in the higher 
a reas indicate that the glacier is sub-polar (Ahlmann, 1948, p. 66) . D espite this mos t of the 
discharge is provided by two large rivers emerging from under the g lacier a long the bedrock 
floor. 

There is one major tributary g lacier, from the Dunottar Gletscher ; observation of 
moraines indicate that it probably supplies about a quarter of the total ice in the glacier. The 
Tarnfjeld Gletscher has now retrea ted and no longer has any ice-contact with the main 
glacier. The Harlech Gletscher is now d ead, contributing only a patch of a lmost stagnant 
moraine-covered ice on the west side of the glacier (Fig . I). 

There is a small ice fall on the east side of the glacier between the middle and lower stake 
lines . This is apparently due to a protruding spur and indicates that the ic:e in this area must 
be fairly thin. 

STAKE LINES 

Three transverse and one longitudina l stake lines were established for surface flow measure­
ments in the lower 7 km. of the glacieL In this region the glacier flows round a bend as the 
valley turns due east to join Skeldal. T he map (Fig. 2) indicates the positions of the lines and 
the photograph (Fig. 3) shows the glacier above the ice fall , including the upper two lines. 

Two types of markers were used. On bare ice, I I ft . (3' 4 m. ) pine stakes were drilled 
8 ft. (2' 4 m. ) into the ice, using a hand auger. This d epth proved sufficient to avoid the 
necessity of re-drilling, only one stake (in the lower line) becoming loose in the last period of 
observation. On m edial mora ines small stones were used as markers in the transverse lines. 
T hese were painted with a cross, put in a small hollow and covered with a large stone; 
measurements were made to the cross . These ma rkers proved very satisfactory and no 
disturbance was observed. 
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The movements of the transverse lines was measured by the offset technique. The displace­
ments were directly measured along the direction of flow by taping from the line between a 
pair of cairns one on each side of the glacier. The cairns for the top and bottom lines were 
established on rock at the side of the glacier; but those for the middle line had to be built on 
dead moraine. 

The stakes on the longitudinal line were surveyed from the two nearest cairns used for 
offsets . The distance between cairns was obtained from surveying a measured base line. 
Measurements of stake positions were made once during each eight-day period, providing six 
sets of readings. 
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Fig . I. The velocity projilefor the top stake line. The region if slow(y moving ice on the west is/rom the Harlech Glacier 

For practical reasons offsets were taken to the point where the stake entered the ice thus 
causing a systematic error due to ablation and non-vertical alignment of the stakes. This was 
eliminated in the longitudinal line by measuring to the flag on the top. The error of m easure­
ment in the transverse stake lines was found as the root-mean-square deviation of a series of 
readings to be about [in. (2 · 5 cm. ) . In the subsequent analysis of the results using random 
fluctuation theory this became insignificant. The error in the movement of the longitudinal 
stakes was also estimated as [ in. (2·5 cm. ). 

Ablation m easurements were made at each stake in the transverse lines at the same time 
as the displacement was observed. The density of the ice was never m easured, so absolute values 
of the ablation a re not known . However, except for the top line, the stakes were drilled into 
ice; the top line being covered with about 3 in . (7 ·5 cm.) of coarse firn at the time of drilling. 
I t is therefore assumed that the m easured ablation (i.e. change in glacier level) was pro­
portional to the quantity of ice melting. 
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Fig. 2. M ap of B ersillkerbrill showing the stake hnes and marker positions. Also shown are the.!imline and snow line at 26 August 
[963 

RESULTS 

The profi le of surface flow across the glacier at the top stake line is shown in Figure I. 

The shape of this profile is more uneven than those of the other lines and shows a reduced 
speed on the wes t side (stake 8) caused by the decaying ice from the almost stagnant Harlech 
Gletscher. This marker (8) moved slowly and as its error was large in comparison to movement 
it was neglec ted in the subsequent analysis. 

In all the profil es the maximum Aow lies slightly to the west of centre due to the increase 
in speed towards the outside edge associated with the glacier moving round the bend. 

https://doi.org/10.3189/S0022143000018748 Published online by Cambridge University Press

https://doi.org/10.3189/S0022143000018748


742 JOURNAL OF G LACIOLOGY 

In Figure 4 the displacement of the stakes in the top line is plotted against the time of 
observation. The slope of the lines drawn between neighbouring points gives the average 
speed in that period . If we compare the general form of the flow for all the stakes we see that 
a definite pattern is shown, which is followed by nearly all the markers. The speed was high 
in the first period and dropped markedly in the second . During the third period the glacier 
speeded up, but slowed slightly in the fourth. In the fifth there was little change. 

If we compare these trends with those of the ablation shown on the same graph we see 
there is a distinct similarity. If the flow increased so did the ablation and vice versa . Thus we 
have a definite correlation between the ablation and the flow rates on this stake line. 

Fig. 3. Photograph of BerSdJkerbrdJ showing the section in which the measllrements were made on the lqi. The three transverse 
stake lines are marked with the lowest just visible below the ice fall in the centre of the photograph 

Inspection of Figure 5 on which the displacement and ablation of the midd le li ne are 
plotted shows the same correlation as for the top markers . The bottom line shown in Figure 6 
shows no clearly defined pattern of flow which is foll owed by a ll the stakes, and thus shows 
little correlation with the fairl y constant ablation rate. Possible reasons [or this will be 
discussed later. 

In order to check that this correlation between ab lation and flow rates was a definite 
phenomenon and not just a coincidence, a procedure based on random fluctuation statistics 
was adopted. It should be noticed that most variations are outside the estimated error of 
measurement, and are too large to be accounted [or by the systematic error due to non­
vertical alignment of stakes (which in any case does not apply to marker stones) . Each stake 
line was considered as an integral unit and variations of flow from a normalized mean value 
were considered random. Every measurement for each stake was converted to an average 
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velocity over the period between the two readings. This velocity was then divided by the m ean 
velocity o[the marker over the whole period o[ observation to normalize it. A mean normalized 
velocity fo r each stake line during this period was calculated and an error estimated assuming 
the deviations o[ individual stakes from the mean over the line random. The latter procedure 
is questionable but a check, based on calculating the percentage o[ readings lying within one 
root-mean-square deviation indicated that it was satisfactory. The ablation results were 
treated in the same way. 
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Fig. 4. Plots of the disj)lacement alld ablation against time in the fop stake line 

The ta ble (Table I ) shows the results o[ this procedure, which due to the obvious lack of" 
co rrelation in the bottom stake line was on ly used [or the upper two lines. The figures clearl y 
d emonstra te the correla tion a lready described between a blation a nd flow. 

There are however two singularities. The d ecrease in flow fi 'om week 3 to week 4 in the 
middle line was accompanied by a n apparent increase in ablation , In [act the ablation error 
is large enough to conceal a decrease, as occurred on the upper line in this period. The other 
anomaly, the increase in fl ow velocity from weeks 4 to 5 on the upper line, will be di scussed 
later. 

Figure 7 shows a graph o[ the values from Table I plotted with the range o[ error. It will 
be noti ced that a smooth curve (a stra ight line, in [act) can be drawn tha t is consistent with 
the standarcl d ev iation o[ a ll " poin ts" except two. It will be seen that these " points" are those 
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Fig. 5 . Plots of the displacement and ablation against time in the middle slake tille 

corresponding to the last week. It is suggested that in this period the form of ablation changed 
such that the proportion of ice forming melt water increased . This is thought to have been 
due to a change of weather dominated by low-lying mist over this area of the glacier , preventing 
evapora tion and sublimation. This w eather is contrasted with cleal- skies and dry air during 
the previous weeks. 

The lack of pattern shown by the lower line has three possible causes. One is that the 
small variations of ablation rate result in small flu ctuations of velocity which are masked by 
local effects. A second possibility is that stakes I, 2 and 3 are to som e extent independent of 
the others due to separate streams of flow (Battle, 195 1) caused by the presence of the ice fall , 
though there is no evidence for this from the m ean flow pattern . Thirdly, as suggested by 
Weertman (1962), the subglacial water may have formed large stream s in clearly d efined 
channels instead of flowing in a sheet at the bed of the glacier. 

In order to see if any daily variation of flow could be observed a stone marker was estab­
lished in the bottom offset line. The magn itude of the errors of m easurement, however , 
precluded drawing any definite conclusions on short-time fluctuations of flow of the glacier. 

The results of the longitudinal stake line have not been included in the above presentation 
as although the pattern of velocity change is perhaps more marked, it is more difficult to 
interpret as onl y a very incomplete a blation record was made at each stake. No systematic 
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Fig . 6. Plots of the displacement alld ablation agaillst t ime in the bot/om -,take line 

TABLE I. CORRELATION BETWEEN FLOW AND ABLATION 

Top stake line Jl1iddle stake line 

Sormalized Normalized Normalized Normalized 
flow ablation flow ablation 

Week I I ·32 ± 0·03 1 · 5 1± 0·06 1 · 28 ...1: 0·02 I ·35 ± 0· 15 
Week 2 0·87 ::r: 0 · 04 o·80 ± 0·o3 0 · 8 1 ± 0·01 o·g ± O· I 
Week 3 I · o9 ::r: 0 · 03 1·3 ~ O · 15 I ·O5 ± 0·02 I ·OO ± 0·O5 
Week 4 0·86 ± 0 · 03 o·88 ± o·o6 o · g 7 ± 0 · 02 1· 05 ± 0. I 
Week 5 o· gO .:;: 0 · 02 0·6 ± O· I o · 78 ± 0 · O2 0·5 ± O· I 

var iation suggestive of a wave moving d own-glacier could be identified in the results from 
the long itud ina l pro fi le owing to the length of the interval between obse rvations, eight days. 

DISCUSSION 

R ecentl y much attention has been g iven to the effect of subglacia l water on bed-slip of a 
g lacier both from theo re tical (Lliboutry, 1964 ; Weertman , 1962) and ex perimental (Ellisto n 
in [Union Geodesique et Geophysiq u e lnternationale,] 1963, p. 65- 66) studies. Besides 
observations of increased velocity during the melting season (Battle, 195 1; Paterson, 196 1) , 
Elliston 's results are the on ly so far ob ta ined which support a relation between the melt-wa ter 
run-off and surface flow. 
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Fig. 7. Plot of the normalized flow velocity against normalized ablation rate 

The results presented here are from a glacier believed to be sub-polar in character. As 
this demands a layer of the glacier to be below the freezing point of water it is not easy to see 
how the surface water can reach the glacier bed and modulate the surface speed. Before 
discussing this problem it is necessary to consider the evidence of the sub-polar nature of the 
Bers<ekerbne. Unfortunately, the expedition was not equipped to measure ice temperatures, 
so the discussion is of a circumstantial nature. A freezing layer was observed in the lower part 
of the upper basin (at about [ ,250 m. a.s.!. ) of the glacier at the end of August. Provided the 
altitude variation is not too great both Ahlmann ([ 948) and Schytt ([ 957) indicate that this 
probably implies negative ice temperatures in the ablation zone. During drilling early in 
July the drill frequently jammed and appeared to be frozen in its hole indicating negative ice 
temperatures down to a depth of 2' 5 m. Further evidence is provided by the mean annual 
air temperature at Mesters Vig (about [ 0 km. away at sea-level ) of -9 ' 7°C. and by the 
observations of negative ice temperatures (- lOoe. at 3 m. ) by Sugden ( [ 96 [ ) at similar 
altitudes in the neighbouring Sefstmms Gle tscher. Taking this all into account it appears that 
in the region of observation the glacier was sub-polar. 

Despite the presence of the freezing zone the base of a polar glacier may be at pressure 
melting point, a llowing water to be present in the liquid phase, due to geothermal heat and 
heat liberated by the sliding process. As the outflow from the Bers<ekerbr<e was on bedrock 
we may assume the basal temperature was at pressure melting point in this region. In the 
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area of observation only two surface streams were found, and these were not large enough to 
carry a ll the melt water from the region above. Much of the water must therefore have become 
either subglacial or englacial. As the freezing zone was apparently at a depth of 2 to 3 m. th e 
water must have penetrated this and, unless there were a second deeper freezing zone, become 
subglacial. There are two possible mechanisms by which the water may have passed through 
the freezing zone to reach the base of the g lacier. Water flowing to the edge of the glacier may 
there become subglacial and then move in towards the centre. Alternatively water descending 
a crevasse may pass through the freezing zone and form a channel to the base. In fact small 
melt-water streams were seen descending into crevasses on the east side of the glacier. Some 
of these crevasses were filled with water, whereas others were empty, indicating an outl et to 
the latter which allowed water to escape through the freezing zone. 

The results presented above indicate a relation between the surface flow and the subglacial 
melt-water run-off, if, as has just been shown, the latter is related to the ablation . This 
phenomenon may be due to " lubrication" of the bed by forcing a watet- layer between the 
rock and ice, thus decreasing the effective size of the obstructions to the flow. This process 
may be expressed by a low-power relation between the surface speed (v) and the rate of 
subglacial run-off (w) (i.e. v IX wn where 0 ~ n ~ 4) . Although a linear relation is indicated in 
Figure 7 there are insufficien t values to justify any firm conclusions on this concept. 

If the slip were uniform over the cross-section of the g lacier there would be a significant 
variation in the proportional velocity changes across the g lacier. No such variation was found 
except for stake 8 in the top line which generally showed any variations magnified, but was 
considered too inaccurate for detailed work. 

Although the precise time response of the glacier flow to the ablation change could not be 
determined from these experiments because the intervals between successive observations 
were too large, it must have been less than 4 to 5 days, which compares with E lliston's measure­
ments elsewhere. 

In conclusion it is shown that even in polar regions, where the ice temperature may be 
below freezing to a considerable depth, the base of the g lacier may sti ll be at melting point. 
This a llows the presence of the liquid phase of water, which will " lubricate" the bed of the 
glacier, and may cause variations in the surface speed by changing the basal slip. 
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