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THE MASS BALANCE OF THE DEVON ISLAND ICE CAP, 
NORTHWEST TERRITORIES, CANADA , 1961 - 66 

By R. M. KOERNER 

(Polar Continental Shelf Project, Department of Energy, Mines and Resources, Ottawa, 
Ontario, Canada) 

ABSTRACT. Methods used in measuring the mass balance of the Devon Island ice cap are described . 
The use of dyes and melt trays is recommended in the superimposed-ice and firn zones of sub-polar glaciers . 
The north-west part of the ice cap was studied in most detail and has had a slightly negative net balance for 
the period 1961-66. An inverse relationship between mean net balance (bn ) and elevation of the equilibrium 
line in the north-west part of the ice cap indicates that the mean net balance there would be zero with an 
equilibrium line at 920 m (±80 m) elevation. Accumulation on the ice cap is greatest in the south-east but 
the measurements suggest that the mean net balance there is similar to the mean net balance on the rest of 
the ice cap. It is concluded that the present accumulation pattern must have existed for several hundreds, 
and possibly thousands of years. A study of firn stratigraphy and of variations in the elevation of the firn 
and equil ibrium lines indicates that between 1961 and 1966 only 1962 had a more negative mean net balance 
than the average va lue for the period 1934- 60. During the same 26 year period the net balance at 1 787 m 
elevation has varied, but summer conditions do not appear to have changed significantly. 

RESUME. Le bilan de masse de la calotle glaciaire de Devon Island, Territoire Nord-Ouest, Canada, [961- 66. On 
decrit les methodes utilisees pour mesurer le bilan de masse de la calotte de Devon Island. L'usage de 
couleurs et de plateaux de fusion est recommande dans les zones de glaces surimposee et de neve des glaciers 
subpolaires. La partie Nord Ouest de la calotte fut etudiee en plus de details et a eu un bilan legerement 
negatif pour la periode 1961-66. 

Une correlation negative entre le bilan moyen (bn ) et l'altitude de la ligne d'equilibre dans la partie 
Nord-Ouest de la ca lotte indique que le bilan moyen devrait etre nul pour une ligne d'equilibre situee a 
920 m (± 80 m ) d'altitude. L'accumulation sur la ca lotte est plus grande dans la region sud-est mais les 
mesures suggerent que le bilan moyen y est semblable a celui du reste de I'appareil. 

Une etude stratigraphique du neve et des variations dans I'al titude du neve et des lignes d'equilibre 
indique qu'entre 1961 et 1966, seule I'annee 1962 a eu un bilan moyen plus negatif que la moyenne de la 
periode 1934-60. Pendant les memes 26 annees le bilan a 1 787 m d'altitude a varie mais les conditions 
estiva les ne semblent pas avoir change significativement. 

ZUSAMMENFASSUNG. Der Massenhaushalt der Eiskalotte von Devon Island, N . W. T., Kanada, 196r- 66. Die 
Methoden zur Bestimmung des Massenhaushaltes del' Eiskalotte von Devon Island werden beschrieben . 
Tm Firngebiet und in d er Zone aufgelagerten Eises von subpolaren Gletschern ist der Gebrauch von Farben 
und Schmelzschalen empfehlenswert. Der nordwestliche Teil der Eiskalotte wurde sehr eingehend unter
sucht ; er hatte eine schwach negative Nettobilanz fUr die Periode 196 1-66 . 

Eine inverse Beziehung zwischen mittlerer Nettobi lanz (bn ) und Hohenlage der Gleichgewichtslinie im 
nordwestlichen Teil der Kalotte lasst annehmen, dass die mittlere Nettobilanz dort bei einer Lage der 
G leichgewichtslinie in 920 m (± 80 m ) Hohe ausgeglichen sein wurde. Die Akkumulation aus der Eiskalotte 
ist im Sud-Osten am grossten, aber die Messungen lassen vermuten, dass die mittlere Nettobilanz dort 
a hnlich gross ist, wie auf der ubrigen Kalotte. Daraus wird geschlossen, dass die gegenwartige Akkumula
tionsverteilung schon seit mehreren hunderten, moglich~rweise tausenden von Jahren bestehen muss. 

E ine Untersuchung der Firnstratigraphie und der Anderungen in der Hohenlage der Firn- und der 
G leichgewichtslinie weist darauf hin , dass zwischen 1961 und 1966 nur die Nettobilanz des Jahres 1962 
starker negativ war als der Mittelwert fur die Periode 1934-60. Wahrend jener 26 Jahre schwankte die 
Nettobilanz in 1 787 m Hohe, doch scheinen sich die Sommerbedingungen nicht wesentlich verandert zu 
haben. 

INTRODUCTION 

The Devon Island ice cap lies on the eastern part of Devon Island (Fig. I ) and covers 
15570 km2, 31 % of the island's area. The mass balance study excludes the arm of the ice cap 
which projects to the south-west and considers the remaining 12 790 km2. The ice cap has a 
maximum elevation of I 885 m; ice flows from it into a series of valley glaciers on its northern, 
eastern and southern sides. The ice cap edge is generally at an altitude of 600 m but reaches 
sea-level in the south-eas t. The ice is everywhere sub-polar, the 12 m ice temperature being 
- 23°C at I 800 m in the firn zone, - 18°C at I 300 m in the superimposed-ice zone, and 
- 13°C at 300 m in the ablation zone. 
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The mass-balance terminology and symbols used in this paper are as given in the Journal of 
Glaciology (Anonymous, 1969). 

METHODS 

A "SUMMIT" STATION 
B "ICE CAp· STATION 

C "SVERORUp·STATlON 

D BASE CAMP 

o ICE C·AP 0 20 40 KILOMETERS 
- - - - REGION · BOUNDARY 1'---'-_ .... 1_--'--'--'1 

ICE- FREE LAND SCALE 

-- TRAVERSE ROUTE CONTOUR INTERVAL 200 m 

Fig. I . The Devon Island ice cap: traverse roules and mass-balance regions. 

The network of stakes is arrayed on a series of traverses between the edge and the top of the 
ice cap. The first traverse (Fig. I) was set up on the north-west side of the ice cap by S. Ekman 
in 1961. The author set up the south-east, south-west and northern traverses in 1962 and the 
eastern traverse in 1963. The eastern traverse gave very similar results to those of the south
east traverse and so was discontinued after 1965. It was never possible to extend the northern 
traverse to sea-level and, for logistic reasons, this was discontinued in 1965. The traverses were 
established on straight lines using a series of snow cairns. Altitudes were taken several times 
along each traverse with two Paulin altimeters. Changes of barometric pressure were recorded 
on a micro-barograph at 1 317 m on the north-west side of the ice cap. The altitudes are 
believed to be accurate to within ± 30 m. Distances were measured on several occasions using 
the odometer readings from two tracked vehicles. The readings from the two odometers agreed 
to within 1 %. Azimuths along each traverse, and geographical coordinates of the end points 
and of points where the azimuth changed, were determined by sun shots. Each position was 
accurate to ± 200 m. Odometer readings, which of course represent distance travelled on the 
ground, have been adjusted to fit the geographical coordinates. 
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A map of the ice cap at a scale of I : 500 000 has been made by combining the traverse 
altitudes and adjusted distances with the outl ine and form lines of the National Topographic 
System map of Devon East. * 

Each traverse on the ice cap consists of stakes, with dye and percolation trays in the 
accumulation zone, placed every 1- 2 km, with a maximum elevation interval between them 
of 60 m. Measurements soon showed that, in contrast to the ice cap , the valley glaciers have a 
great area I variabi lity of net balance (bn ) in anyone elevation interval. As the north-west 
part of the ice cap (Fig. I) has only one valley outlet glacier (Sverdrup Glacier) this region 
was considered to be the most suitable one on the Devon Island ice cap for a mass balance 
study; it is also the smallest of the balance regions. The south-east, south-west and north-east 
region mass-balance results are less accurate than the north-west region results (they have a 
stake density of 0.01 stakes km- 2 compared to 0.04 stakes km - 2 in the north-west) and the 
traverses there were set up to give overall coverage of the mass balance of the ice cap . 

The Sverdrup G lacier is 27 km long and is fed by two major tributaries from the ice cap. 
Aerial photographs and observations during four field seasons show only insignificant glacier 
calving. Calving has not been considered in the mass balance computations. 

A'leasurement cif mass balance 
As the techniques of measuring mass balance on temperate and sub-polar glaciers neces

sarily differ, the methods used on the Devon Island ice cap will be described and discussed in 
detail. 

In the accumulation zone two systems have been used, one in the zone where accumulation 
is dominantly in the form of superimposed ice, and the other in the area where accumulation 
is dominantly in the form of firn . In most studies the growth of superimposed ice has been 
measured by the stake method. However , stakes may serve to channel melt water down 
through the snow (Fig. 2, profile A- B). Excessive superimposed-ice growth will then be 
recorded when measuring the change of ice level on the stake. This error occurs whenever 
there is some firn or snow overlying the ice at the time of measurement. On the Devon Island 
ice cap dye has been used to measure the growth of superimposed ice. In 1963, dyes were 
buried at different depths in the snow above the dry snow line. Dyes placed at depths of 
200 mm or more showed no visible m elting effects. Dye (potassium dichromate or uranin ) 
is placed 100 mm below the snow surface after the end of the melt season so that by the begin
ning of the next melt season it i, buried beneath about 400 mm of snow. The dye colours the 
melt water percolating through it in the following melt season and the melt water refreezes as a 
layer of coloured superimposed ice. Unless any dyed ice or firn appears at or near the surface 
before the end of the melt season and thereby itself influences the melting process, the layer of 
coloured ice represents the balance year increment of superimposed ice (e.g. profiles A- B and 
.-\- C in Fig. 2) . The change of mass above the ice can be determined by density sampling. 
,Vhere the superimposed ice is itself exposed at or near the surface by the end of the melt 
season (e.g. A- D and A- E in Fig. 2) stake measurement is adequate. 

Above the climatic firn line (a line above which the upper few metres of the ice cap is 
composed dominantly of firn ) on a sub-polar ice cap, melt water is retained in underlying 
layers offirn, where it refreezes. The problem is how to measure the net balance when a large 
part of the accumulation is transferred to layers deeper than the surface balance year layel' by a 
process of melt, percolation and refreezing. In addition, during the summer, rain, and snow 
which subsequently melts , is retained as accumulation above the firn line due to an absence 
of run-off there. A study of snow and firn stratigraphy in a pit can detect annual layers in the 
percolation facies (Benson, 196 I) and, with varying success (Picciotto and others, 1968) , in 
the dry-snow facies. However, the pit method is not valid in the wetted facies (Benson, 1967) 

• Canada . Dept . of Mines and Technical Surveys . Surveys and Mapping Branch. N ational Topographic System. 
1 : 500000. Sheets 48 N.W. and 48 N .E. Devon East N.W.74/88. Fourth edition, 1969. 
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as percolation penetrates more than one year's accumulation. As a result, anyone annual 
layer contains accumulation from more than one year, and yet does not contain all the 
accumulation from the year when the layer was deposited. 

To measure the mass balance in the firn zone of the Devon Island ice cap, percolation 
trays have been placed just below the surface at the end of the melt season. At the end of the 
following balance year all accumulation above the bottom of the tray is measured and the 
original mass of the tray contents subtracted to give the net balance (bn) . Whenever observa
tions are made in spring rather than autumn, the tray is placed at least as deep as the base of 
the current balance year's snow. A block is carefully dug from the surface, the tray placed in 
the bottom of the hole and the block replaced. The density of the upper layers of snow is 
measured near the site of the tray. 

Another method has been used occasionally for measuring mass balance in the firn zone. 
Firn densities are measured to a reference level predicted to be below the depth of maximum 
percolation (on the Devon Island ice cap this is generally at a depth ofless than 2 m ). These 
measurements are repeated at the end of the melt season to the same reference level and the 
change of mass computed. However, the method is very time-consuming and several points 
at each locality need to be sampled to obtain a representative mean. The effort is considerably 
reduced with the tray method as this involves measurements through no more than the current 
balance year layer. The depth of percolation in the firn is measured every year with dye on 
the Devon Island ice cap and percolation to over 2 m has been traced in firn using this method. 

In the ablation zone stakes and wires frozen into the ice have been used to measure the 
amount of ice loss each year. 

Co 
L200 

Fig. 2. Growth of superimposed ice at I 468 m elevation on the Devon Island ice cap June-July 1961 . A is the surface level in 
August 1960, B in late June 1961, Con 17 July 1961, D on 25 July 1961 and E on 29 July 1961. 

Computation of the mass balance in each region 
The mass balance in each region was first computed from : 

Et = ~ bndS (I) 

where S is the area of the altitude interval between contour lines, Zl and Z2' in m2, bn is the 
mean net balance for the altitude interval ZI to Z2 in kg m - 2 a- I of water and Et is the total 
balance, positive or negative, in kg of water. The net mean balance (bn) is calculated from a 
regression analysis of bn on elevation. 

The above method is unreliable if there is high variability of net balance in anyone 
altitude interval. These variations on the Devon Island ice cap and the outlet glaciers are 
associated mainly with variations of slope and surface albedo. For example, on Sverdrup 
Glacier the albedo in summer at 300 m elevation varies from 40- 50 % in the middle of the 
glacier to 63 % at the margins (Keeler, 1964). As a result ablation is often higher in the middle 
of the glacier than at the margins (Fig. 3) . For this reason the mass balance on the Sverdrup 
Glacier has been calculated from maps of net balance and not according to Equation (I) . On 
the ice cap the areal variation of albedo, except for the steep ice cap edge, is slight. Variability 
of ablation in anyone altitude interval on the ice cap is associated with variations in the angle 
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of slope. Snow accumulation, higher than the areal mean, occurs on steep slopes of the ice 
cap, which in almost every case face in the direction of the ice-cap edge. There may be no 
snow accumulation on the brow of slopes. As a result, ablation of the ice surface in summer 
begins soonest on the brows, and a negative balance is often measured there while a positive 
balance is measured on a nearby steep slope. However, the scatter of mass-balance measure
ments is much smaller on the ice cap than on the valley outlet glacier. For example, for the 
6 years 1961- 66 in the north-west region the standard error of estimate of bn (Sbn ) ranges 
from 9.0 kg m - Z a - I in 1961 to 77.0 kg m - 2 a - I in 1966. However, Sb ll ranges from 
128.0 kg m - Z a - I in 1965 to 263 .0 kg m - Za- I in 1962 on the Sverdrup Glacier. The 
standard error of estimate for the ice cap section of the regression analyses has been con
sidered low enough to use Equation (J) in determining the mass balance there. The results 
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Fig. 3. Ablation across the Sverdrup Glacier at 300 m elevation in [96[ and [962. A and B mark the glacier margill. 

TABLE 1. MEAN NET BALANCE OF THE DEVON ISLAND ICE CAP 1961 - 66* 

rear Mean net balallce (Tin ) kg m- 2 a- ' 
North-west South· west .Vorth· east . oll/h' east 

1960- 61 - 197 
1961 -62 - 359 - 383 - 370 
1962-63 + 44 + 76 - 16 - 3 
1963-64 + 125 + 195 + 86 - 201 
1964-65 + 64 }o - 238 
1965- 66 - 135 - 140 

1962-66 « b,, » - 52 - 22 - 15 

196 1- 66 « b,, » - 76 

* Note added in proof 8 September [970. Since writing this paper the mean 
net balance in the north-wes t part of the Devon Island ice cap has been 
determined from field measurements to be - 103 kg m- 2 a- I for balance 
years 1966- 67, 1967- 68 and 1968- 69. 

are shown in Table 1. The mass-balance stake network was set up to give an even distribu
tion with altitude and errors in bn for any a ltitude interval resulting from the variability of 
individual values of bn are self-cancelling rather than cumulative. This being so the final 
error of Et is less than the standard error of estimate of bn, which has a mean value of 
46 kg m - 2 a - I. However, the mean net balance (bn ) in Table I also includes errors from the 
Sverdrup Glacier net ablation maps. Errors there are difficult to assess as the total variability 
of bn is unknown. However, the error of Et for the Sverdrup Glacier is estimated to be not 
more than ± 15 % which is calculated to contribute a 5 % error to the va lue of Et in the north
west region. Assuming the standard error of the ice cap mass balance is equal to SbOD the 
maximum total error of bn in Table I becomes ± 54.o kg m - 2 a - I. The error of bn in the 
south-west and south-eas t parts of the ice cap is estimated to be ± 70 kg m - 2 a - I. 
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Pit stratigraphy as a climatic record 
To determine whether the mean net balance in the firn zone has varied during the past 

few decades, a 10 m pit was dug well above the wet-snow line (Benson, 1967) at an elevation 
of 1 787 m . As the pit was dug in the percolation facies each annual layer consists of one series 
of soaked snow layers overlying a series of dry-snow layers . O ccasionally, massive percolation 
down ice glands obscures part of the stratigraphy but, by examining all four walls of the pit, 
the pattern of general percolation was determined in all but three cases. In each of these cases 
the base of the balance year accumulation was placed at the level of the thickes t ice layer. 
This interpretation was based on observations made in August 1962 when a thick ice layer 
was found at the base of the 1962 balance year accumulation at various elevations above the 
fi rn line. The ice layer formed in what had previously been the basal depth-hoar layer. The 
results are shown in F igure 4. Although a core was ta ken from 10 m to 22 m d epth, de tailed 
dating of the layers was not possible due to the formation of occasional ice glands as thick as 
the 70 mm diameter core itself in warm summers. The results in Figure 4 therefore refer to the 
pit analysis only. 
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Fig. -/ . Net balance at I 787 m elevation on the D evon Island ice cap. 

A record of the sca le of melting each year is preserved in the stratigraphy of the firn zone 
of the ice cap. Consequently, pits and cores (where approximate dating of different levels can 
be calcula ted from the mean net balance « bn» m easured at the surface) were studied at 
eight locations above the climatic firn line. The percentage of the total area formed by ice 
rather than firn on one face of each pit or core (cut vertically down the middle) was m easured 
to determine whether the amount of ice (i.e. melting) varied with depth. The results are 
presented in Table 11. However , although it is often assumed in firn stratigraphy studies that 
the number of ice layers in anyone balance year's accumulation above the firn line is directly 
associated with the amount of melting during the summer, this is not strictly correct. If 
melting occurs unusually early in a melt season percolation takes place through snow several 
degrees below the freezing point. General percolation may then be slight bu t percolation 
d own preferred channels, i.e. ice glands, may be rapid and can take melt water deep into the 
snow where it refreezes as ice layers. For example Benson (1961 ) found deep percolation 
through snow at a tempera ture of - 5°C to - lOoC during a spell of warm weather in Green
land in 1954. On the other hand, heavy melt throughout a summer, beginning after the 
balance year snow has been warmed to near the freezing point, causes deep general percola
tion but does not necessarily cause the formation of numerous or thick ice layers. For example, 
in early June 1962 a few days of warm weather caused m elting over the entire Devon Island ice 
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cap. At high elevations several ice layers were formed throughout the 0.3 to 1 . 2 m thick snow 
pack whereas general percolation reached a depth of only a few centimeters. Further m elt in 
July and August of the sam e year completely soaked the balance year's snow but did not 
increase the number of melt layers. A variation in the number of ice layers with depth in the 
percolation zone may, therefore, be associated not only with the amount of melting but also 
with the time of onset of the melt. 
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TABLE n . VARIATION OF THE AMOUNT OF ICE WITH DEPTH ( PER CENT OF 

ICE PER METER OF CORE) AT DIFFERENT E LEVATIONS ON THE D EVON ISLAND 

ICE CAP, J ULY 1962 

Depth Elevatioll of station in m 
m I 363* I 522* 1595 1609* I 729* I 787 1879 

1- 2 72 33 77 21 20 14 3 
2- 3 64 38 22 17 9 10 2 
3- 4 89 48 43 36 35 16 13 
4- 5 24 51 35 11 11 13 
5-{) 51 43 38 18 12 16 
6- 7 17 48 27 12 6 18 
7- 8 
8- 9 

16 52 4 8 10 4 
32 22 16 5 6 0 

9- 10 46 17 11 7 4 
Mean 75 34 42 23 14 10 9 

* Station located on the south-east side of the ice cap . T he other 
stations were on the north-west side. 

o 0~ ________________________________________________________ ~ __ L-__ L-~L-~ 

194 8 1950 19 5 2 1954 1956 19511 1960 1962 1964 1966 

YEAR 

Fig. 5 . D epth of percolation in each al1l1ual layer 1948- 66, 1 879 III elevation, D evon i sland ice cap . 

Grain shape may be used to measure the scale and d epth of general percolation of melt 
water in any annual layer. Uniform and slow percolation of melt water causes rounding of 
firn grains. Angular firn grains are found in dry snow or firn or in snow where rapid percola
tion of melt water has taken place below the level of general percolation . When the deep pit 
at , 789 m elevation was studied , ice lenses, layers and glands were recorded in d etail but grain 
shape was only cursorily examined . Therefore, in '963 the depth of general percolation was 
recorded accurately by a close study of grain shape in a pit at , 879 m elevation. The results 
a re shown in Figure 5. 
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RESULTS 

Relation between mass balance and elevation 
The slopes of the negative balance gradients are markedly steeper than the POSItIve 

balance gradients (Figs. 6 and 7). In the ablation zone the balance gradient is associated 
chiefly with the temperature lapse rate during the mel t season whereas in the accumulation 
zone the slope of the balance gradient is not associated with melting, except in the zone of 
superimposed ice, as melt water is refrozen in the firn. Instead, the balance gradient there is 
associated with accumulation throughout the year which on the Devon Island ice cap bears 
li ttle relation to elevation (Koerner, 1966). 

Because of the significantly different slopes the regression analyses between mass balance 
and elevation for each traverse and year have been considered in two parts, the parts approxi
mating to the positive and negative sides of the balance. The mass-balance measurements 
were fitted to first- , second- and third-order regression equations. For the fifteen positive balance 
regressions the bes t fit is obtained in all but three cases with a third-order regression, whereas 
for the negative balance results there is no significant increase in the coefficient of correlation 
beyond a linear fit. The 1962 negative balance results form an exception and a curvilinear 
regression line has been fitted to that year's results. 

Relation between elevation of the equilibrium line and mean net balance 
The negative balance gradient is much steeper than the positive balance gradient on the 

Devon Island ice cap and, as it is linear, is given by they coefficient in 

bn(z ) = bn (zo) +yz (2) 
where bn(zo) is the net balance at sea-level and z the elevation in meters. They coefficient in 
the equations for the south-east region mass-balance- elevation relationship is similar to Meier's 
(1962) activity index (E ) as the negative balance regression line continues (except for 1962) 
beyond the equilibrium line elevation without a change of slope (Fig. 7). 

The theoretical elevation of the equilibrium line (Zel) is given by bn (zo)/Y in (2). For the 
six years of mass-balance results obtained so far an association is emerging between the 
theoretical elevation of the equilibrium line and the mean net balance (bn ) in the north-west 
region (Fig. 8) where 

Zel is measured in meters above sea-level and bn in kg m - 2 a - I. The coeffi cient of correlation 
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Fig. 8. M ean net balance and the elevation of the equilibrium line, north-west region of the Devon I sland ice cap, 1961- 66. 
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for this relationship is - 0.9S (significant at the less than I % level) . The association indicates 
that the north-west part of the ice cap would be in a steady state (En = 0) with an equilibrium 
line at g20 m (±80 m ) elevation. 

Contrast between north-west and south-east 
There is a great contrast between the glacier regimes in the north-west and south-east 

regions (Koerner , 1 g66) . Total accumulation is 2 to 6 times greater in the south-east than in 
the north-west and total ablation, as represented by the s -year mean at sea-level, is almost 
two times greater in the south-east (Table Ill ). A modified exchange figure (e) has been 
calculated by summing numerically the figures for the net balance in the accumulation and 
ablation regions. The exchange in the south-east is more than twice that in the north-west. 
D espite these differences of regime the accumulation area ratios (AAR) are similar and 

TABLE Ill. COMPARISON OF THE MEAN NET BALANCE « bn » EXCHANGE (e), 
TOTAL ABLATION AT SEA-LEVEL (a,(zo) ), ACCUMULATION AREA RATIO (AAR) 
AND ACTIVITY INDEX (E ) IN THE SOUTH-EAST AND NORTH-WEST REG IONS OF THE 

DEVON I SLAND ICE CA P FOR THE PER IOD 1962- 66 

Region < Un > at (Zo ) 
111111 111111 mm 

South·east - 15 503 1890 
North-west - 52 236 I 110 

See text for calculation of e. 
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Fig . 9. Area-elevation Cl/rves, north-west and sOllth-easl regions of the Devon Island ice cop . 

consequently the m ean net balance « bn> ) in the south-east and north-west regions for the 
period 1 g62- 66 are not as dissimilar as the regime differences would lead one to expect. 
Moreover , the two mean net balance figures would be more similar if calving was considered 
in the calculations (there is insignificant calving in the north-wes t region but a considera ble 
amount along the 37 km ice front in the south-east region) . T o achieve similar mean net 
balances « bn» in the two regions the higher accumulation in the south-east must be 
balanced both by higher a blation there and by the presence of a greater area of ice in the 
ablation zone. The area/elevation relationships in the south-east and north-west regions are, 
in fact , quite different (Fig. g) . In the south-east region 41 % of the ice cap is below an eleva
tion of 800 m whereas in the north-wes t the figure is only 16% . The difference between the 
ice cap area- elevation relationships in each region is on such a massive scale (Figs. 1 and g) 
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that it must have taken at least several hundreds and possibly, thousands of years to build up . 
.-\S the difference is caused by a contrast between accumulation conditions (greater total 
ablation in the south-east reduces the contrast) then the present pattern of accumulation on 
the ice cap must itself have existed for several hundreds or thousands of years. In this respect 
the Devon Island ice cap may be typical of many of the Canadian Arctic ice caps, the majority 
of which are located on the eas tern side of the easternmost islands. 

Typicality of the period of study 
The study of the mass balance of the Devon Island ice cap has continued for six years and 

one of the most striking results is the variability of summer conditions. During the period of 
study the altitude of the equilibrium line has ranged between 610 m and I 510 m in the north
west balance region and the mean net balance (bn) in the same region has varied from - 360 
kg m - 2 a - I to + 125 kg m - 2 a - I. To relate the six years of study to the previous approxi
mately 30 years the firn stratigraphy was examined and compared with that developed each 
year above the firn line between 1961 and 1966. A comparison between the Devon Island ice 
cap mass balance and the Resolute Bay weather records was abandoned after it became 
apparent that there was little correlation between the two. 

r'ariations in net balance and amount of summer melting since 1934 
No great confidence is placed on values for individual years but the 5-year running m ean 

of m ean net balance at I 787 m elevation (Fig. 4) shows a trend consisting of a decrease of net 
balance from about 250 kg m - 2 a - I to 150 kg m - 2 a - I between 1934 and 1950 followed by an 
increase to 200 kg m- 2 a - I. The six years of surface measurem ents of net balance at the same 
location show no sign of any present trend of increasing or decreasing net balance there. 

Studies of the amount of ice formed in each annual layer in pits and cores at various 
locations above the climatic firn line (Table 11) and of the depth of percolation each year in a 
pit at I 879 m elevation (Fig. 5) show no evidence of any significant change in the amount of 
summer melting in the three or four decades ending with the summer of 1962 when all but one 
of the pits and cores were studied. 

To relate the mean net balance (bn ) each year in the north-wes t region for the period 
1961 - 66 to the mean net balance « bn» for the previous 3 to 4 decades the elevations of the 
firn and equilibrium lines have been compared to the elevation of both the climatic firn line 
a nd the climatic equilibrium line. The elevation of a climatic (or long-period) equilibrium 
line was determined by a study of crystal size in the zone of superimposed ice (Koerner, 
1970). The results are shown in Table IV where rough comparisons between the percolation 

TABLE IV. ELE \ 'ATIOX OF TH E CLIMATIC FIR!' LlXE AND CLIMATI C EQUILIBRIUM LINES AND THE FIRN AND EQ.UILIBRI UM 

LINES I N THE NORTH-WEST REGIO!' OF THE D EVON I SLAND I CE CAP, 1961-66 

Climatic 
Fmr Climat ic eqll ilibrillm Firn line Eqllilibrillm Amollnt of percolation at I 787 III elevation 

jirn line line liTle 
m m m m 

1961 1490 1 3 15 1490 1 32 3 similar to mode in deep pit 
1962 1490 1 3 15 1490 15 10 more massive percolation than in a ll but two la yers 

in deep pit 
196 3 1490 1 3 15 1200 860 dry snow 
196 4 1490 1 3 15 700 6 10 less melt tha n mode in deep pit 
196 5 1490 I 3 15 850 70 0 dry snow 
1966 1490 I 3 15 1450 1 2 3 0 simila r to mode in deep pit 

In 196 1 on the south-east , south-west a nd north-east sides of the ice cap the elevation of the firn line was about 
50 m below that of the climatic firn line. No a nnual dry-snow layers were found in the deep pit a t 1 787 m 
elevation. However, ta king into considera tion the poss ibility of soaking from overl ying annual layers, three a nnua l 
layers may have remained as dry-snow layers at the surface at the end of the ba lance yea r when they were deposited. 
Al l the elevations in this table were determined at the end of August each yea r. 
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in each of the annual layers deposited between 1961 and 1966 and the percolation in each 
layer in the pit at 1 787 m elevation are included . 

I t is assumed in the following discussion that the lower the elevation of the firn and 
equilibrium lines the more positive the mass balance. This assumption seems justified con
sidering the high level of association that exists between the elevation of the equilibrium line 
and the mass balance each year (Fig. 8). From the results in Table IV and Figure 5 we may 
conclude that, compared to the mean net balance « bn» and melt each summer from 1934 
to 1960 : 1960- 61 was very close to the mean, the balance year 1961- 62 had a much warmer 
summer and much more negative mean net balance, and 1962- 63, 1963-64, and 1964- 65 had 
calder summers and more positive mean net balances. Although there was more than average 
melt in the 1965- 66 balance year, the m ean net balance was more positive than the 26 year 
mean due to the effect of thick layers of firn left from the previous three balance years below 
the climatic firn line. This firn acted as a reservoir to hold a lot of melt water that would 
otherwise have run off over a bare ice surface. 

Although only one year between 1961 and 1966 had a more negative mean net balance 
than the 1934- 60 mean the mean net balance (<: bn» for the 6 year period is still negative 
(- 76 kg m - 2 a - I ± 54 kg m - 2 a- I) so that at least the north-west region and probably the 
whole ice cap has had an overall negative mean net balance since at least 1934. It would 
appear, though, that if the cooling trend continues and summers like those of 1963, 1964 and 
1965 recur more frequently, the Devon Island ice cap wi ll pass from a sta te of negative net 
balance to one of positive net balance. 
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